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About Avista

Avista Corporation is an energy company involved in the production, transmission and distribution of

energy as well as other energglated businesses. Its largest subsidiary, Avista Utilities, serves more

than 600,000 electric and natural gas customeaas 30,000 square miles in eastern Washington,
northern Idaho and parts of southern and eastern Oregon.
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Executive Summary

Avista launched it&lectric Vehicle Supply EquipmeBMSEpilot in
2016 with the main objectives of understandin@l) lightduty
electric vehicle £V load profiles,grid impacts costs and benefits,
(2) how the utility may better serve all customeila the
1 Provide a comprehensive electrificationof transportation, and (3pegin tosupport early EV

Report Objectives:

overview of the EVSE ~  adoption in its service territories.
LIAt20Qa AyuSyuou |yR _ _ . .
activities A total of 439 EVSEcharging portswere installedin a variety of

locations, including 226 residential, 123 workplace, 24 fleet, 20
1 Present @tailed findings multiple-unit dwelling, and 7 DC fast charging sitbspugha three
and lessons learned yearpilot program ending in June, 2019. These EVS&vwared and
maintained by Avistalocated on residential and commercial
{ Lay the groundwork for property R2 6 y a GNBFY 2F (K éxcefndzﬁ DfaS NI &
effective future charging sites where the utility owns all equipment from the
programs transformer to the EVSEA combination of botetworked and
non-networked EVSE from six different manufacturers were
installed to compee costs, performance, and customer satisfaction.
Networked EVSE allowed for data collectadrall locationsand direct load management experimeras
residential and workplace locations, through the Electric Vehicle Supply Provider (EVSP) that managed
the network Qustomers accepted this arrangememithout a timeof-use (TOU) rate or further
incentives,which allowed Avistato gather data for both uninfluenced load profiles, and those altered
via directcontrol of EVSE outpudubject to customer notifications araemand responseXR eventopt-
outs. A total of$3.1 million in capital investments and $740k in operations and maintenance expenses
were incurredfor the pilot program which wasunder budget and idine with expectéions. An
estimated 1319 Avistacustomerswith EVsin Washington will contribute over $323k utility revenue
from EV charging in 2019.

Support for EV adoption waaccomplished through(1)
educationandoutreach efforts (2)a program benefiting low
income customers (3) dealer engagement including «
referral program (4) resdential EVSE offeringsand (5) |
chargersinstalled atworkplace, fleetmultiple-unit dwelling |
(MUD) and publicsites with the intent to help establish a
backbone of EVSE infrastructure in eastern Washingitis ’
activity has correlted with an increasingadoption rate §
startingat 23% in 201@&ndrising toa projected rate of 41%
in 2019 which has caught up to th&Vashington State
average Workplace charging in particular has supporte

Figurel: Residential EVSE charging
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adoption, resulting inan over 200% increase in EV commuters at reported locatiddswever, the
number of EVs and per capita ownership remain low compared to western Washington, tarel fu
adoption rates remain uncertain, subject to a number of factors includiveg availability of EVs,
purchase costs, gasoline prices, public awarendssler engagement&and EVSE infrastructurdVhile

| @A Filot pbgramsupported EV adoptioand ahievedpositive resultsit is clear that sustained
and increasecffort in partnership with local governments, customers, faofits and policymakers
needed for continuegbrogress andeVmarket transformation.

The Company initiated a trial prograta directly benefit disadvantaged and lewcome groups by
collaboraing with local stakeholders, evaluating proposals, angdlementing EV transportation for a
local nonprofit and government agency serving these groups. In both cases, Avista provil&daaal

an EVSE that was used for a variety of beneficial purposes including transport to critical medical services,
job skills training, shuttle services for overnight shelter, and food delive8exe implementation, the
organizations reported transptation cost savings of 57% and 82%, leveraged to provide additional
transportation and otherservices, as well aadditional benefits such as positive education and
awareness among employeesind an interest in expanded EV fleetsThis year, the Spokane
Transportation Collabative was formedwith broad stakeholder membership from area government
agencies and noprofits, recognizingthe need to address transportation issues among the
disadvantaged, as the most serious issueofaiihg the lack of adequate housing. Avista intends to
collaborate with this group to most effectively understand transportation issues and how they may be
addressed with future electric transportation and mobility programs supported by Avista

A serieof online customer surveys followéthimediately after initiaEVSE installation and seamnually
thereafter, which showed high customer satisfaction with EVs at 98%, and with the EVSE performance
at 98% for nometworked EVSE and 85% for networked EV &tsikential locations. Common feedback
included a need for more public EVSE in the region, especially DC fast chargers, and improvement in the
reliability and customer experience of networked EVSE at both residential and commercial locations.

EVSE Cos#sd Performance
Installation andoperation and maintenanceO&M) costs show that networked EVSE are significantly

more expensive to install and maintain, and have a higher rate of failures requoutgeshooting and
repair,as shown in the followingable!

! Note that % uptime is defined as the percent of time an EVSE is able to provide a charge, while % online is the percent of
time the EVSE is online and communicating with the network. In many cases a networked EVSE may be able to provide a
charge even if offline with the network.
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Tablel: AverageEVSE installation cost, O&M expenses and performance

Installation Annual O&M 0 uptime % online
cost per port per port
Residential AC Level 2
metworked $2,445 $370 98% 66%
Commercial AC Level | ¢4 135 $600 | 86%-93% | 76%- 86%
- networked
DC fast charging site| $128,084 $1,550 87% 87%
ResidentiaAC Level 2 0
onnetworked $1,766 $5 100% NA
Commercial AC Level 0
¢ nornetworked $4,472 $185 99% NA

It is expected thatnetworked EVSkgerformance and costs will continue to improve tag industry
matures. In any casg,salsoclear that nonnetworked EVSE apgeferablefrom a customer experience
and cost perspectiveunless a networked EVSE is required data collection point-of-use fee
transactions, or DR capabilitfeVSEo-network interoperability through the use of industry standards
such as thé@pen Charge Point Protocol (OCRRYitical to reduce the risk of stranded assets and take
advantage of performance an@st improvements in the market.

EVSE Utilization and Load Profiles

Over 53,000 charging sessions were analyzed to determine EVSE utilization and load lpaséi®n
different locations and driver typesicluding commuters, nosommuters, and vehicleategories of all
battery (BEVs) and plug hybrid (PHEVs)Analysisshows that the great majority of charging occurs at
residential locations coinciding with system peaks in the late afternoon and early evening, followed by
workplace charging which caoincide with morning peakduring colder winter temperaturesCharging
behaviorsaccording to EV and driver types showed similar load profile shapes, with higher consumption
for battery-electric vehiclesREV¥) commuters, and on weekdays. A smalleradat for longrange BEVs

such as the Tesla model 3 showed &% increase in peak demand aad’8% increase in energy
consumption compared to average residethtcharging fronother vehicle typessuch as shorterange

BEVs and plumn hybrid vehiclePHEVS) This may represent a closer approximation of future loads
from EV charging, as thedustry is expected to produceEl¥'s withlarger batterieshat enablelonger
drivingrangesin the years ahead
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Average Daily Energy Consumption Across Avista EVSE NetworR0A@17
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EV commuters with both workplace @émesidential charging availabilitharged less at home than those
with only residential chargingsausing reduced evening peak loatloweverthis also increased p&a

load from workplace charginm the morningduring colder winter temperatures Utilization varied
considerably, with the mostbservedat residentia) fleet and workplace locations at over 17 sessions
per month and average sessions consuming oM iper session in 1.6 hours, typically charging at 3.3
kW or 6.6kW. DCFC utilization grew by 19% over the last year, but is still relatively low given the state
of early EV adoption in the regiorAnalysis oDCFM&M costsmeter billing, and user fee renue
highlight the need to consider alternative rate designs, as demanchekaaveraged 67% of total bids
making it difficult for revenue to cover ongoing expenses, let alone capital investments.

