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Utility Investment in the Electric Vehicle Charging Grid:
Key Regulatory Considerations

The paper provides an overview of the accelerating electrification of the transportation sector and the role
of utility regulators in ensuring that investments in the electric grid to accommodate widespread
transportation electrification create benefits for customers and society. The paper summarizes options for
more direct utility investment in plug-in electric vehicle (PEV) charging infrastructure and analyzes key
considerations for utility regulators when assessing these potential investments by electric utilities. These
considerations include:
e How much charging infrastructure is needed to support the anticipated level of electric vehicle
penetration?
o What transmission and distribution system upgrades and investments will be needed to
accommodate electric vehicles?
o How can regulators help ensure equitable access to charging infrastructure?
o How should the costs and benefits of utility investment in charging infrastructure be assessed, and
how can programs be designed to maximize the benefits?
e How should utilities recover the costs of infrastructure investment?

Introduction

The widespread deployment of plug-in electric vehicles™ and the role of the electric utility in providing
the fuel source for electric transportation may open a new chapter in the evolution of electric markets and
in the role of regulators tasked with overseeing them. Several states have set ambitious policy goals for
PEV adoption and are taking steps to prioritize transportation electrification as a key strategy to reduce
fossil fuel dependence, energy costs, air pollution, and greenhouse gas (GHG) emissions. As utilities,
state public utility commissions, manufacturers of PEV technologies, and other stakeholders navigate this
new terrain, there is an opportunity to align the deployment of this emerging technology with the interests
of grid customers.

PEV adoption is projected to grow in the near- to medium-term given rapidly declining battery costs and
the growing number of vehicle models—including the first extended-range vehicles with affordable
purchase prices or leasing terms. When combined with federal, state, and local purchase incentives that
are available in many jurisdictions, PEVs are quickly approaching cost parity with traditional internal
combustion engine (ICE) vehicles and may provide a lower cost of mobility for drivers.

These factors all amount to increasingly attractive economics of ownership, and PEVs are now becoming
a viable mass market option for consumers. Nevertheless, the lack of sufficient charging infrastructure
remains a barrier to widespread PEV adoption in the U.S.! The buildout of a comprehensive charging
infrastructure network, including public charging stations, is needed to address “range anxiety,” wait
times for charging, and other common consumer concerns. Additionally, providing sufficient public
charging infrastructure may increase the rate of PEV adoption until it reaches a scale that significantly
reduces vehicle costs, leading to genuine market transformation. Along the way, maintaining grid

* The term plug-in electric vehicle (PEV) is used for plug-in hybrid electric vehicles and battery electric vehicles.
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reliability, reckoning with issues of social and demographic equity, and meeting the new electrical
demand dynamics with intelligent rate design will all be vital issues for policymakers’ consideration.

State public utility regulatory commissions must address the challenge of balancing multiple interests—
reliability, cost effectiveness, technological advancement, and utility planning—as more PEVs enter the
roadways and draw electricity from local distribution systems. Critically, many of these commissions are
investigating the role of electric utility investment in providing the PEV charging infrastructure needed to
enable an electrified transportation system that is optimal for the grid and utility ratepayers.

A key question to explore is whether “ratepayer money” should be used to build out PEV charging
infrastructure. In other words, should utility regulators approve utility capital investment programs in
which various elements of PEV charging infrastructure and alterations to the electric distribution system
are placed in the rate base and the utility company is authorized to recover these costs and earn a rate of
return on the investment? If so, what are the justifications for this approach: how should such investment
programs be structured, how can regulators ensure more equitable access by all customers to charging
infrastructure, and how should utilities allocate and recover the costs of investment?

To examine these questions, we identify key considerations for regulators in this evolving market. We
also look to the experience in states where PEVs are being encouraged and where utilities are making
investments in and experimenting with various models of meeting the new demand for PEV charging.

As we discuss in more detail below,? increasing PEV charging load has the potential to provide numerous
benefits to the electric grid and customers: reducing all customer rates by spreading fixed distribution
maintenance costs over more electricity demand; reducing emissions of greenhouse gases and local air
pollutants, including around low- and moderate-income communities that are disproportionately burdened
by vehicle pollution; lowering the cost of transportation and increasing equitable access to mobility; and
providing grid management services that can help integrate renewables and other distributed and
customer-located generation resources. However, there remain many unknowns regarding transportation
technology developments and electric vehicle infrastructure needs, and investments now must be made
based on assumptions with inherent uncertainty. Ultimately, utility regulators must determine whether, in
aggregate, this collection of potential grid, customer, and societal benefits is sufficient to justify the costs
and risks associated with utility investments in the buildout of PEV charging infrastructure.

Market and Policy Context: Why Now?

State of the Electric Vehicle Market

Total PEV sales in the United States since 2010 have grown to nearly 650,000 vehicles,” with a record
159,000 in annual sales in 2016.3 Consumer demand for PEVs has risen due to increased availability of
vehicles with significantly improved vehicle performance, as well as increased understanding of PEV
ownership benefits: lower maintenance costs, falling retail prices, and cheaper per-mile travel, as well as
the environmental benefits of low-emission transportation. Federal and state policies and incentives are
encouraging investments in PEVs and infrastructure to support national and local climate goals while
bringing economic benefits, and the state Zero-Emission Vehicle (ZEV) regulation, discussed in more
detail below, requires increasing sales of PEVs across the country through 2025.

* As of August 2017.
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While the current generation of PEVs has proven to be reliable and appealing to a number of early
adopters, widespread consumer adoption has been hampered by comparatively high upfront costs of PEVs
(despite an often lower total cost of ownership compared to gasoline vehicles), as well as perception of
limited range and charging infrastructure. However, in response to growing consumer demand and
federal, state, and local policy actions, the automotive industry in the last five years has made significant
progress in developing better-performing, moderately priced PEVs from well-recognized brands. While
there were only two fully electric or plug-in hybrid electric models commercially available from major
auto manufacturers in 2010, more than 35 models are expected to be available by the end of 2017.4
Moreover, car manufacturers, including BMW, Ford, General Motors, Hyundai, Jaguar, Nissan, Tesla,
Toyota, Volkswagen, and VVolvo, have announced investments in PEV research and development and
additional releases of new electric models in the 2020-2025 timeframe, making a future centered on
electric transportation a viable near-term reality.> For example, in October, 2017, GM Chairman Mary
Barra announced the company’s commitment to an “all-electric future,” including plans to launch at least
20 all-electric vehicles by 2023.

