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widespread adoption of PEVs will be essential to the transformation of the transportation systiéma a

State strives toward substantial improvements in local air quality and the mitigation of climate change.
However, greater use of PEVs requires that grid operators prepare for the influx of these potentially

sizeable and mobile loads on the electristdbution infrastructure.

VehicleGrid Integration (VGItanharness the usge characteristicef and technologies withifPEVs to

allowthemto serve as a gridsset reducingoperatingcostsfor facility and vehicleowners,i KS dzi A £t A G A S
distribution maintenance requirementsndenergy prices ithe wholesale market. The size of the

vehicle resource and the fact that its primary purpostidransportation creates special limitations on

how this resource can be deployed. Additional pilot demonstratiare needed to quantify the actual

costs and benefits of VGI.

In this paperthe Energy Divisionf the California Public Utilities Commission (CRWW@)oses a
framework to characterize VGI and help understand the regulatory barriers to the use wifieléc
transportation as grid resources. This framework exam@#on threecharacteristics:

1) The capability of the resource to provide power to the grid in addition to managing its power
draw;

2) The alignment of the objectives tife various actors (aehicle owner, an electric charging
station operator, and the facility at which they are located) involved with provision of power to
or from theresource and

3) The provision of grid services from an individual or an aggregation of resources

Through thisfamework, we define use cases that would allow customer vehicles to be compensated for
VGI benefits from a variety of charging arrangements. We identify thatdrimary regulatory issues
must be addressed in order to unlock the benefits of VGI:

1) The Conmission should define where the resource is located;

2) The Commission shouttktermine which entities (utilities and/or thirgarty aggregators) are
able to aggregate resourcesd the pointat whichit occurs

3) The Commission and other agencies should @efiprimacy among different grid benefjtand

4) The dilities need to develop methods to captuead return to customers the value that VGI
provides to theidistributioninfrastructure

Additional regulatory questionsncluding ensuring the safe opei@t of gridconnected PEVshouldbe
NBazf @SR Ay LI N fftStf gAGK (FRoBrissuesYYAAdaA2y Qa STTF2NI

The four categories of VGI use cases should be implemented sequentially, starting with the relatively
simple and building in complexitigach additioal category of use caseanbuild upon the regulatory
framework establishedbr prior use cases. In the near term, the Commission should priotiteze
enablement ofgrid services from optimally managing tbleargingto PEVs to minimize distrition

impacts ando enhance the benefits of distributed generation.
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In 2012, California Governor Jerry Brown set a state target of getting 1.5 millicerméssion vehicles

on California roads by 2023. OKA S@A y 3 (i Kot withd&itériNgleatridehicle$ (BEV) would
represent an additional load of 10,000 MW on the grid. Accounting foriplingbrid electric vehicles
(PHEV), total load exceeds 30,000 MW, which represents nearly 60% of the summer peak load in 2013
(seeFigurel).? If this load were to occur on peak, serving these vehicles would require major grid
upgrades and construction of additional generation capacity. Fortunately, we are expecting that most of
this load will occur at night duto the financial incentive for drivers to pHig at night from time of use

rates. Typical driving patterns and work schedules further reinforce this, as most cars are parked at
home overnight.

PEVs have the capability of providing many more benefitettdgharging at night and storing

electricity generated by wind that may not otherwise have been ne€deather than being viewed as

an obstacle for system operators to manage, Veh@&tl Integration (VGI), allows these vehicles to be
used as a resourdbat helps us reduce grid operations costs, avoid or defer distribution maintenance
and upgrades. VGI may enable the return of these cost savings as a revenue source that improves the
value proposition of owning and operating a PEV. Policies and regudaiie needed to enable this
market so utilities, service operators, and vehicle owners take advantage of these opportunities.
Coupling the unique usage attributes of PEVs with new business and operational strategies have the
potential to mitigate systenmiapacts resulting from the growth of electrified transportation, and in turn,
accelerate PEV adoption and hasten benefits to air quality, reduced GHG emissions, and the
development of the industry.

Figurel: Cumulativestatewideexpectation for Battery and Plugn Hybrid Electric Vehicléapacity (CEC California
Energy Demand0122022Final Forecast
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PEVs as Storage Resources

Vehicles have three main characteristics that make them an attractive grid resource: operational
flexibility, embedded communications and actuation technology, and low capacity utilization.

Operational Flexibility

A PEV can provide the functility of both load (while its battery is charging) amgtneration(by

discharging stored electricity from the batieto the grid). The magnitude of electricity demanded or

supplied can be easily controlled and moderated. To exemplify the range of instantaneous load a PEV

battery can demand, EVSE and auto manufacturers provide charging options of up to 120 kW (and

potentially higher capacity in the future) to accommodate a variety of driver time constraints.

Conversely for generation, because PEV batteries supply power to electric motors, they must withstand
extreme and instantaneous discharge cycles (to acceleraghiale to cruising speeds) and recharge

OeO0fSa o0G2 NBOILIidzNE SySNHe ¢gKAfS atz2gAiy3a Al R2gY
300 kW electric motor, the largest for the current model year, to accelerate the vehicle to 60 miles per
hourin42secondd./ SNIi I Ay | dzi2Y2GA GBS YI ydzFl OGdzNENAR F NB OF LJ
capability to power end uses outside of the vehicle and provide power factor correction for local grids.

Embedded Communicatienand Actuation Technology

Driven by coaumer demand, many automotive manufacturers are incorporating digital and control

technologies that improve safety, convenience, and overall driving experience. Technologies used in
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information networks and surrounding infrastructure are also leveraged to improve the ability to

manage electric vehicle charging. Many PEVs and certain electric vehicle charging stations are equipped

with on-board timers or remotehlcontrolled switches that are capable of starting, stopping, throttling,

or delaying charging. This gives drivers the ability to schedule charging remotely. PG&E and SCE are

already exploring how to communicate with PEVs via their Advanced Metering Inftas&rumetworks

to provide demand response.

Low Capacity Utilization

¢KS O2ad 2F | oFLGGSNE St SOGNRO OSKAOt SQa SySNBEE@
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driving (seeFigure2) 2 Energy Division analysi§ data from the National Household Travel Survey

suggests thathe maximum number of cars on the roatany given timeés less than 13% (sé&égure

3).? While vehicles are idle about 96% of the time, an electric vehicle needs to be charging only about

10% of the time, based on the data from the EV Ptoj€his suggests a considerable amount of

flexibility for drivers to shift charging to different times of the day to minimize their costs and maximize

benefits to the grid.
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The use of PEVs as grid resources isingent Figure2: The time PEViseed tocharge to meetmobility
upon access to charging infrastructure. Currenthneedsmay be shifted throughout the time they are
drivers throughout California that participate in connectedat hometo accommodate grid operations
the EV Project connect their PEV to residential (NHTS 2009 and EV Project Data.)

Level 2 charging equipment for approximately 12 Parked at

hours per day® However, the PEVs only draw Driving, ~4% Con:‘:;ee;, N
power for approximately 20% of that time (see ~Charging, ~10%
Figured). These figures, which have remained

almost constant since the first PEVs began
participation in the program, highlight an

important relationship between driver behaviors
and vehicleznergy consumption: drivers will
connect their PEVs to an EVSE when they are
parked at home, but the energy required for
charging is based on their driving needs. Data that
San Diego Gas and Electric collected from its PEV
Rate Experiment demonstrates shielationship, ‘
GKAOK F2dzy R GKIFIG t9+aQ ?m%x%&'%&n.m
consumption is based on the miles driven during

the previous day’ The ability for a PEV to provide load (and potentially generation), that can be
remotely controlled without materially affecting ifgimary use for mobility demonstrates that there is
an opportunity for regulators to work with customers, equipment providers, and grid operators to use
electric vehicles as grid resources.
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ocation and activity.

The capacity utilization of PEVs may substantially change giwergent trends in the transportation
sector™ While we do not elaborate upon the total effect of these forces on vehjdle integration in
great detail here, the key regulatory issues identified in the fourth section of this paper remain
threshold issues



Figure3: Share ofSurvey Respondents' vehicles, by locatiddational Household Tval Survey 2009.)
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Figure4: Drivers throughout @liforniahave consistentlghargel at homefor only about two of the twelve hours
that they are connected to theirevel Zcharging stations(EV Project Datp
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Three Groups of Grid Applications

The usage characteristics of PEVs warrant the application of vehicle batteries to serve the needs of the
grid. The grid applications can be grouped based on the grid entity that would receive the benefits: the
wholesale market, distribution utility, or the customer. The following descriptions of grid storage
applications are based on the Energy Storage Servicesrgessin the DOE/EPRI 2013 Electricity

Storage Handbook.

Figureb: Potential Applications of PEVs as Stor@@@E/EPRI 2013 Electricity Storage Handbook

Wholesale Market Distribution Infrastructure Cugomer-
Services Services FacingServices
Frequency Regulation Distribution Upgrade Deferral Power Quality
Spinning, No#Spinning, and Voltage Support Power Reliability

Supplemental Reserve
Retail Energy Tim8hift
Load Following/Ramping Support fo

Renewables Demand Charge Mitiion

Frequency RequlatioiRegulation involves managing interchange power flows with other control areas

to match scheduled interchange flows and momentary variations in demand within the control area.
Regulation is used to moderate changes in grid feggpy, which are caused by fluctuations in

generation and demand, to maintain them within a range set by the North American Electric Reliability
Corporation (NERC) reliability standards. Generation output is increased (or load is curtailed) to provide
up regulation when electricity demand exceeds supply. Conversely, generation output is reduced (or
load is increased) to provide down regulation when electricity supply exceeds demand. The ability of
storage with fast ramp rates to accurately follow an automagneration control (AGC) has the

potential to reduce the wear and tear on other generation.

