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Executive Summary

Widespread electrification of the transportation sector holds the promise of greater vehicle efficiency and lower
emissions of greenhouse gases (GHGs) and other air pollutants. Many governments around the world have
identified electric vehicles (EVs) ascarnerstone of transportation sector emission control strategies, alongside
other efforts to reduce penile emissions from conventional vehicles, by improving technology and creating
new standards for liquid fuels. National EV targets in major econaraie$or nearly 20 million vehicles in

service by 2020 a steep increase above the roughly one million EVs in operation in 2013.

From the vehicle buyeroés perspective, none of t he
replacing the servicprovided by a conventional gasolir@ dieselpowered vehicle The EVs with the highest

range potential of about 200 miles can still only cover about one half of the distance that a typical conventional
vehicle can cover before recharging or refueliigth less than 100 miles of range, the average EV is even less
capable as a substitute for conventional vehicles. Moreover, EV recharging takes longer than conventional
refueling, and EVs codtar more than comparable conventional vehicle&ffordability and range remain
significant detractors for prospective EV buyers.

On the other hand, electric motors are inherently more efficient than internal combustion engines (ICEs) at
converting potential energy into mechanical energy for the drivetrain. EVsnbatapipe emissions, can be
refueled at home, and given current fuel and electricity prices it costs most consumers less to drive a mile on
electricity than on gasoline or diesel fuel.

How and when EVs are char ged ycoa na nddr aartattri accatl il we naefsfse c
affecting charge time and convenience, as well as electricity costs. Different charging scenarios can also affect

the electric grid in different ways, with ovall effects that are both positive and negative. Negatifects

from significant EV penetration could include increased peak loads;stressed local distribution networks,

and increased air emissions from electricity generation. On the other hand, the potential benefits to the grid
from greater EV use atude load smoothing and greater utilization of base load capacity duringea&n

periods, lower cost provision of ancillary grid services, and easier integration of variable renewable electricity
sources, in particular wind generated power.

This reportexamines key drivers of EV adoption in three regiotie United States, the European Union, and
Chinai with an emphasis on vehicle charging scenarios and infrastruciure intent of this project is to
identify insights about the choice of chargimgrastructure in each region that will both maximize benefits to
consumers (thus helping to drive EV adoption) and maximize benefits to the grid from greater EV use. The
report examines how these optimal scenarios differ by region, and makes recommenfdatjwlicies and
electricityregulationghat will make realization of grid benefits from EVs more likely.

Regional Observations

i With current technology, the costs and operating limitations of EVs inhibit market growth in all but a small
segment of th@otential buyer base. Adoption has fallen short of initial goals in all regions covered in this
report, forcing governments to abandon or revise their EV ownership targets.

U Key differences exist among electric sector regulatory regimes within theertgions. Furthest along with
electricity market deregulation, the U.S. can serve as a model for how to design market rules to reduce the
cost of integrating EVs on the grid. Because the basic principles of electricity dispatch hold true across the
regions, research conducted in the U.S. on the impacts of EV integration holds lessons for ways to
understand and minimize the impacts in all regioAsother observation gleaned from the U.S. market is
that the diverse fuel mixes of regional generating $leand intraday variations in system load, cause
frequent fluctuations in the emissions from electricity used to charge anAg€Ybss the board, better
alignment ofelectricity and transportation planning processes will be essential to optimize gricatidag
of EVs, not only mitigating the downside risks but also capturing as much value as possible for system
operators.
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0 European regulators have taken significant steps in recent years to deregulate the electric sector by
unbundling generation and transsion, and creating tramational electricity markets.Trends toward
deregulation of the electric sector in all regions will facilitate greater mbdssd procurement of
decentralized generating capacity and load management resources. This coulpleaEgropportunities
for EVs to provide valuable services to the electric grid.

U Vehicle ownership rates are increasing in densely populated urban areas of China, even as transportation
and environmental officials grapple with unprecedentedpallution. EVs offer the potential to limit
mobile source air emissions by pushing them upstream into the electric grid, where successful control can
be achieved through limits on far fewer sources.

U Electric sector environmental regulations in the Unitdtes, coupled with low natural gas prices, have
helped reduce emissions from power generation, improving the operating footprint of EVs and increasing
their comparative advantage over gasofiogvered vehiclesElectric sector regulations in the U.8lopng
with decarbonization goals being implemented in the EU, will continue to reduce GHG intensity and
conventional air emissions from electricity generation.

U Fleetwide average fuel economy standards in all regions are driving demand for more effitiethe
technologies. These standards could help or hurt EVs, depending on the degree to which they stimulate a
market for other advanced vehicle technologies and drive efficiency gains in ICE vehicles. Whether
automakers increase production of EVs ttpheeet average fuel economy standards will depend on the
commercial prospects of EVs. Policies will play a key role here.

U Larger shares of gridonnected intermittent renewable energy resources, such as wind and solar power,
have been driven by electrisector renewable energy policies and the falling costs of generating
technology. The integration of these resources requires greater attention to electric system load
management, which could drive demand for the types of grid services EVs are capatedaig.

i The economic and policy landscape is est@anging, and convergent factors have the potential to drive a

better business case for EV, for vehicle owners as well as state and national governments.

Recommendations
The report makes the case four broad policy objectives:

1. Limit negative grid impacts to avoid creating new barriers and costs due to integrating larger
numbers of EVs into the grid

2. Realize full potential of grid benefits, to help lower ownership costs for drivers, and ensuat th
electricity customerbenefit fromgrid-connectedeVs as much as is technically possible.

3. Expand economic incentives for driversthrough sound, cosffective policies that assign value to
the benefits from EV use, and enable drivers to capture bevedits

4. Avoid creating stranded assetghrough subsidies by limiting public investment in high capital cost
electric vehicle supply equipmerEYSE) that is at risk of being underutilized.
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The following policy recommendations support thebgctives:

Primary Policy Recommendations

Create or amend electricity sector rules to foster participation by non-generators in electricity markets. This
includes unbundling of electricity services, creating open and transparent electricity markets, enabling aggregators to
participate in ancillary services markets, and reducing regulatory barriers.

Encourage TOU and/or real-time electricity pricing tariffs. To minimize emissions impacts from charging, price signals 1
whether through tariffs, or sent directly to customers 1 should reflect the environmental costs of generation, thereby creating
an incentive for charging behavior that minimizes the emissions due to vehicle charging. This is especially important in
regions where marginal generation has a high emissions profile.

Allow prudent cost recovery of capital and operating costs by electricity distribution companies to foster EV
ownership. For regulated utilities and distribution companies, cost recovery can be used as a tool to encourage investment
and modify incentives so they are better aligned with public policy goals. This can lead to infrastructure and operations that
are better suited to supporting EV ownership.

Adopt policies to control GHG emissions. Decarbonization policies place an economic value on GHG reductions,
increasing the size of the potential incentive pool for EV owners. Charging an EV produces varying amounts of GHG
emissions, ranging down to zero GHGs from renewable electricity, giving them an inherent advantage over ICE vehicles.
Stricter policies to control GHGs can increase the value of environmental benefits from EVs, and increase operating cost
savings, but careful policy design is needed to avoid creating new barriers to EV adoption.

Adopt inclusive approach to energy resource planning. It is important to ensure that energy resource planning,
procurement, and investment are compatible with public policies that address system reliability, affordability, air quality, and
GHG reduction, and do not provide unfair advantage to incumbent sources of generation.

Promote lower energy use, and rates, through decoupling. Regulated entities that earn profits on energy sales have an
incentive to sell more electricity, which can drive up energy costs for EV owners and reduce the cost savings vs. ICE
vehicles. Policies to separate utility earnings from energy sales, and reward energy and cost efficiencies, can reverse this
incentive. Many markets within the U.S. and EU have already taken this step.

Establish a long-term strategy to integrate EVs into road user fees. In the short run, preserve the implicit road tax
exemption for EV owners by minimizing road use EV surcharges. Meanwhile, launch an effort to identify the best approach
to integrating EV use into tax policy in a way that recognizes the societal benefits of EVs as well as the costs of road use, to
level the playing field with ICE vehicles.

Secondary Policy Recommendations

Stimulate prudent research and development activity. The greatest key to EV penetration is vehicle cost reduction and
range extension. Longer-range, cheaper vehicles would meet the daily driving needs of more drivers. Avoid
preferential/protectionist funding, which can lead to less efficient use of subsidy funds.

Harmonize EVSE and EV standards; include advanced communication capability. Government entities overseeing
standard-setting for vehicle charging should incorporate communication standards to enable controlled charging and meter
electricity flows between the vehicle and the grid. Greater harmonization of charging standards will also simplify the task of
writing new market rules that allow EVs to provide grid services. And finally, uniform standards for battery design could
improve the economics of battery swap stations, although the complexities of compatible vehicle design will remain a high
hurdle.

Consider EV charging i ncent i vEegondfitimd-of-esev{T@U) pricing,ospecific heductidns fo |
transmission costs, capacity charges, environmental surcharges, and/or electricity taxes could be used to promote off-peak
charging and recognize the specific locational benefits of individual off-peak electricity use, compared to on-peak.

Establish customer relationship guidelines, or amend existing ones, to address issues raised by EV ownership.
New data privacy issues may arise when utilities have access to customer driving behavior. In addition, a range of outside
service providers, such as car dealers, EVSE contractors and grid services aggregators, will play a central role in
establishing new EV customer accounts, by deploying the necessary equipment and contractual arrangements. Taking a
proactive approach to working out these issues will minimize the risk that confusion, mistrust, or fraud could lead to slow EV
uptake.

Promote alternatives to high capacity public DC charging. As a matter of policy, promoting a dominant charging
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strategy of high capacity EVSE conflicts with the objective to limit negative grid impacts and realize the potential grid
benefits. Lower capacity, off-peak charging offers lower charging costs to consumers and reduces peak load, and because
of the longer charge times, provides greater opportunity for vehicles to provide grid services.
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Introduction

Policy makers around the worldontinue to seek ways to redugasoline and diesel fuel consption, and
associated emissiomgthin the transportatiosectoras a way to mitigate climate change and air pollution, and
reduce national security risks froofl and gasoline importsAccording to the United Nations (UNyn-road

vehicles account for 13 percent of glolHG emissions, and contribute significantly to problems from ozone

and particulate matter, which can cause or exacerbate a range of health conditions. Governments have
employed a broad set of tools to irape vehicle fuel efficiency and encourage switching to alternative fuels,
such as electricity and natural gas.

Given the relatively long useful life of a passenger vehicle, the investment choices made by vehicle buyers
today will have environmental andcseity implications for a decade or morl addition to vehicles bought to

replace theexistingfleet, millions of others areexpectedtoba dde d t o t h i thevaomihgdéas. r oad s
The UN projectshe globalvehicle fleet to grow from less thame billionto 2.5 billion or more by 2050

ninety percent ofhis growthwill take place inlessdeveloped countries.

Powering vehicles with electricity offers the chance to reduce or eliminate emissions comirsgvfreth i c | e 0 s
tailpipe. As a result, g@rnments in the U.S., Europe, and China have taken steps to encourage growth in the
market for plugin hybrid electric vehicles (PHEVs) and battery electric vehicles (BEMshg with other
unconventional vehiclesBut the uptake oé&lectric vehicles (ES) has been slow, because higttial costs of

the vehiclesmake them less attractive thannventionalvehicles withinternal combustion engines (ICESs)
Moreover, currenbattery technologgoes nostore enouglenergyto give EVs thesamerangeasICE vehicles

without the help of an additional source of energy, suchm astboardgasolinepowered generator.

A chief focus of EV policies, therefore, has been to offsgh costs andusability limitations. Many
govVver nme nt didesredudemirchase gostgirectly (e.g.,throughrebates), increase the useful range
(e.g., througtsubsidizechetworks of high capacity charging statign®) give EV drivers preferential access to
roadways (e.g., through exemptions to registration capgs)d yet,sales of EVs have fallen short of both
governmerg @ nd ma n u fgaals, suggestingsth@at current incentives are insufficedreak down the
barriers to market growth

This report looks comprehensively at electric sector and transportation polidtes United States, Europe,
and Chinaand offers guidance on howatign these policies with the gaal increasdcV ownership It looks

at vehicle technologies andriver behavior as well aselectricity markets and grid operationie provide a
foundation for evaluating different methods of EV chargibgsed on their negative impacts and their potential
to provide valuable services back to the grid. The report fitedsrieity markets better poised than ever to
accommodat&Vs, but more workkemans to ensure that transportation and electric sector policies complement
each other, and foster EV growiiile maximizing the benefits to society

Overview of EVs and Charging Infrastructure

A grid-connectedtlectric vehicle (EV), for the purposes ofdheport is defined as vehicle poweretllly or
partially by an electric motor, which is in turn powered by an onboard batiatycan be charged through a
connection to the electric gricEVs include batterglectric vehicles (BEVs)which relyexclusively on energy
stored in orboard batteriesand plugin hybrid electric vehicles (PHEVshich use energy from batteries
along with supplemental energgommonly from liquid fuels This report focuses on ligliuty passenger
vehicles, which congtite a majority ofEVs currently in usebut there are also electric versions of commercial
vehicles, motorcycles, and heaatyty utility trucks, buses, military vehicles, and trains

Current Models

The market for EVs and PHEVs has expanded in recems,yaa manufacturers introduce new vehicles and
electric versions of existing models. The commercially availablgcles range in size frothe smart electric
drivetwo-s eat er t five-s@atey RAV ddbestric sport utility vehicle UV). Different vehicles are
availablein different markets Table 1 summarizesformation on aelect sebf models their charging times,
ranges, anéfficiencyratings.
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Table 1: Charging Times, Range, Battery Size, anéfficiency of SelectedEV Models.

Manufacturer Model Charging Time Electric-only Battery Fuel .
Driving Size Economy
120 volt AC 240 volt AC Range (kwh)
Hours Hours Miles kWh MPGe
BYD e6” 20 8-9° 186 61 97
Chevrolet Volt (PHEV)* 10-16 4 38 17 94°
Chevrolet Spark® 20+ 7 82 20 119
Fiat 500e’ 23 4 80 (est.) 24 108
Ford C-MAX Energi (PHEV)? 7 25 21 8 100
Ford Focus Electric’ 20 4 76 23 105
Ford Fusion Energi (PHEV)" 7 25 21 8 100
Honda Fit EV*™ 20+ 4 82 20 118
Mia** mia — 3or5 50 or 78 8ori2
Mitsubishi / i-miEV / 22.5 7 62 16 112"
Citroén / Peugeot C-Zero / iON™
Nissan LEAF® - 7 75 24 116
Opel Ampera (PHEV)™ 4 46 16 235
Renault Zoe"’ — 35" 130 22 -
Renault Fluence™ - 6-9 115 22 -
Tesla Model S* 30+ 4-6 265 85 95
Toyota Prius Plug-In (PHEV)** 3 1.5 11-15 4.4 95 est.
Toyota RAV4 SUV* 44-52 6.5-8 103 41.8 76

Electric Vehicle Supply Equipment (EVSE)

BEVs and PHEVs can increase their stored energy by plugging into the grid. Charging times vary based on the
type of vehicle, type of battery, ailde capacity of the EVSE. Industry and government entities in the U.S.,

EU, and China have defined, and continue to refine, a set of EVSE standards that govern connector design and
charging capacity. The time to charge a battery is determined by #ages@nd current provided by the
connection. Common household and business electric distribution infrastructure provides 120 volts in North
America and 220 volts in the EU and China; higher capacity charging usually requires special electrical work to
upgade the service. Continued innovation in battery technologies and high capacity direct current (DC)
charging is leading to shorter charge times, but high capacity EVSE increases the costs of charging. For this
reason, high capacity charging stations almost always installed for use by multiple vehicles. A more
detailed discussion of EVSE and charging scenarios appears later in this report.

EVs: Potential Benefits to Society

Emission Reductions

One of the most commontyited advantages to EVs is thhey have no vehicle emissions. Compared to ICE
vehicles, which depend on the combustion efficiency and sophisticationtmfand emissiorontrol systems,

the emissionsattributable to an EMdepend on théuel source, efficiency, and emission controts electric

power generatorsAn EV could be charged by solar panels on an adjacent rooftop, or electricity from a coal or
nuclear plant hundreds of miles away. Emissions from EV electricity use vary widely based on the local grid
mix, which varies by tb time of day and, in certain cases, the time of §edtectricity from highemitting
generators reduces the comparative benefits of EVs over ICE vehicles. This section summarizes research on the
air quality and climate benefits of EVs.

Air Quality

In a 2007 study, the Electric Power Research Institute (EPRI) and Natural Resources Defense Council (NRDC)
analyzed the potential impact of PHEV deployment on air quality in the United STdtesanalysis found that

in most areas of the country, large dgphent of PHEVs would result in small, but significant improvements in

air quality. Overall, they estimated that PHEV deployment fopéi@entof the lightduty fleet would result in
decreased emissions of sulfur dioxide §5@itrogen oxides (NOXx), angblatile organic compounds (VOCSs).
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Ozone concentrations would decrease in most regions, but increase in some local areas, with 61 percent of the
population experiencing decreased concentrations of ozone and 1 percent experiencing increases. Ambient PM
cncentrations would also decrease in most regions.
Annual Energy Outlook assumptions, which forecast a-loeal’y energy mix, with only the environmental
controls that were required at the time of thalgsis. Predictions of the future energy mix have since been
revised to include less coal and more natural gas. Thus, the emissions benefitssoiller§#1EV deployment

are likely to be even higher than estimated in this sttidy.

EVs also have the partial to reduce emissions further through their effects on the electric grid, either through
balancing load and shifting generator impact, or by providing ancillary services to the grid. A study on PHEVs
in Texas found that if vehicle charging is optigdzthrough smart charging, a PHEYV fleet of up tpéfentof

light duty vehicles could actually decrease electric generator NOx emissions, even while increadingésad.

is because selectively increasing system load allows generating units to mueffimently, and allows system
operators to deploy more efficient units. The same study found that using the batteries in the vehicles to
provide vehicleto-grid (V2G) services could also reduce @, and carbon dioxide (C{pemissiongmpacts

of increased load from PHEVs. V2G services include using batteries for spinning reserves, frequency
regulation, and energy storage to address peak®fodthe study did not compare PHEVs to conventional
vehicles, howevef’

In parts of the world with a more essionsintensive electricity mix, the air quality benefits of electric vehicles
compared to gasoline vehicles may be negligible or nonexistent. A 2010 strebebychers from the Argonne

National Laboratory and China's Tsinghua Univerkighlights thelarge increase in S&missions that would
result from wide deployment of EVs i-fited@dctiicity® EVsdue t o
could lead to S@emissions from vehicles increasing by a factor of three to ten, and NOx emiksidntiag, if

charged on the current grid. The report finds that even if the coal fleet were entirely equipped with flue gas
desul furization ( FGD) ,emgsionspfiore antEV (vauls stil ebl!3 ¢or5dides the S O
emissions of an ICE vetil e , particularly as Chinaés gasoline and
emissionglown further.

Climate Change

Transportation contributes a significant sharg¢oddl manmade GHGemissionsworld-wide. In the United
States, 27 percent d?011 GHG emissions resulted from transportatith. Worldwide, 13 percent of
anthropogeni€HG emissions in 2004 were from transportation energy’ude the extent that EVs reduce
GHG emissions compared to conventional vehicles, they have the potential to impa&GH@atmissions
significantly, but & with conventional air pollutants CO, emissionsfrom electricity generationvary
significantlybased orthe localgrid mix.