Rapidly improving battery technologies are further improving the performance of vehicles while reducing
purchase costs, and many vehicle manufacturers and transportation analysts are projecting rapid adoption
of PEVs.” For example, Bloomberg New Energy Finance projects that by 2040, electric vehicles will
make up 35 percent of annual new vehicle sales in the United States and will cost less than $22,000,
largely due to declining battery costs.® This trend toward electric transportation is global: China has
surpassed the United States as the global leader in PEV sales, and in Norway PEVs made up nearly 30
percent of vehicle sales in 2016.° These trends are expected to continue, particularly in cities, which are
setting the most ambitious goals: Los Angeles, London, Mexico City, and nine other major cities recently
announced their commitment to only buy zero-emissions buses starting in 2025, and other major cities
have proposed bans on internal combustion engine vehicles.'

Transportation and the Grid

In the near term, the impacts of PEV charging on the electric grid are likely to be small, given the
relatively low levels of deployment. However, as PEV penetration increases, the added demand for
electricity could increase grid costs and introduce reliability challenges for the distribution system if
certain locational concerns are not anticipated and addressed.

Even at lower vehicle penetration levels, the location of charging stations is an important consideration.
Reliability or cost impacts could occur in locations where several PEVs are charging simultaneously
(called “clusters”). These concerns increase as PEV battery sizes and PEV charging infrastructure power
capacities increase over time. Additionally, as PEV technology advances, the market may also include a
larger number of public fast charging stations (currently most fast chargers have a capacity of 50kW per
port, but higher capacity chargers of up to 350kW are planned).’? Because direct current (DC) fast charge
stations draw significant power when charging vehicles, these stations can create challenging spikes in the
electric system loads at host sites.

As utilities plan for increased PEV charging, they will need to incorporate these considerations into
system planning processes. For example, Pacific Gas & Electric Company (PG&E) has initiated a DC
fast charging initiative under its Electric Program Investment Charge (EPIC) program to identify optimal
locations for fast charging stations based on, among other factors, the robustness of points on the
secondary distribution system.
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Given the need to incorporate anticipated PEV charging loads into system planning, electric utilities will
need to invest in overall grid infrastructure in response to transportation electrification, even if they do not
invest in charging equipment itself. In addition, electric utilities may be able to bring about even greater
customer and social benefits through more direct investment in the build-out of PEV charging
infrastructure.

Air Quality and Climate Change: Critical Drivers of State Electric Vehicle Policies

States with GHG emission reduction goals on the order of 80 percent reductions by 2050 have determined
that transportation electrification will play an indispensable role in meeting state targets.’* Consequently,
preparing and supporting the market transformation to PEVs has become a high priority for these states.

To date, significant carbon dioxide (CO2) emissions reductions have been achieved in the power sector
through energy efficiency and shifts from coal and oil to natural gas and renewables. As of August 2016,
emissions from the transportation sector are now the leading source of CO, emissions in the U.S.2> As the
electric system continues to decarbonize, it will provide opportunities for achieving emissions reductions
more broadly across the economy through electrification of key sectors such as transportation and
buildings. Recent studies have concluded that deep reductions in transportation-sector emissions are only
achievable through a dramatic shift away from gasoline vehicles to low-emitting plug-in hybrid electric
vehicles or battery electric vehicles.®

In addition, states may look to PEVs to lower local criteria air pollutant levels by reducing the number of
conventional vehicles on the road. Nationwide in 2014, 55 percent of all ozone-creating NOx pollution
came from vehicles; in areas that have already pursued reductions from the electric sector,
transportation’s contribution level can be much higher.!” About ten percent of nationwide fine particulate
matter, and a much higher percentage of urban particulates, also comes from transportation.® More than
a quarter of all anthropogenic volatile organic compounds are also from ground transportation.'® Since
these emissions can be fairly local in their effects, reducing transportation emissions can have a large
impact on the health and well-being of communities in urban areas or around transportation corridors.
The criteria pollutant benefits of PEVs—particularly for SOx emissions—can be significantly greater
when charging with electricity generated on cleaner grids.?*

Existing State Policies Supporting Electric Vehicles

State governors and legislatures are taking policy action to enable PEV adoption and bring about the
significant economic and environmental benefits associated with transportation electrification. States are
implementing vehicle purchase and charging station incentives (among other policies) and establishing
goals or binding regulatory targets to increase the number of PEVs on the road, at both the individual
state level and through multi-state commitments.

One key policy supporting PEVs is the Zero-Emission Vehicle (ZEV) Standards first developed by
California and then adopted by nine other states under Section 177 of the Clean Air Act. Under this
program, large vehicle manufacturers must sell zero-emission vehicles (which include plug-in hybrid
vehicles and fuel cell vehicles) to meet increasingly stringent ZEV credit requirements. The number of
credits earned per vehicle depends primarily on electric range: for example, a 2017 Chevy Bolt earns four
credits, and a 2017 Nissan LEAF earns three.?? The California Air Resources Board estimates that total
ZEV sales will need to be approximately 2 million by 2025 in order to produce enough credits for
compliance in thel0 participating states.?
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In addition, governors from California, Connecticut, Maryland, Massachusetts, New York, Oregon,
Rhode Island, and Vermont signed the Zero-Emission Vehicle Memorandum of Understanding (ZEV
MOU) in 2013, committing to deploy 3.3 million ZEVs by 2025, along with the necessary charging and
fueling infrastructure.?* The governors established a multi-state ZEV Task Force to coordinate policies
and programs to increase the sale of ZEVs, including vehicle purchase incentives, promoting public and
workplace charging, and working towards equitable access to charging stations.?® States also are
collaborating to grow regional networks of charging infrastructure, through initiatives such as the West
Coast Electric Highway and the Northeast Electric Vehicle Network.?