Spinning, NofEpinning, and Supplemental Reseeserve capacity is available to be dispatched when

normal supply resources are unexpectedly unavailable. SgiriReserves are synchronized and online,

but unloaded, and can respond within 10 minutes to compensate for generation or transmission

2dzi I 3S & o -NECANBWEHYDRE aALIAYYAYyI NBASNBS Oy NBaLRYR
frequency. NorSpinning Resergare not synchronized. Nospinning generation capacity or
curtailable/interruptible loads may be offline botust beable torespond in 10 minutes. Supplemental

Reserves can be respond within an hour and provide a-bpdkr spinning and nespinning reerves.

Generation resources providing reserve capacity must be online and operating at part load. Unlike
generation, in most circumstances storage used for reserves does not discharge; it must remain

available for discharge as needed.

Load Following/Rampg Support for RenewableStorage may be used to dampen the variability of a
randomly fluctuating load profile or an intermittent renewable energy system, by accommodating a

7



maximum expected ugand downrramp rate (usually in MW/minute) arfdr a givenduration of the

ramp (potentially hours in length). Storage providing load following may change its output frequently
and in response to the balance between supply and load in order to maintain system frequency within
the specified range. Storage can accondaiaie the daily changes in load, upward or downward, by
respectively discharging or charging.

Distribution Upgrade DeferraBtorage may be used to delay or avoid investments in new infrastructure
(replacingoverloaded transformers or reonductoring distibution lines) thatis otherwisenecessary to
maintain adequate capacitp serve load. The stewise increase in capacity associated with new
infrastructure implies that the measure will, for a large part of its useful life, be underutilized. Storage in
this application could extend the usefulness of existing infrastructure. A related application is to use
storage to accommodate the system peak.

Voltage SupportStorage may be used to regulate system voltage and so that it is maintained within the
specifial tolerances for the endiser. Utilities regulate voltage by adjusting tap changers at substations
or by switching capacitors to follow load changes to prevent voltage excursions that may be caused by
distributed generators or large power loadsthe endof radial distribution systemsdn this case a

storage system can discharge real power to provide voltage support.

Power QualityStorage can protect customer ense loads downstream from the storage system from
poor power qualitywhich may take forms gludingvariations in voltage, variations in frequency, low
power factor, harmonics, and service interruptions. In this case, the storage system monitors power
guality and discharges to smooth the power quality disturbance for durations of seconds teminut

Power ReliabilityStorage may provide electricity service during times of a utility system outage, either

planned or unplanned. If the storage device is permanently interconnected with the grid, this would

entail islanding the storage device and cus#r loads from the utility system, and resynchronizing with

the system upon power restoration. PEV storage systems could be designed to serve select loads that

Oy 6S &SLINY¥GSR FTNRY (GKS Odza (i 2-00hecred duBigSOd NA OF £ A
emergency situations.

Retail Energy TimBhift: Storage can reduce overall customer electricity costs if they are subject to
time-differentiated energy rates ($/kWh) by charging a storage system duringiime times and
discharging to serve loads thatust be used during higprice times.

Demand Charge Mitigatioistorage can reduce overall electricity costs if they are subject to a demand

charge based on maximum power drawn ($/kW). The avoidance of a charge depends on the applicable
timeframes during® A OK | OKIF NBS g2dzA R ILJIJX &% a asSid F2NIK A
demand charges may apply during a singleriibute period for a given month, or additionally during

certain times of day or months. The amowatvedis the difference othe demand cost incurred while

charging thesystemand ofthe applicable demand cost at the time of discharging the system.

All of these applications will be needgi/enthe substantial anticipated need of the California



electricity system for these servicestire near future, the use of PEVs to provide each of these storage
functions should be explored.

WholesaleMarket Needs

The gridintegration of flexible and potentially underutilized PEV battery storage can complement the
a0FG8SQa Hnanun 3N Sdiidrdaad2013 endirorngntaligaals. As a result of the

substantial addition of variable generation to meet the 33% Renewable Portfolio Standard and the

retirement or repowering of 16,00MW of gasfired generationas a resulbf the OnceThrough Coling

al yRF1SY (GKS adlridsSQa St SOGNRO INARR ¢Aff dzyRSNH2 &
Summit, the mmission”* and California Independent System Operat@A|S@° stressed the need for

resources with flexible capactfito accommodatehese changes. By 2020, the guidl needadditional

demandat certain timedo absorb excesmtermittent renewablegeneration, fastrespondinglexible

resources to accommodate thrapid net loadchangesandadditional peak generation capacity

acconmodatethe growing evening pealseeFigureb). In its Strategic PlaBAISO describes how electric
BSKAOf Sa YA IKabtinggbdlD S Y DAY IaNBaaddzNOS¢e 2y | INARR (K
OSYUGuNY f-&F BR &dagitoSst &8 RSOSYGNIY AT SR ySiég2N] ¢

Figure6: PEVs may serve as fast acting resources to serve certain grid needs for operational flexibility as additional
variable renewable energy resources aonline (Adapted from CAIS@014-2016 Strategic Plan

benefit from load shifts or the dischal

Agrowing evening peaklemand may
rde
24,000 ¢ of stored energy.

As net load
decreases during
midday and
increases in the
evening, the longer
and steeperamp
up after sunsetwill
require generators
to respond quickly.

declines as more renewable resources com
online. With solar generation aneasing in the
morning, other generators will need ramp
down production.

A midday decrease in net load could resulektess energy generatezh
the grid, which would result in low or negative prices. Additional demand
like PEV recharging could provide storage during-gegreration
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According tdDecisionl3-10-040,by 2020, the utilities will need to procure 1,325 MW of energy storage.
Of the target, 200 MW musgie procuredfrom systems that are located behirige customer meter,
including those used for ettric vehicle charging.Figure7o St 26 O2 YLJ NB& Lh! Odzaidz2y



charging capacity against the Behind the Meter (BTM) energy storage capacity targets. There may be
Sy2dzakK OKI NHAy3 OI LI Oiniehiclad WtRivthelGURerritbies thafvie@S G 2 F LI
purchased with funding from the Clean Vehicle Rebate Program to meet the 2018 116 MW BTM target.

This figure also compares the BTM targets to the PEV charging capacity under varying adoption levels

and charging configations™®¢ KS dziAf AGAS&a ¢62dAZ R ySSR (42 SyNRftf |06
adoption case for PEV charging storage to meet the 2020 targets. In the High adoption case, the utilities

would need to enroll only 2.5% of customers to meet the total Bafget assuming ongvay (charging

only) power flow. If vehicles are equipped with bidirectional power capabilities, fewer customers would

be needed to meet the storage procurement target.

Figure7: The charging capacity from cunteand expected PEV customers within the 10U service territories
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However, these estimates assimply based on charger power capacity and adoption forecasts and do

not account for any adjustments necessary to account for the mobility of the battery. Toward these

ends, Energy Division is considering methods for quantifying the Net QualifyingtZapadEffective

Flexible Capacity associated with demand response and energy storage systems. These proposed
calculations deate the amount of capacity that a load serving entity can count toward their System and

Local Resource Adequacy and FlexibleRhNdzA NBYSy (ia oFaSR 2y (KS NBa&a2 dzND
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Furthermore, the ability of PEVs to serve specific applications behind the customer meter and the

associated asts of doing so need to be proven prior to procurement eligible to meet the target

requirements.

If they are able to participate in these initiatives, PEVs may be able to help meet emerging system needs
at a lower cost than standlone storage or flexiblthermal generation. For example, these needs are
expected to vary throughout the day. In the mornings, the grid needs flexible load to absorb the
increase in solar generation. PEVs that are plugged in and charging at the workplace could absorb this
over-generation from solar PV systems, reducing the magnitude of the evening ramp. In the afternoon
hours, the grid is expected to need load to curtail in response to solar variability and changes in
temperature. PEV charging could respond to grid signals byentarily curtailing load to avoid

negative impacts on the distribution equipment. In the evening, the grid is expected to experience a
rapid drop off in solar generation prior to the time that home load increases to the evening peak. PEVs
could help provié regulation support, or even serve to reduce peak load through the use of
bidirectional DC inverters to deliver energy to the grid to reduce peak demand. At night, the grid will be
vulnerable to spikes in wind generation. Nighttime PEV charging couldrmded to increase its charge

rate to mitigate changes in system voltage.

In the longer-term, PEVwill assist the state in meeting federal standards for local air quality by 2032
and shouldcontribute to zero emissiondoadbalancing to ensure grid relidity as the electric system
evolves to achieve an 80% reduction in greenhouse gas emissions from 1990 levels Hyraes0.
California Air Resources Boaf@fARB Climate Change ScopiRfan recommends that the State continue

to support ZEVs through regtilan, vehicle incentives, investments in vehicle charging infrastructure,
and policies and planning efforts to ensure that value is returned to customers and that ZEVs integrate
effectively into the electricity grid, communities, and daily lifes.