In addition, the lifecycleCO, emissions from an EV vary greatly based on the design of the engine (for
PHEVs), motor, and battery size, as well as when and where the vehicle is charged, and how far it is driven
each year. Research has shown that gridadeonization is necessary in order to achieve substantial GHG
emissions reductions compareddaonventionalinternal combustion engine (ICEEhicles. In certain cases

ICE vehiclesmay even be preferable to BEVs on a lifecycle GHG BasBepending orthe region, and the

time of day that charging is done, marginal demand could be met by a variety of fuel types and could result in
emissions either higher or lower than the average grid emissioré rate.

The research conducted in 2007E¥RI and NRDC esthated that, in 2050, FEY/s would emit fewerGHGs

than conventional vehiclesr hybrid vehicles, even in a scenario in which electric sectoy €@flssions
increase over 2010 levels. Lower emissions scenarios show higher GHG reductions, as do scenarios wher
PHEVs have longer atlectric driving range$ A 2009 Argonne National Laboratories study also found that a
gasolinefueled PHEV would offer a 30 to 60 percent welwheel reduction in GHG emissions over a
gasolinefueled ICE vehiclefueling with celulosic ethanol or transitioning to hydrogen fuel cell vehicles could
potentially result in even greater emission reductfdns

The 2010 study on China found that deploying EVs would increaseef@{@sions given the current grid mix.
Compared to a convential gasoline vehicle, GGemissions from an EV powered by cdiaéd electricity
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could increase by 7.2 percent. However, the report notes that a shift to more efficient, lesintambive
electricity generation could change tfiis.

In the UK, whichhas one of the more carbon intensive grid mixes in Europe, a study by the Royal Academy of
Engineering noted that emissions from electric vehicles are similar to those from efficient gasoline and diesel
vehicles when fueled by the current grid mix. Howewee study also notes that with-darbonization of the
energy supply, widespread deployment of EVs could result in a significant reduction in GHG emissions in the
UK.*® EV impacts on electricity emissions in other regions are discussed later in tte repo

EV Policy Implications

Detailed consideration of emissions impacts is needed across all of the study areas. EVs move emissions from
the tailpipe to the power plant, reducing localized mobile source emissions where vehicles are driven, but
increasing ie need to generate electricity elsewhere. A robust understanding of the emissions implications of
charging strategies is the only way to ensure net emission reductions from EVs. Policies should seek to limit
the extent to which pollution is simply mov&dm one place to another.

Existing policies may or may not be effectivemanaging the emissions impacts from charging.EWsthe

EU, the National Emissions Ceilings Directive sets caps for key pollutants, and the Industrial Emissions
Directive se$ emission standards for coal plants. In the U.S., national air policies for NOx are designed to
ensure air quality meets certain standards to protect human health, but they generally do not impose emission
performance standards on power plants. Sontesstauch as California, have adopted their own emission
standards for power generation. Otherwise, state environmental agencies and courts have the power to impose
emission limits, but this process would not lend itself to {cargge planning. A thorotigEV policy should

consider whether charging and operating an EV is exacerbating a problem upstream.

Energy Security

EVs, which rely on domestically produced electricity, have significant potential to reduce dependence on
foreign oil for oikimporting naions. In the United States, 47 percent of oil consumed in 2011 was imported
(11.4million barrels per dayj. In 2011, 70 percent of total U.S. oil consumption was used for transportation,
with less than one percent consumed for electric power geneltiatisn shifting transportation energy from-oil
based fuel to electricity has the potential to significantly reduce U.S. dependence on foréigru@l.
domestic oil production has risen in recent years, but as of March 2013, the country continuedttmargo

than seven million barrels of crude oil per day.

Dependence on foreign oil imposes significant costs on the U.S. economy, as well as those of other nations that
import oil. The Lawrence Berkeley National Laboratory estimates that dependengeign &l cost the U.S.
economy$5.7 trillion from 19702009 In addition, a report from the RAND Corporation reviewed estimates

of the defense and security costs to protect the U.S. supply and transit of foreign oil, and found estimates
ranging from $290 $143 billion per yeal? The $85 billion midpoint of these estimates equates to roughly $30

per barrel at an import level of eight million barrels per day.

All of the countries under study in this report are net importers of crude oil. To the éxderidctricity
generation can be fueled through domestically produced fuels or renewable energy, the deployment of EVs has
the potential to reduce the direct and indirect costs of importing oil.

Electric Grid Management

In addition to the environmental @rsecurity benefits from switching away from-bdsed fuels, EVs are
uniquely positioned to help maintain electric system stability. The promise of EVs providing energy and
capacity to the grid has been discussed widely, but is yet unrealized in adalge This section will explain

the potential benefits to the grid, and a later section will explore how regulators can design incentives and
policies that maximize these benefits.

Since personal vehicles are typically utilized only a small fractiomefdy, they can be made available the
rest of the time for a secondary function. Gahnected EVs can help balance the electric system by serving
as a capacity and energy resource, storing energy generated dwpeglofferiods, and returning it teetgrid
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during peak electricity demand periods. Their connection to the grid can also be used to increase total electric
system efficiency by reducing the ratio of peak tepeék load, a key metric of efficiency for system monitors.

Background on Elé&éc System Resource Planning

Regulators and operators of electric grids around the world have the responsibility to make sure that electricity
flows reliably to customers by matching the supply (generation) of electricity with the demand for it (also
knowmn as Al oado) . Mai ntaining stability on an el ec
generating capacity resources are available over the long term, that those resources are able to deliver energy
when it is needed, and that the system @apand quickly to adjust for fluctuations in demand, as well as
unplanned generator failures.

How this is undertaken depends on the electricity market structure. In the U.S., an array of grid operators,
utilities, utility commissions, local distributionompanies (LDCs), regional reliability coalitions, and other
entities have joint responsibility for resource planning and system operdtibngertically integrated markets,
investorowned utilities own power plants and deliver electricity to custonemd, resource planning is
centrally managed by utilities, regulators, and regional reliability authorities. Utilities managémeeal
operation of the electric grid, matching supply to demand. In deregulated markets, regional transmission
organizationsRTOs) procure energy and capacity through organized markets. RTOs have indirect control over
the market by writing market rules to ensure that the correct price signals are sent to both generators (supply)
and consumers (demand).

Resource planning in thEuropean Union (EU) has, until recently, been a nationally coordinated function,
although theEU has completed deregulation and unbundling of energy and transmission services, and is in the
midst of deploying more robust, muttountry wholesale power magts. Reatime operations rely on a mix of

centrally managed national systems, together with rouliunt ry fdApower p epmtused O Co
electricity is delivered to customers by distribution system operators (DSOs), which are equivalent ta LDCs i

the U.S. In China, two stat®wned grid companies suppélectricity to the whole country, manage resource
planning,andset electricity rates. A more detailed discussion of electricity market regulation follows later in

this report.

Capacity, Energyand Other Resources

The technical challenge of balancing the electric grid in real time is the same across all market structures. In the
U.S., this means keeping power frequency within a narrow range around 60 cycles per second (hertz, or Hz); in
the EU ad China, the system operates at a frequency of 50 Hz. If systeraXoeeds supplthe frequency

will drop, and vice versa. Grid operators can avoid prolonged frequency imbalances by ensuring the ability to
increase or decrease supply or load, working with generators and other market participants who supply a variety
of Agrid servi ces orator defined it own gaiegoeies ofgrid geanvices, andpterminology
varies widely, the resources can be generally defined as capacity, energy, and ancillary services:

9 Capacity resources are procured months or years before delivery to ensure that thevilybtera
enough generating capacity to meet consumption needs. Procuring capacity means securing a
commitment from a generator that it will be able to deliver energy, as needed, at a future time.

1 Energy resources are procured days or hours before gelbased on shoeterm forecasts of system
load. Energy resources that are selected to run are expected to provide energy as and when needed.

1 Ancillary services are procured within minutes or seconds of delivery, based on the vettgrshort
needs of the systemThese resources allow system operators to managetshuarfrequency and
voltage fluctuations based on changes in supply and defAdrable 2 provides some common
resource definitions used in the U.S. and Europe, although the definition of ancillary services varies
from market to market

Table 2: Short-term Electric System Resources

Category Response Time and Purpose

U.S.: Frequency response Less than 30 seconds; rapid responses to small, short-
duration changes in system frequency
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Europe: Primary reserves

U.S.: Regulation services 30 seconds to 5 minutes; longer duration responses to

load fluctuations
Europe: Secondary reserves

U.S.: Operating/spinning reserves 15 minutes to one hour; responses to cyclical load

e fluctuations throughout the operating day

As a system operator looks to meet these resageds, it assembles a portfolio of resource providers that can
provide flexible generation (e.g., from a power plant) or load management (e.g., by increasing or decreasing
energy use in a facility). Capacity, energy, and ancillary services have ecorabugichecause stable voltage

and frequency are critical for keeping the electric grid powered. In a regulated electricity market, these
resources are provided by central power generators, such as natural gas, coal, or hydro plants. The cost of
providing them is bundled into a single price for electricity. There is little transparency in the value of each
component, and it is impossible for Aganeration resources to get paid to provide these services.

Increasingly, though, market deregulation is leadsygtem operators to break out these components and
procure them individually. By creating open markets for these resources, system operators are creating new
opportunities for alternative technologies. In the U.S., significant innovation has takenirpldiee PIJM
Interconnection, California ISO, and 1ISO New England. And with EU electricity markets now deregulated,
market operators are looking to implement similar approaches to competitive procurement.

A major outcome of this deregulation in the U.Ss lm@en the rise of the demand response industry. Policy
changes now allow market operators to compensate desidgménergy curtailment as if it were a conventional
generating capacity resource. In general, demand response has shown how price sigrasisver payments

can be used to reduce electricity use. To date, demand response has participated mainly in the capacity markets,
as opposed to energy or ancillary services. But the lessons learned in the formation of demand response policy
may be inguuctive as regulators consider ways to open deregulated markets to a broader range of
unconventional capacity, energy, and ancillary services providers.

EVs and Grid Services

How and whether EVs could participate in these growing markets remains to be determined by two factors: can
EVs provide services more cheaply than alternatives, and will regulators and market operators structure market
rules that enable EV owners to eagnanues in exchange for grid services.

EVs are well positioned to provide certain ancillary services. First, there is a technical advantagealied so
Aramp rateod of -beardekdironied tiye amaurt of tinmeat takes for a battéoyproduce a

certain amount of power is much faster than that of a power plant, allowing EVs to respond almost
instantaneously to signals from the system operator. Fastgring resources typically have higher value in
ancillary services markets. Sech for a power plant operator to bid in the ancillary services market, he must
reserve enough generating capacity to meet the anticipated production needs. This means that he may not be
earning energy revenues from this reserved capacity, causing hieguwe payments that cover this lost
revenue, or fopportunity cost, o in addition to the

C

therefore offer ancillary services to the market without needing to recoup this cost. Finally,tfreqeay c | i ng o

of power plants can increase maintenance costs, which increase the costs to provide ancillary services. EVs can
provide similar services without incurring these costs, as long as battery cycles are a small percentage of their
total capacity’* *°

On the other hand, although a gadnnected battery could theoretically provide capacity and energy, practical
considerations make EV batteries poorly suited to this role. Drivers need their batteries to be partly or mostly
charged in order to usédir vehicles, limiting the amount of energy they can supply to the grid without
recharging. Vehicle owners may reject the notion of supplying power to the grid when they are in the midst of
t he day.® <Curent batteryneghnology suffers aboutp@Bcentefficiency loss in roundrip (charge to
discharge) cycles, making power from batteries fairly expensive. And finally, increased cycling of batteries
causes faster battery degradation, adding further to the cost of electricity. As a resmjtstattd electricity
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is often less costompetitive than other forms of capacity and enéfggVs are likely to be most cesftfective
for regulation services/secondary reserves, where the technology has an inherent advantage.

Another consideration istwe t her EVs ar e c¢ on fi imgamingetltht theeys areipbligategpt@t c h a b
provide grid services at thHe spaqudatb]l ef 0t meagiind o©p
has limited control.Unlike other advanced technologies thave been deployed for ancillary services, such as
industrial water heaters or space heaters, EVs are malhileh may add complexity to knowing where and
when vehicles will be connected to the grid, and available for dispatch. EVs may be excludedfkats m
unless rules allow nedispatchable resources.

In addition, compensating vehicle ownersdertain types oéncillary services would require separate nieter
equipment which increases the cost and complexityfe™MSE. Little work has been done &how how these

costs add up. Additional analysis is needed to identify a model cost curve for a range of vehicles and electric
grids.

Regional market and electric system demands will ultimately determine which grid resources from EVs are
economically jusfied. Even if EVs are technically capable of providing high quality capacity, energy, or
ancillary services, each decision to implement the right market mechanisms and provide compensation for EVs
needs to be taken in the context of the best availableblogy and the broader grid operating requirements.

Demonstrating Ancillary Services in the PIJM Interconnection

The use of EVs to provide ancillary services is similar in concept to the use of other large household

electric loads. The PJM Interconnection, which manages parts of the mid-Atlantic electric grid from

New Jersey sout h t o Mar yl and and we st t o Ch
Technol ogyod program to show how consumer produ
deployed controllable refrigerators, battery banks, water heaters, and space heaters that are capable

of responding to a regulation signal to reduce or increase load. PJM is able to tap this distributed

network to maintain system conditions. The organization has also begun collaborating with BMW

North America to show how EV charging can be controlled using a price signal from the wholesale

electricity markets. PJM has also recent started a collaboration to explore the potential for fleets of

vehicles to provide frequency regulation services to the grid.

Aggregation

Historically, many electricity markets have had high minimum capacity thresholds for market participants,
ranging from one megawatt (MW) in certain U.S. markets, to as much as 50 MW in Franneat BEvine MW

cutoff, a minimum fleet size of roughly 100 EVs chargaimgultaneouslyn Level 2 EVSE would be needed to
participate in a market. To ensure that at least 100 EVs are available at any given time, the total vehicle pool
may need to be sigimifntly larger.

An industry of capacity service providers (CSPs) has emerged in the U.S. to address a similar issue for demand
response providers. These companies pool energy end users that are too small to participate in electricity
markets, and bid bl&s of capacity into the markets. A similar function will be needed to manage fleets of
grid-connected EVs. These entities would need to ensure that the services are available when needed, and
enforce charging standards that are compatible with the esggiits of the grid.

From a policy perspective, changing market rules by reducing the minimum block size would encourage greater
participation from advanced technologies. The PJM Interconnection has done this, reducing the minimum
power capacity requiremeto 100 kilowatts (kW). Such a move can enable a more immediate role for EVs in
the grid, by reducing the minimum number of vehicles needed to bid into the market.
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Grid-to-Vehicle vs. Vehicle-to-Grid

The simplest way to employ an EV for grid services is through a one-way grid-to-vehicle (G2V)
connection, which requires minimal investment in EVSE. EVs can affect the grid by reducing or
increasing the amount of power they draw from the grid.

Some studies have looked at the potential for enhanced vehicle-to-grid (V2G) services, in which EVs
can send power back to the grid. With V2G, grid operators could store and draw power as needed
from on-board batteries. This capability makes sense if battery costs are sufficiently low; otherwise,
the added costs of battery degradation may make electricity from EVs uneconomic.

In January 2013, the U.S. Department of Defense announced plans to invest $20 million in a fleet of
V2G-enabled EVs. The EVs are expected to replace existing fleets of passenger sedans, shuttle
buses, and other vehicles, and provideon-d e mand peak power to the gri
has shown that the vehicles will be profitable as a result of fuel savings and revenues from grid
services. The fleet of 500 vehicles would be deployed at six locations in late 2013, with the first
vehicles going into use at the Los Angeles Air Force Base.

Source: U.S. Department of Defense, DOD Electric Vehicles Will Supply Power to Local Grids,
http://www.defense.gov/News/NewsArticle.aspx?ID=118971, accessed June 18, 2013.

Load Smoothing

In some electricity markets, utilization of baseload power plants duringeal leads to lower generating
efficiencies and higherairéms si ons, as well as a need to fAc$¥cleod pc
This daily fluctuation in |l oad is known ashamingil oad
capacity needs require system operators to adjust thedeweeltput from power plants. Large fleets of EVs
could bridgetheofpeak fAvall eyd by timing c-beaklopdpatternd. o coi nci d e

To illustrate how this would work, consider an electric system with apezk load of 15 gigawat{&W), an

on-peak load of 25 GW, and 16 million vehicles on the rfioaglughly the scale of the vehicle fleet registered in

the electricity markethat serves the six northeastern U.S. statgssume that EV market penetration reaches

five percent (800,0@vehicles), and that 80 percent of those charge overnight on home chargers with an average
capacity of 4 kW. The overnight generating gap would close by 2.6 GW, allowing system operators to avoid
cycling 26 percent of thelbadfollowing generating capaty. In areas with significant installed wind energy
capacity, this could enable system operators to absorb excess wind output without forcingyadmgnof
conventional power plants.

A 2007 study by the Pacific Northwest National Laboratories asdahe impacts of PHEVs on utilities and
regional power grids in the.B. The study found that, for two studied utilities, PHEVs charged solely during
off-peak would reduce the average cost of power for the utility, because due to use of untapped#t off
capacity fixed costs would remain largely the same, while energy sales increased.

From a policy perspective, the key enabler of load smoothing is the ability to control the time of day when
vehicles are charging. Tira-day charging strategies should developed using comprehensive information
about the efficiency, utilization, and emissions profile of the electric power generating fleet.

Regional Transportation and Electric Sector Market Dynamics

This report examines three broad regionke U.S., the EU, and China. It is impractical, however, to draw
generalized conclusions at the regional levels since so much economic and demographic variation exists within
the countries in focus. The reporethfore highlights a series of stdgions, with particular attention to near

term EV market growth potential. Within the U.S., we cite examples from California, Massachusetts, and
Michigan. These states cover a range of differences in electric poweratien and power market structures.
Within the EU, we cite examples from France, Germany, Spain, the United Kingdom, and Denmark. In
addition to providing a snapshot of Western Europe, these countries have each implemented EV policies and
have collectedand published relevant data that are useful for the analysis. Within China, we cite information
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from Beijing, Hong Kong, Guangzhou, and Shenzhen, which are significant economic centers with
demonstrated lorterm EV policy planning. Given the diversiof cities, states, and countries in the study

area, these examples are not assumed to provide a comprehensive picture of the regions, but they do offer an
opportunity to explore key policy issues.

Vehicle Ownership and Usage

In the pursuit of mitigating émsportation sector emissions of key air pollutants such as nitrogen oxides, sulfur
dioxide, and carbon dioxide, country leaders around the world have established ambitious targets for EV
adoption. Among seven countries participating in the Electric \&ehnitiative, aspirational targets would

have EV fleets growing tefold over the next seven yedrdrom just under 2 million EV and PHEVs to just
under 20 million by 2020.