Several states, including California, Oregon, and Washington, have passed legislation to require or
encourage electric utilities to support transportation electrification and PEV charging infrastructure
investment. Some of this legislation directly requires utilities to submit comprehensive PEV charging
infrastructure investment proposals to public utility commissions.?” These utility transportation
electrification proposals often combine customer incentives, charging and rate programs, customer
education initiatives, and investment in charging infrastructure that together work to increase adoption
and manage the costs and reliability impacts of electric vehicle charging.?®

Due to these technology developments, federal and state incentives, and regulatory programs, PEV sales
are projected to increase rapidly over the coming years. For example, to meet the vehicle adoption levels
established in the multi-state ZEV MOU, PEV sales would have to increase 400 percent over 2014 levels
over the next decade.?® While the exact scale of infrastructure necessary to support this level of PEV
penetration is not easy to predict with certainty, many companies and other stakeholders (including the
authors of this paper) are continuing to study this question. For example, Bloomberg New Energy
Finance projects that infrastructure necessary to meet current PEV sales projections (nearly 30 percent of
new sales by 2030 and 35 percent by 2040) would require annual spending of more than $974 million by
2021, increasing significantly as sales increase year over year as projected. Importantly, this investment
only includes the charging infrastructure itself, not any supporting distribution or transmission updates, or
power purchases necessary to support increasing or changing electricity demand patterns.®® Ata
minimum, meeting these goals will require a significant increase in the amount and pace of charging
infrastructure construction over existing levels.

Why Infrastructure and Why Utilities?

While residential charging is likely foundational for an electrified transportation system, non-residential
charging options will be necessary for widespread PEV adoption. Access to workplace charging can
provide an alternative primary charging option for drivers and can significantly increase electric miles
traveled for plug-in hybrid electric vehicles that begin running on gas after electric range is depleted.®
Increased semi-public charging infrastructure is needed in apartment complexes and other multi-unit
dwellings where drivers may not have dedicated parking spaces. Additionally, public charging
infrastructure is needed to eliminate driver range anxiety, enable long-distance travel, and support drivers
without dedicated home parking.
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Utilities” involvement in infrastructure development can have numerous benefits, many of which are
explored in more detail below. These can include:

e Increasing the pace and scale of infrastructure development by opening the market to utility
capital, expertise, and other resources;

e Maintaining reliability and minimizing grid impacts and required distribution and transmission
system upgrades by coordinating with existing utility investment and planning processes;

e Lowering the cost of infrastructure development through coordination with the distribution grid
and building on utility experience with infrastructure development;

e Improving ability to communicate with customers through existing channels, developing
customer pricing models, and creating incentives to promote vehicle charging at times that
provide grid benefits—including load balancing and integration of renewable energy sources; and

e Providing more equitable access to charging infrastructure for all ratepayers and communities,
and increasing mobility for all through utility partnerships with transportation programs focused
on serving disadvantaged communities.

Regulators will need to balance these benefits—which will not always result from every project—against
other risks and concerns. Regulators have an important role in ensuring that utility programs are well-
designed and effectively implemented to address these concerns, including:

e Maintaining competitive access to charging infrastructure development for third parties;

e Developing infrastructure in a way that is accessible to low- and moderate-income communities;
e Protecting utility ratepayers and avoiding significant stranded costs; and

o Ensuring that electric infrastructure is capable of incorporating increased PEV charging load.

Careful planning and regulatory processes can take advantage of utilities” unique roles as critical partners
in accelerating the development of infrastructure, while preserving the opportunity for non-regulated
businesses to compete in the PEV charging infrastructure market.

Utility Investment Models

Utilities” actions to assist in the development of PEV deployment and integration can take many forms,
from offering new electric rate structures for PEV drivers to facilitating rebates for PEV purchases. For
the purposes of this paper, however, we focus on the ways in which utilities can invest in charging
infrastructure.®> There are three primary models. First, a utility could invest in “make-ready”
installations, which include the electrical infrastructure required up to, but not including, the actual PEV
charging equipment.” Second, a utility could fully own and operate installations, which would include the
make-ready components as well as the charging equipment itself, resulting in a single regulated entity
building out and owning the electric infrastructure and vehicle charging equipment. Third, utilities could
provide host sites with financial incentives, such as rebates for the costs of the PEV charging

Note that charging infrastructure can be divided into three pieces: 1) secondary distribution infrastructure up to the customer
meter to connect the new installation to the electric grid; 2) trenching and wiring to connect the meter to the charging
infrastructure, as well as the foundation and insulating material for the charging infrastructure; and 3) the actual charging
infrastructure, or electric vehicle supply equipment (EVSE) purchase and installation. Traditionally, responsibility for
component one is split between the utility and the customer, depending on the interconnection requirements of the new
equipment. Components two and three are typically covered by the customer. A make-ready investment by a utility could
cover all of components one and two.
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infrastructure and/or the make-ready portion of the infrastructure. Figure 1, below, illustrates the
ownership of the components of the electric infrastructure and vehicle charging equipment under the
different models.

Figure 1. Models of Utility Investment in Electric VVehicle Charging Infrastructure

Utility Distribution Utility Pad Mounted Meter Panel EV Charger Electric Vehicle
Network Transformer

‘e

Conductor
(Boring/Trenching)

Host Site Investment
Host Site Investment

Business as Usual

Utility/Contribution in Aid of Construction

Make-Ready

Owner-Operator

Utility Incentive

Utility/Contribution in Aid of Construction Host Site / Third Party Investment
Utility Incentive Payment

There are many variables to consider when determining the most effective utility investment model for a
given jurisdiction or site location. These variables may include location (e.g., site type, such as
residential building or shopping mall; distance from existing infrastructure), the state of the existing
distribution system, the state of the local PEV charging infrastructure market, and likely customer base
characteristics (including income level). In addition, utilities and regulators may wish to pursue a mix of
investment models; the best-fit model type may be different for specific locations across a utility’s service
area, or may vary as the charging infrastructure network develops over time. Parties may also wish to
explore a variety of investment models in the early stages of utility investment as part of pilot testing.