Load Management

Residential DR Event Session | @7\ é L,j I Q é, ﬁ A N:S ()L,l f 21 |
Trenennanase E experiments using DR technologies at
: home and at work showed that customers
accepted 75% peak load reductions via

-\ remote utility controls, without negative

H H Curtail t iod .. .

o : drafiment perte effects on driving habits or overall
B, e, o 0 0 0 e e e e T B s, satisfaction ratings.  This is because the

Figure3: Example DR charging session with 75% peak load reductic hourly charging requirements of EVs are
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very flexible, especially at residential locations where virtually all AC Level 2 charging may be
accomplished in the late night and very early miag hours, which coincide with yeasund off-peak

hours. Even higher rates of peak load reduction through DR may be possible, but require further
technology development to attempt and substantiate. Costs to implement DR must also be dramatically
reduceal in order to provide net grid benefits and the ability to reliably scale up. This effort should
continue, with development and experimentation in a variety of methods and technologies, as it will
become ever more important to integrate and optimize E&®in the future as a flexible grid resource.

Grid Impacts ané&Economic Modeling

I 2yaraidasSya ¢AlK 2idikgadinadingidict@sthat lightty Ve WiBhava little

effect on the distribution system over the next decadwen athigh adoption rates. To illustratenly

6% of service transformers were overloadeskumingiearly 25% EV adoption. In contraggneration
capacity costsould factor substantially in the added costs to serve this new stading in 2027when

Avist is projected to become short on generation capaditpwever basecasemodeling indicateshat

EVs provide $1,206 per EV in net grid benefits, as the billing revenue exceeds utility costs over its service
life. This may be increased by another $468 B¥ wheroad management shiftpeak load to off-

peak as wasperationallydemonstrated in the EVSE pilot

Avista Ratepayer Perspective Costs and Benefits Per EV
without Managed Charging (204238), Baseline Scenario

$3,000

$2,500

52000 $1,206 B Net Benefit
T&gsgost m Utility Bills

$1,500 $2,809 T&D Cost

$648

$1,000 m Gen Cap Cost

$500 $917 m Utility Cost for Energy

Costs and Benefits (NPV 2019 $)

$0
Costs Benefits

Figure4: Ratepayer Perspective costsd benefits per EV, withootanaged charging 2012038

In addition, from aregional perspectiveeach EV provides a net benefit of $1,6@dostly due to the
substantial fuel cost savings of EV customers. This can have a tremendous ripple effect on the local
economy at scalé.Perhaps most importantly, each EV avoids close tmd bf CO2 emissions per year,

an 80% reduction from the average lighhiity vehicle powered by gasolineThis offers aremendous

2p20S GKFG (GKS&aS NBadzZ a AyO2NIRNIGS AYyTF2NXIFGA2Y | YR nbtied dzY LIG A 2y
incorporate increased costs that may occur to reach newly established carbon neutralityayadlkty power supply.
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societal benefit and return on investment in the effort to reduce harmful greenhouse gas emissions and
other air pollutants.

Avista Regional Perspective Costs and Benefits Per EV
without Managed Charging (204038), Baseline Scenario

&
o, $8,000 i
b DO Net Benefit
Q $7,000
> m Charger Cost
o $6,000 .
Z m Vehicle O&M
n $5,000 :
= m Gas Savings
)
o $4.000 m Fed Tax Cred
m
5 $3,000 mInc EV Cost
S $2,000 T&§3§°St T&D Cost
1% 648
2 $1,000 $ = Gen Cap Cost
&) $917
$0 m Utility Cost for Energy
Costs Benefits

Figure5. Regional perspective costs and benefits per EV without managed charging(@38.9

It cannot be ovelemphasized that although EVs may be very manageable over the near term, grid
impacts and costs resulting from EV peak loads could become significant over longer time horizons, with
higher EV adoption, and as other loads and the grid change. The EVS3é&ppdsénts a good start in

GKS /2YLIyeQa 2y32Aiy3 ST Fcandifectihg gridzgng BoMdEihaytay i K 2 &
optimally integrated and managed, in an evolving system that brings the most benefit to all customers.

Conclusions and Recommendsits

Through the EVSE pilot the Company gained valuable experience, achieving its learning objectives while
effectively supporting early EV adoption. Liglty EV loads will be manageable from a grid perspective
over at least the next decade, and EVsepfthe potential to provide significant economic and
environmental benefits for the long term to both EV drivers as well as all other customers. Participants
were highly satisfied with the pilot programs, and Avista is now in an excellent position toggr@p
comprehensive Transportation Electrification Plan in both Washington and Idaho service territories, that
includes major areas adducation & outreach, dealer engagemesgmmunity & lowincome, EVSE
infrastructure,load managementcommercial fleetsrate design, internal programs, planning, and grid
integration. Through this lontgerm effort, Avista intends to innovate and serve all customers and
communities in electrifying the transportation sector, building a better energy futuparmership wih
industry, customers, local governments and policymakers.
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Key Takeawayfom the EVSE Pilot

1. Data and analysis show thatidjimpacts from lightduty EVs are very manageable
over at least the next decade, net economic benefits can extend to all customers,
and significant reductions @reenhouse gas emissiorGGEand other harmful air
pollutants may be achieved with EVBlowever, grid impacts and costs resulting
from EV peak loads could become significant over longer time horizons, with higher
EV adoption, and as other loads and the grid change. The EVSE pilot represents a
322R a0l NI Ay (GKS [/ 2Y Udtayfidehowa EVAodds tnayypd ST F2 N
optimally integrated and managed, in an evolving system that brings the most
benefit to all customers.

2. Avista was able to cogdffectively install EVSE, resulting in high customer
satisfaction, and the pilot correlated with agsificant increase in the rate of EV
adoption in the area, demonstrating that utility programs can be effective in
supporting and enabling beneficial EV growth. Partnerships with industry providers,
a focus on providing value for the customer, and corttvaperformance were keys
to success.

3. Workplace charging stands out as a powerful catalyst for EV adoption, while
simultaneously providing grid benefits from reduced EV charging at home during
the evening peak hours.