~ 20,000,000

India -
Netherlands

Germany i

France ity

Spain e

Units

2010 2012 2014 2016 2018 2020

Figure 1: EV Market Growth under Selected Country Gods. (Source: Clean Energy Ministerialﬁlg

As a share of total vehicles on the road, these numbers still represent a small fraction of the total: the United
States had over 230 million light duty vehicles in 28i@mpared to roughly 250 million in the E27,** and

240 million in China? In this section we examine the current state of vehicle ownership and usage in the focus
regions.

Vehicle Ownership

Despite rapid recent growth in automobile ownership, China still lags far behind the U.S. and EU intaer capi
vehicle ownership. As shown in Figure 2, the U.S. had over 600 passenger cars per 1,000 people in 2010. This
compares with 473 per 1,000 in Western Eurisp009°%and less than 100 per 1,000 in Hong Kong and
Mainland China. (Note that these figur@® for passenger vehicles that seat fewer than 9 people; the total
motor vehicle count is higher in all regions.)
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Figure 2: 2010 Passenger Car Census, Selected Regions (Source: World Bank)

In the U.S. and EU, household vehicle ownership is constrained by economic factors, as opposed to government
policy. The average ownership rate in the U.S. is 2.7 vehicles per household, more than double the ownership
rate in the EU as a whole and in tbeuntries of focus, where ownership rates are closer to one car per
household. In China, high vehicle costs, government taxes, and limits on new registrations constrain vehicle
ownership in some cities.

Hong Kong, and Guangzhou impose caps on ownerbhipShenzhen does noResults from recent license

plate auctions suggest that demand vastly outstrips the quotas for new cars among these urban populations. For
the U.S. and EU, stable vehicle ownership rates suggest that new car sales will rougtdyt@die rate of
retirement of the existing fleet, as drivers buy new cars to replace old ones. In China, the unrestricted rate of
vehicle purchases would be far greater than the retirement rate. EVs in China, therefore, could theoretically
reach a mue larger share of vehicle registrations more quickly than in the U.S. and EU.

Fleet Ownership

Government and corporate vehicle purchases account for a significant share of market activity around the
world. For example, in 2011, approximately 19 percertbt#l passenger car sales were fleet purchases in the
U.S. In Germany, that number is 32 percénBhenzhen has an EV fleet made up of 1,300 public buses and
700 taxis>’ in addition to roughly 1,000 private EVS.In May 2013,the Chinese EV makd&YD amounced

thatits e6 will be ®Id in the U.S. only to fleetustomers where it sees the greatest market poterftifleet

focused incentives and policies may provide municipalities and governments with an efficient tool to increase
EV penetration.

Garaging Practices

The availability of parking has a major impact on the feasibility of EV charging scenarios. In places where
dedicated parking is scarce, such as China, Spain, or the UK, drivers must rely more on shared public charging
stations. Converselynithe U.S. and France, greater access to dedicated parking spots helps ensure that vehicle
owners can connect to the grid predictably. A low capacity overnight charging scenario may be infeasible
where parking is scarce, unless they have access to @ediEdSEequipped parking spots. Two alternatives

to low capacity charging, battery swapping and high capacity charging, will be discussed later in the report.

Access to parking is driven principally by municipal zoning codes for new construction. ©@nedheand,
requiring parking spaces to be built for new housing units ensures that residents have access to dedicated
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parking. On the other hand, making parking readily available for all residents reduces the value of the incentive
offered by dedicated E¥harging spots.

Numerous studies of driving behavior have shown that, on a typical day, vehicles spend most of their time
sittingidlei ei t her parked factivelyo in between trip segme
work. Past surveyby theU.S. Department of Transportatitvave showrthatfewer than 2(ercentof U.S.

vehiclesare on the road at any one tinamd a typical car is only driven for two to fdwursper dayz8

Figure 2, basedn a recent driving survey by the European @ussion, shows similarities to driving behavior
in the U.S>° European vehicles tend to be driven actively for fewer than two per day; during the remaining

time they are either fAactivelyo par ked alyovdrriget. i nt er
(Comparable data were not available for Denmark.)

Monday to Friday
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Figure 3: Survey of EU Vehicle Usage (EC JRC, 2012)

The same survey provides additional insight into where vehicles are parked during the times they sit idle.
Figure3 showshat cars are parked in private home garages aroupdrt®ntof the time. The rest of the time,
garaging practices vary from cowntto country. Parking in private garages is commonest in France, where
street parking happens only 20 percent of the time. Drivers in Spain and the UK, conversely, report parking on
the street 40 percent of the time, and only about 30 percent of #éntipnivate garages. In Germany, drivers
reported parking in private or reserved places more than half of the time. A 2010 survey in England found that
41 percent ohouseholds in the UK have a garAgeompared to 63 percent in the U.S., as reporteitidoy.S.

Private area/garage

Census Bureall.
100%
90% 1
80%
70% 7
1 M Reserved at work
40% 1 B Kerbside unregul.
Kerbside regulated
30%
20“ ] l

France Germany Italy Poland Spain UK

W Own place at home

W Public area/garage

Figure 4: Parking Location Frequency in Select EU Countries (Source: EC JRC)

Electric Vehicle Grid Integration in the U.S., Europe, and China Page [L5



Parking in Chineseities where high rises dominatd,e pends on fAparking centers. (
controls the balancef vehicles and parking spaceBeijing, which has 5 million registered vehicles but only

1.3 million public parking spaces, has plans to buwidtical and underground parking are¥s As EV

ownership increases, urban planniugthorities in cities likeBeijing and Shenzhen aréooking for ways to

build parkingcenters close to residential buildings where owners can charge vehicles ovérrBgitfew

Chinese households in major cities hageess to dedicated parking where EV chargers could be insi@lkyd

center parking spaces are at a premium, and the supply represents only a fraction of the number of registered
vehicles. This imbalance is only likely to be exacerbated by growing vehicle own&rd¥limdel building

codes for urban communities regu0.2 to 0.8 parking spaces per residence, so akopsehold vehicle

ownership rates increase, demand for parking will foffow.

Trip length
Trip |l ength has a bearing on a driverds willingnes
commonly cited surveys in the U.S. and EU wuse dri ve

ending points, and trip frequency and léngtlong with driver demographics. Data from the National Highway
Transportation Survey (NHTS) indicate that 95 percent of U.S. car trips are fewer than 40 miles, as shown in
Figure 4. Note that this curve represents trip length, not average daily cistiven, which is around 32 miles

in the U.S. However, this commontjted benchmark includes days of no driving; when these days are
excluded, the daily average rises to about 45 rffileBhis figure varies significantly between regions, with
longer dstances driven in the southern and southeastern areas of the country.

Trip Distance Frequency Distribution

Frequency for U.S. Drivers (2009)
60.0%

95% of trips are under 40 miles
50.0% |
40.0% |
30.0% |

20.0% |-

10.0% r
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Figure 5: U.S. Trip Distance Frequency (Source: National Highway Transportation Survey, 2009)

Drivers in the EU cover slightly less distance each day than Atmeérican counterparts. According to one
report, the average weekday daily distance driven in the EU ranges from 34 to 60 kilometers (21 to 37 miles),
with variations between countries (deéigure 5). In another survey, drivers in Spain reported takhrge trips

per day, for a total of 47 miles; in Germany, 2.5 trips per day, totaling 34 mil€saimte, 2 trips per day,
totaling 37 miles®’
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Figure 6: Daily Miles Driven, by Country and Purpose (Source: EC JRC)

Trip distance dta are less available for Chinln Beijing, the median daily travel distance is around 22 miles
(35 km), and 95 percent of daily distance is below 62 miles (100%indng distance journeys represent a

small percentage of overall travel demand in Chmare than 9%ercentof drivers have an average daily car

travel distance less than 160 km/day.

Range Requirements and Data Limitations

The trip distance frequency statistic has been used to argue that a 100-mile range EV is sufficient to

meetmostdr i ver sd needs. As we will di scuss | ater
vehicle to meet all of their daily driving needs, including the longest distances that may only be driven
a few times per year . A c gt rrangé linyitation8 $s desdribed ias
fadaptation, 06 which is measured by the percen

alternative transportation (e.g., a train, bus, or rental car). More discussion of adaptation will follow in
the Analysis section.

Garaging and vehicle usage surveys only allow imperfect comparisons of garaging practices and
vehicle use across regions. Most problematic is the fact that the data reflect aggregate driver behavior
rather than vehicle usage. Asonestudypoi nt s out , fiprojections base
predictors of i ndi vidual vehicle usage. o Agg
information about where and how long a car sits between trips. Vehicle-level data, such as that being
collected in the AEV Projecto study currently
driving behavior. Studies by the European Commission and various academic researchers have
attempted to classify drtirvipngc had tnisy, iot iwehsi cahc ctoyr
same location (i.e., home) and comprise multiple segments taken over the course of a day to work,
school, and other destinations. These studies can provide more detailed information about how an
individual vehicle is expected to perform, and what
recharging needs at minimal cost and greatest convenience.

A discussion of charging scenarios follows later in this paper. As we will see, the lowest cost, lowest
impact charging scenario involves low capacity overnight charging. But in areas such as China and
Spain, where drivers have limited access to dedicated parking spaces, this approach may not provide
sufficient charging options.

Cost of gasolintiel

For EVs to capture market share, the additional costs of the battery and electric drive system need to be offset
by fuel cost savings over the vehi cyadevshousand dellars me .
of the cost of a vehicle, a battery and electric powertrain may cost $15,000 or more. As a result, substituting
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electricity in place of gasoline needs to yield significant savings, since an EV could cost twice as much as a
comparale ICE vehicle.

Table 3: Average Gasoline Price in Selected Region2012°

Region USS$ per liter
United Kingdom 2.17
Hong Kong 2.16
Denmark 2.02
Germany 1.96
France 1.91
Spain 1.75
China Mainland 1.37
United States 0.97

In the U.S., gasoline prices are typically highest on the West Coast and lowest in the Gulf Coast region. As of
July 2013, the nationwide average unleaded gasoline price waG 3. gallon with a range from $31 on the

Gulf Coast to $B9 on the WesCoast’' In the EU, prices tend to be highest in the United Kingdom, and
lowest in Spaif® The difference between Hong Kong and the rest of China can be attributed to a high gasoline
tax levied on the island.

The chief disparity between U.S. prices d&topean prices lies in motor fuel tax rates, which were US$0.11
per liter in the U.S. in 2011, and about US$1.10 per liter in western European countries.

Fuel economy of ICE vehicles

The range and operating costs of ICE vehicles are determined by flognef, fuel tank size, and fuel prices.

As shown in Figure 7, the U.S. had the lowest average vehicle fuel efficiency among the selected countries,
lagging behind the European countries and China. EVs will be moreaosgktitive against less efficie

vehicles. Further work is needed to understand whether a potential EV buyer is more likely to weigh the
purchase of new EVs against keeping an existing, presumably less efficient car, or compare it against the more
efficient new vehicles on the markét.
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Figure 7: Average Fuel Economy of New Vehicles Registered, 2011 (Source: IEA)
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Existing Electrical Generation, Transmission, and Distribution Infrastructure

Transmission and Distribution

Electric power in the U.S. and EU is typically transmitted over long distances through high voltage alternating
current (AC) transmission lines, although high voltage direct current (DC) lines have been built in certain
instances, and are capable of traitisng power over longer distances with lower line losses compared to AC
lines. Longdistance HVDC corridors have been proposed in the U.S., EU, and China to bring power from
remotely sited renewable energy sources to load centers. Since the Chirgsaessian network is younger

than those in the U.S. and EU, and in certain cases is still being built out to bring resitetelyind, hydro,

and coaffired electricity to load centers, HVDC lines are more common. Hamai-Zhengzhou and Xiluodu
Western Zlejiang ultra-high voltage DC transmission projects, for example, are under development to bring
power across from western China and Inner Mongolia.

The U.S. has a mature electric power grid operating at a frequency of 60 hertz (Hz). Typical houskhold an
small commercial circuits provide a minimum of 200 amperes (amps) of service, with household electrical
sockets providing either 120 volts (V) or 240 V. Although not all buildings are wired with 240 V outlets, most
up-to-date electrical panels receivaufficient electrical service to allow users to add 240 V outlets
inexpensively.

In the U.S., the Society of Automotive Engineers (SAE) has established the SAE J1772 standard for EV
charging, with various finalized and proposed ratings, summarized Below.

Table 4: SAE J1772 EV Charging Standards

Standard Ratings Status of SAE Standard
AC Level 1 120V, 1.4 kW @ 12 amp Established
120V, 1.9 kW @ 16 amp
DC Level 1 200-450 VDC, < 36 kW @ 80 amp Proposed
AC Level 2 240V, <19.2 kW @ 80 amp Established
DC Level 2 200-450 VDC, <90 kW @ 200 amp Proposed
AC Level 3 >20 kW Proposed

DC Level 3 200-600 VDC, <240 kW @ 400 amp Proposed

Prevalent U.S. electrical service, therefore, can provide AC Level 1 charging, and in castesmay be able
to provide up to AC Level 2 charging, with modest electrical work. DC Level 1 and 2 charging, and Level 3
charging, require more significant investments in inverters and other electrical equipment.

Charge times depend on the capacityhef orboard vehicle charger, the state of charge of the battery, and the
size of the battery, but AC charging times range from under 30 minutes to oweurk/and for DC charging
from 1.2hoursto less than 10 minutes.

In the EU, the power system operates at 50 Hz and household and commercial outlets are prevalent and deliver
power at 22240 V. Typical household service in France, Germany, and Spain are served by 400 amp lines,
which would enable widespread use of A€vkl 2 charging. The International Electrotechnical Commission
(IEC) oversees standasetting for the European market, and has been developing IEC 62196 for electric
vehicle charging, as follows:

Table 5: IEC 62196 EV Charging Sandards.

Standard Ratings Status
Mode 1 250 VAC, 4 kW @ 16 amp Established
(Standard AC
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sockets) 480 VAC, 7.7 kKW @ 16 amp

Mode 2 250 VAC, 8 kW @ 32 amp Established
(Standard AC 480 VAC, 15.4 kW @ 32 amp

sockets)

Mode 3 (dedicated 250 VAC, 8-62.5 kW @ 32 to 250 amp Established
AC EVSE)

480 VAC, 15-80+ kW @ 32 to 250 amp
(with communication wire)
Mode 4 (dedicated 250-480 VDC, 80+ kW @ up to 400 amp Established

DC EVSE) (with communication wire)

The SAE and IEC standards are similar in their treatment of capacity, with the exception that European standard
sockets do not support SAE Level 1 charging. Beyond that, SAE and IEC differ in their approach to connector
design and communication protocdistween the vehicle and the charging station. A third high capacity
standard, CHAdeMO (ACHArge de MOveo), was created b
favored by Japan and Japanese automakers for high capacity DC charging, at capdoi6@ss kW'?>

The Chinese grid also operates at 50 Hz, with 220 V service. With widespread electricity service in Beijing and
Hong Kong, access to charging infrastructure is more likely to be restricted by parking availability than by
limitations on disribution. The State Grid in 2010 released EV charging parameters that suggested a standard
of 5 kW of capacity for home and workplace charging stations, but instead of adopting IEC, SAE, or
CHAdeMO standards, China has created its own standard based aff older version of the European
standard.

Electricity Production

Throughout the focus regions, electricity producers rely on energy from a range of primary fuels including
nuclear, coal, natural gas, oil, water, wind, solar, geothermal, and otherany Ahoment, the electricity
flowing to an EV charging station could originate from any -@otinected power generating unit.
Compounding the complexity is the rise of mgsliate electricity markets in the U.S., or malbiuntry markets

in Europe, in whih crossborder electricity trade creates new markets for power imports and exports, where
transmission capacity exists. It can be difficult to pinpoint the origin of the electricity that is consumed in a
given hour. Yet such analyses are necessarylicypmaking, since the source of electricity determines its cost
and emissions intensity.

A general picture of the regional generating fuels is provided in Babitighlights include:

1 Denmark derives a large share of its energy generation from renewmmbl2811, 40 percent of
electricity supply in came from renewable sources, thresters of which came from wind. Denmark
also generated 10 percent more energy than it consumed if°2011.

1 The majority of generation in Fran¢eover 75 percerit is suppled by its 58 nuclear power plants, all
of which are owned by EDF. However, President Francois Hollande has committed to reducing the
proportion of nuclear generation in France to 50 percent by 2025.

1 Germany used to produce a significant share of éstetity from nuclear power plants, but in March
2011, after the Fukushima disaster, the government announced plans to shut down the oldest 8 of its 17
nuclear reactors immediately, and progressively shut down all of them by 2022. Germany has also
targeed 80 percent renewable production by 2050. In 2011, 43.5 percent of electricity production was
from coal, with renewable energy sources making up 19.9 péfcent.

1 Nearly 50 percent of electricity generated in California comes from naturfitggpowerplants, with
another 19 percent from nuclear and 22 percent from hydro. California utilities import some electricity
from coal and natural gdsed power plants in neighboring states and Mexico. Naturafigabs
generation is the marginal fuel mostté time in California.
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1 Within the region covered by the Midwest Independent System OpekéiteO}, gasfired generation
accounts for |l ess than 5 percent of the regionods
years the dominant fueleve been coal (70 to 80 percent) and nuclear (15 percent).

9 Electricity generation wstate and across the entiew Englandregion (served by the Independent
System Operator of New England, or FB{&) has moved steadily away from coal and oil to natural
gas and renewables, with imported hydropower from Canada also accounting for a meaningful share of
consumption. Within ISNE region, natural gas was the marginal (pge#ting) fuel more than 75
percent of the time in the fourth quarter of 263.2.

M Chindds el ectricity comes mainly from coal and hyd
2009 and efforts to expand the countrybds renewahb
toward cleaner energy sources. Cities have started takiegt dteps to reduce air pollution. In
Beijing, for example, much of the electricity has come from-fioadl power plants, creating significant
air quality issues and leading the municipal government to look for options to replace coal with natural
gasfired generatior{°

The i mplications of grid fuel mix will be discussed

Table 6: Electricity Generation in Focus Regions

Denmark France Germany Spain CAISO MISO ISO-NE China

2012 2012 2011 2012 2011 2012 2012 2009
Coal 13,966 48% 18,100 3% 243,180 42% 66,159 23% 3,120 2% 323,449 69% 3,701 3% 2,940,525 79%
Natural Gas 5810 20% 23,200 4% 81,060 14% 42,873 15% 90,751 46% 44,481 9% 49,573 42% 62,005 2%
Nuclear 0% 404,900 75% 104,220 18% 61,238 21% 36,666 19% 63,167 13% 36,116 31% 70,134 2%
Renewables 14,148 49% 24,800 5% 104,220 18% 98,736 34% 27,114 14% 34,910 7% 7,988 7% 29,726 1%
Hydro 17 0% 63,800 12% 17,370 3% 23,510 8% @ 42,727 22% 3,718 1% 7,821 7% 615,640 16%
Oil / other 1,230 4% 6,600 1% 28,950 5% 0% 36 0% 3,124 1% 11,737 10% 16,630 0%

Total (GWh) 29,053 541,400 579,000 292,516 195,267 469,725 116,935 3,734,660

Note: All amounts in gigawathours (GWh).CAISO is the main electricity market in California. MISO is the electricity market for
Michigan and surrounding states. K& is the New England electricity market.