Source: M.J. Bradley & Associates

As discussed in more detail throughout this paper, a key factor that utility regulators may wish to consider
in determining an appropriate level of investment and investment model is the level of risk they will
accept. A utility can play a critical role in jumpstarting the electric vehicle market, but such proactive
investment requires a willingness to accept some degree of underused or unprofitable projects, or a lag
between a project’s inception and its full utilization. Further, these models are not mutually exclusive. A
mixture of investment models, the use of a blend of utility customer and investor money, strategic use of
diverse pilot projects, and phased project deployment are all viable strategies for balancing the potential
risks and benefits of each approach.

Make-Ready Model

The make-ready model limits a utility’s investment to the equipment necessary to connect the PEV
charging infrastructure to the grid. This may include upgrades to transformers and service capacity and/or
running new service drops. In some cases, it may also mean trenching and running conduit and cable to
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specific areas of a host site, such as in a parking lot at a workplace. Since this can often be a large part of
project costs, utility investment here can increase the pace and lower the costs of infrastructure investment
by opening new sources of low-cost capital. The utility potentially could then recover some of these costs
from all electricity customers, as is the case for other distribution system investment. Utilities can also
use their familiarity with the design, operations, and maintenance of the distribution system, permitting
requirements, and interconnection process to efficiently identify and develop appropriate connection
infrastructure. In the make-ready model, the PEV charging infrastructure installation, ownership,
operation, and maintenance are left to the host site and competitive marketplace, which may offer a wider
range of pricing structures and other customer options.

A commonly cited downside of the make-ready approach is that it does not go far enough to take
advantage of utility expertise and funding.®® Critics of the approach argue that, in some situations,
keeping utilities out of actual PEV charging infrastructure development puts inefficient and unnecessarily
costly barriers between utility customers and PEV infrastructure—for example, by requiring the site host
to research, select, and purchase the charging stations. Additionally, this model relies on a site host to
operate and maintain charging infrastructure, and may not lead to consistent charging station reliability.
Finally, the make-ready model may not be sufficient to meet the charging infrastructure gap in multi-unit
dwellings. For example, in the Southern California Edison Charge Ready pilot program, which uses the
make-ready model, less than four percent of charging stations have been installed in multi-unit
dwellings.®*

Utility Owner-Operator Model

Under the utility owner-operator model, a utility owns and operates all components of the PEV charging
infrastructure. This could expand the primary benefits of make-ready utility investment (i.e., utility
experience with infrastructure and access to capital) to streamline and increase the scale of PEV charging
infrastructure development. A utility owner-operator may also oversee other program components,
including marketing and host site recruitment, pricing and programs, and ongoing operations and
maintenance—all areas in which utilities have operated for decades. In addition, utilities could be
required to directly collect PEV charging infrastructure usage and charging data and transparently report
this information to their utility commissions to inform future development efforts. Another important
component is that utility operation of stations may provide additional opportunities for more sophisticated
vehicle-grid integration and the use of dynamic and innovative rate designs to promote grid-optimized
charging. For example, the San Diego Gas & Electric Power Your Drive program—through which the
utility will install, own, and operate 3,500 charging stations—includes day-ahead, dynamic charging rates
to promote charging during off-peak and high-renewable energy periods, and other pricing models aimed
to create incentives for beneficial charging behavior.*

Critics of the utility owner-operator model argue that utility ownership of charging infrastructure may
limit market competition. While it may be appropriate for utilities to directly develop PEV charging
infrastructure in some situations, utilities could also offer site hosts with a choice of vendors and conduct
competitive solicitations for charging equipment, software, and network services to avoid limiting the
private market.®® Ratepayer impacts are another important concern with utility investment in PEV
charging infrastructure, one that is heightened when considering the potential for stranded assets, given
the early stage of the market and the fast-paced evolution of charging technology. Utility investment
programs could help to mitigate this concern through pilot programs with robust reporting requirements,
phased deployment of infrastructure installation, and requirements that site hosts contribute towards the
cost of the charging infrastructure. Additionally, utility ownership and operation of charging stations may
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reduce the risk of stranded assets compared to other investment models because utilities may have greater
capacity and expertise to maintain charging infrastructure across the service territory to ensure the
ongoing reliability of the charging stations.

Rebates for Electric Vehicle Charging Infrastructure

Another way for utilities to support investment in charging infrastructure would be to administer and
provide rebates for PEV charging infrastructure installation and make-ready investment costs in both
public and private locations. For example, residential PEV charging infrastructure with Level 2" charging
and networked “smart charging” capabilities can cost $1,200 or more for the hardware and installation.
To mitigate these upfront costs, utilities can leverage their experience administering energy efficiency
programs and incentives to develop and offer PEV charging infrastructure rebates. The rebates could be
administered and paid for by the utility or with public funds such as state emission allowance auction
proceeds. The rebate would have to be designed to allow the utility to recover costs.

Rebate programs can be structured to encourage installation at sites that are considered high priorities for
additional investment or that offer certain benefits (such as Wi-Fi connectivity) to facilitate vehicle-grid
integration and managed charging. These programs can also create incentives for development in areas of
the grid with insufficient private investment in charging infrastructure or sites that are best suited to the
additional load—or even limit rebates to those areas. This structure can increase a utility’s ability to
strategically plan locations or prioritize charging types that bring the rebate model more in line with the
level of guidance a utility can provide under the other investment models. The rebate model is often
deployed in conjunction with make-ready infrastructure investments, particularly to support the
investment of charging equipment in low-and moderate-income or underserved communities.

Key Considerations for Regulators

Utility regulators will play an important role in helping to ensure that PEV infrastructure investments are
prudent, just and reasonable, aligned with other policy goals, equitable to ratepayers, and that they result
in a fair return on investment for utilities. Utilities also play an important role by proposing investments
that are most efficient and beneficial for the grid and all customers. Regulators must balance many
factors in determining whether it is appropriate to approve the use of ratepayer funds to enable and
support vehicle charging. Below, we highlight six key considerations for these regulators.

How Much Charging Infrastructure is Needed to Support the Anticipated Level of
PEV Penetration?