4. Low dealer engagement, a lack of BEWentories, and persistent customer
awareness and perception issues continue to be a major barrier to mainstream EV
adoption in the region. The utility can help overcome these issues with robust
education and outreach programs, including dealer engagement

5. Avista successfully demonstrated the use of EVs to reduce operating costs for a local
non-profit and government agency serving disadvantaged customers. The Company
expects local stakeholder engagement to continue in the development and
expansion of simar programs, as well as other innovative ways to serve
communities and lowncome customers, consistent with the UTC Policy Statement.

6. Surveys showed a widespread desire for more public AC Level 2 and DC fast charging
sites, which may be supported in future utility programs and rate designs. A new
rate should be developed to address operational cost barriers resulting from
traditional deanand charges, while reasonably recovering utility costs.
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Key Takeawaygcontinued)

7. Networked EVSE reliabilityptime, costs, and customer experience are all
important opportunities foimprovement, reinforangthe importance of utilizing
interoperable networked EVSE\bn-networked EVSE areeryreliable and cost
effective, and should be utilized wherever possible unless data collection, user
fee transactions, remote monitoring, or otheequirements necessitate the use
of networked EVSE.

8. Load management experiments showed that the utilihgy remotelycurtail
residentialpeak EV loads by 75%hile maintaining customer satisfaction and
without a TOU rate oadditional incentives othertan the installation of the EVSE
owned and operated by the utility. More DR experimentation may show the
feasibility to shift an even highgrercentage of peak load While EVSHoad
management utilizing DR and V1G technology appears acceptable from a
customer perspective, reliability and costs must be significantly improved to
attain net grid benefits and enable practical application at scale.

9. Data and analysis were somewhat limited by the available pool of participants
and EVSE sites, however reswtsnpared well with other studies using larger
population samples, and EVSE data was satisfactepljcated andverified by
telematics data. As the industry evolves, liglty EVs with larger battery packs
may become the norm. In this respect, the EV load profiles developed and
examined in this study may underedict electric consumptiomand peak loads
to some ckgree.
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Background

On April 28, 2016 th&Vashington Utility and Transportatio@ommissionNUTC)issued Order 01 in
DocketUBMc nyy H | LILINR @AY 3 | @A a EISPRiot Plobgratdh TRemitidl tddy8dr dzf S
installation term of the program began with the first residential EVSE installation on July 20, 2016.

On June 14, 2017, th&lTCissued adPolicy and Interpretive Statement Concerning Commission
Regulation of Electriehicle Chaying Stationg? It provides background and guidanpenciplesfor

utility EV charging as a regulated service, and notesitré@tS LJdzN1J2 aS 2F ! gAaial Qa |
data and experience that will inform future EVSE programs aeddesigns.

On February 8, 2018he UTCissued Order 02 in Docket WECc ny y H | LILINR QA Y 3 | GA
revisions to tariff Schedule 77. This included extending the installation period of the program with
additionalEVSHnstalations through June 30, 2018s well as adding a program beneifilowsincome
customers and a few other minor adjustment$&ollowing the installation perigdongoing program
management continué including EVSE maintenance, data collection aedhand response (DR)
throughdirectload managemen{(V1Q experimentation

Distribution
Transformer

Medium Voltage
Primary Service — n_] a
o_ ‘ Premises Wiring w a
Low Voltage

Secondary Service Utility Supply

Meter Panel L m ﬁ

1 - Traditional Electric Company

2 - Make Ready Electric Company

3 - EVSE Only Electric Company

4 - Full Ownership Electric Company

Figure6: Ownership models for utility and customer EVSE infrastructure

3 Docket UEL60799 (June 14, 2017).
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AC Level 2 EVSE owned and maintained by Avista were installed on residential and commercial sites
R2oyaiuNBlIY 2F GKS OdzaG2YSNIDa YSUSNI YR St SO0NRC
full utility ownership of all equipment from the trafemerto the EVSE. The figure illustratdsctrical
infrastructure and four basic types of EVSE ownership models between the utility and the customer.

' gAradl Qa M/ya[isodst A2y RyTRET ZRRE G KRS ©ORHI{KI NB & A
2OFdA2yas FyR 5/ FTlFad OKINBAy3 aA0Sa F2ftf26SR i

Asimple EVSE rebate programiisesxample2 ¥  fraldionadé businessnodel, where nothing is wned

by the utility beyond themeter andconditionalrebates from the utility are mvided forEVSE purchased
and ingalled by the customer. A Y I §8 RRJI¢  Itydi@all Mdolve new utilitycommerciakervice,
includingdedicatedmeters and premises wiring or supply infrastructure thabwged and maintained
by the utility, stubbedout to the EVSE locatian Ly &Yl 1S thdB/SRitsei§ onnedrRuBit a
maintained by the customer, and in some catigs utility may provide subsidies to the customier
EVSE purchase, installation and/or maintenandeull ownership involves @edicated transformer,
meter, supply infrastructure and the EVSE itself, all owned and maintained by litye Wiblic AC Level

2 or DC fast chargirggtescan fall in this categoryvith EVSHiser feesappliedand subject taegulatory
oversight

l gAalGl OK2a$sS GKS a9 +{ todblg/fdr thé EVBE/pRot as @lidrhative to otieS NE K A
more commorutility EVSE rebate and makeady programs.t was felt that byutilizingexisting supply
panelsand other supply infrastructurim residertial and commercialldci A 2y a Ay GKS &9+ {
costs could be much lowghanO 2 Y LI Niake fe&dy iastallationswith newdedicated services and
infrastructure Further, it seemed possible thatility EVSE ownership and maintenance might he a
effective way toprovide the most valuand satisfactiorfor customersin terms of reducinghe costs,

risks and difficultie®f installing EVSEvhile providing a means for effective DiRthout the need for

further incentves or a timeof-use (TOU) ratd¢o shift peak loads Due to the more substantial
investments and effort to implement DCFC sites and maintain them, the full utility ownership model was
chosen to ensuréongterm DCFC operability and pubdiccess.

LN In order to comprehensively understand EV
charging behaviorand electrical loads from
240 Home different locations it was necessaryo build an
e 9+{9 aSOzaeaiusSvye¢ GKIFIG ¢l a

% e network, capturing the charging data for individual
 [GEE ) :

EV drivers wherever they might chargeat home,
at work, or in the publicior both AC Level 2 arfldC

- 7 DC Fast Chargers
175 WorkiFleetsMUD e b fast charging. It was important to inorporate
N I

Integrated
Network

KFNRgIFNBE |yR az2Fadél NB (KI

D using industry standard communication protocols

Usorwep  Utilty Web such as the OCPP standard, so that risks and
Bamls operational fexibility could be well managedhis
Figure7: Integrated EVSE network design Syl ofSa aL)X dza || yfRltedniftved ¢ R
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EVSIer EVSP providers in the future as the competitive market andymts mature The overalilesign
isdepictedhere, with the maximum allowed number of ports in each major category.

The numbers and proportions of EVSE in each category eeeefullychosen to accomplish learning
202S00A0Sa FTYR 06S3aAy (G2 &dzZJR2NI 9+ | R2LIta2Yy
modestlevel Uninfluenced load jofiles for diferent EV driver typeand in different locations could be
reasonably established in the

first phase of the pilot, followed
by direct load management o
networked AC Level 2 EVSE
residential, workpce, fleet and
multiple unit dwellings MIUD)

locations? These comparisons
allow fora better understanding
of customer behaviors anc
more robust grid impact and
economic modelinginfluencing
future program designs The

proportional targets were also
informed by the literature,

showingdifferent volumes and

supporting roles that EV
charging plagin each segment.