Regional Electricity Market Regulation

The introduction of EVs into the transportation sectoeatly expands the purview of electric sector
regulator$® Whereas global oil production and refining capacity drive gasoline and diesel fuel costs, electricity
prices are a function of primary fuel costs and available generating capacity. As eletticragulatory
decisions begin to intersect with transportation planning, it will be important to align policies from both
transportation and electric system planners in all regions to facilitate market growth.

Electric sector regulators play an essembéd in ensuring reliable electricity supplies and protecting consumers
from monopoly pricing, and market regulators oversee policies that directly impact EV adoption. Relevant
policies may cover:

9 Electricity tariffs and rate structuresThese should éb aligned with EV goal§ for example, by
allowing regulated utilities to establish special rate classes for EV charging or tying revenues to the sale
of electricity to EV owners. (In deregulated markets, tariff policy is less relevant.)

1 Performance ingd@ives LDCs/DSOs may earn a range of shareholder incentives based on operating
performance. Regulators may establish such incentives based on metrics of EV adoption.

1 Cost recovery Regul ated utilities and DS®&sé|lL®dCandnaest
allowed to earn a rate of return. Regulators may consider exceptions to traditional spending plans, to
the extent that upgrades and maintenance of distribution systems may be needed to support EV
charging.

1 Customer programs Regulatorsoften approve budgets for utilities to conduct customer outreach
around energy efficiency, renewable energy, safety, or other objectives. Proactive customer outreach
related to EVs may be expected by customers, who expect guidance from their eleetaday on
how to set up charging infrastructure and sign up for the appropriate rafé class
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Each region operates in a unique electricity market, with different rules for pricing and trading energy and
generating capacity. Moreover, the electric seds®lfiis in a state of flux. Grid operators are increasingly
asked to integrate distributed generation, demand response, and otkHeadit@mnal resources into their
planning and operations. This has forced changes to corporate structures, staateglmssiness models.
Efforts to develop new EXentric policies will need to be undertaken against this dynamic landscape.

It is incumbent on electric sector regulators to launch efforts to understand their new role in shaping
transportation strategy. €hauthorities of regional electricity market regulators have a bearing on how much
regulators, LDCs/DSOs, and retailers can influence EV buyers and charging behavior. To that end, this section
provides an overview of regulatory regimes and market stestarthe focus regions.

United States

Given the interstate nature of electricity markets and transmission, regulation of the electric sector is carried out
through a collection of local, state, regional, and federal entities. Transmission and gepeoatiters that

transmit or sell wholesale electricity in interstate markets are subject to oversight Bgdéel Energy

Regulatory CommissionFERQ. The main objectives dhe FERC are t o A( 1) Ensure t
conditions are just, reasdria and not unduly discriminatory or preferential, and (2) Promote the development

of saf e, reliable and efficient e Regigngl gridoperat@rsinr uct ur
regulated markets are managed by vertically integnatiéiies, who run power plants, own power lines, and

manage retail sales and distribution to customers. In deregulated markets, Regional Transmission Organizations
(RTOs) oversee power markets in which bgeodratorsandor wh
distributed to customers by local distribution companies (LDCs). In some cases, competitive energy suppliers

sell energy directly to customers. Wholesale power prices are a function of demand on the system and the
marginal costs of avaible supply. Retail prices are overseen by public utility commissions (PUCs), but in
deregulated markets, energy prices are set by competitive suppliers.

Beyond the FERC and PUCs, numerous entities are responsible for the complex process of enshitityg relia
standards are met. As an example, in New York State, the institutions that are responsible for assuring resource
adequacy include the New York State Reliability Council (NYSRC), the Northeast Power Coordinating Council
(NPCC), the North American &ttric Reliability Corporation (NERC), the New York Independent System
Operator (ISO), the NYPSC, and the FERC. Although this regulatory and oversight framework is complex, in
most cases these entities would be responsible for anticipating greater wadeas a result of greater EV
penetration, and determining appropriate ways to address potential reliability issues, as opposed to setting EV
policies directly. Most of the policy work is in the hands of state public utility commissions (PUC).

Fourteensat es i n the U.S. have established some form of
have established, or at least agreed to consider, compensation mechanisms that separate revenues from
electricity sales volumes. This key distinction holdetin all three of the focus states (CA, Ml, and MA).

Likewise, some PUCs have issued rulings that specify whether utilities are allowed to own EV charging
infrastructure. At one end of the spectrum, utilities may be allowed to install and own chéafomgssearn
kWh-based revenues, set electricity rates, charge customers to install smart meters, and potentially provide
other services. On the other end, a PUC may decide that an LDC should be prevented from doing anything
other than managing the distution network.

California

Nearly Californiads entire electric grid is managed
which oversees grid operations and reliability, in addition to running the electricity markets where LSEs procure
electic power. Asin all U.S. states, CAISO is just one of numerous groups responsible for maintaining reliable
access to power . The California Public Utilities (
electric utilities: Pacific Gas & Electriserves most of the northern tthirds of the state, while Southern

California Edison and San Diego Gas & Electric serve the other third. About 40 puidlichd utilities serve

the remainder of the state. LSEs in California set retail electric tariffis secure approval to recover
infrastructure costs through a ratmking process overseen by the CPUC.
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EV Programs in Southern California

The city of San Diego has a fleet of 3,300 EVs in use and 400 public charging stations. The president
of San Diego Gas and Electric (SDG&E), the local utility company, has said that existing generation
could handle higher EV penetration as long as rates are structured to limit peaki period charging. Due
t o the utof-use raty élassest mareethan 80 percent of electric vehicle charging happens
during the period between midnight and 5 a.m. This has led to more efficient use of generating
capacity. SDG&E anticipates greater difficulties in load management as EV use grows, and as vehicle
manufacturers increasingly move toward high capacity (20kw or more) charging capability.

Massachusetts

Massachusetts electric customers are served by two large inwested utilities, National Grid and
Northeatern Utilities (NSTAR and Western Massachusetts Electric), along with about 40 pobliobd

utilities. These LSEs own the distribution infrastructure and procure power through the wholesale market
overseen by IS@E. Interstate transmission lines apgvned by the utilities as well as independent
transmission owners. Electricity prices in Massachusetts are highly correlated to natural gas prices, since
natural gas is most often the marginal fuel. Revenues for electric utilities in Massachusettedrave b
decoupled from electricity sales, so the DPU has the ability to establish compensation mechanisms for utilities
using policybased performance metrics.

Michigan

Like California and Massachusetts, Michigan power generators participateoirganized nmiiet; Michigan is

part of MISO, which also includes most of Indiana, lllinois, lowa, Minnesota, and Wisconsin, as wellsasf part
Missouri and North Dakota. A majority of Michigan customers are serviced by two I0Us, Consumers Energy
and DTE Energy.

Energ prices in MISO are highly correlated to natural gas prices. Wind generation is providing a greater share

of the regionds overall out put, but as capacity incr
as it integrates the variablesmurce. As a result, the system operator occasionally has to force wind generators

to reduce output. Manual curtailments have happened for five to 30 per month over the past 18 months.

Along with California and Massachusetts, Michigan has adaptiipupiing policy. A state law requires the
Michigan Public Service Commission (PSC) to consikmoupled electricityates t r uct ur es, whi c¢ch
two largest utilities have implemented.

European Union

Large portions of the U.S. have undergone elgtfrimarket restructuring over the past 15 years, resulting in

the disaggregation of the electric sector and large siaité electricity markets. European market reforms have
started more recently and continue to undergo significant change as govermwaekitto create pooled
electricity markets, and replace regulated rates with competitive mzaketl pricing. Pooling of trans
national electricity markets is expected to be complete by 2014, although some power is already traded on
multi-national wholsale market&'

The success of market deregulation has been mixed. Spain, Germany, and France have struggled to implement
wholesale electricity markets similar to the organized markets of the U.S. As a result of being slow to
deregulate, European margemay be several steps behind the U.S. in creating open markets for ancillary
services and V2G transactions.

Denmark

Denmark is part of the Nord Pool Spot market, which trades energy across Norway, Denmark, Sweden, Finland,
Estonia, and LithuaniaThe Nord Pool Spot market is owned Byngrid, Energinet.dk, Statnett, and Svenska
Kraftnat, the stateowned transmission organizations in Finland, Denmark, Norway, and Sweden, respectively.
Energinet.dk, the Transmission Service Operator within Denmarkp ignder theDanish Ministry of Climate,

Energy and Buildingand operates the 400 kV transmission grid, as well as (beginning in 2012) th&01i82
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grid® Electric distribution is controlled by over 90 DS®syhose tariffs arsetannually,based on aevenue

cap determined by the Danish Energy Regulatory Authority. These DSOs are fully unbundled, meaning that
they provide transmission services but do not earn profits on energy sales. This is similar to deregulated market
structures in the U.S.

Full retail customer choice was introduced in 2003, allowing customers to choose their energy suppliers as they
can in deregulated regions of the U.&s of 200, however, only §ercentof residential and small business
customers had switched from theifault supplief! Electricity prices in Denmark are the highest in the EU;

they also have the highest proportion of electricity prices made up of taxes, witheb&ef the electric bill
consistingof VAT, taxes and levie¥.

France

The French eladcity market was run by statevned monopoly Electricité de FranDF) until 2000, when

the nation adopted European Union directives on deregulation. EDF is now a private corporation, although the
state remains a majority shareholder. Deregulatioth@felectricity market began in 2000, with legislative
action to remove obstacles to electricity competition. The effect of deregulation has been muted, however, and
competitive markets have been slow to take hold. EDF remains the dominant eleatriavseket player:

retail customers can choose their electricity suppliers, but the vast majority of residential customers have
remained with EDF. The transmission network is controlled by RTE, and the distribution network is operated
by ERDF, both of whilk are subsidiaries of ECE.

France participates in the Central Western Europe wholesale power market, along with Austria, Belgium,
Germany, and the Netherlands. These countries, on average, meet about 25 percent of their total electricity
consumption witlpower traded on the CWE mark8t.

Transmission and electricity retail rates are set by the Regulatory Commission of Energy (CRE), an independent
admini strative body entrusted with regulation of th
regulated electricity tariffs artificially low, which protects consumers but discourages new market entrants. Due

to increasing pressure from the European Commission to end government interference in electricity markets,
regulated tariffs are expected tocieaseover the next severgears. A report by the CRE indicates that
consumers should expect a[Brcentincrease in the cost of electricity by 20%7.

As a result of current policy, electricity prices in France are below the EU average.

Germany

Germanyb6s electricity market was deregul ated in 19¢
distribution operation¥. The country is part of the CW&holesalemarket, along with FranceThe 220 and

380 kV grids are operated in four regidmsfour different Transmission System Operators: TenneT, Amprion

GmbH, 50Hertz Transmision GmbH, and TransnetBVZustomers can choose their electricity supplier, but in

2010, only 15 percent of residential customers had a contract with a suppliethathéreir default suppliéf.

Electric system regulation at the federal level is carried out byBtidesnetzagentur (Federal Network

Agency), while many other regulatory responsibilities are also held by regulators at the state level. The
Bundesnetzagentur has no jurisdiction over retail electricity rates; end prices for consumers are regulated by the
Land authorities (state regulators).

Generation is dominated by four vertically integrated utilities: E.QWE, EnBW, and Vattenfall Although

several of these companies have spun out transmission assets, they continue to own generation and manage
di stribution to 65 percent of the countryds retail
presencé®

German electricity pces were the third highest in the EU in 2612The government has tried &mldress this

by introducing more competitiomut deregulation hathus farled only to mergers between power providers,

who then gairgreater market powerlnstallation of reneable energy has depressed wholesale market prices,
but does not appear to have helped reduce retail prices, since utilities still need to cover the fixed costs of
underused natural gas and coal plants. In addgiovernment taxesn electricity are appximately8.5 cents

(USD) per kwh
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In the early 2000s the German govVver nmeHndrgiewandedri ned a
Afenergy change, 0 strategy. The goal of this initioaéa
primarily on renewable energy, by retiring coal and nuclear power plants, deploying widespread energy
efficiency, and building new renewabl e energy capaci
to grow from roughly 20 percent today to gércent by 2050, but the plan has been beset by challenges since

the beginning, including resistance to new transmis:¢
accelerate the retirement of nuclear power pl&hts.

Spain

The National Energy Gomission (CNE) is the regulatory body for the electric sector in Spain. There is one
transmission operator for all of SpaiRed Eléctrica de Espafia (REE), which is partially owned by the
government. Although customer choice was implemented in 2008 dfweity of customers still receive their
electricity from default suppliers, whose tariffs a
have struggled withasoal | ed Atari ff deficit, o i n whthbedaus®d Os h a
prices being kept artificially lo? Wholesale prices in Spain are set on the OMEL market, where suppliers

trade electricity in reaime as well as forward transactions.

Electricity distribution is dominated by three companies: IberdroideEa, and Gas Natural Fenosa, controlling

over 90 percent of electricity distribution as of 2010. These three companies also own the largest shares of
electricity production (46 percent as of 201%).In 2012, Spanish electricity prices were close to Eté
average’®* Retail prices have two componeritsa regulated transmission and distribution charge, and an
energy charge that is determined through auction. The CNE has prop&®sedethe regulated componerii

order to move closer to markeased fcing.**%*%

China

Two stateowned grid companies supply all of Chinads el e
Corporation of China covers the electricity network in 26 provinces in North, West and East China, while the
smaller China Soutirn Power Grid Company covers the other five southern provinces (Guangdong, Guangxi,
Yunnan, Guizhou, and Hainan). These companies managevdiighe transmission in addition to local
distribution. Market reforms in 2002 led to the creation of five sdpastateowned generation companies.

The Chinese power sector is currently regulated by the State Electricity Regulatory Commission (SERC),
although regulatory reforms underway will dissolve SERC and merge it with the existing National Energy
Administraion (NEA), which has provided energy sector strategy, analysis, and oversight since 2008.
Following the merger, the NEA will assume responsibility for market reforms, broad national energy policy,
power projects, and pricing. The NEA is overseen by thdoNal Development and Reform Commission
(NDRC), which acts as a broad overseer of the Chinese economy, and has ultimate control over electricity
prices. In conjunction with SERC/NEA, the NDRC reviews retail rates annually based on changes to the costs
of power generation and the status of generation capacity. Retail prices, adjusted infrequently, are reviewed by
stakeholders, and pricing changes are put through a public hearing process. Prices reflect transmission and
energy costs, as well as a TOUusliment and adjustments at the local level for congestion'€bstegulators

also incorporate interconnection and ancillary services costs, but since prices are regulated, there is no market
for these components. The national government has shown aesinie moving toward markétased
wholesale and retail pricing, and six regional markets (Shanghai, Shandong, Zhejiang, Liaoning, Jilin, and
Heilongjiang) are said to be in the process of implementing mbsesd retail pricing’®

Incentives for EVs: Direct and Indirect Drivers

An array of multinational, national, state, and city incentives across the regions have stimulated the EV market
by reducing purchase costs, streamlining electricity pricing, lowering charging costs, subsidizing EV
infrastructwe, and creating mandates and markets for emission reductions from transportation and electric
power generation. Even amidst the economic slowdown in recent years, governments have demonstrated a
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commitment to EVs, by providing financial support for EVrghases, implementing EV electricity pricing
schemes, and encouraginBCs/DSOsto take an active role in deploying charging station networks.

Some incentives have been designed specifically to promote EVs by providing a catalyst for a potential buyer.
Direct incentives accrue only to EVs, although they may touch many different points along the lifecycle of an
EV, from design and manufacturing to refueling and parking. Indirect incentives have broad objectives, such
as reducing national GHG emissions agldressing urban congestion. Players in the EV value chain must
compete with other potential beneficiaries to take advantage of the economic value created by these indirect
incentives. This section summarizes current incentives and discussestigialpo drive demand for EVs.
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Table 7: Summary of EV Incentives in Selected Countries.

Denmark France Germany Spain United States (CA, MA, MI) China
National targets 200,000 EVs 2,000,000 EVs 1,000,000 EVs 250,000 EVs by 2014 1,000,000 EVs by 2015 500,000 EVs by 2015 and 5
for EV adoption by 2020 by 2020 by 2020 million by 2020
Purchase price None, but Up t o G None Up t o @B%9,ampO Federal tax credit of up to $7,500; Local government subsidies of
subsidies registration tax  (US$9,100) additional incentives in California up to 60,000 yuan (US$9,760)
rebates
Licensing and Exemption None 10-year None Access to HOV lanes in California Set-asides and discounts for EV
access from high exemption owners for difficult-to-obtain
registration from vehicle vehicle licenses
tax, free circulation tax
parking in
Copenhagen
Time-of-use Offered by Offered by Offered by Yes Offered by some LDCs Offered in some cities
electricity rates some DSOs some DSOs some DSOs
Vehicle fuel 5.6 L/km and 130 g/km by 2015; 4.1 L/100 km and 95 g/km by 2020 30 to 61 mpg standard depending on  Mass-based fuel economy

economy and
emissions targets

Transportation
fuel requirements

EV charging
infrastructure

GHG reductions

Fuel suppliers required to reduce GHG intensity of the fuels used in road
transport by 10% by 2020

400,000 public
charging
stations
installed by
2020.

Individual
DSO goals

Individual DSO goals

20% GHG reductions below 1990 levels by 2020, and 80% by 2050.

vehicle size by 2025. California and
Massachusetts have low-emission
vehicle standards.

California low-carbon fuel standard:
10% reduction in GHG intensity of
fuels by 2020

Federal tax incentives for the
purchase and installation of EVSE;
California and Massachusetts have
state subsidies for EVSE, and
Michigan LDCs offer rebates for
residential EVSE.

No binding, nationwide commitment;
Obama administration has set goal of
17% reduction below 2005 levels by
2020.

targets of 22 to 45 mpg (5.2 to
10.6 1/200 km)

None

Free charging infrastructure
being built for EV owners in
Shenzhen

17% reduction in carbon
intensity (GHG emissions per
unit of GDP) from 2011-2015

Renewable 30% by 2020 23% by 2020 18% by 2020 20% by 2020 (EV) No nationwide standard, but 29 states Non-fossil fuel energy: 11.4
electricity (EVL) (EVL) (EVL) have standards, ranging up to percent of total energy use by
standards Cali forniads tar ge 2015

energy by 2020.
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National Targets for EV Adoption

All three regions have established targets for EV registrations. In 2012 the German government declared a goal

of having one million EVs registered by 2020. Spain has set a §@&D@®00 electric vehicles on the road by
2014®The French government has set a goal of two mil/
funding to promoting adoption of electric vehict8s.Denmark has a goal of 200,000 EVs by 2020, recently

reduced from 400,000.

In the U.S., President Obama declared an American goal of putting one million EVs on the road by 2015. The
number of registered EVs surpassed 100,000 in May 2013, leaving much ground to be covered before the target
is met. Massachutte and California state governments have taken meaningful steps to promote EV ownership,
since they believe that the transportation sector will play a crucial role in helping achieve their respective GHG
reduction target¥?

China has taken numerous stepsdrive EV adoption amidst the ongoing growth of the passenger vehicle
market. In 2011, the Ministry of Science and Technology announced a goal of one million EVs by 2015 and 10
million by 2020, but these targets were later cut in h8é&tween 2009 ah2011,Chinese buyers purchased
13,000 EVs and PHEMismore than U.S. sales but well below the-rate needed to reach the 2015 ta?&get.