Studiesanalyzing mitigation pathways to achieve the GHG goal conclude that it is essential to
decarbonize energy sources and then electrify additional energy end uses, such as transportation.
Because decarbonized electricity generation will consist largelyeyhiittent renewable power,

however, increased reliance on those sources may require an increase in flexible fossil generation to
balance supply and demard Battery storagecould provide such load balancing witkro emissions
Because large quantities battery storage will be deployed in electric vehicles as they gain market
share, it is reasonable to look for ways for BE\Mprovide that service. Betwee2040 and 2050,

electricity demanded from PEV rechargoauldrange between 14£9% of 2008 totasystem electricity
demandand provide500-1000 GW'of battery storageé”* Anotherstudy noted that smart charging the
electric vehicles could improve load factors and obviate additional electric capacity to reduce costs and
the need to coordinate deploymend avoid emissions from switching to fuels before the grid is
decarbonized?
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Distribution Grid Needs

Helping customers minimize the impacts of their PEVs on the distribution grid should be the first step in
promoting vehiclegrid integration, as it wileduce the upgrade costs that may ultimately be borne by
general ratepayers and PEV usdise integration needed for PEVsaat as system resources begins at
their interconnection at the distributiofevel. D.1107-029in the Alternative Fueled Vehicles

Rulemaking (R.008-009) initiated several efforts that establish the foundation of our vehigld

integration visiorincluding the need to research and track distribution upgrade costs associated with
PEV load, utility notification policy, and the diament of a PEV submetering protocol

The utilities considered that the electrical infrastructure in residential neighborhoods was relatively
more vulnerable to the unplanned, larger loads of PEVs than the infrastructure in areas planned for
commercial ad industrial customers. They reasoned that C&I customers had higher capacity
infrastructure but also tended to engage the utility directly and early on to plan for changes in
infrastructure® The LoadResearctand CosStudiescompleted pursuant to that desion found that

under current levels of adoption, PEVs have pet added sufficient newoad to require substantial
improvements taresidentialdistribution infrastructure n ®m:’> 2F GKS Lh! aQ AYyFNF adaN
required a distribution upgrade and orllyl% of them exceeded the allowance permitted under Electric
Rules 15 and 16&lowever, the utilities caution that residential charging behaviors among early adopters
are likely different than that of mass market PEV drivésss PEV penetration increasésyecomes

more likely that distribution upgrades will be needed.

The point at which distribution infrastructure needs upgrading depends on (among other things) overall

age and utilization, peak loading, and, increasingly, the impacts of distributed gerseoa voltage

regulation and frequency control. Widespread electrification highlights the import of properly

incentivizing or coordinating the use of PEV charging and discharging actiatuttenegative

impacts. PEVs may be particularly productivéiK A & YI yYSNJ AF¥ (KS&xX tA1S 5D=2
LX I OS | G G%kFér eddinleKpieveitihgrit@aeroadingof distributiontransformer capacity

and thereby prolonging the life of existing infrastructure caimimiz system upgrade costgully

utilizing limited capacity by staggering vehicle charging occurring on a given feeder can help minimize
impacts.

Customer Needs

Used as a grid resource, PEVs can help customers manage their demand charges and avoid high cost
charging times. By manamyj the time of their charging, customers can avoid charging during peak rate
times and they can avoid charging during times that contribute to demand charges.

These benefits apply differently depending on the type of customer and the rate tariff thattieeyn.

Most residential customers are currently on tiered rates, which do not have different rates during
different times of the day. Residential customers also have a range of circumstances that impact their
rate schedule and their energy costs: from Beholds in detached single family homes to those in
multi-dwelling units; from engaged customers that pursue Net Energy Metering with separately

12



metered PEV timef use rates to low energy users that are economically incented to remain on tiered

rates everafter including their PEV energy consumption. Fleet operators vary substantially among utility
GOflraasSae oAyalAddziazzyl s avYlIffkYSRAdzZY o0dzaAySaasz
types of vehicles they use and their usage characteridtiesexample, the electrical service needs of a
corporate delivery hub deploying medium duty trucks throughout a region dalily is far different than a

small local government using light duty vehicles for their operations. Many commercial customers and

fleet operators face demand charges, but the profile of their usage can vary substantially, depending on
their load profile.

In D.1207-029, the Commission discussed the consideration of costs incurred from electric vehicles and

the applicability of electricates to PEV customers. It stated generally that rate design should reflect any
additional distribution system costs that result from peak Electric Vehicle charging that impose demands

on any distributiorconstrained facilitie$® The Commission suggestdtht rate design would be

revisited in 2013 once information on load profiles, customer behavioral responses to price signals, and

the costs and benefits of charging were available. The Commission ordered the utilities to quantify the
GaceadsSy OSata bENSTF20RE Ay GRKSANI NBOGA&AAZ2Y 2F NI GS

Rates are currently designed to maintain the principle that customers should bear the system costs for
which they are responsible. Both residential and mesidential PEV customers have cautioned the
Conmmission about enforcing this principle to the extent that doing so could slow overall incentives for
electrification. So far the Commission has provided temporary solutions as to not overburden

residential customers and discourage adoption, but it hasdoote so for norresidential customers
generally** However, given a better understanding of customer economic concerns and behaviors, we
highlight the finding of D.:07-029 that rate design should account for the costs and benefits of PEV
charging. It ismportant that rates and the distribution planning processes capture the entire range of
costs and benefits of PEV charging, particularly given the clear opportunities for PEVs to provide electric
system benefits in addition to environmental benefits.

Forthe state to reach its air quality and climate change goals, it is imperative that vehicles in each
market segment have adequate and economic options for charging infrastrudiistore the energy
needed to meet their travel requirements within their gtuling constraints whether they use their
own dedicated equipment or they use other options accessible to them.

Valuing Vehicle-Grid Integration

VGlcan represent a potential revenue stream to custom&mveral studies have estimated the value of
integrating vehicle charging and discharging requirements with customer facility and system needs. We
cite findings from select studies as illustrative examples.

1 A government fleet of PEVs in Southern California providing regulation up and regulation down
to the CAISO markets may yield total revenue of $100/maethicle>

1 Aninstitutional fleet of PHEVs in Boston providing discharging energy to a building at peak times
could mitigate demand charges and result in savings of $100/muoeitficle®
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1 ABEV chargingt 6.6 kWin California providing demand response to its utility may provide
savings wortlapproximately $60yearvehicle depending on the time that it is chargifiy.

While individially these value streams may appesanall,depending on vehicle pricingid financing
options, it is possible thathe value could significantly impact the total cost of ownership for residential
or fleet ownersand influence adoption decisions

Pursuanto D.1107-029, the value of Vehicle Grid Integration should be assessambéts and benefits
they afford to the an electric system and society gener&lignilar to a study that would compare the
ratepayer and social impacts of Net Energy Metering, evaluations of Vehicle Grid Integration should
encompass the entire range absts and benefits, which may includfe:

Benefits Costs

1 Avoided energy costs 1 Utility Costs

1 Avoided marginal system line losses 1 AdministrativeCosts

1 Net Qualifying Capacity and Effective 1 InterconnectionCosts borne by the
Flexible Capacity Utility or GeneralRatepayers

1 Transmission and Distribution Upgrade 1 Vehicle IntegratiorCosts at gvenlevels
Deferral of vehicle penetration.

1 Ancillary Services

1 Fuel Price Hedge

1 Market Prie Response

1 Reliability and Resiliency

1 AvoidedenvironmentalGCompliance

Costs
1 Societal andverall EconomicBenefits

The utilities have not yet explored in detail the impact of vehipid integration on the costs of
operating and maintaining the electric system. An evaluation framework that encompasses these, and
potentially other cats and benefits will be needed.

Limitations to Vehicle Storage Resources

The opportunity of VGI is partially complicated by two features of-piugectric vehicles: their size and
the fact that their primary purpose is for personal transportation.

Sizeof Vehicle Load

The power load of an individual pkiig electric vehicle can vary substantially depending on the charging
technology employed. Load is largely determined by the amount of energy that is needed to fulfill the
RNA GSNDa G NI yaddith2 tinde kvailateyfor rgclaBgivd. Eor example, the averagé’load
drawn during charging events in the EV Project ranged from 3.6 kW at residential, private non
residential, and public Level 2 AC EVSE to 19.3 kW at public DC Fast Charging statiorevétdriyV/s
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have optional 6.6 kW onboard chargers. Electrified buses and medium or heavy duty vehicles may also
have higher charging requirements.

¢tKS &A1 S 2F GKS @SKAOfES t2FIR KFa 0SSy | OKFffSy3as
grid LJ NI A OdzZf F NI & aAyOS GKSeé OFy oS afl NH®29 gKSy Oz
the Commission allowed distribution system upgrade costs associated with residential PEV charging in

excess of the residential allowance in Rules 15 ana I ttreated as common facility cosWhile the

costs associated with this policy were de minimis, in 8814 the Commission stated its concern that

ending the common treatment would impact overall PEV adoptiombsent the common treatment, a

resicential customer could arbitrarily be assigned the cost of a distribution system upgrade if the PEV

was deemed to be the cause of such an upgrade. This aspect of grid integration is further complicated

by the lack of consensus on the exact amount of logd2OA I § SR A GK Gol aA0¢é NBAAF
charging, given the availability of highgower chargers during the early stages of the market.