States should expect increasing levels of PEVs due to both economic and policy factors. To support this
growth, significant additional charging infrastructure will be required. Electric utilities and public utility
regulators will need to engage in proactive planning to ensure that sufficient charging infrastructure is
available to serve these vehicles and that it is successfully integrated with the grid. In states that have

“Level 2” or AC Level 2 charging equipment uses 240V or 208V electrical service and requires a dedicated 40 amp circuit.
Level 2 charging is typically installed in long-dwell time locations (such as homes, workplaces, and hotels) and provides
approximately 10 to 20 miles of range per hour of charge. U.S. Department of Energy, Alternative Fuels Data Center,
“Developing Infrastructure to Charge Plug-In Electric Vehicles.”

T For example, Southern California Edison’s Charge Ready program includes rebates to offset some or all of the costs of
charging station equipment and installation in conjunction with a commitment to install a minimum of five charging stations
in disadvantaged communities.
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adopted policy goals related to PEV adoption—for example, emissions reduction, utility rate mitigation,
or transportation access—utility engagement in an integrated policy process may be critical to reaching
these targets.

In order to gauge the level of PEVs anticipated in a state and the infrastructure needed to support it, utility
regulators could work with a range of stakeholders (including state departments of transportation,
environmental and energy agencies, utilities, federal agencies and national laboratories, and third-party
groups) to conduct a three-step analysis.

The first step would be to study how many PEVSs the state expects based on economic and policy factors.
Even without state policy objectives to promote PEVs, many market forecasts project rapid adoption of
PEVs in the next decade due to increasingly favorable economics, and regulators and other parties could
conduct a market analysis that projects long-term adoption rates for PEV penetration. In states where
climate or air quality targets are key drivers of PEV adoption, such an analysis could take into account the
range of PEV fleet sizes that may be necessary, by certain dates, to achieve state goals™ (in coordination
with other projected strategies from transportation and other sectors).

The second step would be to determine how much public charging infrastructure would be necessary to
support projected levels of PEV penetration, as well as the type of infrastructure (Level 2 or DC fast
charging). Studies of this type are currently underway and take multiple forms. For example, the
California Energy Commission and the National Renewable Energy Laboratory (NREL) developed the
Electric Vehicle Infrastructure Projection Tool (EVI-Pro), which uses population density, PEV ownership
rates, traffic patterns, and travel data to determine the total amount of infrastructure needed under various
PEV adoption scenarios. This model has already been applied to model PEV infrastructure requirements
in California, Massachusetts, and other jurisdictions. NREL recently published a nationwide assessment
of charging infrastructure needs using the EVI-Pro model, that may provide a useful baseline for state- or
utility service territory-level assessments.*’

In addition to the total amount charging infrastructure required in metropolitan areas, utility service
territories, and along corridors, it is important to better understand the locations where charging
infrastructure is needed and whether the private market is providing charging infrastructure in these
locations. The Georgetown Climate Center has been working with Northeast and Mid-Atlantic states to
identify priority locations for fast charging infrastructure along major corridors in the region. This
regional corridor analysis, conducted by M.J. Bradley & Associates, evaluates the existing public DC fast
charging network along corridors, identifies gaps in charging infrastructure, and assesses highway exits
for their level of priority for additional charging infrastructure investment.

Finally, regulators can assess the current competitive market for charging infrastructure in their state.
This is a rapidly expanding sector that will be critical to increasing PEV penetration. However, in most if
not all areas, this nascent business will not be sufficient to support the levels of charging infrastructure
needed, especially on the relatively short timeframe driving many climate and air quality goals.
Additionally, and as discussed further below, competitive market charging providers may not prioritize
development in areas with low near-term utilization or other development barriers. Though regulators

Such an analysis may consider, for example, the makeup of the anticipated fleet of PEVs (e.g., the relative number of
PHEVs and BEVs, which may differ based on state incentives, consumer preferences, and model availability), the number
of miles each car would likely be driven, the life-cycle emissions associated with the electricity used to power the vehicles,
and more. Together, these factors could be used calculate the average emissions savings per vehicle.
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will not be able to perfectly predict future development patterns, they can work with utilities, private
charging companies, and other stakeholders to develop infrastructure proposals in which utility
investment and private investment can complement each other. This could result in a plan for utility
investment to be shared among a mix of “traditional” charging locations—single-family homes,
commercial centers, and large office buildings—as well as those locations less likely to draw traditional
private investment, such as multi-unit dwellings, low- and moderate-income areas, or relatively low-
traffic volume areas that nevertheless are critical transportation corridors. This mix can be devised such
that the total portfolio remains reasonably profitable for the utility (balancing the projected usage of both
traditional and non-traditional locations), without limiting broader investment opportunities for non-utility
businesses. Additionally, utilities could leave charging infrastructure selection decisions up to the site
hosts or conduct competitive solicitations for PEV charging equipment to further enable development in
the competitive market.

Phased or “iterative” approval of utility investment may also provide opportunities to update this
assessment of charging infrastructure needs and existing private investment to ensure that regulators
continue to allow competitive access to the market while helping to optimize utility investment. For
example, the California Public Utilities Commission initially responded to an application from PG&E to
invest over $650 million in PEV infrastructure and programming by instead asking for a “phased
development approach” that would “provide an opportunity for the Commission to collect and evaluate
data along the way to determine program effectiveness and allow for any modifications.”® When the
Commission just over a year later approved a first phase of $130 million PG&E investment,
Commissioner Carla Peterman expressed her belief that the decision “strikes a good balance between
consumer benefits and the promotion of competition in the PEV infrastructure marketplace.”®® In
approving this investment level, the California Public Utilities Commission provided for a “hard stop”
after three years to provide the Commission an opportunity to review and evaluate the initial results of the
program before continuing with additional investment.*

This iterative approach can also help utility regulators manage the risk associated with developing
infrastructure for an emerging technology that may not develop as anticipated. Phasing infrastructure
deployment, with a commitment to keeping pace with vehicle adoption rates, can allow utilities to provide
service in a timely manner—rather than waiting until needs are clear but overwhelming—while also
limiting the instances in which infrastructure is used less than anticipated because of unpredictable but
inevitable changing market conditions.

What Transmission and Distribution System Upgrades and Investments Will Be
Needed to Accommodate Electric Vehicles?