National targets are aspirational and provide a rallying cry for subsequent policy initiatives, but alone they are
unenforceable. Enthusiasm in some areas has been tempered by slow EV uptake. In Germany, for example,
consumers bought 2,100 EVs in 2012%ss than 0.1 percent of total car sales. The automobile industry has
said that without additional government suliss they can only sell 600,000 electric cars by 2020 atHelst.

China, 20,000 EVs and HEVs were sold in 2011 and 2012, amounting to only four percent of the 2015 target.

Purchase Price Subsidies

Through tax credits or cash rebates, many governnmanes decided to subsidize the initial cost of buying an

EV. China has been the most aggressive with this tool, subsidizing both automakers and car buyers. National
subsides expired in December 20125 ofJuly 2013 their renewal appears immineaithowgh the government

has announced its plans to wind down such subsidies by'Z0Zbe renewed national subsidies are expected

to be equal in magnitude and to cover purchases in 25 Citiddeanwhile, EV buyers can still take advantage

of those provided biocal city governments:

9 Beijing introduced new EV incentives in 2013, including a maximum purchase subsidy of 60,000 yuan
(US$9,750).

T Shanghai 6s munici pal government provides subsidi
40,000 yuan (US$6,500) f&Vs.

1 The Shenzhen government offers subsidies of up to 30,000 yuan (US$4,900) for PHEVs and 60,000
yuan (US$9,750) for EVE? Shenzhen has also invested in a large municipal vehicle EV fleet, which
contains approximately 1,300 electric buses and 706€trigletaxis, making it one of the largest
municipal EV fleets in the world.

1 Buyers can receive up to 10,000 yuan (US$1,600) in subsidies from the Guangzhou city government for
buying an alternative energy vehicle.

Whil e Chinads natiedeequally to qualifying cdrimedels ragardlesadb thd city the vehicle

is purchased in, local incentives are often designed to favor locally manufactured vehicles. As such, an EV
produced in Shenzhen may fully qualailfiyf yf dror S hSehmznhgehi
subsidy. This local protectionism has slowed the development of the PHEV and EV market in various cities

and may contribute to fragmentation of the matket.

The Spanish and French governments both offer incentives ofugtp 000 (US$9, 100) for pu
and EVs'® The Danish government offers no rebates, but provides generous registration tax rebates. Germany
has opted to forego direct subsidies in favor of governinacited research and development programs.

In the U.S., a federal tax credit for EV purchases offers buyers up to $7,500 toward the cost of a new vehicle.
California also provides vouchers up to $45,000 for EV fleet purchases, and rebates up to $2,500 for individual
EV purchases, subject to programding limits.
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Licensing and Access

By creating exemptions to registration fees and permitting quotas, governments can encourage buyers to choose
EVs over ICE vehicles. These incentives are most effective where the alternative involves high feesoor taxes,
high barriers to owning or operating a vehicle.

In China, the Guangzhou government sets aside ten percent of new license plates issued annually (12,000 out of
120,000) for alternative energy vehicles, including EVs. Shanghai buyers are also eligiblfeefe license

plate, which average 70,000 yuan (US$11,400) at monthly auctioe city has set aside 20,000 license

plates for alternative energy vehicles in 26%3Beijing has a strict license plate lottery to limit the number of
vehicles authorigd to drive in the city center. The 2013 cap is 240,000 cars, and demand vastly outstrips
supply: in January 2013, over 1.4 million people registered for the lottery, but only around 20,000 license plates
were issued. The city provides a special exemptioEV buyers, making it much easier to obtain a license
plate, but all vehicles driven in the city, including EVs, are subject to use restritfiohie Shenzhen
government has considered various licensing and access incentives, including allowirgdevers to use

public bus lanes during rush hour, pay reduced car insurance premiums, or receive free annual maintenance
checks.

In Europe, Denmark offers a substantial incentive for purchasing of EVs through an exemption from the
registrationtax one aut omobi | es, which can be up to 180 perc
vehicles are exempt from this tax until at least 281=Electric vehicles also are entitled to free parking in
downtown Copenhagefit German EV buyers receive a-§$8a exemption from vehicle circulation taxes for

EVs registered by 201%?

In California, EV drivers can use high occupancy vehicle I&fies.

Customizedtlectricity Pricing

Many electriéty regulators have implemented or considetadtomizedpricing of electicity for EV owners.

Some pricing schemes provide discounts to EV owners, while others merely create tiered pricing to reflect,
more accurately, the varied costs of gendusaéej Onoove
TOU, pricing). Dscounted pricing provides a direct incentive by lowering charging costs; TOU pricing
provides an incentive to charge at-p#ak times of the day, and may lower charging costs, depending on
charging behavior.

Since May 2011, the Spanish government hasvi@t Royal Decree 647/2011, which outlines regulations for

electric vehicle charging services. The rule createtima-of-use TOU) regulated tariff for residential

customers, with lower rates offered between 1 am and 7 am. The Spanieriberdrolanow offers TOU

rates, as well the ability to subscribe to a green energy electric contract for 100 percent renewabt& energy.
Another Spanisisuppliet Endesa, also offers TOU rates and chargmstallation'*>*?® In France, EDF offers

all customers an ettricity pricing option that has lower rates during-péak?’ In Germany, RWE offers a
specialelectricity contract aimed at electric vehicle owners, which offers-endrith fixed electricity price

guarantee, energy from 100 percent renewable souroed, ause of RWE and partner :
infrastructure?® Vattenfall offers a similar contratt’

In China, allBeijing electricity customers pay TOU rates with seasonal adjustti@réhenzhen EV drivers
can sign up for reduced electricity rates, includingpafék prices of 0.3 yuan (US$0.05) per KWh.

In California, Pacific Gas & Electric provides EV owners the option of taking a tiered residential rate or a
special time of use ratbased on whether or not they have a separately metered charging station. Southern
California Edison offers flatate, timeof-use (TOU) pricing for separateiyietered charging stations. While

they are encouraged to offer preferential EV pricing, pedld ZPUC rulingLDCs cannot include recharging
infrastructure in their rate base. In Michigan, Consumers Energy and DTE Energy offer redvyweak off
electricity rates for EV owners!

Vehicle Fuel Economy and Emission Targets

Policies to increase vehicfael economy may help or hurt the prospects of EVs, depending on how they are
written. If vehicle manufacturers can earn credit toward -fledé efficiency targets by selling EVs, higher
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targets may promote innovation in EV technology and subsequeitievshles. On the other hand, these
policies will also drive innovation irtompeting technologies, such HSEs and other alternatilye-fueled
vehicles such as natural gas and fuel cells.

The U.S. adopted new Corporate Average Fuel Economy (CAFE) starida2012, which set fuel economy
standards of 30 to 61 mpg (7.8 to 3.9 1/100 km) in 2025 depending on the size of the'Vetickmilar
regulation adopted by the European Parliament in April 2009 stipulates an average fuel economy of 5.6 liters
per 100 km (42 miles per gallon) by 2015.his targetdrops to4.1 1/100 km (57.6 mpgdy 2020:** In GHG

terms, the currenEU targets call for average vehicle emissions of 130 gKb@ decreasing to 95 g/km by

2020. Both the U.S. and EU consider BEVs toehasro CQemissions, and assign extra weight to EVs in the
averaging schemes.

China is in the midst of implementing its Phase Ill fuel economy targets, which set vehiclbasaddargets
from 22 to 45 mpg (5.2 to 10.6 /100 km). Current rules targ=iage fuel economy of 6.9 1/100km (34.1 mpg)
by 2015 and 5 1/100km (47 mpg) by 2026

Californiaand Massachusetts (in addition to 11 other stdtag® adopted lovemission vehicle (LEV) rules,

which set emission limits and compliance requirementader passenger cars, ligthtity trucks, and medium

and heawyduty vehicles. Both states also have a -msmission vehicle (ZEV) requirement, which states that
roughly 1 percent of each automaker 6s newleimteel y ea
state produce zero exhaust emissions. That target increases to about 1.3 percent for the 2015 through 2017
model years®® A total of nine U.S. statdsave adopted versions of Californi:
hydrogenpowered vehicles exh 15 percent of neear purchases by 2025.

Finally, the Global Fuel Economy Initiative (GFEI), a mugtakeholder effort to promote gains in fuel
economy, has set a target of improving fuel econompesbentby 2050, although global fuel economy gains
are falling short of the levels needed in order to reach thetésnytargets™®

Transportation Fuel Requirements

A low carbon fuel standard (LCFS) is a markased approach to reducing the lifecycle carbon intensity of
transportation fuels, defined agtemissions associated with producing, transporting, distributing, and using the
fuel. A LCFS places the compliance burdenga®line and diesel fuel providers, who must report the total
volume of fuel they sell and the carbon intensity of the fuels.IsPuigh carbon intensity below the standard
generate credits that can be used to offset use of fuels above the standard. At the end of the year, the fuel
provider must show that the fuel intensity of all fuels they provided, averaged together, doeseadtthr
standard. An LCFS allows fuel providers to sell and purchase credits. Providers of exclusively low carbon
fuels, such as electricity, can opt in to the program, generate credits, and sell them to fuel providers with high
carbon fuels.

California adopted an LCFS in 2007 as part of its climate change law, AB32. Th€E&has been in effect

since 2011 and is designed reduce the carbon intensity of transportation fuels used in California by an
average of 10 percent by the year 20Hdectric vehicles, as well as other low carbon fuels, can create credits
under the LCFS based on the differential between the standard and the carbon intensity value of electricity.
Carbon intensityof a given fuels calculated by dividing the tieered carbon irgnsity by an Energy Economy

Ratio (EER). The EERdjuss the carborintensity of fuels to reflectlifferences in energy efficiency among
different types of fuels and vehicledVithout the EER, the carbon intensity of electricity in the California
LCFS isabove the standard. With the EER, the carbon intensity of electricity is below the standard.

In Europe,Directive 2009/30/EC was adoptad April 2009 torevise the Fuel Quality DirectivéArticle 7a
introduced aequirement on fuel suppliers to redube GHG intensity of thefuels used imoad transporby up

to 10 percent by 2020. This target is made up of: 1) a mandatory 6 percent reduction in the GHG intensity of
fuels by 2020, with optional intermediate indicative targets of two percent by 28¥dwarpercent by 2017; 2)

an optional additional two percent reduction subject to developments in new technologies such as carbon
capture and storage (CCS); and 3) a further optional two percent reduction to come from the purchase of Clean
Development Meeanism (CDM) credits.
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There areseveral key issue® addresdor electricity under an LCFS. The first key issue is determining the
carbon intensity of the electricity provided for transportation. This incltitesppropriate geographic scope
andappropriate emission rate for electricity prodowctiwhether average or margindh addition,tracking of
electricity consumed by EVs is critical to accurately calculating the amount of electricity consumed and the
credits generated.

EV Charging Infratructure

Whether to subsidize the buitiit of EV charging stations is the subject of ongoing debate in all regions.
EVSE subsidies are supported by adherents of the view that access to charging stations is a precursor to
widespread EV adoption. Others argue thatrisks of overbuilding infrastructure, and tying up public funds in
stranded assets, is too great to justify the benefits, and that public charging networks are only necessary for
emergency situations.

Many countries in Europe have shown support fUiSE subsidies. The French government has a goal of
400,000 public charging stations installed by 2020. In GernfaWf has a goal to establish a network of

charging station§¥’ Iberdrola owns a nevork of charging stations across Spain, where plansnapéate to

| aunch new Acommerci al charging solutions, o Which wc

The Chinese utilities have worked with cities to coordinate EVSE installations. China Southern Power Grid
Company has agreed to instatedof-charge, two EV charging poles for each Shenzhen EV driver, one at the
home or apartment of the driver and another near or
private alternative energy vehicle use in Shenzhen will increas#icigtly over the next year and expects to

install and support over 6,000 new charging pedestal3his would be a dramatic increase over the 64
charging stations reported to be in the city in April 26##2Shanghai currently has 12 charging statiorss an

890 standalonecharging poles, but plans to install a total of 50 charging stations and 5,000 charging poles by
2015 This infrastructure, however , rShenrhedsdeOflstseeta fr ac
charging ptesis less than threpercent of its 2012 goal ¢f0,00Q Beijingd $0 charging or battergwap

statiogg and 1,080 charginglesin 2012 are a long way from the 2015 goal 256 stations and 42,000

poles

The U.S. federal tax code provides incentives for the purchase aaflatitst of EVSE. California and
Massachusetts have both authorized state subsidies for EVSE, albeit at a pilot scale. Miohiganffer
rebates for residential EVSE.

GHG Reductions

GHG reduction targets in the EU have provided an overarching driacarbonization across the economy.

The EU has a target of 20 percent GHG reductions below 1990 levels by 2020, and 80 percent by 2050.
Individual countries have also adopted their own targets. The GHG framework in Europe is constantly
evolving. A 230 framework and 2050 roadmap are under consideration to identify specific climate and energy
policies in the coming decades. These policies will drive investment waddvon technologies.

The U.S. has made no binding GHG reduction commitments agtlwnal level, although both California and
Massachusetts have passed legislation to create their own targktee Obama Administration has set a GHG
reduction goal of 1percentreduction below 2005 levels by 2020 hese lawsand goalshave set in miion,
and spurred funding for, a range of programs and investments in GHG abatement.

Ch i n d"&ise-YdaR Plan set targets for China to reduce €missions per unit of GDP by 17 percent over
the Plan period, from 2012015** Reports have indicated that China may set a target on total emissions, not
tied to GDP, in its next fivgear plan, from 2012020

Renewable Electricity Standards

Complementing measures to reduce GHG emissions, renewable electricity standards (REEVimnd U.S.

have created markets for levarbon electricity.In the EU, the Renewable Energy Directive (RED) mandates
20% of total energy consumption in the EU be from renewable sources in 2020. This varies by member state;
for example, Denmark hasgaal of 30 percent, France a goal of 23 percent, and Germany a goal of 18 percent,
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but averaged across the entire EU this adds up to 20 percent. Renewable electricity used in EVs is 2.5x counted
under the RED, providing an extra incentive for this pathi#agome countries have already achieved 2020
goals and may adopt more stringent targets.

I n the U.S., 29 states and the District of Col umbi a
percent renewable energy by 2020. Massachusettsthagenof 22 percent by 2020, and Michigan has a target
of 10 percent by 2015.

Chi n a"éFive-Y&a2 Plan sets a goal for China to increase-fossil fuel energy to 11.4 percent of total
energy use by 201%°

While the policies do not have a direct beaimn the technology or purchase costs of EVs, they have
implications for EVs in two ways. First, RESs reduce the average emissions intensity of electric power
generation. If EV charging scenarios are designed to maximize output from renewable entagyitdiing

grid integration of renewables or enabling fewer curtailments of renewable energy, the average emissions from
the grid will be lower, and the marginal emissions from EV charging will be low. This, in turn, will increase
the emissions benefitsdf EVs compared to ICE vehicles. (Conversely, if unmanaged load from EVs leads to
greater consumption of naenewables, the relative benefits will fall.) Second, meeting higher RPS targets
requires integrating more variable renewables into the gridl ttaus increases the need for ancillary services

that provide voltage support and frequency regulation. This could mean greater demand for the grid services
provided by EVs.

How Could EVs Affect the Grid?

The combined electricity needs of future EV owh@grswill depend on when, where, and how quickly the
vehicles are charged. From the standpoint of total consumption, realistic levels fogrme&\ ownership
would only result in small increases beyond current econsitlg consumption. As an example, BV driven
12,000 miles per year (33 miles per day), that requires 306heats per mile, has annual fuel requirements of
3,600 kWh, or about 10 kWh per d4y.In the U.S., as shown iRigure 8,a mid-case assumption for EV use

(in which EV use grows 1percent per year, from less than one percent of vehicle miles traveled in 2@L3 up t
29 percent in 2040), only increases electricity consumption by less than 10 percent of total generation.

U.S. Power Generation and EV Consumption
Showing high, mid, and low EV penetration scenarios
TWh
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Figure 8: Increase in U.S. ElectricityConsumption due to EVs.
Market penetration shown as percentage of total vehicle miles traveled. (Source: MIB&A)
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This analysis suggests that modest increases in output from the U.S. electric power system could fuel
meaningful growth in the EV fleet. Racific NorthwestNational Lab(PNNL) study indicated that the current
U.S.electricgrid couldh and | e 73 p elight-éuty vehiades as tplogd tylyridssThis amount drops

to 43 percent if charging only takes place overnightA report from theNational Renewable Energy
Laboratory similarly finds that existing generating capacity could meet overnight charging loads of EVs up to a
20 percent penetration level in the U8 1n the same vein, another report showed that complete electrification

of the EU27 passenger car fleet would increase electricity demand by an estimated 13 percent above current
electricity use°

These ationalandregional figureprovide reasonable estimates of ldegn generating capacity requirements,

but a closer analysis is heeded to understand how genearafiagityshould be adjusted to optimize the various
components of EV integration: emissions benefits of EVs, elegistem contribution from EVs, costs of
distribution infrastructure upgrades, impacts on existing generating capacity, and costs of new generating
capacity. Regional reliability planning requiresore detailedanalysis of other drivers of grid impact in
addtion to the total number of vehicles. These include: bulk power supply (generating capacity and fuel mix),
charging behavior (timing, duration, and location), and infrastructure (charging capacity, distribution capacity).

Bulk Power Supply: Fuel Mix, Pr ices, and Load Curves

El ectricity system monitors often &thais, yhe gerceantage ofi mar g i
time that a given fuel source would be in line to
increase. Elgric system planners project annual peak load levels, and set policies to ensure that the available
generating capacity will be able to meet the projected peak load with a margin of safety. -timereal
operations, system operators request output froits im order of increasing cost. The available supply is
designed such that consumption needs can be met byctestgjenerating units for most of the in the year.

Only when load levels are at their peak do system dispatchers call on the most exp@tssivEhis approach

is discussed here with tepecificexampleof the ISONE bulk power marketFi gur e 10 shows th
cur v e o -NEoshowihgshOw the system relies on different generating fuels depending on how much
cumulative capacity is need. As more capacity is needed on the system, the system operator must turn to
increasingly expensive generators, and the cost of generation increases. In this example, simply increasing
demand from 22,500 MW to 25,000 MW would double the cost of enérg. chart also shows how the fuel

mix changes at different points along the curve. At 15,000 MW of demand, for example, the system operator
can rely almost entirely on hydropower, nuclear, and natural gas. At 25,000 MW of demand, the system
operator ao needs coal and biomass generators.