For when the Commission determines long term policies related to the treatment of residential PEV load
(andpotentially, the magnitude of an allowed charging load), it is important to consider the converse
AaadzS 2F t9+a o0SAy3a aavlftfé ¢KSywidOaectidalsyStd@nsi2 2 Ol

Primary Use for Personal Transportation

The VGI opportuty must be coordinated with the fact that therimary end use of a PEV is for personal

mobility. Unlike distributed generation asse®EVs arenly temporarily interconnected to the electric

grid®¢ KS AYLISNXYIyYySyOS 27F It 9 #t@a of EsNRddugGedtyhy Geéuifck 2 y | y
greater coordination between regulators, utilities, and customers in distribution planning and

operations for vehicles to participate as grid assets. Fortunately, the Commission has already taken steps
inthisregard! & + NBadzZ & 2F (GKS dziAftAdGASaQ NBaSINOK I yR
what, when, and where, and how much energy PEVs need. This data will help the Commission

understand the availability of PEVs as storage resources.

In D.1207-029 the Commission stated a priority to charge PEVs during theea#ftime periods and

directed the utilities to research the charging behaviors of their custoffiaiile the following results

are representative of early market adoption, they are prongdiomthe perspective oflemand

forecasting anananagementUtility load data has demonstrated that the PEV charging is generally
occurring during offJS 1 LISNA2Ra® C2NJ SEFYLX ST t 9+ OdzaAalG2YSNA
tariffs, which use a singimeter to measure both PEV and residential load, demand the most power
between midnight and 2 AM. Conversely, the average residential customer peak demand occurs during
the evening. The time diversity of these peaks may benefit the longevity of distribmiirastructure
(seeFigure8™). This behavior can enabled by using technologies, like timers or staggered direct load
control, to reduce the barriers to offeak chargind’ It is important to emphasize that offeak charging
behaviors persist more strongly if energy prices are sufficiently differentiated between the time of use
periods™®
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PEV and EVSE utilization data give us crucial insights as the utility assumes the key role of their

Odza i 2 YSNR Q (NI y & LJ2 Ninsg firzhe tyansenizSature bIthBsE 1badsS 5896 of fIR
charging events occur at honf&While there is some variation across the utility territories, charging a

PEV at home requires approximately 250 kwh/mohths described earlier, residential charg varies
substantially during the week: PEVs use around 28% more energy Tuesday through Saturday than during
Sunday and Monda$f.Continued, careful load research on travel needs and infrastructure utilization

will be crucial for the Commission to impmthe design of just and reasonable PEV tariffs and programs

to encourage electrification.

This research will be particularly important to understand how the potential benefits of vedride
integration vary with the types of charging infrastructure dgd and the types of vehicle (battery

versus plugn hybrid) adopted. For example, the 20% ratio of time charging to time connected observed
in residential Level 2 EVSE would enable substantially different VGI benefits compared to those that
might be avdable under DC Fast Chargffign addition, the EVSE installations and energy required

under a higkelectrification scenario will be different given the share of PHEVs and BEVs. Today, PHEVs
are charging more often than BEVs, presumably to maximize thesitrie range®®

Figure8: Throughout the state, peak demand for customers enrolled in singdeered PEV TOU rates, which apply
to both home and vehicle loads, occurs between Midnight and 2Bff4peak charging provides a divesshenefit
AAYyO0S ISYySNIft NBaAaARSYGAlf Odzal@onSOLEFDal LdSd Resedcd ReépgitR 2 O O dzNJ
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The Commission directed by the ZEV Action Plemaddress regulatory barriers to velta-grid
integration Energy Divisioproposes thathere are eightypes of interactions between electric vehicles
and the gridcthat are framed bythree dimensions (1) the direction ofpower flowat the point of the

t 9+Q4a Ay i §Bexgoybigatidi thetofjdctives of actors that control devices necessary to
complete a transaction for grid services; and (3) the numbeesdurcesncluded within a transaction
for grid services

Direction of Power Flow

Whether the vehicle is a controllable loada storagelevice that provides stored energy to the gisd

the most significant factor influecing the size of the resourcgnidirectionalpower flow into the

ol GGSNE 06 f azcanbtgitzstoy, arld/ary its ehar@ng level up and down, llgesr (i

discharge the batteryo the grid Meeting recharging needs in coordination with timmeuse(TOU)

LINAOAY 3 2NJ (2 (GKS O2yaiNIAyda-zZ7F aiakSer a3NRIGEZY (IONB/T |
charging.Bidirectionalpower flowinand® dzi 2 F G KS o6 G (0 S NBo-DONAMRiE2 2|NJ 208tyH D€
cansimilarlyfluctuate chargindput also decreasthe state of chargédoy dischargingnergyto the grid.

V1G can provide many of the same set of services to the grid as V2G. By varyingjédesiedy
controlled charging can provide any ancillary service, including frequency regukigione9 below
illustrates how a V1G and a V2G resource can both provide the same frequency regulation service
however they differn the magnitude and duration of the service that they can provide

As a controllable load, V1G can likely take advantagdtw axistingregulatory framework likeéhat

created forDemandResponse which alreadestablished theequirementsnecessaryo aggregate and
integrate a controllable loadispersed at many sites acrosgeographic areaJnlike generating

resources, using V1G does not require interconnection processes to qualify as a grid resource. V1G uses
the distribution system to receive powdsut does not incur costs associated with accommodating the
backfeedof electricity associated with V2G. This eliminates the need to compensate the utility for the

use of its infrastructure when providing V1G services to the wholesale mafkét.does naincur

round-rip efficiency losses associated with V2G because it does not disatvaeggy

Bidirectional power flow introduces regulatory complexity beyond that of a controllable load. As a bi

directional storage resource, the grid operator masaluatetwo options: whether electricity

discharged from the battery (1) is used entirelysite or (2) back SSRa (G2 (GKS 3IANRAR o0Se?2
primary meter. In the first case, the PEV serves load at the customer site, and can be referred to

G+ SKa-BA SRAY I t8IN2EIEKAIOESE = ( KS thithe tehidecaniadza § 06 S O
actually dischargelectricityonto the gridand the storage can be considered a load modifiethe

second case, the PEV may potentially serve the entirety of 2§ N & f 2 RXZ  LJ NI A Odz | N.
distributed generation. The amount of customer |laczatved bythe vehicle may vary ovdimescales

(instantaneously to annually), causing challenges in determining the adequacy of infrastructure needed

to serve thecustomer reliably. Behinthe-meter grid resources are required to have an interconnection
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agreement subject to Rule 21, if the resource faces the utility, or a Wholesale Distributior{VV&xAiT)
if the grid faces the wholesale mark&tThese interconection rules can require that the resource pay
interconnection fees, distribution compensation, and technical grid stuttegrid constrained areas,
bi-directional resourcenayface additional interconnection challenges.

V2G also introduces technicalreerns that impact vehicle design and warranty structure. PEV
warranties are currently not structured to allow battery discharge onto the grid. V2G may void the
battery warranty depending on the terms of the warranty structure and the design of the battéro
support the backbw of electricity, a vehicle battery will needn inverter, eithelon-boardor stationary,
to support the conversion of the battery power from DC toed€tricity. This process will result in
power losses, which reduce the valokthe grid service.

Figure9: An identical frequency regulation signal can be met by eithét @resource(l) ora V2G resourcER)
However, he V2G can provide services at twice the magnitude and for a greater duration tbafiLta resource.
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Despite its complexity, bidirectional capabilities avail a larger capacity and longer duration resource than
controlled charging. V1G can only provide grid value during the times that the vehicle is charging. Using
EV Prgjct data from above, for a typical California residential PEV customer, controlled charging will
amount to about 2 hours per day. A vehicle that can discharge its battery to the grid can provide grid
services whenever it is pluggéd and able to communéte with the grid. In addition to increasing

capacity factor, V2G allows a vehicle to provide twice the magnitude of service as V1G, as shown in
Figure9. It can drop from its maximum charge rate to the maximum discharge ratdylidgLthe output

of a V1G resource.

Coordination of Actor Objectives in the PEVValue Chain

The complexity of a VGI transaction increases substantially ¥eenumber ofentities involved

increasesA given VGI transaction could involve different actoemaging each of the following

elements:(1) the vehicle(2) the charging station, an(B) the facility.Each of the actors that claim

ownership or control of these parts of the PEV value chain may have different objectives and be affected
o0& S OKactiéng iK $eNdbgrid integration.

¢ KA & NiinkigalSagentiprobfemé observed elsewhere in energy policy (e.g., residential adoption
of efficiency measures @mrental property). For VGihis problem is compounded by the ambiguity of
which actor $ theprincipal (the entity with the legal capacity to execute VGI) andapent (theentity

that carries out or supports the actions of tpancipal).

dUnified Actors  NB T S dhBe whee edcK @ thesgements is managed by a single entity or

multiple entities are able to coordinate vehicle charging in a manner that maintains positive value for all
entities. A VGI transaction in this context is relatively simple to coordinate. A simtifiewould align

the actions of each component of the transiao andcan collect all the benefitsCosts imposed on a
particular element would not necessarily prevent the transaction, because those costs could be weighed
against and offset by benefits to other elements, resulting in net benefits that wouldcalleto the

same entity or that could be fairly distributed among entities.