Utilities have an obligation to serve all customers and all sources of electricity demand within their
service area. This service requires a robust transmission and distribution system of wires and other
equipment. Increases in transportation electrification have the potential to generate significant new
electricity demand, which would require corresponding upgrades in utility transmission and distribution
infrastructure. For example, a Bloomberg New Energy Finance analysis estimates that global electricity
demand from electric passenger vehicles alone (not including transit, goods movement, or other
transportation-sector components) could reach 2,700 TWh by 2040. This is more than 10 percent of
current electricity usage.** In areas of particularly high adoption, such as those states that adopt
aggressive electric vehicle targets in order to pursue air quality benefits and GHG emissions reductions,
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vehicle electricity use could reflect an even higher percentage of total system load. This may require the
upgrade of local electric distribution infrastructure and could trigger upgrades or additions of
transmission-level infrastructure as well.

Even at lower vehicle penetration levels, the distribution system could see impacts from “clusters” of
PEV home charging in early adoption neighborhoods or from public DC fast charging, which can draw as
much electricity at a given time as an entire commercial complex. As more DC fast charging stations are
installed, particularly when concentrated in charging hubs in downtown areas or along travel corridors,
local distribution lines could experience significant local spikes in demand. Of course, these impacts will
be highly dependent on the level of vehicle penetration, when charging occurs, and where public
infrastructure for charging is developed.

The key implication of these infrastructure impacts of PEVs is that electric utilities will be responsible for
some level of infrastructure investment to support charging, regardless of whether the utility is directly
investing in the charging infrastructure. At a minimum, when conducting distribution and transmission
system planning, utilities should be considering contingencies that include significant penetration of PEV
charging.

Utility involvement in helping to identify and plan optimal locations for public infrastructure can help to
spread out grid impacts across both time and space, yielding significant benefits for ratepayers. For
example, utilities can work with regulators to identify distribution lines with unused capacity and support
charging infrastructure in those areas. This utility involvement could come through a combination of
sharing this data with stakeholders and potential site hosts, or through directly investing in infrastructure
at key locations. For example, as described earlier, PG&E has identified in its service area key locations
that can support DC fast charge infrastructure, taking into account traffic patterns, its distribution system,
existing infrastructure, and other factors. The appropriate approach for a utility would likely be
determined by the state of the competitive charging market in the area and the level of utility involvement
needed to enable charging infrastructure investments in locations that optimize grid operations and create
benefits for customers.

Regulators may also want to consider if there are benefits in aligning transmission and distribution system
investment with charging infrastructure investment by having the same party—the utility—be responsible
for both. For example, having the same developer for the charging infrastructure and the components
necessary to serve that infrastructure could allow for streamlined integration of those elements’
construction and operation. Similarly, utility development of charging infrastructure could help avoid
delays in operation that may otherwise be caused by third party development that is not integrated with
utility distribution system planning. For states that want additional clarity on the role of electric
distribution utilities in PEV charging infrastructure investment, state transportation electrification
legislation can provide direction.*?

How Can Regulators Help Ensure Equitable Access to Charging Infrastructure?

Early adopters of PEVs have, to date, been wealthier and more likely to live in single family homes than
the average U.S. resident. For example, a 2013 study from the University of California, Davis, found that
during the early stage of the PEV market in California, 96 percent of PEV owners lived in a single-family
home and 96 percent owned their home. This is compared to a rate of only 70 percent of households in
single family homes nationwide.** Another national study noted that while the average household income
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of a conventional Ford Focus purchaser in 2015 was $77,000, the household income of the average
electric Ford Focus (a mid-price PEV) was more than double that, at $199,000.4

As PEVs quickly transition from the “early adopter” phase to mass market adoption, more charging
infrastructure will be needed to ensure that all residents can take advantage of the benefits of electric
transportation. In particular, PEVs can provide significant benefits to low- and moderate-income
households. Lifetime cost savings can decrease the burden of transportation costs, and the reduction of
vehicle air pollution can help address environmental justice concerns for communities along highways
and major transportation routes, which are already facing inequitable environmental hazards. Access to
PEV sharing programs can help increase mobility for communities that are otherwise substantially
isolated from jobs, schools, and other services. Utility regulators, whose roles include ensuring access to
electric service for all customers, are well placed to help shape infrastructure deployment to enable access
to electric vehicles, and their many benefits, by low- and moderate-income customers.

One key barrier to increasing PEV usage in low- to moderate-income households is the relatively high
number of such households living in multi-family and/or rental units, which often have limited PEV
charging options. In 2015, only 49 percent of households with annual incomes less than $50,000 lived in
detached single-family homes. This compares to 75 percent of households with annual incomes $50,000
and above (and 83 percent of households with incomes above $120,000).#° In addition, only 13 to 17
percent of households with incomes below $50,000 owned the home they lived in, including single-
family homes (nearly 50 million people in the United States live in rented single-family homes).*® As a
majority of PEV charging is currently conducted at home, residents without driveways, easy access to
electrical infrastructure, or the ability to make modifications to existing structures may find it difficult to
conveniently fuel a PEV.

Utility investment in PEV charging infrastructure could be used to help these communities benefit from
broader PEV market trends by supporting public charging options in their neighborhoods. This could
include semi-private charging available to residents of multi-family dwellings, or a focus on community-
based public charging stations in locations that serve these communities. In some cases, PEV charging
needs in these areas may not be sufficiently met by competitive charging companies that assess ideal
locations on metrics such as past PEV purchasing patterns. In addition, competitive companies may
struggle to make a business case to install charging equipment in rental or community areas that do not
have a site host willing to pay for infrastructure installation or maintenance.

However, utility regulators preparing for an expanded PEV market may consider working with utilities
that are pursuing charging infrastructure investment to ensure that utility investment programs increase
equitable access to charging infrastructure among all communities. One mechanism to increase equitable
access to infrastructure is to establish a minimum low- and moderate-income investment requirement in
approved utility investment programs. For example, all California investor-owned utilities are required to
deploy a minimum of 10 percent of their PEV charging infrastructure in disadvantaged communities; per
a settlement agreement, PG&E will increase its target to 15-20 percent.*” Two of Massachusetts’ utilities,
Eversource and National Grid, have submitted proposals for infrastructure investment that include
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commitments to install at least 10 percent of total infrastructure in environmental justice communities and
provide a full rebate for the cost of the charging infrastructure in these communities.”