To understand how EVs might affect the generating mix, consider a summer day when total system peak load is
22,000 MW without EVs. This equates to a generating cost of roughly $52 per MWh. If a fleet of 10,000 EVs
were to connect to the grid, each charging at 20 kW,
This could increase the market price of electricity
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Figure 9: Electricity Supply Curve for Massachusetts- ISO-NE Market (Source: Ventyx; MIB&A)

Electricity demand varies daily and seasonally, based on consumption patterns that follow weather, daily

routines, and the type of load on the grid. Figure 10 showsydai | o a d

f | u c tiuasspecific point a t

a I

on the gridi for two representative 48our periods in July 2012 and January 2013 in Massachusetts. The peak
load occurs in the summer during the hottest part of the day, as demand for air condiakisng During the

winter, there are two daily peakone in the migmorning, and one around 6:00 p.m. when people arrive home

and begin switching on lights and appliances. Figure 10 also showts reate i |
($/MWh) or LMPs, wheh rise and fall with the level of system demand.
Electric Load and Real-Time Hourly Wholesale Prices
48 hour periods in July 2012 and January 2013
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Figure 10: Real-time Load and Hourly Prices at a Node in Eastern Massachusetts (Source: ISTE, MIB&A).
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These patternk a single or double demand peak during the day, highés tmrsgreater capacity requirements,
a fuel mix that is dependent on the total deméandold true regardless of how an electricity market is
structured. The implications for EV charging are as follows:

1 Whenan EV is charged determines whether it coincides with the peak or valley of the load curve.
Integrating offpeak charging generally requires fewer modifications to system capacity, since the
system is already built to handle load increases up to thecpedjpeak.

1 How the EV charging impacts the supply curve determines the bulk power price impact and the
emissions from the added electric power generation.

1 How fastan EV is charged (i.e., the capacity of the EVSE) determines how much the EV increases the
system load. Lowetapacity charging scenarios have smaller impacts on load.

1 Wherean EV is charged will have a bearing on the costs of integration, since the load curve, costs, and
fuel mix are highly locatiomlependent.

The International Energy Agendyas illustrated this through a pair of idealized load curves, shown in Figure
11. Research has shown that similar patterns hold true for electricity consumption in the EU arfd' China.
Charging vehicles during offeak times allows existing infrastructuehandle modest EV penetration levels,

but without any control over charging behavior, drivers can be expected to plug in during afternoon peak,
thereigzy necessitating additional transmission and generation, and widening the gap between pegleakd off
load.

High Summer demand day High Winter demand day

Basa Load

2403 00 0l e W00 2000 23W 0e 400 ] 20ee 160D 2D 23130
s [

Figure 11: Idealized Summer and Winter Load Curves (Source: IEA)

Local Capacity Areas and Load Pockets

Significant variations in the shape of the load curve, wholesale prices, and generating fuels exist at different
pointson the electric grid. For this reason, the impacts from integrating a fleet of EVs could be insignificant in

one area, but troublesome in another. Figd@s and tshow maps of California and Massachusetts. The
shaded fdLocal C a p a the Californfarnaa isdicate( the Gileas)aroumd the state where a
majority of peak system load occurs. System planners have designated these LCAs as needing special attention
for resource planning. Similarly, Figu?bs hows t he #fl oad ts.0 The famesticity i nMas s ac
Massachusetts, Boston, is in the ANEMASSBOSO0O | oad
planning.
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Percentages represent the portion of
system peak load in each local capacity
area.

Figures 12a and b Local Capacity Areas in California, and Load Zones in Massachustt (Sources: CAISO; Ventyx).

Where constraints in electricity transmission make
pocket . 0 Charging a fleet of EVs in a | oad pocket
are mordikely to have thinner safety margins, making them more vulnerable to periods of electricity scarcity.
Where transmission costs are maiiased, load pockets also tend to have high electricity costs, due to the
costs of congestion along transmissiondine

Not surprisingly, load pockets tend to be the most populatedd thus, they are more likely to have high
vehicle penetration and poor air quality. For example, the U.S. Environmental Protection Agency (EPA) has
designated counties in all but two bEtten California LCAs as ozone Ratiainment areas. As a result, where

EVs could have the greatest air quality benefits, by displacing mobile source emissions, they also pose the
greatest challenge for grid integration. Without proper planning, cliptgige numbers of EVs in these
population centers could require significant upgrades to electricity transmission and generation infrastructure.
Failing to make such upgrades could lead to electricity price spikes and increase the risk of electtajgsshor

Similar dynamics exist in Europe and China. In both regions, many densely populated areas exceed air quality
standards for particulate matter and ozone. Although the European electricity grid has moved toward
unification, significant transmissiotonstraints exist across international borders, limiting the flows of power
between generators and load. As a result, system adequacy assessments should take into account both the need
to match load to available generation, and the constraints of acwal flows. (A detailed review of grid
congestion is beyond the scope of this report.)

EV Charging Strategies: Integration and Adoption

As shown in the discussion of the bulk power system, where, when, and how long an EV is connected to a
charging statio determines its impact on the electric grid. This section will discuss how EV charging strategies
can be used to limit this impact minimizing the peak load impacts from the additional charging load, to avoid
reliability issues, and mitigating disruptiottsthe local distribution network. Unintended consequences of EV
rollouts can be mitigated through controls on charging behavior that influence timing, location, and duration of
charging, and maximize the net benefits to the grid.
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Controlled Charging of EVs

Controlled charging is the practice of directing EV charging behavior by providing price signals or other
incentives to the consumer, in order to limit negative grid impacts. Uncontrolled charging, on the other hand, is

defined as charging when litttr no information is available about the price of electrieitwhere the owner

decides when to plug in, and the charger draws maximum power from pointéf plugu nt i | t hde

Research has shown that with controlled charging, EVsleaslize the overall load, make better use of

baseloadyeneratingunits, and require no extra installed capaciGonversely, igh numbers of EVgharging

uncontrolledi can lead to voltage limit violations, transformer overloads and increased line .[G3ses

batt e

Improperly managed charging loads can negatively impact grid operations and reliability, increase the price of
electricity, and increase emissidi$:> Controlled charging has also been shown to have significantly more
value to grid operatsthan unontrolled charging>®

Figure 13 illustrates the basic case of a single model EV, charged exclusively at home. Over the course of a
year, the power requirements of the model vehicle would increase total household energy consumption by 30
percent in the 8., slightly more than 50 percent in the European countries, and 170 percent in China, on
average. In most countries, a charger capacity of 0.8 kW would be sufficient to charge the vehicle fully during

an eighthour period™’ The exception is the U.S., wte the assumption of longer daily driving distance

requirements increases the charging capacity needs to 1.2 kW.
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Figure 13: EV Charging Compared to Average Household ElectricityUse (Source: Eurostat, EIA, MIJB&A).

Charging & these capacities is feasible with existing distribution infrastructure in all regions, and would
therefore have minimal grid impacts, since it can be accomplished with 120 or 240 volt electrical service. A
630 kVA transformer serving 250 households ddudindle an average load of up to 2 kW per house. As long

as total other household load during the charging period is kept around 1 kW, on average, the system should be

able to handle the added charging load. But charging behavior is highly variabdditin reonger or shorter
driving distances lead to more or less total power consumption.

Higpecity charging stations increase

instantaneous system load during charging. This can create problems within a local distribution circuit, or add
enough émand to the grid at the peak of the load curve as to cause demand spikes and force system operators

to dispatch highecost, less efficient generating resources to maintain system stability.

As discussed earlier, research in both the U.S. and EU has shaimMie current electric systeimwithout
significant upgrades could handle high EV penetration as long as charging uses household connections (U.S.
Level 1, or European Mode 1). The same is true in modernized urban sections of China, where lbyv capaci

charging can be handled with current distribution capacity. High capacity DC charging, on the other hand, can
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lead to congestion and cause reliability issdés he EU electricity industry, for one, has taken the view that

Anor mal power eghatghggonisasgructure, combined with
approach for ensuring system stability and minimizing c8tés discussed earlier, individual retailers in all

regions have begun to take on the problem by offering prioicentives to reward cffeak charging.

EV Demand Challenges in France

In a recent interview with Reuters, a represe
scenario of two million EVs by 2020 would increase total French electricity consumption by only 1 to
3 percent, but that the grid impacts could be significant. The greatest challenge, he said, could
result from the addition of three to six GW of charging load during peak periods.

Meeting additional demand in France is especially difficult because the country relies on inflexible
nuclear generation for 75 percent of its electricity. An unusually high reliance on electricity for
heating means that the seasonal peak is in winter, rather than summer. The grid operator has
recommended that slow chargers be used instead of fast chargers, to limit the combined load.

In addition to meeting the total load, grid operators have expressed concern about clustering of high
capacity charging stations, which would lead to local distribution failures.

The implications of charging behavibiboth timing and capacitly are illustrated nicely in the series dfarts

in Figure 14*° The baseline charging scenario (CH1) shows vehicle charging spread throughout afternoon,
evening, and nighttime. Thi®llows the assumption that vehicle owners tend to favor nighttime charging:
charging load increases in the late afternoon and early evening, with an average start time of ‘66 p\s.
shown in Figure 15, this charging start time falls into the windbtypical peak system power demand in both
summer and winter.

Variations on baseline charging behavior can be brought on byhas#d incentives and other policies. These
are illustrated with the following alternate scenarios:

i AL ansitn uitsame diwvers forget to plug in overnight, instead topping off during the morning.

T AHome & 1 Wiweearskhave access to chargers at work, and charging is spread more evenly across
the day

T AN-Ghar ge WiEVisch wrévented from charging during the evenind,pegusing a spike in

demand when the Acharge time ends

ASI ow & $inalar tp €hé baseline scenario, but with no vehicles usingdaghacity chargers

AFast icnost vebidesd use high capacity charging, which shortens the charging tincesdtes

a larger demand spike

T AFast <char ge,i mbbbvaacleftuseWimh dagacity charging, but have access to chargers
during the day, rather than solely at night

T ASmal | el totalzhangiegmeeds are lower than the baseline.

=a =4
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Figure 14: Representative Charging Load Curves for Different EV Charging Scenarios (Source: Kelly)

A study of actual PHEV vehicle charging activity in the Xcel utility service territory in the state of Colorado

shows how these conceptuddacging scenarios have played out in reality. Figures 15a and b plot normal
summer and winter load patterns, and show how continuous and uncontrolled charging scenarios increase peak
load and widen the gap between peak anepeffk and increase total systh capacity needs.
charging mitigates this effect by moving some of the peak load towaiu ®ff k , wheakoinoh&rgin
levels the valleys, narrowing the gap between peak anueaff demand.
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Figures 15a and b: Summer (a) and Winter (b) Load Patterns with EV Charging in Colorado (Source: NREL)'®?

Similar work has looked at load curves in Beijing and shown that controlled home charging can reduce peak
load impacts by two to three percent of total load compareddontrolled charging. As seen in Figure 9, a
peak load reduction of this magnitude, which may initially seem small, can mean the difference between large
price spikes and increased reliability risk.

Optimal controlled charging strategies are highly spetifiregional load curves. In general, to mitigate grid
impacts, charging should be delayed or limited during the times when it would have the greatest impact on
generating and transmission costs, as well as grid emissions.

Controlled charging progranae in their infancy, and there is limited data to examine how they have worked
in practice. Results from the EV Project in the U.S. suggest that customers do respond to price signals.
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Customers in San Diego are offered preferential pricing for deldyadjiog, with the result that vehicles are
plugged in starting at midnight, causing a steep increase in demand (Figure 16). Customers in Nashville, on the
other hand, are not offered such incentives and as a result, their charging behavior is disttichtedore

evenly around the evening peak.

0.800 Weekday 0.800 Weekend -  Max electricity demand across
= all days
§ 0640 Q640 Inner-quartile range of electricity
E
a é 0.480 0.480 demand across all days
= Median electricity demand
2 ‘;(i 0.320 /\/\ 0.320 across all days
2 0160 0.160 Min electricity demand across
w all days
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1.500 Weekday 1.500 Weekend - Max electricity demand across
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Figure 16: EV Project Results on ChargingBehavior in Nashville, TN (top) and San Diego, CA (bottom) (Source: EV Project).

This behavior has been observed widely, with some evidsmggesting that customers are not particularly
sensitive to the incentive sizel n t he absence of clear signals about
LDCs/DSOs may need to calibrate the payments based on the grid value of delayed charging. kartbgamp
Colorado study found that delayed charging is worth $23s@kicle and offpeak charging isvorth $44 per

vehicle based on the reduced costs of generaffoithe results here are highly locatiepecific. Since very

few electric customers in the.S., EU, and China are directly exposed to the variable costs of power generation

I instead paying regulated retail rates that are based ofdangaverage generating costgehicle owners are

usually not aware of the TOU implications of their elextyi use. In the endjraply educating the customer

and deploying metering technology may be a bigger hurdle than finding the right the int%ntive.

Implementation of Controlled Charging

Implementing controlled charging requires information be sent toh&lgethrough an internet connection,

where advanced metering infrastructure is available, or more simply throughbaamhcomputer capable of
interpreting conditions on the gri@® In the ongoing debate among car manufacturers and international
standads organizations over the design of charging adapters, a key question is whether to include a dedicated
data wire that is capabl e of tboamdncemputér.t Althoggh suchfeao r mat i
feature adds cost to the charging stationthrdrehicle, it allows for more sophisticated control of charging.

Implementing controlled charging comes with plenty of challenges. A grid operator must establish goals for the
control scheme, and then identify the incentives that can drive the refehadior, along with a method for
tracking charging activity and communicating with the vehicle and/or its owner. EV drivers, in turn, must be
educated in the nuances of pricing schemes and charging limitations, and must consent to limitations in their
ability to charge. For this reason, collaboration between electricity retailers and vehicle dealers or
manufacturers is essential.

To the extent that successful execution of a controlled charging program is a precursor {cosbvegrd
integration,LDCs/DSOs and regulators need to design effective incentive schemes for vehicle owners. These
could involve reatime notices and price signals sent to vehicles, or decision rules being programmed into a
vehicle to respond automatically to informatiomsmitted by the LDC/DSO. In an era of increasing reliance

on distributed demand response to reduce peak load stress on the grid, automated load control is conceivable,
but as with demand response programs, customers need to be involved as willing,dirfarticgpants and

they must have a way to establish required minimum performance limits for their vehicles, and in extreme
cases, must have the ability to override the controls.
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Charging Infrastructure

As a matter of policy, some governments have dedidedibsidize high capacity charging stations in order to

increase market penetration of EVs. High capacity charging has the potential to eliminateclatade
resistance to EV ownership, by all owthegg 0EV Ao wree rwso rtkc
high capacity charging stations may help mitigate this buyer objection, but is unlikely to minimize costs to
society or minimize impacts on the grid. If a driver has convenient access to subsidized high capacity charging
during peak perids, she may favor it for its convenience. On the other hand, if the true costs of the
infrastructure and grid impacts are reflected in the power prices charged to usersludifgststations, drivers

will lik ely favor alternatives. Table@esents EVE equipment costs in the focus regions.

Table 8: EVSE Infrastructure Costs

Charging type u.sS. Europe China
Level 1 (residential) Generally included with vehicle -- --
purchase
Level 1 (commercial) $1,000-$1,250 (capital(’)167 - -
Level 2 (residential) $490-$5,000 (capital)*®® Generally included with Generally included with
vehicle purchase vehicle purchase
Level 2 (commercial) $3,000 - $11,000 (capital) $2,588 (capital)
$200 - $300/year (0&M)**° $259/year (0&M)*"°
Level 3/DC (commercial)  $19,088-$39,900 (capital)*’* $51,772 (capital) $6,116 (equipment only,
$5,177/year (O&M) " single 30 kw charger)
$3,626/year

(maintenance)'”®
Level 3 / High Capacity DC $100,000 - $120,000 (capital; $77,658 (capital)
(commercial) up to 50 kw)*"™* $1,294/year (O&M) *"
Unknown O&M

A modeling exercise on a potential German rollout of high capacity charging stations used gasoline fueling
station data to develop a model for utilization of DC fast chargers. This was based on the assumption that fast
chagers only make sense in higfaffic public areas, and drivers would expect a similar experience from high
capacity charging as they do from gasoline refueling. It showed that under a range of scenarios (tariffs, capital
costs, DSO vs. neBSO ownershipetc.), high capacity EV charging is unlikely to be profitable at current
penetration levels. Home charging may even be a substitute for high capacity charging, eroding use of public
stations*’® An additional cost of high capacity charging, not includtedhe study but critically important,

stems from faster battery depreciatiowith current technology, charging a battery quickly at high capacities

can dramatically reduce battery life, making high capacity charging inappropriate for everyday use.

While dedicated ahome charging stations have the lowest capital ctstspractical challenge of installing
them has posed difficulties for some EV buyers, wlave experienced problems with finding reliable and
skilled electrical contractors that undgemnd the implications of home rechargihgt also are familiar with
local permitting processesSome car companies have respondedhit® by establishing relationstsipwith
national electrical contractor firms.

Increasingly, EVSE manufacturers are exiplg wireless charging technologies. The technology firm
Qualcomm, for example, offers an induction charging system c¢ a | |that efiables ldrover @0 charge a
battery by positioning his car over a charging Padinduction charging relieves the ier from having to
manage the plugging and-piugging of a wired connection, and eliminates the need for a charging post.
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High Capacity EVSE Utilization: A Chicken-or-Egg Problem

For high capacity EVSE, utilization rates are paramount. High fixed costs need to be spread across
multiple charging events, or else the EVSE costs cut into the energy cost savings earned by switching
from an ICE vehicle. Whether or not an EVSE surcharge is passed directly through to the customer,
the economic cost of the charging equipment and distribution upgrades must be borne somewhere.

A recent study compared the costs of rolling out a network of high capacity DC charging stations in
Germany and estimated that high capacity DC charging stations are estimated to ¢ o s 55,000
(US$71,000) to install, including the cost of the EVSE and necessary distribution upgrades, plus

G40, 000 (UDS$52,000) to operate, including the
chargers, if utilized to their capacity of 75 vehicles per day, would be cost-competitive with at-home
charging stations. I't also found that, at cur

the DC station would require 50 EVs per day in order to earn a positive return on investment.

However, reaching full utilization takes time. Recent results from the EV Project underway in the U.S.
have shown an average of fewer than two daily charging events per high capacity DC charging station.
For policymakers, the key question is whether near-term high capacity EVSE subsidies are an
appropriate step to support the market. The benefits of high capacity charging, in the form of reduced
driver adaptation, must be offset by the added costs, at least until utilization rates rise enough to make
the added costs negligible.

Battery Swapping

Battery exchange stations have been proposed in China as a solution to the lack of parking spaces, discussed
above. A potential benefit of battery swappindhiat swap station operators can charge batteries at the best
times of day to minimize the impact on peak power demand. Battery swapping may allow vehicle owners to
Air echar gehegpuandcchuld gerve as an alternative approach to controllegirdpaiSwap stations

could benefit regionwhere high density and parking constraints limit access to private, dedicated low capacity
charging. In such locations, battery swap stations may prove viable alternatives to low capacity and high
capacity publiccharging stationsBattery swapping has been deployed on a limited basis for fleets in Chinese
citief;gand the EV maker Tesla Motors has announced plans to build a network of battery swap stations in the
U.S:

In a battery swap station,\eehicle with anearly discharged battery pack dsvato a station where a large
machine extrastthe pack and replasé with a fresh one.While battery swapping would, if widely available,

solve the recharging and range problems, it also faces signifibalienges. Such a model requires a large
capital investment in swap stations, and presumes that a large number of compatible vehicles will use the
service.Vehicles and battery packseed tobe standardized; the swapping statioost maintaina large
inventory of battery packs; batteries deteriorate over time, and customers may object to getting older batteries;
and most battery swappimgay occuronly when drivers make long tripsin addition, the swap station owner

may find that delayed charging of teries in inventory requires a larger battery inventory and increases
operating costs.