FigurelO: Unified Actor Objectives

Corporate Corporate Corporate Wholesale

PEV Charging Facility Market
Station

Corporate PE\Understands travel departure and energy demands with scheduling system.
Corporate Charging Statiowants to fluctuate during the afternoon to minimize costs
Employer FacilitmMants to curtail demand during the afternoon to mitigate demand charge

GFragmented Actoss NB FSNE (2 2 0 KiB Niich#l brBubsétdhesedldmeritsiarke 2 v &
ownedor controlled byseparate entities. This may occasionally result in charging that results in negative
value to one of the actors. For examplenorkplace charging, the facility account holdtdre operator

of a networked charging statioand the vehiclanay be owned and cortlled by different entities. In
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this case, it is not immediately clear which entity will make decisions about how the VGI resource is

used.The actors may have multiple and potentially divergent objectives: to do what is economically
optimal forthe gridsystess A RS (G KS T OAftAGeQa 2 dFokxampledeadasz 2N
charging station may want to provide frequency regulation signals in the afternoon, wreleice

owner needs energy to return home. Simultanelyushe facility may want to reduce its demand charge

Figurell: Fragmented Actor Objectives

Network Employer

Facility

Charging
Station

Employee”EV/Wants a full battery to return home from work.
Network Charging StatioWVants to fluctuate during the afternoon to mimize costs.
Employer FacilitWants to curtail demand during the afternoon to mitigate demand charge

In thiscase co-optimizing the actions of multiple entities subject to potentially conflicting constraints
might result in net costs to one entitfrheseactors may be able to settle this transaction on their own.
However, if they cannot, it is possible tthts barrierwill significantlyhinder the realization of the
potential benefits of VGI to only casesth Unified Actors Fragmented ownership casean be better
enabled by clearly defininghichcomponentin the charging arrangement serves as hé&lJieRouraeé
an issue described in Secti8n

Geographic Resource Aggregation

The third characteristic of vehielirid integration is whether the VGI befits are provided by an
AYRAGARIzZE f NB&a2dzNOS 2N Iy F3INBIFGAZ2Y 2F NB&az2daNDOS
resource would provide several advantages over a single vehicle location as a resource.

¢ KS GSNXY WI 33 NLdrkfér foa gfdp dteSdliBes that arelziedRphically dispersed

but are scheduled and dispatched as a single resoMkttgle it is possible for multiple vehicles charging

at a single location to serve as a resource, this type of aggregation doexcadifnificant regulatory
OKIftftSyaSad CNRBY G(GKS INARQaA LISNALISOGADGS: G(KS&AS @S
so it can be managed as a single grid resource, regardless of how many individual vehicles are at that the
location and rgardless of how the resource is defined by CAISO or CPUC.

Geographic aggregation increases the opportunity to get VGI benefits. Aggregation across multiple grid
locations would make it easier for individual vehicles to participate in the wholesale ma&atite

reaching the wholesale market minimum resource size (500 kW) requires using multiplautight

vehicles as a resouré&Most vehicle chargers are under 10 kW, requiring that many vehicles be
O2YOoAYSR Ayidz2 2y¥& WOHANIdZ f NB&A2dNDSQ 6

Figure12).>? In addition to its size constraint, the availability of vehicles to provide services is also
f AYAGSRE 0FaSR 2y | 3IAPSYy @SKAOft SQa aidrdsS 2F ol dd
Aggregation ca allow a given vehicle more opportunities to serve the grid despite this size and time

20



constraints. Conceivably, an aggregator would diversify the pool of vehicles counted within its resource

by taking into consideration the probability of its locatiordagstimated state of charge. Doing so would

increase its ability bid and receive awards, and reliably serve dispatches. It could also expand the

RdzNI GA2Y YR YIF3ayAlGdzRRS 2F (GKS WOANIdzZ f NBaz2dzZNOS»Q

Figure12: Minimum number of EVSES$ a given charge capacity needed to satisfy388 kWminimum
capacity requirement for a NeG@enerating Resourc€CAISO NG&hd SAE.
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Dividing a single resource across multiple locations complicates providing distribution level benefits. A
geographiclly aggregated resource would be spread across a range of distribution locations, which
fAYAGa | dziAftAdASaQ FtoAfAGe (2 YIFylr3S GKFG NBa2 dzN
aggregated resource is spread out across different substatieas, the utility would need some level of

oversight over this resource to ensure reliability throughout all affected parts of its distribution system.

This could be addressed by providing utility congestion signals to third party aggregators, owmgallo

the utility to play a role in resource aggregation.
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Figurel3: TheVehicleGrid Integration Framework
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The VGI Framework is defined by
three attributes, each with two
potential options: whether the
benefit to the grid is provided by ar
individual or aggregation of
resources; e alignment of the
objectives of actors involved with
the PEV charging, and the directio
of the power flow (oneor two-

way) from the resource. Eight use
cases exist given the combination
of the three attributes. However, as
discussed below, understandjrihe
regulatory considerations with eacl
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toward implementation. With this
in mind, the framework is depicted
as a cube that bounds the use
cases. Starting simply, and
sequentially answering each
regulatory question allows us to
unlock the range of benefits from
all VGI use cases.
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The four defining regulatory issues are: 1) identifying the resource and dietiegrat which point grid
services are measured; 2) determining what entities may aggregate the resources and interact with the
wholesale markets; 3) determining how to capture distribution system benefits, monetize those
benefits, and distribute them tahe various actors; and 4) determining the primacy among the potential
VGI activities.

How and where is the resource defined?

A primary regulatory question facing VGli&iningwhere the resource is located. This question will
determine who can claim ovanship of the resource, how the resource is measured, and how
communication is managed. This challenge is particularly important to PEVs because they are
temporarily interconnectedo, and move to differenpoints throughout the gridadding a layer of

complexity that does not exist for other grid resources. It is not clear that regulators must act on this
guestion, as the market may be able to address this issue on its own, once other barriers are addressed.

Aside from performance requirements$@ CAISO efinitionsof dLoad I Y RGemdra®ing

w S a 2 dzNdh& specificallyprescribeg K G O2 YLINA ASa (KS aNBaz2dNOSdé !
for VGI becausent provision of a grid servideom avehicle toits intendedrecipient involve multiple

essetrtial elementsfor charging (or discharging) the battery: the vehicle, the charging station, the host
facility,and (in some caset)e aggregatorAny one of these endse devices involved with charging

O2dzZ R &SNS [|Fartheéinfok, thiedeBlachtdaNgdtdebcontrolled bylifferent entities.

There areadvantages and disadvantagesV Gl associated with each varied location and the entities

involved How a PEV resource is defined wilpact what business models can develop around the

technology Defining the resource also determines who is responsible for complying with regulatory
requirements and CAISO/utility interconnection requiremefesources could be defineda(n)

1 Vehicle:Defining theresource as th@®EMtselfis themost elementapoint at which the
CAISO would measure changes in load and energy. At this point, measurement would be
closest to thecharger (or inverter if providing {giirectional energy) and the user that
controls the flow of energy into the vehidmattery. This wou likely require that the vehicle
have a meter to measure transactions. CAISO has previously stated a preference for
measuring the performance as close possibl¢o the device and defining the vehicle as
the resource would satisfy that preferendgectric vehicles could be distinguished from
other resources if thegualified under the Energy Action Plan as energy efficiency or
demand reductiormeasures Since thevehicle would move to different locationspwever,
this option wouldeither requireacu$ 2 YSNJ | 002 dzy i GKIF G O2dz R GNRBI Y¢
require vehicle owners teettle transactionsvith the facility owner at which they are
located.

1 ChargingSation: If the resource were defined at the charging station, some of the
settlement complexity would be reducedsince the charging station is at a fixed location on
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a fixed primary meter. Double counting energy loadsvould still need to be resolved
between the facility and the charging statidFhis location also provides advantages for
distngu KAy3 t 9+ f2FR & I WLINSFSNNBR NBaz2dz2NOSZQ &aa
vehicle itselfThe charging stations currengiyailable on the markedo not know the
battery state of charge, which would reduce their effectiveness at providing griccesrv
unless they have an agreement Wwiautomakers to access that data.
9 FEacility: Rather than allowing vehicles to specifically provide grid services, vehicle storage
could be rolled up as part of the grid services from the entire facility load aiffaisgement
would eliminate double counting problems, since facilities could only bid their load in once.
Toenablethis, the facility would need to work with charge service providers and vehicle
drivers to coordinate accessing the vehicle for services. Cuyranainy facilities
(particularly workplaces) do not have datonship with the PEV driver.
1 Aaggaregation of ResourcesA fourthoption is to define the resource at the aggregator level.
Ly GKAa OFaSz GKS NBaz2dz2NDS Ageogtghikayli dz2l £t 2 Q YI RS dzl
dispersed grid resources. CAISO already has rules that accommodate this definition, so long
as theaggregation ofesourcesis located in on€&ub-Load Aggregation PoirfsubLAP). This
approach presents some challenges to integrating ytiliénefits and would require a
CAISe@pproved metering approach to aggregate the metering results.