This approach can work in conjunction with other programs that help overcome other barriers to PEV
ownership, such as rebates and grants that help low- and moderate-income households to reduce the initial
high cost of purchase. In addition to these purchase rebates, electric car-sharing programs are expanding
access to electric mobility for low- and moderate-income customers, often in partnerships with electric
utilities. For example, Pacific Power recently supplied charging infrastructure to support a PEV car
sharing program at an affordable housing location in Portland, Oregon, in partnership with Forth and the
Hacienda Community Development Corporation.*® Similarly, the City of Los Angeles set up a pilot car
sharing program for electric vehicles in disadvantaged communities that would serve over 7,000
residents.*°

Utilities may also be able to provide charging infrastructure for electric transit buses, port electrification,
and electric freight delivery—initiatives that can increase mobility options and reduce emissions in
communities disproportionately impacted by air pollution. For example, investment proposals by
investor-owned utilities in California include charging stations for electric buses and port electrification®
and make-ready charging infrastructure for medium- and heavy-duty fleets.

How Should the Costs and Benefits of Utility Investment in Charging
Infrastructure Be Assessed, and How Can Programs Be Designed to Maximize the
Benefits?

Increased penetration of PEVs can create broad benefits for drivers, utility customers, and society as a
whole. PEV drivers will see annual savings as they spend less money to power their vehicles with
electricity and save money on vehicle maintenance. As described in more detail below, under well-
designed programs, utility ratepayers can see benefits from higher utility revenues due to increased
electricity sales and improved overall system utilization, which puts downward pressure on electricity
rates for all utility customers. These benefits increase if PEV charging is managed so that it occurs off-
peak.>? Health and societal benefits result from improved air quality as a switch to electric vehicles could
dramatically reduce or eliminate tailpipe emissions of climate change pollutants and local air toxics.

Due to the uncertainty of charging infrastructure usage levels, a traditional cost-benefit analysis for utility
infrastructure investment may show costs outweighing benefits. Furthermore, utility regulators may not
typically account for additional benefits, including energy and maintenance cost savings for PEV drivers
or the societal value of GHG and criteria pollutant emission reductions.

Additionally, as stated earlier, a utility can play a critical role in jumpstarting the electric vehicle market;
however, such proactive investment necessitates a tolerance for risk in accepting some number of
unprofitable or underutilized projects. Utility access to capital (and willingness to invest in infrastructure
with a longer payback period), customer communications, and grid operations makes utilities potential
strong and cost-effective investors, but their involvement does not mean that the full risk of failed projects
lies with their customers. As discussed more below, some portions of costs could be recovered from
users of infrastructure (drivers or host sites). Some can come from utility investors, or private partners

Eversource and National Grid define environmental justice communities as meeting two of three criteria as defined under
Massachusetts Executive Order 552, (1) 25 percent or more of the population in the communities must earn 65 percent or
less than the Massachusetts median household income; (2) 25 percent or more of the population in the communities identify
as minority; and/or (3) 25 percent or more of households lack a person over the age of 14 that speaks only English or speaks
English very well.
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involved in make-ready or rebate projects. And for funds that are provided from customer rates, utility
regulators can establish cost recovery metrics and requirements to ensure that programs are run efficiently
and appropriate steps are taken to manage (although not completely ameliorate) risks of project
underperformance.

Some state commissions have taken action to establish standard guidelines for review of cost recovery for
utility ratepayer portions of PEV infrastructure program proposals. The Massachusetts Department of
Public Utilities issued an order that requires any utility submission for cost recovery of PEV infrastructure
investments to meet the following terms: a) be in the public interest; b) demonstrate that the program will
advance PEV deployment in the state that otherwise would not be met by the competitive PEV charging
market; and c) not interfere with the growth of the competitive PEV charging market.>® In other states,
legislation has established guidelines for assessment. In Oregon, the state legislature required the Public
Utilities Commission to direct utilities to file applications to accelerate transportation electrification that
meet six key cost recovery factors.” Washington state legislation authorizes the commission to allow an
incentive rate of return for utility investments in electric vehicle charging infrastructure “that is deployed
for the benefit of ratepayers, provided that the capital expenditures do not increase costs to ratepayers in
excess of one-quarter of one percent.”**

In considering cost recovery and cost-benefit analysis models, the role of utility infrastructure investment
can vary depending on the stage of market development. For example, during early stages of PEV market
development, not all charging locations and models will be successful. However, utility-supported
development and pilots can help to spur additional growth, gather important market information, and help
drive market transformation that can ultimately support a broader range of charging models and locations.
Regulators can also consider phasing investment approval, which could allow for the utility to adjust rates
of return for future investment and to balance opportunities to maintain a competitive market for PEV
charging equipment with the need to develop the required levels of infrastructure.

Utility regulators may also wish to explore how utility ratepayer investment can be combined with other
sources of funds, especially in the earlier and riskier infrastructure development phases. System benefits
charges (SBCs), for example, could be applied similarly to their use in supporting energy efficiency
projects—i.e., by collecting general funds that are combined with other sources of funding (e.g., loan
programs, tax incentives) and used to support investment in beneficial projects and infrastructure. In the
case of electric charging infrastructure, these funds could be targeted at projects that would otherwise face
cost-benefit hurdles. In the case of states with proceeds from the auctioning of emissions allowances,
regulators could seek to provide access to proceeds (perhaps directly or through revolving loan funds) in
order to secure some amount of funding to seed infrastructure projects that might face unique challenges
and would otherwise not be pursued. These methods and others might be useful in addressing geographic
constraints or helping provide low- and moderate-income regions access to charging.