'8 &AK26y o8 (we

t & NI YA R és>of dndrging

Charging Locations

More than 80 percent of
residential and fleet charging is
done at “home”

— “Home refueling,” charging
overnight at home for personal
vehicles and at work for fleet
vehicles

Workplace charging is on the rise
and supports electric vehicle
adoption

— Provides charge for those without
dedicated home charging

— Extends daily range

Public: Allows for mass adoption

— Relieves “range anxiety”

— BEST in destination locations or
along major highway corridors

NT X 3
Figure8: The Charging Pyramid (courtesyREP

are important inthe overallight-duty EMx S O 2 & & & éasSmicéh s 96%lzir more ofetlarging occurs

at residences, fleet locatins, and at the workplace, where EVs are parked for long periods of time and
may charge at lower power levels and at reduced costhis ispeciallyso if the charging may be
reliably and economicallshifted to offpeaktimes, maximizingoenefis for all utility customers.

Program desigralsoincorporatedthe objective of providingupport forearly EV adoption. This could
be accomplishedby addressinghe barriers of low awareness ardck of EVSE infrastructurg¢hrough
initial education & outeach efforts, dealer engagement including a referral program and residential
EVSIBfferings as well as ammercial EVSE buildoutwbrkplace, fleetand public locationsllintended

to helpform the firstsubstantialbackbone of EVSE infrastture in easten Washington.

Finally,with the backdrop of legislation passed in $tington Statein 2015 and 201%9and growing
consensus and support on a global scalspcietal purposéias been established for theduction of
greenhouse gas emissions (GGE4) is recognized that the transportation sector is the largest

4 Load management of public AC Level 2 and DC fast chargers is not feasible as EV drivers need maximum charge for dsa@éd perio
time at public locations.
5 See Washington State HB1853 (201882042 (2019), and SB5116 (201@)ps://app.leg.wa.gov/billinfo/
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contributor of GGEsnd other hazardous air pollutants, that electrification of the transportation sector
can providea highreturn on investment in reducing emissions, and that utilities muestily engaged

to play a key role in this transformation. The EVSE pilot was therefore launched as a starting point to
explore how the Company may better serve all customachieving major economic and environmental
benefitsin the longterm effort to electrify transportation partneringwith industry, customers, local
governments angbolicymakers.
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LightDuty EV Adoption and Forecasts

The chart below shows the growth in registered liglty, plugin electric passenger vehicles from 2015
to2019A Y ! gAaldl Qa aASNIBAOS (USNNRAG2NRASA Ay 21 aKAy3i:
from the Washington Department of Licensihgnd in Idaho from extrapolation of early data provided

by the Electric Power Research Institute (EPRI).

2000 Thisshows that EV adoption in
1800 - . o N . A
1600 F'gAraul Qa aSNIAOS
1400 initially lagged behind
z 00 WashingtonSate as a whole
1000 .
T a0 in 2016, a 23% annual
& 600 increase compared to the
400 StateQa 2 @PSNIff AyON
200 .
0 that year. Since then,
2019 . .
2015 2016 2017 2018 | iected) adoption has risen to a
Avista Territory: Washington 512 628 829 1171 1649 Comparable |eve| and d:s
Avista Annual % increase 23% 32% 41% 41%
Avista Territory: Idaho 72 88 116 164 231 Surpassed theState average
Washington State Total EVs 16579 21991 27858 40323 52637 to date in 2019, at 41%
Washington Annual % Increase 33% 27% 45% 31%

increase compared to 31%.

Figure9: Lightduty EV Adoption in Avista Service Territory

Although the rate of local EV

adoption is now on par with th&tatel S NI 3S> (GKS 2@0SNI ff ydzYoSN 27F
still relatively small, with lower petapita adoption. For examplaccording to Atlas EV HuBpokane
Gounty currently has 1.8 EVs per 1,000 population, compared to 11.9 in King anohty.3 for the
State’ This compares to a total of 2,900,000 automobiles serving a population of 7.5 million in
WashingtorState or 387 automobiles per 1,000 populatiri. y G SNXa 2F OSKAOf Sa |
379,000 residential electric customsan Washington and ldah@iven an estimated range of 1.5 to 1.9
vehicles per household, yieldstotal of570,000 to 720,000 light dutyehicles in the current fleetin
addition to this are an unknown number of ligitity commercial vehicles, as wa#i medium and heavy
duty vehicles that over time may transition to electric transportation.

Local sales data are not currently available, however Washirgfimie EV sales increased from 7,068 in
2017 to 12,650 in 2018, increasing in overall vehicle nmaskare from 2.5% to 4.3% of total vehicle
sales. This compares to national sales of 199,826 in 2017 to 361,307 in 2018, and 2.1% market share.

6 Washington Department of Licensing webgitéps://data.wa.gov/Transportation/Electrit/ehiclePopulatiorData/féw7-g2d2
7 Atlas EV hub websitettps://www.atlasevhub.com/materials/statev-registrationdata/

8 US @partment of Transportation, Federal Highway Administration data:
https://www.fhwa.dot.gov/policyinformation/statistics/2017/pdf/mv1.pdH.
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Recent U.S. sales data for 2019 indicate a flat to slightly negativeoyeayear change in EV sales
throughthe third quarter?

Globally, China has taken the lead with more hdhty EV sales than all other countries combined in
2018, followed by Europe, which is led by countries such as Norway where EV sales reached 46% of
vehicle market share. The chaetllbw shows forecasts for EV adoption by global regions over both the
short and long term, according to Bloomberg New Energy Finénséany industry experts predict a
dramatic increase in EV adoption in the 28X®4 timeframe, as a number of new makes anadels,

and investments in EV production capacity are brought to market.

Global short-term passenger EV adoption by region Global long-term passenger EV adoption by region
EV share of sales EV share of sales
20% 70%

esmw China > essss China

60%

15%
% wm= Europe 50%
40%

== Europe

- U.S. - US.

10%
30%

s RoW 20% s RoW

5%
e |ndia 10% e |ndia
0% =
2015 2017 2019 2021 2023 2015 2020 2025 2030 2035 2040

0%
FigurelQ: Global EV adoption by region (source Bloomberg NEF)

FASR 2y NBaAaARSYUGAFf Odzad2YSNI I LILIX A Olesiah@mbdelsT 2 NJ
is shown below. Most recently, of the 39 applications received in 2019, Nissan LEAF owners accounted
for 12 applications (30%), followed by seven Tesla Model 3 applications (17%), antotad) of 20
different EV makes and model3his inctates a continued high variety of EV sales in the local area, with
relatively strong engagement by one of the area Nissan dealerships. The percentage of Tesla participants
Ay ! @AadrQa 9+{9 LINRBIANIY omMp:0 Aa loffTésk curiliaide S Rf &
EV sales (35%), which saw a dramatic increase since the third quarter of 2018 following the launch of the
Model 3. The table below shows statistics for ASEA/SE pilot participants compared to cumulative
sales for different EV tys, makes and models at the regional and national level.