Indeed, the battery swap service company Better Place, which declared bankruptcy in May 2013, found that
vehicle manufacturers were reluctant to agree to battery stindance battery technology is still evolving
rapidly. Accepting the constraint of a standard battery design also limits vehicle body design flexibility, since
integrated (norswappable) batteries can help increase frame stiffness and without incredmsahg weight.

Peak Load Impacts from EV Charging

LDCs/DSOs, grid operators, system planners, and regulatory entities perform routine analyses of the balance of
generation and load. Their lotgrm reliability assessments factor in expected load grosvikedl as regional

factors such as electricity consumption, weather conditions, fuel availability, and anticipated demand for
heating and cooling. Peak load is a key system parameter: how much generating capacity will be needed when
demand is highest? d&Mning around peak load helps ensure that the generation, transmission, and distribution
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capacity of an electricity system can meet consumer needs without risking outages. This section considers the
potential impact of EV charging on peak load in the $o@gions.

Even though peak loads tend to coincide with specific seasonal conditions (e.g. winter in Europe; summer in the
U.S.; varies in China), electric systems must be able to deliver the maximum load at all times. A fleet of EVs
may increase peak ldaf charging coincides with maximum demand for other uses. In the following analysis,
we consider the theoretical maximum peak load impact from charging EVs at various EVSE capacity levels: 2
kW (Level 1), 4 kW (Level 2/Mode 1), 20 kW (Level 3/Mode 246rkW (Level 3/Mode 3).

The methodology in the table below is based on a research paper that discusses how charging capacity impacts
distribution networks® | t compares each countryés maxi mum potent
based on varioupercentages of households with an EV. The maximum potential impacts, each shown as a
percentage of the systembs baseline peak | oad, ass.
demand reaches its annual peak.

Table 9: Maximum Peak Load Impacts due to EV Charging at Varying Penetration Levels (Source: MIB&A).

China
Germany Denmark France Spain California Ml (MISO) MA (ISONE) State Grid Southern Power
1%
Number of EVs 389,293 26,479 282,587 170,937 124,332 166,642 65,000 3,526,003 773,271
EVs per MW peak 4.87 4.07 2.77 3.97 2.68 1.70 2.41 6.58 6.04
2 kw 1.3% 1.2%
4 kW 1.9% 1.6% 1.6% 2.6% 2.4%
20 kW 9.7% 8.1% 5.5% 7.9% 5.4% 3.4% 4.8% 13.2% 12.1%
40 kW 19.5% 16.3% 11.1% 15.9% 10.7% 6.8% 9.6% 26.3% 24.2%
3%
Number of EVs 1,167,880 79,438 847,760 512,810 372,995 499,926 195,000 10,578,009 2,319,813
EVs per MW peak 14.60 12.22 8.30 11.92 8.05 5.10 7.22 19.75 18.12
2 kW 2.9% 2.4% 1.7% 2.4% 1.6%  1.0% 1.4% 4.0% 3.6%
4 kW 5.8% 4.9% 3.3% 4.8% 3.2% 2.0% 2.9% 7.9% 7.2%
20 kW 29.2% 24.4% 16.6% 23.8% 16.1% 10.2% 14.4% 39.5% 36.2%
40 kW 58.4% 48.9% 33.2% 47.7% 32.2% 20.4% 28.9% 79.0% 72.5%
5%
Number of EVs 1,946,467 132,396 1,412,933 854,684 621,659 833,210 325,000 17,630,014 3,866,355
EVs per MW peak 24.33 20.37 13.84 19.87 13.41 8.50 12.04 32.92 30.21
2 kw 4.9% 4.1% 2.8% 4.0% 2.7% 1.7% 2.4% 6.6% 6.0%
4 kW 9.7% 8.1% 5.5% 7.9% 5.4% 3.4% 4.8% 13.2% 12.1%
20 kW 48.7% 40.7% 27.7% 39.7% 26.8% 17.0% 24.1% 65.8% 60.4%
40 kW 97.3% 81.5% 55.4% 79.5% 53.6% 34.0% 48.1% 131.7% 120.8%
7%
Number of EVs 2,725,053 185,354 1,978,106 1,196,557 870,322 1,166,494 455,000 24,682,020 5,412,896
EVs per MW peak 34.06 28.52 19.37 27.82 18.78 11.90 16.85 46.09 42.29
2 kw 6.8% 5.7% 3.9% 5.6% 3.8% 2.4% 3.4% 9.2% 8.5%
4 kW 13.6% 11.4% 7.7% 11.1% 7.5% 4.8% 6.7% 18.4% 16.9%
20 kw 68.1% 57.0% 38.7% 55.6% 37.6% 23.8% 33.7% 92.2% 84.6%
40 kW 136.3% 114.1% 77.5% 111.3% 75.1% 47.6% 67.4% 184.4% 169.2%

Based on this analysis, U.S. and European electric grids are better equipped to handle EV charging load,
compared to the electric grids in China. Peak gricaictgpcan be mitigated with leeapacity charging.

Implications for Capacity Planning

Without a detailed analysis of each region, it is ir
impact. However, most U.S. power systems arededigne 0 have 15 to 20 7iijpstaledent Ar
capacity in excess of peak loadas a cushion to protect system reliability. Many regions of the iUn$st

notably, MISOT currently exceed these margins due to recent declines in electricéyraption and the

growth of energy efficiency. In theory, these regions should be able to absorb modest levels of EV peak
charging before capacity additions are needed in order to maintain reserve margins.

The analysis offers insight into how charging so@s affect EV integration potential. If a threshold of 10
percent maximum potential peak load impact were set for U.S. and European countries, one percent vehicle
penetration could be achieved with 20 kW charging, but five percent penetration coulidwea with 4 kw
charging.
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Electric systems are constantly in flux, and the peak load baseline used in this analysis varies from year to year.
Impending retirements of ceéited generating capacity in MISO are expected to reduce reserve margins, which
would increase the relative impacts from EV charging. For stakeholders working to accommodate EVs into
these systems, there is as yet no central plan for charging, and vehicle adoption rates are hard to predict.
System operators and regulatory entitiggsy have difficulty understanding how capacity needs will be affected

by EVs in the future.

Even if future capacity needs are well understood, the mbhdssd approaches to capacity procurement that
are in effect in deregulated portions of the U.S., adeasingly taking hold in the EU, are far less effective at
driving immediate capacity growth than the administratively controlled approach of China or regulated markets
in the U.S. and Europe. Thorough planning and transparent EV market penetragotiqn®j integrated with

an understanding of likely charging scenarios, should be a priority for transportation and electric sector
regulatory bodies in all regions.

Market Adoption: EV Charging and Purchase Barriers

Currently, EVs are significantly moregensive to purchase than comparable conventional vehicles, due to the
high cost of battery production. In some locations, tax credits and other incentives may reduce capital costs.
Depending on electricity prices, this additional cost may be able tecbuped through fuel savings, however
based on the recent experience of European countries, purchase subsidy programayahamée enough to

spur rapid EV adoption. High costs and the range limitations remain significant hurdles for buyers.

Asanexampl e, a study in Germany showed that only five
for EVs given their current price and range. This small potential market is further reduced by the fact that only

a small share of car owners are adtiva the market for a new vehicle in a given y&arFinancial incentives

- in addition to purchase price subsidiesare needed to overcome the barriers to EV sales, and a vehicle
owner 6s approach to charging mawlueenabl e certain key

As is evident from the analysis of peak load impacts, the ease of integrating EVs into the grid is a function of
both mar ket penetration and charging behavior. And
usability, EV adoption,charging behavior, and grid integration are inextricably linked. With current
technology, EVs cannot perfectly substitute for the function of an ICE vehicle. On the other hand, EVs may
offer benefits to the electric grid that are not yet being monetiltethis section we consider the relative costs

and potential benefits o an EV from the drivero6s pe
Driver Adaptation

How much of an economic incentive do potential buyers need in order to accept the current technical limitations

of EVs? Theancept of fAadaptationd provides a helpful fran

the number of days in a year that an EV is inadequa

transportation surveys provide some insighthjale usage isot generally well understood.

Industry research suggests thaBAhwith a range of 100 miles withe e t  d r i @5perceid@of theéimed s

or 21 out of 365 days. In other words, with an average range of around 80 miles, and assuntiaglap
charging, EVs would be inadequate on more than 30 days per year, requiring drivers to adapt by finding
alternative modes of transportation.

Figure 17 extends this industry redéthumb with a series of contours that show the tradeoff betwdealee
range and the need to adapt. With a 200 mile range, for example, 95 percent of drivers could be satisfied by an
EV, as long as they are willing to adapt for 15 days per’ear.
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Figure 17: Adaptation and Vehicle Range (Souce: Pearre).

More work is needed to understand how much drivers expect to be compensated to adapt to vehicle limitations.
Appropriate policies to encourage EV adoption should compensate drivers for this adaptation by directing
economic value from operatjrcost savings, value to the grid, and emission reductions.

Operating Cost Savings

Capturing savings from avoided costs can happen without extensive policy enablers, but policies could help
enhance these savings. The relative fuel cost savings for $iethle European countries, and China, along

with the EU27 and the global average, are shown in Figure 18, using average fuel and electricity prices. The
chart also considers average vehicle fuel economy for ICE vehicles. All else equal, marketsavitffinient

gasoline cars need cheaper electricity in order to match the savings expected in market with less efficient cars.
Tighter ICE engine efficiency standards may work at odds with goals for high EV rollout, although more
efficient ICE vehicles davork towards the same overarching goals that drive EV policies: GHG reductions, air
quality improvements, and enhanced energy security.

EV vs. ICE Fuel Costs
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Figure 18: Average Fuel Costs and EV Cost Savings per MilgSources: EC, IEA, World Bank, MJB&A).

Electricity tariffs can be used to improve the fuel cost advantages of EVs. This report has already discussed the
current use of TOU pricing to encourage-péak vehicle charging. Lower gieak electricity rates may better

reflect actual generatiocosts, increase EV fuel cost savings, and create an incentive to chgrgelofthereby
avoiding the negative impacts of peak charging discussed earlier. Similarly, pollution surcharges for
conventional fuelscan increase the cost differential, furttenabling drivers to capture benefits from fuel
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switching to electricity. A surcharge can be imposed directly via a tax, or indirectly via arasketcap and
trade program that covers transportation fuels, such as that currently being implem@atédrima.

Revenues from Ancillary Services

Under existing policies, EV owners can directly earn savings from differences in fuel costs. Another potential
source of economic value lies in services to the grid. As discussed previously, ancillarys sEwvidecreate a

revenue stream for EV or EVSE owners, but the right policies need to be in place to quantify and assign these
revenues to drivers or market players. In deregulated electricity markets, compensationpafriyiethergy

and capacity resor ces has already been enabled thraucglhstldoe e
approach to market participation, which encourages competition. In the U.S., the FERC has passed recent
market reforms to ensure that ancillary service revenuesnaidable to a range of providers, not simply

i ncumbent generators. Notabl vy, Order No. 755 was i ¢
the procurement of frequency regul ati on i electticitye or ganr
markets examined in this repdriCAISO, MISO, and ISENE i all have transparent procurement and pricing

for ancillary services. Market deregulation, along with appropriate market rules, is a necessary precursor to
compensation of EV ownersrfproviding ancillary services.

The value of this potential revenue stream to EV owners could be significant. Across the U.S., ancillary
services account for 5 to 10 percent of electric costs, or $12 billion per year. The ISO New England market
spendsoughly $14 million per year on ancillary services, compared26 fillion in MISO'**2and $84 million

in CAISO in 2012'* Depending on the system, grid operators may need ancillary services that equal as much

as one percent of a systembs total schedul ed demand
New England (ISO New England), which could have 26 GW of denta a peak summer day, this means

having roughly 260 MW of capacity available for ancillary services.

Here, again, the approach to EV charging will drive the value. Prices for ancillary services fluctuate by time of
day and by location, depending on tanditions on the grid. In CAISO, for example, 2012 monthly average
ancillary services prices ranged from $0.15 per MW to $8.84 per MW of capacity offered into the market.
Pricing in a given market will not be indicative of pricing in all markets, nithrte terms of how to calculate
revenues for a market participant. As discussed earlier, high penetrations of VERs, whose output varies daily
and seasonallyyill increase demand for ancillary services.

In all regions, more work needs to be donenderstand how best to employ the technical potential of EVs as
providers of services to the grid, and to enable drivers to capture the corresponding economic value. Supportive
policies already exist in the U.S. RTO regions, and several EV pilot prejectiready underway to integrate
advanced technologies into the market. In Europe, regional electricity pool operators are beginning to procure
capacity through competitive processes, but market rules do not yet exist to integrate EVs or other advanced
technologies for ancillary services. In China, nascent plans to launch competitive capacity markets signal a
longerterm potential for EVs to act, but extensive policy and market reforms will be needed. Proper alignment
between charging strategies and keaneeds for ancillary services will be essential.

Frequency Regulation in Delaware

A recently-launched collaboration between grid operator PJM and the University of Delaware is
exploring the potential for a fleet of 15 EVs to provide regulation and spinning reserves to the grid.
The cars, which connect to high capacity 18 kW charging stations, have been equipped with circuitry
to interpret AGC signals and respond by increase their load or returning power to the grid. The market
value of this service is currently about $5 per day.

(Source: PJM Interconnection, Advanced Technology Pilot Program, http://www.pjm.com/markets-and-operations/advanced-
tech-pilots.aspx?nrg&p=1), accessed June 18, 2013.

Value from Emission Reductions

EV owners could, in theory, monetize the benefit of emission reductions by selling credits or by avoiding the
fuel cost increases that would result from a GHG surcharge imposed on fossilGuelent U.S. and EU fuel
economy standards ignore the GHG sstons from electricity generation, assigning a zero g/km GHG factor to
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EVs. This approaclassumes that indirect emissions from the electric sector due to chargirepalated
separately through electric sector policies.

Emission reductions from EVs shid be clearly understood and trackable. Recalling the simplified electricity
supply curve presented earlier, the utilization of existing generating resources is key for determining the fuel
that would be used to generate additional electricity for EVgihg. Figure 19 shows the marginal fuel mix

for nighttime and mixed daytime/nighttime charging in the U.S., designated bsegiols defined by the
NERC®* In California (CNV), and Massachusetts (ISONE), natural gas is the marginal fuel nearly 100
perent of the time. In Michigan (MAIN), coal provides the marginal generation for charging almost 50 percent
of the time during the nighttime scenario, and 15 percent of the time during the blended scenario.

Ab: Home Night Charging A5: Home and Work Charging
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Figure 19: Marginal G eneration for EV Charging in the U.S. (Source: PNNL)-®

This example reflects the type of analysis that should be done in all regions to understand the emissions impacts
of EV charging. Separately, policies need to ensure that vehicle owners can captusduéh of these
reductions. As an example, levarbon fuel standards have been discussed in many regions as a way of
rewarding lowcarbon vehicle fuel choices. Such standards place a value on GHG emission reductions by
assigning a value to emission retlans. Lowcarbon fuel policies can promote EV ownership by enabling EV
drivers to directly capture that emission reduction value.

Figure 20 conveys thiell implications of potential savings and revenue streams, showing how different sources

of value ca offset the added purchase costs of an EV. This example shows a snapshot of a Nissan Leaf (EV)
and a Nissan Versa (ICE vehiclg)erated under average cost conditions in the northeastern U.S. Of note, the
potential revenues from regulation servicesr{gay revenues from $1 to $20 per M) exceed the potential
savings from avoided GQOemissions (at prices ranging from $2 to $35 per tonne). The most aggressive
assumptions reduce the annualized cost of an EV below that of an ICE vehicle. Under rtiseestagos,
additional sources of value would be necessary in order to close the gap. This could be achieved through a
direct subsidy such as the tax credit or vehicle purchase subsidies currently in place in all rediscsuioted
electricity tariffs, orthrough less direct methods such as licensing and access privileges.
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Figure 20: Annualized Cost Comparison for EVs vs. ICE Vehicles

Economic Inputs: A Moving Target

The decision calculus for potential EV buyers is eslenging, as technology improves, market prices shift,
and policies evolve. A challenge for policymakers is to create policies that are effective in this changing
landscape. For example, battery costs are an important driver of the overall cost of ancEnt wRek by the
consultancy McKinsey & Company analyzed the full supply chain inputs to battery manufacturing and found
that battery costs currently limit the competitiveness of EVs against internal combustion engine vehicles.
However the firm also founthat battery manufacturing and energy density are both improaprojected

that batterycosts would decreasever the next decad& A drop in battery costs would reduce the purchase
price premium for EVsandincreasedenergystorage capacity woulthcrease vehicle range, reducing the
amount of adaptation required of a drivalhether costs will decline enough to make EVs competitive with
ICE vehicles remains to be seerhelvariables on EV ownership include both transportation and electric sector
inputs,and thust is essential to create cressctorcoordination and alignment.
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Conclusions and Recommendations

Each of the countries profiled in this report has set objectives to expand the EV market in the coming decades,
and each has taken a different approach to the policy enablers that they hope will help stimulate the market in
the near term. Their motivatisrare similar: to improve air quality in vehialense urban areas, to reduce
transportation sector emissions@HGS and to achieve greater energy independence by reducing foreign oil
imports.

Recent results from EV sales have forced meoyntriesto reconsider theigoals G e rtangetofyoldes
million EVs by 2020 was targetofcl®)0G0 EVsthy 202D avaseediuced byChalfn ma r Kk «
China also cut its target in half, from ten to five million EVs by 2026d with 87,000 EVs on the eal in the
US,President Obamads goal of onethepurrdntpaceoofcV&ds by 2015

Shortcomingsn vehicle uptake have been feared by many to be the result of driver anxiety about vehicle range.
Frequently policy proposés to solve vehicle range issueall for networls of high capacity charging statians

In theory, @ving drivers the ability to charge vehicles-tirego couldreducerange anxiety and mimic the
refueling infrastructure to which drivers of gasolim@weral cars have become accustomed.

Yet the highgrid impactsof fastchargingEVSE compared to Level 1 or Level 2 (U.S.) or Mode 1 (EU)
charging equipmentand the increased battery depreciatiotrake this an expensive solutionExpensive
distribution upgrdes woutl be needed to handle peak loadftissions increases may be unavoidabler these
added costs to be justifiedigh capacity DQGhargingmust significantly reduce driver adaptation, to the point
where the benefits of greater vehialdoptionoutweigh the costs of charging.

At low EVSE utilization rates, the incremental {grarge cost may be too high firivers. Subsidiebave the
potential to reduce or eliminate the share of EVSE costs directly borne by the vehiclelmwsech a use of
public fundsin the near ternramouns to a large handout for each driver. Over time, EVSE utilization rates
would increase enough so that the cagsisEV, amortized across a high number of charging events, would be
negligible. But at low market peneti@t levels, EV driversvill be dispersed thinly across a region, and EVSE
utilization will be low.

There are exceptions to this. Fleets of vehicles that need a rapid charge from a central location, such as taxis,
could benefit fromhigh capacity DCchargng if the vehicle queue is managed to minimize the number of
charging stationsOther dedicated uses bigh capacity D@&haging could be justified, if the EVSE utilization

is closely managedBut charging in thse circumstanceshould be done under alfsustaining, unsubsidized
business model.