See Section 20, chapter 28, subsections 3-4, Oregon Laws 2016: “...the commission shall consider whether the investments
and other expenditures: (a) Are within the service territory of the electric company; (b) Are prudent as determined by the
commission; (c) Are reasonably expected to be used and useful as determined by the commission; (d) Are reasonably
expected to enable the electric company to support the electric company’s electrical system; (e) Are reasonably expected to
improve the electric company’s electrical system efficiency and operational flexibility, including the ability of the electric
company to integrate variable generating resources; and (f) Are reasonably expected to stimulate innovation, competition
and customer choice in electric vehicle charging and related infrastructure and services.”
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Utility regulators may also consider whether they wish to promote certain charging models in order to
optimize electric system infrastructure usage and maximize system benefits. For example, an analysis of
New York price models to encourage off-peak charging of PEVs found that by 2030, if half of PEVs
charged off-peak the state would see a 276 MW reduction in peak load and a savings of nearly $600 per
vehicle due to reduced generation and infrastructure.®® This period of peak demand is when electricity
costs are generally at their highest. In many areas, charging incentives can help utilities flatten the daily
load curve by shifting electric charging to fill in troughs in demand (and avoid stressing the grid or adding
to existing peak demand).

This can be good for both the PEV customer (who may face lower charging costs) and all electricity
customers, regardless of the type of vehicle they own. Properly managed, this added load on the system
can improve overall utilization of the system, putting downward pressure on electricity rates. A report
evaluating the effect of PEVs on California’s electric system found that without pricing models that create
incentives for certain charging behavior, PEVs could increase the afternoon ramp-up of demand by up to
1.6 percent in 2020; however, deploying demand control strategies such as time-based pricing could
significantly or entirely mitigate PEV impact on afternoon ramp. ¢ Numerous other studies have
evaluated the potential impacts of electric charging on electricity load profiles and various strategies
utilities can deploy to manage charging times and charging rates in residential and public settings.®’
Utility investment in infrastructure may give regulators and utilities more latitude to optimize charging
infrastructure pricing to help achieve this load management.

How Should Utilities Recover the Costs of Infrastructure Investment?

The impact of charging infrastructure investment on electricity rates is a key concern of utilities,
regulators, advocates, and consumers. There are several approaches to recovering the costs of
infrastructure investments that are cautious about increasing electricity costs while also honoring the
regulatory requirement that a utility earn a fair rate of return on its investment. For example, utilities
could recover a portion of the investment costs from electricity customers, a portion from a charging
infrastructure site host, and a portion from PEV drivers. Utility programs that recover costs from
charging infrastructure users can use a variety of payment structures. These include:
e membership models that provide customers access to a network of charging locations for a fixed
monthly or annual fee;
o fixed fee models, through which a driver pays a fixed amount to enter a charging location;
e usage-based fees that charge customers based on the amount of energy consumed, perhaps
varying by time of day or location;
o free charging, most often associated with workplaces or other places that provide charging as a
benefit to employees or customers; and
e additional hybrid models.

Each can have an impact on individual drivers’ charging patterns. As mentioned above, utility investment
in infrastructure may create additional and more effective opportunities for regulators and utilities to
optimize charging infrastructure pricing in order to manage charging load. It may also allow for the
creation of pilots or programs that help to expand access to disadvantaged communities. These pricing
models can also be combined with other utility programs, such as dynamic, time of use, or subsidized rate
programs that also target certain policy objectives.
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California utilities have developed pilot programs to help accelerate the electrification of the
transportation sector and deployment of PEV charging infrastructure, each with slightly different cost
recovery models. For example, San Diego Gas & Electric (SDG&E) will predominantly recover the costs
of its three-year, $45 million owner-operator “Power Your Drive Program” through general rates from all
customers, although SDG&E will also charge a participation fee to third-party charging site hosts.® The
projected increase in consumer electric bills is about 18 cents over the first year (about 0.02 percent),
increasing to $2.75 annually by the end of the pilot period.® On the other hand, Southern California
Edison’s (SCE) $22-million “Charge Ready Pilot” will rate-base the cost of new utility service and make-
ready installations located at the site of customer participants, while also providing rebates for installation
of PEV charging infrastructure equal to 25 to 100 percent of the cost, dependent on charging station
market and location.®® SCE estimates that over the course of the five-year pilot, the cost of the Charge
Ready program will result in a 0.1 percent to 0.3 percent increase on an average consumer’s electricity
bill, or about $0.001 per kwh.®

Utilities could recover a portion of the costs of utility investment in PEV infrastructure from all electric
customers through standard rates, similar to how they recover costs for the development of renewable
energy and energy efficiency markets. For example, many states collect funds through all customers’
rates to provide rebates to customers who install energy efficiency technologies.®? This technique is also
used to help advance and explore new technologies. The Maryland Public Service Commission, for
instance, just approved ratepayer funded subsidies that will help develop the state’s offshore wind
capabilities.®® In all cases, the potential benefits of such investments must be weighed against the costs,
including concerns about potential rate impacts for consumers.

In the near-term, cost recovery from all customers may be a useful tool to overcome uncertain revenue
potential from charging site hosts and drivers. Recovering a portion of infrastructure costs through
customer rates can help reduce costs for drivers and lower barriers to PEV adoption,” which can be
critical for achieving other state environmental goals. Additionally, as discussed above, there may be
significant benefits to all customers of increasing PEV adoption and managing vehicle charging, which
can help justify ratepayer-recovered utility investment in charging infrastructure.

Conclusion

Utility regulators have an opportunity to help shape the future grid by providing guidance for utilities
investing in electric distribution infrastructure and the grid components needed to support plug-in electric
vehicle charging infrastructure. In the same way that the advent of air conditioning and its corresponding
demand for electricity reshaped the electric grid, PEVSs may be central to a new era for electric utilities.
Utility regulators can use existing practices, planning processes, and authorities to help guide and
optimize infrastructure development; and support innovation and exploration while continuing the role of
protecting customers and ensuring equitable treatment of all stakeholders. In considering utility
investment in PEV charging infrastructure, utilities and their regulators will need to cautiously but
proactively support developing PEV technology, taking reasonable risks to ensure that electricity
customers cost effectively receive the energy services that they need while states are able to meet critical
air quality, climate, community development, and equity goals.

* In particular, under low-gasoline-price conditions, PEV drivers may be less willing to pay a premium for charging.
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