9 Atlas EV hubhttps://www.atlasevhub.com/materials/statev-registrationdata/
10Bloomberg New Energy Finandetips://about.bnef.com/electricvehicleoutlook/#toc-viewreport
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Fiat 500E Others:

M-IC—)eDSIEe:_ g % 'llz'esla Otherg 15(.)8%
11% ord Fusion: 14%
Chevy VOLT HondaClarity: 12.3%
17% Toyota Prius: 12.3%
BMW x5: 7%
Ford CMAX: 7%
Nissan LEAE Chevy BOLT Chrysler Pacifica Hybrid: 5.3%
30% 5% Audi ETron: 3.5%
Chevy Spark: 3.5%
Ford Focus: 3.5%
Hyundai Sonata: 3.5%
Other: Smart ED: 3.5%
BMW i3 25% Volkswagen EGolf: 3.5%
S% Jaguar-Pace 1.8%
n=226 Mercedes GLE 550E: 1.8%

Figurell: Avista pilot participation by EV Make and Model

Avista | Spokane |\ cioie | Us Due to uncertainty inthe large number of
EVSE pilot | Co. variables involved and thienportant dynamic
Eﬁ\év ZZZZ 222;2 2222 2222 effects between. them, it is not possible to
Tesla 1 15% 5% 33% 35% forecas.t E\&dopthnlwnh any reasonable level
GM 23% 3% 15% 17% of confidence. Thisis demon;trated b.yasurvey
Nissan | 30% 22% 4% 11% of reputable EV forecasts in the literature,
which show a wide range of outcomé&s.As

Table2: Cumulative EV sales statistics
part of an effort to model and understand the

range of possible effectsAvista workd with Energy and Environmental Economics (E3) to develop

LJX dzaAofS F2NBOlFada F2N KAIKX t2¢ FyR o6lasS Ol a
shown below. A forecast through 2036 was selected to coincide with and compare resuleptarats

E3 grid impact analysis for the Pacific Northwest regi®a whole"?

300,000
Light-Duty EV Adoption Scenarios in
Avista Service Territory

Note that these projections are for liglluty

o L 8ASY3ISN) OSKAOf Sa 2y GKS
residential customers in Washington and Idaho, out of

an assumed 600,000 vehicle fleet starting in 2018, not
including commercial lighduty, medium and heavy

duty vehicles of various applications. With assumed
2% annual growth, this fleet increases taaal of
fZEEEgiffsEzgegeggzgg 857,000 vehicles by 2036. In the high scenario, 33%

~N o

Figurel2: Light duty EV adoption scenarios

Vehicles

11 Bloomberg New Energy Finandetips://about.bnef.com/electricvehicleoutlook/#toc-viewreport
12Economic & Grid Impacts of Electric Vehicle Adoption in Washington & Oregon (2017)
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of the operational fleet are EVs by 2036, followed by 18%hé base scenario, and 5%thme low
scenario. Given that fleet turnover may be gradual due to typical vehicle service livesafrrere

years, a high percentage of EV sales especially in the later years is required to reach higher levels of
adoption®® As shown, the rate of adoption begins to decrease in the 2033 timeframe. Alternatively, if
EVs eventually dominate, then a contedisteep increase beyond 2030 could be expected rather than
GKS 0S3aAYyYyAy3d 2F GKS Oflaairod a{é¢ Odz2NBSI 66KSNEB
market.

Key factors that increase EV adoption include policy support, lower upfront purcuosse, greater

vehicle variety, availability and inventory levels, technology advances, superior operational performance
and customer experience, greater driving range, adequate charging infrastructure, and higher gasoline
prices that translate to more Edperational savings. In at least the near term, higher personal incomes
and population density are also factors with high correlation to EV ownership. Avista serves a population
with relatively lower personal incomes, and more rural geographies withrigg@pulation densities.
CKA& YI& O2yiGAydzS (G2 RIYLSY 9+ | R2LIGAZ2Y Ay GKS
reasonablarguedii K| & @A GK2dzi YINJ SG AYyGSNBSyGA2ya &dzOK
track somewherebetween thelow and base scenarios.

Although the future is uncertain, Avisti 1:00,00 Long:term, Very High Adoption Scenario for Residential, Light-
A ) Duty Electric Vehicles in Avista Service Territory

may prepare for a variety of plausibli 1500000

scenarios, with the goal to suppor 1400000
market transformation and optimize %2000
grid integration, so that benefitand , “*%®
costs are optimized for all customers
and communities served. From thi
perspgctlve, a I_on_ger term, \_/ery hig . 00
adoption scenario is also considered. §

800,000

Vehicles

600,000
400,000

- o0 O o~ PN
- ~ o~ - <
O OO0 0O O0DO0O0O0DO0DO0CO0ODO0DO0DO0O0DO0O0D0DO0OO0DO0O0 OO0 O
~N NN ~N o~ ~N

In this scenario, the transportation

sector undergoes a major transformation away from petroleum fuel over the next threadeésc
reaching 90% of EV fleet adoption by 2050. Assuming 2% annual growth of the 2018 fleet of 600,000
vehicles owned by Avista residential electric customers, by 2050 nearly 950,00@ &Y beregistered

out of 1,130,00 total vehicles. This scenasicntended to represent an upper bound of transportation
electrification in the lighiduty sector, which could occur but the likelihood of which is unknown. Of
course, a number of other factors could affect the total number of fleet vehicles and ecangymption

over several decades, including societal changes in work and living habits, and the availability of
autonomous EVs, which could greatly alter driving behaviors, vehicle ownership and total energy

13For example, assuming an averalgef turnover every 15 years ar@0,000vehicles in the fleethis equates to 40,000 new vetes|
entering the fleet each year, approximately 25,000 of which must be EVs each year by 2030 in the high adoptioncsteadeforate of
60% or more.
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consumption* Note that as before, these figusedo not include commercial lighluty, medium and

heavy duty vehicles of various applications, e.g. forklifts, parcel delivery, school and mass transit buses,
etc. Nor does it include other modes of freight and passenger movement such as rail, auwdation a
marine transportation, which may also become electrified to some degree.

14 RethinkXg Rethinking Transportationhttps://www.rethinkx.com/transportation
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Education and Outreach

As stated in theUTC Policy Statemefit,Education and Outreach is an important element of utility
support for EV adoption, in order to help addressues of low awareness aneégativeperceptionsof

EVs The Company accomplished this in a number of areas during the EVSE pilot, and continues to
provide related support resources for customers as outlined below.

Avista provides information on its dasner webpagé®to help answer FAQs related to electric vehicles,
charging needs and installations, vehicle purchase and operational cost comparison tools, web links to
other sources of helpful information, and contact information via email and phone foe rdetailed
inquiries!’ During the pilot customers could also review program information, as well as download and
electronicallysubmitapplications from the website. Incoming phone calls and email to the main service
centers are routed through customeervice representatives and appropriate staff to assist with more
detailed inquiries. This may involve email correspondence, discussions over the phone, as well as in
person meetings and consultations.