The costs of driver adaptation underlie the challenge of stimulating EV market grovithin thetechnical
constraints of todayb6s vehicles, there i s llmgs. way t
Drivers may be willing to find alternate modes of transportation, such as public transit or car rentals, if they are
sufficiently compensated for the inconvenience. The question is: what is the required compensation, and where

in the economic@uation can it be captured?

As discussed in this report, EVs could benefit the grid by providing capacity and energy to grid operators when
they need it, and by fAsmoothingod the |l oad curve to
gererating fleet. Markets for hese benefitalready exist in all of the regions. Going forward, if EVs can
participate competitively in these markets, drivers may be able to capture additional value by providing services
to the grid. For grid operatorsii$ could mean the advent of a new class of-effsttive grid resourceseing

available to help them meet teeolving needs of Zicentury electric grids

Policy Recommendations

This report hasxamined hurdles to EV adoption in the U.S., Europe, dndaCand has identified critical
success factors thahould guidepolicymakers in the transportation and electric ssctéicceleratingthe pace

of EV market growth requires a coordinated evoluiiorboth sectorsfrom the power plant to the charging
station to the vehicle Supportive policies should work to ensure that EV owners are able to capture the full
economic value of their decision to fuel switch from electricity to gasoline, including any benefits to the grid
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operator, and any emission redantbenefits, in addition toealizing the savings fromeplacing gasoline or
diesel fuel with electricity.

Based on the analysis in this repéoyr generalpolicy objectiveshave been identified

1.

Limit negative grid impacts to avoid creating newbarriers and costs due to integrating larger
numbers of EVs into the grid

Realize full potential of grid benefits, to help lower ownership costs for drivers, amdisure that
electricity customerbenefit fromgrid-connectedVs as much as itechnicallypossible.

Expand economic incentives for driversthroughsound, coseffective policies that assign value to
the benefits from EV use, amthabledrivers to capture those benefits

Avoid creating stranded assetghrough subsidies by limiting public investment in high capital cost
EVSE that is at risk of being underutilized.

Electric Vehicle Grid Integration in the U.S., Europe, and China Page pO



Primary Policy Recommendations

Create or amend electricity sector rules to foster participation by non-generators in electricity markets. EVs can only provide grid services
if electricity market rules treat energy, capacity, and ancillary services resources separately. This allows non-generation resource providers to
participate in the market and compete on an equal footing with generation.

In order to foster non-generation market participation, a policy of fair and equal pricing of non-traditional resources is needed. The requirements
for market participants, such as minimum capacity and performance expectations, need to be clearly written and compatible with the capabilities
that EV aggregation service providers could offer. Processes for participating in the market should be clearly explained, and market prices clearly
disclosed and readily available. Contracting, billing, and reconciliation should be transparent and fast. Policies need to ensure that emerging
business models for EV grid services are not unduly hampered by regulatory, administrative or market barriers.

Regulators can look to U.S. markets, where FERC policy has led RTOs to adopt favorable approaches. Market rules for non-generator
provisioning of capacity and ancillary services in PJM and ISO-NE have undergone several revisions, and the docket proceedings shed light on
how policies can be designed to address stakeholder issues.

Objectives: Limit impacts; realize benefits; expand incentives
Regulatory Scope: Regional, State




Encourage TOU and/or real-time electricity pricing tariffs. In markets served by regulated utilities, such as China and parts of the U.S., the
regulator can use its authority to stipulate retail energy and/or transmission tariffs. In deregulated markets, such as the EU and parts of the U.S.,
market overseers can encourage retail suppliers to link retail prices to the true costs of generation.

Over the longer term, as metering and distribution infrastructure matures, this policy objective can be met through more sophisticated use of price
signals and advanced metering infrastructure that facilitate widespread price-based load management by electricity customers. For EV owners,
this would mean charging decisions would be guided by better access to information about the underlying production and transmission costs of
electricity. Policy should be sufficiently flexible to allow LDCs/DSOs to send these pricing signals. Such a policy can also be effective at reducing
added stress on the local distribution network, by creating incentives for individual customers to avoid adding an EV charging load at the same
time that residential load reaches its peak.

To minimize emissions impacts from charging, price signals i whether through tariffs, or sent directly to customers i should reflect the
environmental costs of generation, thereby creating an incentive for charging behavior that minimizes the emissions due to vehicle charging. This
is especially important in regions where marginal generation has a high emissions profile.

Objectives: Limit impacts; realize benefits; expand incentives
Regulatory Scope: Regional, State

Allow prudent cost recovery of capital and operating costs by electricity distribution companies to foster EV ownership. For regulated
utilities, LDCs, and DSOs, cost recovery can be used as a tool to encourage investment and modify incentives so they are better aligned with
public policy goals. This can lead to infrastructure and operations that are better suited to supporting EV ownership.

In some cases, better communication between the LDC/DSO and vehicle owner may improve control over charging behavior and increase the
value of grid services. Regulators should consider requests to allow LDC/DSO ownership and cost recovery for communication-enabled EVSE
and the use of intelligent technology to manage distribution networks, and grant them where it is in the public interest.

At the same time, cost recovery incentives should not be deployed to encourage spending on assets, such as EVSE, that are at risk of being
underutilized.

Objectives: Limit impacts; realize benefits; expand incentives; avoid stranded costs

Regulatory Scope: Regional, State

Adopt policies to control GHG emissions. Decarbonization policies place an economic value on GHG reductions, increasing the size of the
potential incentive pool for EV owners. Charging an EV produces varying amounts of GHG emissions, ranging down to zero GHGs from
renewable electricity, giving them an inherent advantage over ICE vehicles. Stricter policies to control transportation sector GHGs, therefore, may
increase the value of environmental benefits from EVs. However, GHG reduction policies applied to the electric sector may increase electricity
costs, cutting into the cost savings for EV owners.
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A GHG strategy needs to provide:

9 Incentives for low-GHG electric power generation
9 Incentives for car buyers to purchase low-GHG-emitting vehicles
1 Incentives for car owners to choose charging strategies that minimize GHG emissions

One policy approach is to cap or tax GHG emissions from electric power generation, to reduce GHG emissions from the power sector; under such
a scheme, the GHG costs of power generation should be reflected in power prices, to provide EV owners an incentive to charge from the available
power sources with the lowest GHG intensity. Complementary policies should simultaneously impose fees on high GHG-emitting vehicles and
provide credits to EVs to offset the increase to electricity costs. (The same effect can be achieved through a cap on transportation fuel carbon
intensity, but this approach is difficult to implement.)

As discussed in the report, existing GHG passenger vehicle standards tend to credit EVs for having zero vehicle emissions. In the near term, such
a policy creates a valuable incentive for EV adoption, but does not reflect the true emissions impacts of vehicle charging. Over the longer term,
vehicle GHG standards should be revised to reflect the true emissions from charging.

A range of other policies, such as energy efficiency requirements, renewable energy standards, and generation or emission performance
standards, can create incentives for low-GHG el ectri ci ty. | f these policies raise the
advantages, and vice versa.

Given the interrelated nature of upstream and downstream GHG emissions policies, regulation should be coordinated across governance levels
and sectors to minimize trade-offs, emissions leakage, and other unintended consequences, and to ensure that the net effects on EV adoption are
anticipated and understood.

Objectives: Realize benefits; expand incentives
Regulatory Scope: Federal, regional, state

Adopt an inclusive approach to energy resource planning. It is important to ensure that energy resource planning, procurement, and
investment are compatible with public policies that address system reliability, affordability, air quality, and GHG reduction, and do not provide unfair
advantage to incumbent sources of generation.

This has two implications. First, market rules are needed to avoid committing resources to inflexible carbon-intensive resources that may, in the
absence of public policy considerations, kaeoided throsgh imheemtivesl thafl Valaeatlset electrio
system and societal benefits of alternative system resources, and support market participation by a range of providers, including resource
aggregators. Second, long-term electricity demand projections should be calibrated to EV rollout scenarios, to ensure long-term investment in
adequate distribution infrastructure for vehicle charging.

Administrative resource planning, as found in regulated markets in the U.S. and China, makes this policy easier to implement, but regulated
markets do not offer the benefits of competitive procurement and non-generator market participation. In deregulated markets, rules that govern
long-term planning and investment should follow principles of openness and non-discrimination.




Objectives: Limit impacts; realize benefits; expand incentives

Regulatory Scope: Regional, State

Promote lower energy use, and rates, through decoupling. Regulated entities that earn profits on energy sales have an incentive to sell more
electricity, which can drive up energy costs for EV owners and reduce the cost savings vs. ICE vehicles. Policies to separate utility earnings from

energy sales, and reward energy and cost efficiencies, can reverse this incentive. Many markets within the U.S. and EU have already taken this
step.

Objectives: Limit impacts; expand incentives
Regulatory Scope: Regional, state
Establish a long-term strategy to integrate EVs into road user fees. In the short run, preserve the implicit road tax exemption for EV owners

by minimizing road use EV surcharges. Meanwhile, launch an effort to identify the best approach to integrating EV use into tax policy in a way that
recognizes the societal benefits of EVs as well as the costs of road use, to level the playing field with ICE vehicles.

Objectives: Limit impacts; realize benefits; expand incentives
Regulatory Scope: Federal, State

Secondary Policy Recommendations

Stimulate prudent research and development activity. Widespread EV adopti on is contingent on vehic
range expectations. Longer-range, cheaper vehicles and shorter charging times would meet the daily driving needs of more drivers. Avoid
preferential/protectionist funding, which can lead to less efficient use of subsidy funds.

Objectives: Realize benefits; avoid stranded costs
Regulatory Scope: Federal, State

Harmonize EVSE and EV standards; include advanced communication capability. Government entities overseeing standard-setting for
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vehicle charging should accommodate communication to enable controlled charging and meter electricity flows between the vehicle and the grid.
Greater harmonization of charging standards will also simplify the task of writing new market rules that allow EVs to provide grid services.

Objectives: Limit impacts; realize benefits; expand incentives

Regulatory Scope: Federal, State, Regional

Consider EV charging edmcemt t iBeysnd TiQUlprciagy$pecific reductions to transmission costs, capacity charges,
environmental surcharges, and/or electricity taxes could be used to promote off-peak charging and recognize the specific locational benefits of
individual off-peak electricity use, compared to on-peak.

The potential size of this incentive varies based on the underlying costs on the electricity bill. For example, in the EU, where electricity taxes are
higher than in the U.S., the incentive could be relatively large.

Objectives: Limit impacts; expand incentives
Regulatory Scope: State, Regional

Establish customer relationship guidelines, or amend existing ones, to address issues raised by EV ownership. New data privacy issues
may arise when utilities have access to customer driving behavior. In addition, a range of outside service providers, such as car dealers, EVSE
contractors and grid services aggregators, will play a central role in establishing new EV customer accounts, by deploying the necessary
equipment and contractual arrangements. Taking a proactive approach to working out these issues will minimize the risk that confusion, mistrust,
or fraud could lead to slow EV uptake.

Objectives: Limit impacts
Regulatory Scope: State, Regional

Promote alternatives to high capacity public DC charging. As a matter of policy, promoting a dominant charging strategy of high capacity
EVSE conflicts with the objective to limit negative grid impacts and realize the potential grid benefits. Lower capacity, off-peak charging offers
lower charging costs to consumers and reduces peak load, and because of the longer charge times, provides greater opportunity for vehicles to
provide grid services.

Many public funding programs for EVSE have focused on high capacity DC charging because it most closely resembles the conventional filling
station model. But low utilization of this equipment leads to stranded assets. Other approaches may offer more sensible ways to use public
resources, for example:

9 Streamline zoning and permitting processes to facilitate siting of privately-owned EVSE
1 Study and analyze transportation behavior and coordinate with regional urban planning efforts to identify optimal EVSE locations
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9 Encourage EVSE investment by the private sector, including by LDCs/DSOs where appropriate
91 In areas where dedicated parking is scarce, analyze the tradeoffs between high capacity charging, EV adoption rates, and costs. Where the
economics are justified, battery swapping may be explored as an option, although it faces steep hurdles in implementation.

Policies should encourage or require private sector players to assume the risks of large capital investments.

Objectives: Limit impacts; realize benefits; expand incentives; avoid stranded costs.
Regulatory Scope: Federal, State, Regional
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Glossary of Terms

Aggregatori A term used in this report to refer to a company that serves as a middleman between EV owners
and electric providersnanaging the flow of electricity between EVs and the grid. In mature demand response
markets, aggregators are known as demand response providers, curtailment service providers, or capacity
service providers.

Ancillary Servicesi Services such as frequegaegulation and spinning reserves, that are neeaesdpport
the transmission of electric powen the grid whilemaintairing stable voltage and frequency. Ancillary
services perform a sheerm balancing function to help ensure reliable grid operation

Automatic Generation Control (AGQ) A system for adjusting the power output of generation sources
automatically in response to changes in load; these changes are detected through changes in electric system
frequency and the AGC system triggers a propoal response within a given generating unit.

Baseload The minimum amount of power that utilities must generate to meet customer demand. Since this
minimum demand is always present, baseload generating resources tend to run almost continuously.

Battery Electric Vehicle (BEV) Grid-connected vehicles that use only a rechargeable battery to store electrical
energy, which powers the motor. They have no fuel tank or internal combustion engine and do not combust any
fuel directly; instead, they amharged, when stationary, through a connection to an external generator.

Battery Swapping An aut omated process in which a BEV6s depl
battery. The depleted battery remains at the battery swapping station for iregherie the vehicle leaves
with a fully charged battery.

Bi-directional Power Flow The movement of electricity both from the grid to a vehicle (G2V), and from a
vehicle to the grid (V2G). Since power would never flow only from a vehicle to the g2i@,i¥ used in this
report to denote kiirectional flow capabilities.

Bulk Power Market An organized market in which electricity produced by power plants is sold to utilities,
large commercial or industrial customers, power marketers, and other ghatiegll consume or rgell the
power.

Congestion Cost$ In electric power transmission, a markeised mechanism in which transmission costs
increase when power lines are at or near capacity. Congestion costs are used to send a price signal that
indicates scarce capacity and high demand for transmission.

Conventional Gasoline Vehicle/Internal Combustion Engine (ICE) Vehiéevehicle that relies on gasoline
or diesel fuel as its sole source of fuel to power an internal combustion engine.

Criteria Polutanti One of six common air pollutants regulated by the U.S. EPA, including carbon monoxide,
lead, nitrogen oxides, particulate matter, ozone, and sulfur dioxide.

Decouplingi A° pol icy reform that separ ates aicityit sellsi t yés
Decoupled utilities collect revenue based on a set regulatory determinant, often the number of customers, rather
than on the amount of electricity sold.

Demand Responsk A broad term to describe actions to adjust electricity use in respanincentives or
changes in prices. Most existing demand response programs reward customers who curtail energy use during
times when peak electricity demand approaches available supply.

Distribution System OperatqiDSO) i In Europe, a company respadoisi for maintaining local distribution
infrastructure, and providing transmission services to energy retailers. See also Local Distribution Company.

Electric Vehicle Supply Equipment (EVSE)The circuitry, connector, and related computer hardware that
connects to an EV and supplies it with electricity.

Frequency A measurement of the rate of oscillations of alternating current in the grid, measured in hertz (Hz).



Frequency Regulatioin A function, typically performedby a power plant, which system opmra use to
maintain a target frequency on a power ghlhen ggnaled, a frequenesegulating unit will either increase or
decrease its output or load telyalance system frequency.

Fuel Economyi A measure of the distance a vehicle can travel on ansetint of fuel, measured in miles per
gallon (MPG) in the U.S., and liters per 100 kilometers in Europe and China.

Greenhouse Gas (GHGB)A gas that traps heat in the Earthods at mc
most common GHG produced by fid$gel burning vehicles is carbon dioxide.

Grid to Vehicle (G2V) A one way connection through which a vehicle draws power from the grid.

High Capacity Charging EV charging at high voltages and currents using direct current power supply. High
capadiy charging allows vehicle owners to add large amounts of energy to a battery more quickly than through
other charging methods.

Hybrid Electric Vehicles (HEVsS) Vehicles that are powered by a combination of an electric motor and an

internal combustion emge (ICE). Most HEVs are gasolirgdectric hybrids, which use gasoline to fuel an ICE,

and can also run on an electric motor using power from dard battery, which is charged by the engine and

by converting mechanical energy from braking into elecirit y . This is known as fAreg

Load Curvei A depiction of electricity demand over time. Load curves show patterns in electricity demand
and allow generators to predict the amount of supply needed at different times of the day and year.

Loadfollowing 1 A load following generator adjusts its power output throughout the day based changes in
demand, following the load curve. Load following plants often stop generating at night when demand for
electricity is at its lowest.

Local DistributionCompany (LDC)i In the U.S., a company responsible for maintaining local distribution
infrastructureand providing transmission services to energy retailers. An LDC may also provide retail service
to customers. See also Distribution System Operator.

Marginal Emission$ The increase in emissions that would result from the additional electric power generation
if system load were to increase by a measurable unit (e.g., a one kilowatt increase).

Peak/offpeaki the peak period of the electric day is theditvefore and after electricity demand reaches its
daily maximum. Periods outside of the peak hours are considerpdakf System operators also track peaks
over longer time periods, e.g. weeks, months, or seasons.

Plugin hybrid electric vehicle (PHEV) A PHEYV is a hybrid electric vehicle that can be plugged into the grid
to add charge to the dyoard batteries.

Public Utility Commission (PUC) A government entity that regulates the rates and services of public utilities.

Ramp Rateé The speed at whita generation source can increase its power output, measured in MW per
minute.

Regional Transmission Organization (RTIOAn organization that coordinates, monitors, and controls a large,
interstate electric transmission network.

Reserve Margifi The amaint of installed generating capacity exceeding forecasted peak load.

Smart Charging/Controlled Charging EV charging that is influenced by both electricity prices and grid
conditions. Using this approach, grid operators can influence when EVs are drawigrgfrom the grid.

Spinning Reservek Generation resources that are kept on standby and are able to provide capacity to the grid
when called by the system operator.

Time-of-Use (TOU)i A type of electricity tariff that varies depending on the timel@§. Under timeof-use
rates, electricity prices reflect the underlying costs of generation.
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Uncontrolled Charging Chargingwith full EV user discretion, whelittle or no information is available aht
the price of electricity. With uncontrolled chargirige owner decides when to plug in, and the charger draws
maximum power from point of pluop until thecharge is complete.

Utility T A company that is capable of providing some combination of @#gtgeneration, transmission,
distribution, and retail service. The exact nature of what a utility provides is determined by the prevailing
regulatory structure in a given region.

Variable Energy Resourc€¥ERS)T Generating resources, such as wind soldr facilities, whose output is
sensitive to uncontrollable factors such as fluctuations in wind or solar energy.

Vehicle to Grid (V2G)i A two way connection through which power can flow from the grid to a vehicle and
from a vehicle back to the grid.
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Endnotes

Note: Unless otherwise stated, all links were most recently accessed during May 2013.

! Fuel economy is provided in miles per gallon equivalent, or MPGe. Data are drawn from manufacturer websites or othas sources

noted. MPGe isalculated based on an assumption of 33.7 kWh of electric energy equivalent in one gallon of gasoline. For PHEVs,

numbers show electrianly efficiency.
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