It may also be possible to let the market decide this issue. To do so, regulators and grid operators could
simply enable each option as a potential grid i@®@. This has the advantage of allowing market
participants to determine how to best enable VGI functionality. Entities would only participate if they
appropriately compensated, forcing an equitable solution. However, the uncertainty in this approach
coul yield a stalemate between parties, delaying any meaningful progress. Or it could require that
regulators address a series of individual scenarios where the objectives of the different actors that
control the facility, the charging station, and/or the vele are conflicting; producing a de facto

regulatory schema despite our intentions.

Regardless of the approach, CAISO and CPUC should coordinate their approach to resource definition.
To meet CAISO market participation requirements, the controllingyewituld beresponsible for

signing a Participating Generator Agreement (PGA), Participating Load AgreementiRerService
Agreement (MSA), Wholesale Distribution Access Tariff (WDAT), service contracts and potentially other
agreements in order to rg@nd to signals from CAISO, making bids, and metering the performance of
the resourceThe location of the resource also impacts where the metering and communication must be
located to settle wholesalmarket transactions

What is the utility role in aggregatin g resources?

Whilevehicles are small relative to the typical wholesale market resource, they must be aggregated to
respond towholesale market signals. FoolMGeneratingResources, a grid resource must be a
minimum of 500 kW to be eligible to patifate in the wholesale market. CAISO rules permit an
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aggregated resource to be made up of geographiahfipersed resources so long as they are in the
samelub-LAP, the smallest geographic area from the perspective of the wholesale market.

It is uncleamwhat role the utility will play in relationship to aggregators. As an aggregator, the utility
could help align distributioneedswith wholesale market participation, but could limit business
innovation in this space. There are four potential models ferulility role related to aggregatiorfi)
utility asthe sole aggregator(2) utility as metaaggregator(3) competitive aggregation market without
utility participation, and4) a hybrid approach where utilities and noegulated firms can both serve as
aggregators.

Utility as the Sole Aggregator.

Under this scenario, the utility would be the sole entity responsible for aggregating vehicles. The utility
would be responsible for enrolling customers and the program would provide incentives for customers
to allow the utility to control its charging or discharging. The utility would use this control similar to
scheduling coordinator rights to provide grid services to the wholesale mavkde meeting the local
needs of its service territory

If the utility has control over these resources, it would have full visibility into how these resources could
be used to best manage the limited capacity on the distribution system. For example, if there are four
electric vehicles in a neighborhood that are all connddtethe same transformer, the utility could

ensure that these vehicles never overload the neighborhood circuit and that they are strategically
charged to prolong the life of the existing transformer. These distribution cost savings could be passed
on to the customer.

This approach limits opportunities to innovate with new business models. This business model would
call on the utility to have detailed kndedgeof customesQ (i NJ @ Ssf sondethikghad dugtdsdes

may be reluctant to provide to a utilityCustomer preferences related to controlled charging are
unknown. Utilities have little experience understanding customer transportation and it is not clear how
they would develop the expertise to manage this experience.

Additionally, by providing utiliés with a monopoly over this market, it is not clear that the utilities will
have the right incentive to provide customers with all of the benefits they are creating. The Commission
would need a way to measure performance of managing electric transpantatteds and incentivize

the utility to provide services. Furthermobedzi Af AGASAQ | oAfAGE G2 SI Ny
distribution may provide them a disincentive from obviating distribution upgrades.

Utility as aMeta-Aggregator.

Under this senario,a nortutility third party aggregator serves as the intermediary between the

customer and the utility. The utility aggregates the grid services and manages the services they can
provide to the distribution system and the wholesale market. Jushasitility has no direct interaction

with the customer, the aggregators would have no direct interaction with the wholesale market. Utilities

25



would bid in all vehicles in their service territory as one resource into the wholesale market, and then
direct aggregators to fulfill the wholesale market commitments.

This approach would eliminate conflict between the distribution needs and wholesale market needs,

since the utility would be responsible for managing both services. Combining these into a single tariff

would reduce complexity for aggregators, as they would only need to respond to a single VGI signal from

the utility, rather than reconciling different signals from the utility and wholesale market. The utility

would also not have to be directly involvei Odza G 2 YS NI A G NJ Aflléwidg médutility A 2y RS O.
aggregators the opportunity to provide services to customers would introduce competition into the

customer relationshigaspect of these services. This is the most critical area for competition, as

managing the direct customer participation is critical to encouraging enrollment and ensuring that the
aggregator responds to customer needs.

This approach could limit direct customer participation in the wholesale market. Aggregators may still be
able tobid into the wholesale market under Rule 24, but rules would need to clearly define when and
how the resource could be used by the utility. While this appears to add regulatory complexity, Rule 24
implementation may already need to address this challeingebroader context.

Allowing only utilities to represent PEV load in the wholesale market might miss an opportunity to
introduce additional competition into the wholesale market. The Commission would need to carefully
monitor the utility treatment of theaggregators to ensure that aggregators were properly compensated
and that their resources were efficiently used. Absent competitiaggregating to the wholesale

market, utilities may be prone to keep an excess portion ofghd value rather than transferring it to

their aggregatorswhowould compete to return valueto drivers

Competitive AggregatiorMarket without Utility Participation.

A third option is to have utilities play no role in aggregatidan-utility aggregatorsvould be solely
responsble for aggregating vehicles to provide services to both the wholesale energy and ancillary
services market and to the utility for distribution system benefits. In order to provide services to the
distribution system, the utility would have to developgwisignals that capture the costs and benefits
from PEV charging and grid services. It would also need to develop a means of communicating these
price signals to aggregators and customers. Capturing utility benefits and allowingdaniydwvholesale
acces for the same resource would introduce the need to establish rules that allow these two functions
to co-exist, as described above.

Existing CPUC policy already endorses the concept that customers should be able to access the
wholesale market. CPUC haseally endorsed the concept that retail customers should be able to
access the wholesale marketecision 1211-025 in the Rule 24 proceeding. Rule 24 will need to be
fully implemented in order for thirgbarty vehicle aggregators to play this role.
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Hybrid Market Approach.

A fourth option would be to allow utilities and thiplarty aggregators to compete for customers, rather
than limiting utility involvement. The Commission would have to develop a framework that allows these
entities to compete on a levelgying field, but could result in a market structure that preserves
competition and maximizes opportunities to access both wholesale and distribution benefits.

How do utilities c aptur e distribution benefits?

In addition to the wholesale market, the distation system can benefit from V@&apturing the

benefits frommeetingdistribution system needsan contribute to the longerm sustainability of VGI
business models. It also creates potential benefits for general ratepayers, by reducing infrastructure
costs. This opportunity also represents a threat to the existing utility business model, as it will diminish
one oftheir source of revenue in a decoupled mark&tin order to overcome this barrier, the
Commission may need to create an incentive systemwimatld encourage the utilities to consider the
value of VGI in their planning and operations.

The uilitiesshould create tariff options that allow retail customers to receive the value of providing
services to the distribution system, while also allowtingse customers the opportunity access the
wholesale market. These tariff options must be harmonized with existing interconnection rules and
designed with the consideration that mobility services are the primary end use for vehicle batteries.

Adistributoy WAAIY I £ Q g2dzZ R YIylF3aS (GKS dzaS 2F RA &l NR 6 dzi
or line capacity. For example, a Distribution Management Tariff could manage vehicle charging via
simpletraffic light approach: the utility would provide simp@gnals to the customer to indicate when

they can charge and when they cannBbr example, argenlight could indicate that the utility would

benefit from VGkerviceswhile ared light couldindicatethat services would be detrimental to the

distribution system In exchange for abiding by these signals, the utility would provide a customer a

rebate or other incentive for the value of the avoided distribution cost.

An alternative approach would be a Renewable Energy Integration Tariff, which couldbasa b
payment, lower rate, or rebated amount for allowing the utility to smart charge a vehicle to failew
requirementsfrom variable renewabl@nergygeneration. Under this approach, the utility could serve
as the aggregator or metaggregator, biddinghose services into the wholesale marketmeet system
wide needs. Alternativelyit could simply manage the vehides O K ltoNiRgrafeFenewable
distributed generation on the circuithroughout their local system

Customers should retain the abjlito override utility signals when participating in such programs, but in
that case they would lose benefits from forgoing the transactions with the utility.

These tariff rules should be developed to support the receipt of value from grid services prbyided
individual and aggregated vehicle loa&®r grid services provided by an individual vehicle load, the
tariffs would function as any other utility tariff, directed at the utility customer. This approach might

require some ability for load control byehutility, which might require separate metering of the PEV.
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Distribution signals would also have to harmonized with the aggregator model chosen. Under the
current model for aggregation used by the demand response program, an aggregator does not act as a
customer to the utility. Under th DRmodel, it may be beneficial to allow the aggregator to receive the
distribution signal, although the customer may be able to manage this on their own. Utility PEV tariffs
could be made available to aggregators, whoatustomers to the utility, depending on the

aggregator model used. Aggregators would get the benefits of following the utility charge signals and
retain ability to access the wholesale market.

What is the primacy among various grid services?