Throughout the course of the EVfilbt, Avista reeived anumber of media requests which helped raise

public awarenesgromulgating important information about the benefits of electric transportation and

' GAAGF QA LINPANI Ya (GKNRAZAK @I NR2dza YSRALF O®l yy St
bill inserts were sent to custoers once in

Business Locs/ 2017 and a second time in 201&hich also
utreac|
&% helped raise awareness. However, wafd
e At mouth referrals accounted for the majority of
27% 8%

d2dz2NOS AYTF2NXI A2y 2y |
residential customers.

Participant Referral
13%

 Caed visa In turn, residential customers were by far the

5% e et most  productive source for qualified

Wb Search commercial leads and contacts via their

- respective employers, resulting in a

Dealer Referral . .

- e 1% satisfactory level of workplace charging
Mews Radio n e“'s," i n=309 . . . .

1% e installations in the program. This had the

e o brive added benefit of providing an important

dataset for those participants with AC Level 2

Figurel3: Information Sources for Residential Applicants charging available at both home and at work,

15
p. 41
16 Avista electric transportation webpagenyavista.com/transportation
17Webpage information linkshttps://www.plugshare.comhttps://pluginamerica.org
https://qis.its.ucdavis.edu/evexplorer/#!/locations/start
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useful in drawing comparisons and caets to other participants that did not have access to either
home or workplace charging.

Since 2015, the Company supported five EV Ride & Drive events led by local volunteers, as part of
National Drive Electric WeéR. In 2018, Avista partnered with Forta nonprofit EV research and
support organizationkendall Yardprivate developmentauto dealershipsand other local volunteers,
coordinating a large EV Ride & Drive event in downtown Spokane that was well attended and received.
EV Ride & Drive evencan be very positive and help raise public awareness in an enjoyable atmosphere.
However, in terms of EVSE program participants they were the reported source of only one residential
program application, andvhile clearly beneficial it is unclean what degree theycan increase EV
adoption.

During the course of the pilot, a concerted effort was also made to engage with auto dealers, including
meetings with owners, general and sales managers, presenting at sales staff meetings, providing
informational materials for customers, and an initial offering of $100 to sales staff for each customer
referral. The referral was valued as a way to raise public awareness and participation levels in the EVSE
pilot, as well as identify residential locations of gdflV adoption. It was also hoped that by partnering

with auto dealers in this way, EV sales would benefit by mitigating customer concerns about charging,
while providing an additional sales incentite.

For the first 18 months of the pilot program, aabof 16dealerreferrals were received. The incentive
amount was increased to $200 for the remaining 18 months of the program, resulting in 22 referrals

an increased number but still well short of initial expectatiqygelding a total of $6,000 pamver three

years out of a maximum $25,000 budgeted. Speaking with dealer management and staff, as well as
2U0KSNJ adzo02S0G YIGGSNI SELSNIax Ad A& F LI NByd ¢
add value and assist the sales processythee inadequate by themselves to surmount a number of
issues. On the dealer side these include limited new and used EV inventory stock, high sales force
turnover, and higher levels of work with low initial return on investment, and on the customer side
persistent low awareness difie benefits and risk perceptions of EVs.

18 National Drive Electric Week webpadeips://driveelectricweek.org/

19 The referral process involved obtaining customer consent and sending a completed form with contact information to Awsta. Up
receipt, Avista contacted the customer and discussed the EVSE pilot, initiated the application and EVSE installatias phosessby

the customer, and mailed payment for the referral in the form of a check to the respective sales representative.
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; ; As a trusted energy advisor with
AP Pain points for EV customers AND dealers strong community and customer
ot Qb relationships, it is clear that the

m— R local utility can play an important

Sof s i role to help overcome these
i — obstacles. However it is also

e ot clear that a deeper
who dotsto s understanding of the issues and

where Lomsd sy ] effective strategies to overcome

i _— S Q_' them mu§t bg undertaken, in
g el partnership with dealers and
other stakeholders.
Figureld: EV Sales Issues (courtesy Miugmerica) Consequently, Avista has

Ly ! YSNAOI Qa

t fdzZ3adl NJ LINREAINI Y

initiated consultation with Plug

Py R

the market situation, and effective education and outreach stratedfies.

Installations of commeral AC Level 2
EVSE available for public use al

provided greater public visibility anc
awareness, especially in smaller rurg

M

towns where it was often the first sign 1
electric transportation options ano

charging availability for area residents. &

Finally, Avista continues to prese
information in a variety of forums

including community events anc h ae“w;
meetings with local government | _
industry  groups and non-profit 7
organizations, and online publi

webinars, as a way to help

rais

|

Figurels: Public EVSE installation in partnershl with the City of Colvil

/| K NBSgl &3

education & outreach in the area.

20 Seewww.chargeway.netandwww.plugstar.com
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Community and Loncome

The Company initially held a meeting in late 2017, with attending representatives from 15 local agencies
and nonprofit organizations serving loimcome and disadvantaged individuals and community groups.
Discussion topics included basic information abdti/s and charging, ideas on how electric
transportation could serve disadvantaged individuals and communities, and a request for proposals to
Avista. Six proposals were received and competitively evaluated based on cost and benefit criteria, with
the top two proposals selected for implementation from the Spokane Regional Health District (SRHD),
and Transitions for Women organizations. In both cases, the Company provided an EV and an EVSE use
for a variety of beneficial purposes including transport tdical medical services, job skills training,
shuttle services for overnight shelter, and food deliveries. Each organization secured insurance and
accepted responsibility for vehicle maintenance and operational costs.

Since implementation, both organizans were able to increase the volume of transportation services
while realizing substantial cost savings. Performance and comparisons are listed in the table below for
the one year period from June 16, 2018 through June 15, 2019.

Table3. EV use and operational cost savings for Transitions and SRHD, Juqel@0¢2019

Transitions for | Spokane Regiona
Women Health District

vehicle Mitsubishi Nissan LEA
Outlander (PHEV) | (BEV)

# trips 408 443

# total miles driven 4,592 6,576

# emiles driven 2,672 6,576

average passengers per trip 1.7 1.3

gasoline fuel $354 $0

electricity fuel $89 $219

maintenance & repairs $100 $0

insurance $1,332 $1,200

average monthly operational costs $156 $118

201819 EV operating cost peassengemile $0.24 $0.16

2017 (norEV) operating cost per passengsile $0.56 $0.89

operational cost savings 57% 82%

Additionally, the organizations reported EV educational benefits for both staff and customers using the
EVs, as they are introduceshd become accustomed to the benefits of driving and riding in EVs. This
has created stronger interest in purchasing EVs for personal and fleet use. Also in the case of Transitions
staff utilizing the PHEV, a higher percentage of electric miles drivee weealized after drivers were
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educated on the lower costs and emissions of driving electric, how to charge the vehicle after each trip,
and minimize the use of gasoline.