Grid servies from vehicles can be directed to one of three places: the facility, the distribution system, or
the wholesale marketAs described in Section 2, PEV could serve a variety of needgxfookthese
beneficiaries. Coordinatinactions intended to servene a & a i dpefdiiénal requirementss necessary

to maximize the benefits of vehiclgrid integration.

The needs of these three beneficiaries may conflict at a given time. For example, the wholesale market

may have an imbalance that requires addition&l B> & Sy RégylafionR 2iziiy @ NIyt (2 A
ancillary service awardees. Howeveimultaneouslycertain distribution feedersnayalready be

overloaded Absent coordinationan entity on this particular circuit could receive conflicting signals

from the utility and the wholesale market, with the wholesale market asking for additional load, while

the utility requests a decrease in load. It is unclear how the resource would respond to these competing
requests. Maximizing the total benefits from VGI rigge harmonization between the utility needs and

the CAISO needs.

Several possibilities exist for reconciling these competing needs. CPUC and CAISO coiakel iorit

signas sent to PEVs such that their responses optimiz&tbenefits An evaluationof each of the

different types of signalbased on transmission and distribution constraints; economic or environmental
GrtdzS G2 LINLHAOALIYy(Gaz GKS dabdldskniedhs fuhcyor Ifthe OASG & T
utility serves as the aggretga, the utility could serve to balance these competing needs on its own,

deploying resources in response to wholesale market signals that minimize impacts on the distribution
system. If the utility is not the aggregator, it could also use price sign#ige ttustomer or aggregator

to encourage them to behave in a way that efficiently uses the distribution system. Such a price system

may requiregeographicalhdifferentiatedsignals, though the development of smart grid

communications may, in the futureeduce the cost of implementing and operating such a system.

It is unclear how often the grid needs for the distribution system and wholesale markets will be
contradictory at a given time. The wholesale market can specify what geographic area, callédPsub

it wishes to use for grid services. These areas may tend to experience similar weather and load patterns,
likely reducing the rate of conflicts between the utility and the wholesale market. However, these
conflicting needs are likely to occur moredreently in the future as more distributed generation is
FRRSR (G2 (GKS dziAftAGASAaQ RAAGNARAOGdzIAZ2Y OANDdzAGad
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Additional Regulatory Questions

In additional to thefour questionsidentified above, other issues must besolvedin order to implement
VGI. These isseg are dependent on the issues identified above and should be addressed in response to
the questions above, which will narrow the scope of these issues.

1 SafetyManyPEVseceive top 5Star Safety Ratings multiple rigorots tests within the New Car
Assesment Program, conducted by tidational Highway f&ffic Safety Administratioff. The
Commissionisould ensure tlht PEV®perate in accordance with all applicable safetyd electrical
standards andvhile off of the road and interconnected with thgrid.Prior to the use oPEV storage
to enhance energy reliability and resiliency during emergency or outage situatien§pmmission
will work with other State agencies to ensure codes and standards for equipment and facilities
maintain the safety o€onsumers and utilitpperations

1 InterconnectionBased on the regulatory model that emerges from the questions above, the
Commission and CAISO should evaluate what interconnection requirements are necessary for
vehicle storage resources. Currently,gultl resources that accefise wholesale market must have
the following elements to enable the transaction:

Market participation authority through IOU via Wholesale Distribution Access Tariff (WDAT)

Contract with aRegisteredShedulingGoordinator to mammgeand settletransactions

Registration with CAISO and assignment of a Resource ID

Execution of Meter Service Agreement (MSARarticipating.oad Agreement (PLA) and/or

ParticipatingGenerator Agreement (PGA)

o Integration undera resource product typee(g. Proxy DemandResourceor Non-Generating
Resource)

0 Approved method for measuringnetering) performance

o0 Approved method tsend ad receiveAutomatic Generation Control sigrifabm CAISO

o O O ©

If a resource only faces the utility, the interconnection requiesits have a different set of
requirements, outlined in Rule 21. These requirements are different for a resource capable of bi
directional power flow and resources that do not bidirectional flow. Net Energy Metering offers
additional simplifications to thesrequirements, though the current rules do not allow a battery
storage resource to count toward NEM unlé@ssxclusively storeeenewableenergygenerationthat

is verified by a separate Net Generation Output Meter

1 Wholesale markeproducts.The CAISQuerently offers several different types of ancillary services
products that may be useful to PEVs. These products could be used by whatever aggregation
arrangement is determined appropriate by regulators. Experience will determine how well suited
existingCAISO products are to the attributes of PEV resources. The current minimum size
requirement of 500 kW seems to limit a VGI resource to fleets of multiple vehicles. A CAISO resource
is not specific to one location, but can apply to multiple locations wibiia $ib-LAP. This policy
would seem to support aggregation ay of thelevek proposed aboveGiven the fast response
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time of existing lithium battery storage, CAISO should explore whether the grid would benefit from
new products that are directed to p&uring this benefipursuant to FERC Order 755

Utility tariffs. Utility tariffs to capture VGI benefits will be necessary if the utility plays a role in
vehicle aggregation. These tariffs would need to create the rules by which a vehicle can participate
in VGI, including determining how the account holder is compensated for performance (and
penalized for norperformance). As is the case for existing demand response tariffs, the utility does
not necessarily need to compensate an account holder for eaehteMonthly incentives or

seasonal capacittype payments might simplify the compensation approakternatively,

providing the value of a lifetime of projected benefits may be able to reduce the capital expenditure
for a vehicle purchase.

A substantiabmount of early adopter customers (approximately 25 to 39%) also installed
distributed generation and are enrolled in Net Energy MeterfHgis clear that customers are
gravitating toward truly zer@missions transportation while maximizing the utilioatiand

economic return of their photovoltaic systems. Leasing options for photovoltaics and other
distributed generation (DG), PEVs, and EVSE will drive continued demand and market expansion.
Customers will want tariff solutions that accommodate the solusi now availed by carmakers and
third party energy service providers.

For certain commercial customers, it is possible that strategic utilization of capacity may not be
L2adArAofsS AT GKS FTILrOAfAGEQA LIS dzatlehtustbez Ay OARS A
recharged. Vehiclgrid integration in this case may require the installation of complementary

solutions including distributed generation, stationary storage, control technologies, or coordinating

the use of other available charging infrastruiet to ensure the economic viability of electrification.

Metering and telemetryCAISO requires that any wholesale resource be able to meter its
performance for expost verification. The CAISO metering requirements are currently being
reviewed as part ots effort to expand metering and telemetry option’s

Communication StandardgGl introduces two types of communication functions: receiving
wholesale market signals for the resource and sending meter performance data to the wholesale
market. A communicatin standard will be required for sending messages between the aggregator
(either the utility or nonutility third party)and the wholesale market. If the utility is the aggregator,
it will necessary for the utility to determine a standard to use to comrmatei each of these

message types. The standard must be capable of facilitating communication to the resource, but not
necessary downstremn of the resource. Standards will likely be needed to communicate
downstream to ensure that each element is equippeddspond to the message, but it is not clear
that these standards should be regulated or legislated. The communication of these downstream
messages could use existing smart grid communication standards, sOpe@&DR or SEP 24

those in developmenmicluding IEC 15118 and SAE J2847
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A clear regulatory framework is necessary to realize the benefits of vadiidiéntegration. Fully

implementing all the different iterations of VGI requires addressing four major regulatory questions, and
a host of implementation issues based on the outcome of those questions.

The Commission and other California agencies should first prioritize use cases for commercialization. By
building from simple use cases with fewer implementation barriersomplex e cases, stakeholders

can evaluate the value of different grid services and inform business strategies. The highest priority use
cases appear ready for immediate implementation, while others require stakeholder consensus on the
magnitude of grid benefitgommercial standards and regulatory framework. Enabling each use case
requires that the additional regulatorgonsiderationslisted at theend of Section 5, be addressétur

issues should be specifically addressed for each use rmasesuring benefits, tariff/producteskign,
communication requirementsand metering requirements.

Binary Attributes Prioritization of Use Cases

Resource Actors’ Power Flow
Quantity Objectives Direction

Determine
Aggregation

-

<
<
<

Vehicle-Grid |
Integration

Aggregated <
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Use Case 1Jnidirectional Power Flow\{1G with an One Rsource andJnified Actor Objectives

This use case appears to face no serious
implementation barriers. None of the
four major regulatory barriers need to
be addressed to implement this use
case. While the benefits of V1G are
smaller than V2G, it can be
implemented more quickly ithout
compromising personal mobility or
impactingd K S @ $a&tandifeS & Q
Fleets represent a promising
opportunity to integrate a large set of
vehicles and realize a wide range of
benefits. With a predictable charge
pattern, these vehicles could be
aggregated as a large resource, despite
the small size of each vehicle.
Additionally, V1G revenue could help
improve the business case for fleet
adoption by helping fleet owners reduce demand charges, which would help encourage fleet adoption.
Thea hified AO (i 2 NBsétcan begin to be deployed now, &slo not raisethe issues on the lgnment

of actorobjectives

1 Measuring BenefitslUse Case 1 can provitleee different utility benefits¢ demand
response off peak chargingand avoided distributin upgrade expenses. Demand Response
for V1G fleet vehicles appears ready for immediate commercialization. Demonstration
projectsto calculate how managed charging naaoid distribution upgrades should also
begin now through existing PEV fleets.

9 Tariff/Product DesignEor an entity that is already providing demand response, the utility
should clarify the rules by which the vehicle load can contribute to its flexible DR load.

1 Communication RequirementBhe utility should explore different communication apis
that optimize responséime from these resources. Until the resource is defigathe
vehicle, EVSE, or facility levelyariety of communication alternatives may be availabhe T
utility shouldevaluate theoptions, especiallthosethat CAISO isxploring as part of its
metering and telemetry working group

1 Metering RequirementdJnder this resource model, it is not clear that new metering
requirements are needed. Using the existiBrgart Meter measurementsnayto satisfy
utility requirements. Th utility should explore using alternative metering options, including
submeteringthat align with the options CAISO is exploring as part of its metering and
telemetry working group.
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Utilities should develop tariffs thatnmediatelyallow PEV fleets todst the value of vehicles as a

DR resource. While the exact DR value of controlled charging has not been quantified, existing

values can serve as a reasonable praxtl the utilities can determin®EVspecific estimates

that evaluate integration benefitsAfter successful implementation with fleets, utilities should

explore implementation in workplace and residential fledtss D3 9 Q& 2y 32Ay 3 9ELISNAYSy
tAf20 FYR tDg39Qa OdANNByYyld 5SYIFYyR wSalLlRyasS tox tAf?2

Use Cae 2:V1G with Aggregated Resources

Use Case 2 requires that the Commission deterswvigo can aggregate resources across different
locations. Because this case assumes that -
the actors are unified, it is not necessary to ot ~~.

definewhat enduse device comprés the - 2 T

resource The treatment of aggregators /,——"’ ~~~~~ .
should be made within the context of Rule | RN i
24, which allows retail customers to access i e ;
. . I 1
the wholesale market, and the existing I i
1 1
demand response programs. , i
:

i

1
i

]

i

1

1 Measuring BenefitsAn aggregated
resource could potentiallhelp the
utility deal with renewable ramps in the
morning and eveningnd midday
overgeneration The utility should
explore the value of grid benefits
associated with this functiolhe
utilities and thirdparty aggregators
should executgilotsto determine how aggregators can provide value to both the utility
and the wholesale market. These p#iehould allow the aggregator to provide value directly
to the wholesale market, to help understand the implementation challenges associated with
behindthe-meter wholesale transactiong. / 9 Q& LAt 2Ga 6A 0K @&#S 5SLI NIYS
serve as daselinefor implementing pilots that allow for wholesale market access for a
behindthe-meter resourceTesting this use caseill provideinsight to the marginal
benefts to a PEV owner by participating as part of an aggregation, compared to the benefits
2F O2yiNREfAYy3 GKS FILOAtAGEQA SySNEH2 YR RSYIYR

1 Tariff DesignA renewable ramping product for a thiqzhrty aggregator will require that the
utility establish ggregator rules and/or tariffs for aggregator services. These can be piloted
now using existing aggregators and EVSPs.

1 Communication RequirementSommunication requirements will be determined by the
regulatory structure for aggregators.
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1 Metering Requiremats: New metering requirements may be necessary to measure an
aggegated resource. Rules allowing the use of direct metering and submetering will need to
be developed. These rules should mirror that of the wholesale market requiremeatifer
energyresaurces.

¢KS 5SLINIYSYy(ld 2F 5ST5ymas oaK aGKA{OES 4t IDNR®RG tIAX 23if
Coordinatorshould serve as a guide for implementing related pilots. Each utility should explore how

they andthird-party aggregatos can providevalueto the grid and their customengy testing different

aggregaibn approaches.

Use Case 371G wth Fragmented Actor Objectives

Fragmented Actors introduces the questiofwho controls the resource. Parties involved in a given
transaction may be ablto reach an agreemettilaterallyas to which entity controls the resourcelf
the market cannot resolve conflicting -7 po
objectives, then the Commission and CAISO =" ™ -~
many need to define the resource.
Accelerated market implementation will
likely require that he Commission and
CAISO determine the location of the
resource.

1 Measuring BenefitsFragmented Actors
does not raise new issues related to
benefitsto the grid Insight regarding the
value of grid servicas derived from Use
Cases 1 and 2 can inform thise case.
However, fragmentation maseduce the
overall benefis that the end use
customer ora facility owner receives
from participating in a VGI transaction.

9 Tariff DesignUtility tariffs directed to fragnented resources will need to be developed #or
RSOGSNN¥AYSR WNBaz2dz2NOS 20 0A2y QY 2N thif GKS [/ 2YYA2Z
issue then tariffs will need to allow for multiple locations to be used. This may introduce the
need for the utility design new tarifidirected to an entity thats not account holder at a
particular locationlf the lack of a resolution on the resource location issue erects market
barriers to VGI with fragmented actor objectives, the Commission and CAISO may instead
need toaddresghe primacy of grid services. iElwould require tariffs that clarify which grid
needs should be principally satisfied during VGI.

1 Communication RequirementSommunication requirements should use national standards
and should reflect the treatment of resource location, if the resouocation is determined
through regulation.
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1 Metering Requirementshe resource location may introduce a need the need to use a non
utility owned meterlocated closer to the point of chargitg measure theability to
accurately perforngrid a service

Use @se 4: Bdirectional Power FlowV2G)

Prior to implementing rules for firectional power from vehicles, the Commission should
determine if automakers are developing commercial technologies in this space. While V2G
increases the potential resource size
and durationof service it can only be
implemented with the support of
automakersAny action toward
realizing the V2G use casasist

ensure that driver mobilitys not
negatively impacte@ndthe structure

of the battery warrantiesre not

voided Automéers should be engaged
to determine when and if this
technology will be commercially
available under terms that automakers
and customergan accept.

1 Measuring BenefitsV1G and V2G
appear to be able to provide nearly
all the same types of benefiter
the wholesale marketHowever, the ability of V2G to provide power quality and reliability
benefits directly to end users and the distribution system requires that utilities consider the
impactsand benefitsof bi-directional vehicle storage on their disttition systems
Customers should also considbe valueof increased power quality and reliability on their
energy needs.

9 Tariff DesignBidirectional power flow raises interconnection issues that do not apply to
V1G. Any grid resource that can provide tway power flowneeds to adhere to utility and
CAISO interconnection requirements. These requirements become more complicated if the
bi-directional resource can backfeed onto goieyond the point of the primary meter
rather than reducinghe & A (i S Qvaile diseHarBing and overall energy consumption
Utilities will likely need to develop separate requirements for resources that can backfeed
and resources that cannot. It is unclear how net energy metering (NEM) rules will apply to a
vehicle resource, aSEM ruleghat accommodate accessory storage systamssintended
to apply only to renewable generation resources. The NEM proceeding is currently
determining how to address battery resources under the NEM framework. That process can
inform how the Commigsn will treat vehicle storage resources. The Commission should




determine whether NEM tariff issues specific to vehicle storage should be addressed in the
alternative-fueled vehicle proceeding or the NEM proceeding.

1 Communication Requirementdo new commanication requirements are necessary,
although standards will need to include specialized messages-tirelational power flow.

1 Metering Requirementdvietering requirements in this case will largely depend on where
the resource definition places the msrce. Direct meteringr submeteringnay be
necessary to enable dgiirectionalpower flow, as the utility will likely need some waly o
verifying the service rather than the relying on the facility meter, especially for a customer
that uses distributedyereration.

WholesaleMarket Access

The Commission is currently developing rules for how bettieemeter resources can access the
wholesale market. These rules will inform how behihd-meter VGI resources will participate in the
wholesale market. There atwo issues unique to VGI that should also be considered.

1 Determine the priority of VGI services between distribution and wholesale market actvities.
regulatory decision on the priority of distribution and wholesale benefits is necessary to avoid
conflicts that might stifle market development.

1 Evaluate the benefits of a very fast responding resource and how those benefits could be captured in
a wholesale market product or a utility produ€urrent CAISO products in the ancillary service
market are degined with the needs of large generators in mind. VGI represents -agggbnding,
small resource spread throughout a service territory. Capturing these characteristics in a CAISO
product design could yield greater benefits to the grid. CAISO, utilitielsstakeholders should
work together to evaluate these potential benefits and determine if there is benefit in modifying
existing products or creating new ones to capture this particular attribute of VGI.

Zero Net Energy Building Requirements

/| dZAaG2YSNRQ FdzidzZNB Ay@gSadySyda Ay t9+aszx OKFNBAYy3A A
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(ZNE)Since a ZNE building may be defined aswhere the societal value of the annual-site

renewable energy produced is equivalent to the value of energy consumed by the building, ZNE

evaluation principles should ensure that incentives for PEV adoption are preserved. This consideration

will dependon the update to the methodology in calculating the Time Dependent Valuation, which

evaluates the cosgffectiveness of energy efficiency measures based on the time at which savings

occur™®

Use of National Standards

Standardsmaking bodies @ currently developing technical communication standards that can support
a variety of business models in the VGI space. This effort allows market competition to empower

36



customers to select a technical standard that is most appropriate for their needer@oent entities
can best support this process by engaging with standardking organizations, rather than pre
determining the outcome of thiprocess If necessary, dlifornia stateagencies should express
preferences for general outcomes, rather thiathnologyspecific solutions.
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