Avista staff hosted a followp meeting in early 2019, with attending representasvieom the Spokane
Regional Transportation Council, Spokane Transit Authority, Spokane Housing Ventures, Spokane
Neighborhood Action Partners (SNAP), and Habitat for Humanity. Discussion topics included a review of
pilot activity with Transitions and SRHEnd ideas for future programs taking into account
demographics, access, cost effectiveness, and awareness issues. Since that time, the Spokane
Transportation Collaborative has been formed, led by a volunteer steering committee and with broad
stakeholdemmembership from area government agencies and-poofits. This has come about due to
heightened awareness of the need to address transportation issues among the disadvantaged,
recognized as the most serious issue following the lack of adequate hougmgsta intends to
collaborate with this group to most effectively understand transportation issues and how they may be
addressed with future electric transportation and mobility programs supported by Awstd,in

LI NI Y SNEKA LI ¢A (K (efs.SAdditidrially,IAGss MhyiwarkvstiDdcal yo8evhiment and
non-profits outside of the Spokane area with future experiments and programs tailored to their needs
and opportunities. This may include building on the success of the pilot with SRHD antiohisabg

utilizing a similar approach with other organizations, partnering with organizations such as Envoy for car
sharing services, and other innovative programs that may be developed.

With regard to providing greater availability of public EVSE irideeme communities ashmultiple unit
dwellings this may become a more effective benefit when the EV market matures over time and more
low-income residents drive EVs. However, EVSE in these commuingtiesay beutilized by EVs on
transportation netwok company (TNC) platforms such as Uber and Lyft, could arise more quickly as a
way to provide direct or indirect benefits. The EVSE pilot has also shown that public EVSE installed in
smaller rural towns with relatively high percentages offomome popudtions such as Rosalia, Garfield,

and Palouseare broadly supported by the local community aatk felt to provide benefits in terms of

public visibility and business development as part of the regional public EVSE infrastructure, as well as
in many casethe lone public EVSE available for early EV adopters in those municipalities.
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Customer Surveys

Twodifferent online surveysvere utilized,eachtailored for residential and commercial customerthe

first to gauge experience with the installation process and EV purchase decisions immediately following
EVSE installation, and the second to solicit periodic feedback atasemal intervals, primaly related

to EV and EVSE use and satisfaction. A final set of sumasysompleted in July, 2019, following

O2y Of dzaAaz2y 2F (KS LIt 20verdllBpansiat¥svare & foljods, vitlfughi | £ € |
higher response ratefrom residentialcompared to commercial customers.

Table4: Customer survey response rates

Customer Postinstallation | SemiAnnual
Residential 47% (107 of 226 | 56% 862 of 646§
Commercial 13% (11 of 8p 35% 600of 170

General comments anduggestionswere very positive overall and encouraged more utility programs
beyond the EVSE pilot. Constructive feedbaclkuded the need for more publ@harging (especially DC
fast chargingand workplace chargingyforming and educating the public abbEVs and EVSE locatipns
and improving the reliability and user experience of networked EVSE

One notable result was the difference in residential customer satisfaction of netw&@W&iEompared

to non-networked EVSE in the quarterly survey. 98%usdtomers were satisfied with their nen
networked EVSE (either satisfied or very satisfiad)l 0% were dissatisfiedcompared to 85%
satisfactionand 6% dissatisfactiowith the networked EVSE. This was due to the more hdisde
experience of nometworked EVSE that do not have connectivity issues, occasionally resulting in
troubleshooting with the EVSP and EVSE manufacturer.

Residential Customer EVSE Satisfaction
(7/2019 quarterly survey, n=110)

0,

§ 80% 75%
S 60% 53%
7y 32%

0
& 40% 23%
‘5 20% 204 4% 9% 2% I I
% 0% — — .
% Very Dissatisfied Neutral Satisfied  Very Satisfied
o Dissatisfied

m Networked Stations ® Non-networked Stations

Figurel6: Residential Customer EVSE Satisfaction
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While all but oneresidentialcustomer was satiggd with their nonnetworked EVSEeight of these 61
customers indicated that they would like to know how much electricity their EV was uBiegtricity
consumptionmay be approximated giveihe miles driven and an estimated efficiency of 3.3 kWh/mile,
but camot be captured and reportedo the customerby a nonnetworked EVSE.

When contacted by phonell of 21 commercial customers indicated they would be interested in
installing moreEVSHEt the same or different facility locationsSurvey responsesdm employers that
installed workplace charging (Xésponse®ut of 87customers with workplace chargipglso showed a
significant increase in EV adoption at their facilities. From this sample with a tdtahvadrkplaceports

installed employees commuting with EVs increased from 31 to 63, a 203% inaearsan average.4

year period significantly higher than the averagecrease of overall EV adoptionEven with this
relatively small sample of survey responses, it suppsirtsngevidence in the literatte that workplace
charging is an effectiveatalyst for EV adoption, asdgana Y { S ZNJI&KNE 191x LJdzROK ! a S
many commuters!

Growth by Quarter of Workplace EVSEs and Employees

Commuting with EVs as Reported in Quarterly Surveys
70
60
50
40
30
20
10

2016: 2017: 2017: 2017: 2017: 2018: 2018: 2018: 2018: 2019: 2019:
Q4 Q1 Q2 Q@ Q4 Q1 Q2 Q3 Q4 Q1 Q2
mmmmm Total # EVSE Ports 7 8 11 22 24 24 34 37 39 39 43
e Total # Reported EV Employees11 12 13 16 17 28 35 37 51 51 62

Figurel7. Workplace EVSE and User Growth by Quartez@sted in Quarterly Surveys

Other highlights of the customer surveys are illustrated in the chhgsfollow.

21See USDOE workplace charging challenge documentatips;//afdc.energy.gov/fuels/electricity charging_workplace.html
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Residential Install
Overall Satisfaction with EV Charger
Application and Installation Process
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How Important were the following items
in your decision to purchase an EV?
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50%
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18% 20% o 20%) 0%
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I 9% I
10% 5% I
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What is your overall satisfactions with
your EV?
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What is the importance of DC Fast
Charging availability to you?
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Charging availability?
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Installations and Costs

EVSE installations were completed through June 30, 2019 as follows:

Max Allowed # Ports
Port Installed &
Installations In-Service
ACL2 Residential 240 206
ACL2 Workpladd-leet MUD 175 167
ACLZPublic 60 46
DC Fast Chargers (DCFC) 7 7

Table5: Overall EVSE Installations

Note that in some cases commercial AC Level 2 EVSE may be used for more than one purpose (workplace
fleet, MUD, or public). For example, an employer may have workplace charging for employees installed
in a location that is also available to the public,sbared with a fleet vehicle. However, the installed

and inservice ports listed above reflect primary use. AC Level 2 EVSE installed in residential locations
were rated between 24 and 32 amps, supplied by a 40A, 240VAC protected circuit to a staBtV&kd N

6-50 receptacle. This allowed EVSE with plug options to beweaihted nearby and plugged into the
receptacle, rather than hardvired to the circuit in the junction box. AC LeveE¥SHnstalled in
commercial locations were rated from 30A to 50Apglied by 208/240 VAC with dedicated circuit
breaker protection, and mounted either directly on building walls or on pedestals usually anchored to
small concrete pads in the ground. At DC fast charglng S|tes DCFC rated at 50kW and backup AC Level
EVSHEvere supplied by threghase, 480 VAC fro N . 000

a dedicated 225kVA transformer, service meter a
supply panel, with capacity for future expansion
an additional 150kw DCFC and dispenser u
Avista coordinated installations with two loca
electrical contactors, GEM Electric ar@blvico that
performed the work and coordinated locogs
permitting and inspections. Contracto
performance was excellent and proved to be
critical factor in meeting cost and custom
satisfaction goals.

o
o
P

Figurel8: Fleet installation

The heat maps below shaive geographic dispersion and concentrations of commercial EVSE (blue) and
residential EVSE (red), in eastern Washington and concentrated in the area surroundiageSpok
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In the Sp&ane region, commercial
EVSE are somewhat concentrated in
the downtown core, with some
dispersion to the east and north,
while residential EVSE is more
concentrated to the south. DCFC on
the north, east and west outskirts,
and in the downtown core support
longer distance travel on thed0 and
US395/195 corridors, as well as
rapid urban charging.  South of
. Spokane in the Palouse region, two
W '@ T . DCFCinstalls and multiple workplace,
Figurel9: EVSE installed in E. Washington fleet and puinC installations have
begun to enable EV driving between
Spokane Pullman and Clarkston. To
the north, Avista partnered with site
hosts to install public charging in
Deer Park and as far north as Colville.
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In order to gain operational

experierce and comparison of costs,

reliability, and customer satisfaction,

N 7 . a variety of EVSE from six different

4ot { manufacturers were utilized. This
Figure20: EVSE iﬁstalled the Spokané grea - o included both nometworked and

networked EVSE withdirect load

managementdemand response/1G) capability. Networked EVSE communications were implemented

QAL 2ACA dzaAy3a (KS OdzaG2YSNINa AYyuSNYySi oNRBIFROIY

location and site host capabilities.

The remainder of this section details EVSE insi@atla and upfront costs categorized by residential,
commercial, and DC fast charging locatioff$ie subsequent section providesdiability resultsfor the
various EVSE, as wellestimates ofongoing operationsind maintenance (O&M) costs.

ResidentiaAC Level 2 EVSE

The following chart shows the status of residential EVSE installations as of September 15, 2019, by
categories of Battery Electric Vehicle (BEV) Commuter, BEMCOlomuter, Plugn Hybrid Electric
(PHEV) Vehicle Commuter, and PHEV-Glamnuter.

Avista EVSE Pilot Final Report 29



BEV COMMUTER CE)E\:‘N[:S?ER PHEV COMMUTER SQQLNU?ER
B \Withdrew 11 14 23 ]
m Removed 9 2 8 1
W Completed 113 25 50 18

Figure2l: Residential AC Level 2 EVSE Installs by Driver Categories

At least 20 installations in each category are desired in order to attain a significant level of statistical
sampling of the overall EV population, fasth installation cost and load profile analysis. This has been
met and exceeded for both BEV and PHEV commuter categories, and marginally met for the non
commuter category. Note that in addition to 206 residential EVSE installations currently in se@vice
additional installations were completed over the course of the pilot and later removed as customers
moved to a new residence. This is expected to continue at a rate of approximately 5% each year.

Residential customers were eligible for participatiif they were an Avista electric customer in
Washington, and either owned an EV @yuld show ownership pending deliveryAfter reviewing
application information anderifying eligibility, Avista staff disceeskthe program and process with the
custome, prior to coordinating installation with a8%party contractor. Apositive customer experience

and lower operational costs weeehieved by streamlining effective communications and procegsste
reducing leadtime and minimizing customer inconvenience For exampleapplication review and
approvals for installatioim most casesccurred within one business day, aad onsitequote and EVSE
installation was completed in a singdéte visit at a time and date chosen by the customeh large
number of installations were relatively low cost, when the supply panel was located in an unfinished
garage and the EVSE could be located near the panel with a short and direct circuit run. On a few rare
occasions, existing 240V circuits andefgacles were available for use, incurringro or very minimal
premises wiring Costs.

A total of 84 out of 310 residential customers (27%) approved for installation withdrew from the

installation process for a variety of reasons. The most common re@asmue to highr cost estimates

from required supply panel upgrades, work interferences from household goods, and/or extensive
installation work involving long circuits requiring many floor and wall penetrations, disturbance and
restoration of finished iteriors, outdoor conduit, etc. In these situations, roughly 65% of customers
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opted to withdraw, while the remaining 35% chose to proceed with the installation. This required the
customer to bear a higher percentage of the premises wiring costs, abov@ &nd 2 Yy R | GA &l Q&
reimbursement of $1,000. The data shows that 17 out of 226 installations with more extensive work
averaged $2,659 total installation costs, compared to the average of $1,197 for all other instaldations
an average increase of 12 Older homes with 100A to 125A service generally required panel upgrades,
while homes built since the 1970s typically had 200A or larger service panels that did not require
upgrades to install a new 40A, 240V circuit for the EVSE. Based on convergétfioarea electricians,

an estimated 30% of residential homes in the region have older service less than 200A capacity.

Overall, residential installation costs met expectations and compare well to costs reported in other
studies, even with severgkars separation between therfr.2324

Program/Study Timeframe Installations | Average Install Cost
Avista EVSE Pilot | 2016-2019 | 226 $1,316
EV Project 2012-2013 | 4,777 $1,375
EPRI 2009-2013 | 214 $1,613
North Carolina 2011-2012 | 143 $1,098

Figure22: Comparison of Average Costs for Residential Installations (not including EVSE)

Geography is a significant cost factor. For example, the I[daho Natidnad 2 NI 4 2 NE Qa 9+ t N
2013average installation costs of $1,82BLos Angeles, $775 Atlanta, and $1,338 in Seattle.

In comparing networke -vs- non-networked EVSE installs, networked installations including the cost of
the EVSE averaged $2,427, which is 38% higher than theetaorked average of $1,775. The jordty

of the cost differential is accounted for by the EVSE itself, with networked EVSE more than double the
cost of nonnetworked EVSE. Premises wiring costs were not signiffadiffierent. Drect installation

costs for networked EVSE were slightligher, reflecting the additional work to establish EVSE
O2yySOUADAGR @A, bndtyscslydquirgiabaos toXha WiFi gigdal in the garage using

a repeater or wireless access point

Table6: Average Residenti&VSE Install Costs

Premises Direct Total Total Costs
Wiring Installation | Installation | EVSE Cost | Installation
Cost Cost Cost + EVSE

Networked (110) $946 $438 $1,384 | $1,061 | $2,445
Non-networked (113) | $1,016 | $237 $1,251 | $515 $1,766

22Brazell, M., Joffe, E., & Schurhoff R. ElectricdlleSiupply Equipment Installed Cost Analysis. Electric Power Research Institute (2013)
23 |daho National Laboratory. How do Residential Level 2 Charging Installation Cost Vary by Geographic Lecation. TheZ\ Broject
2p2NIK / FNREAYIgAY: 9 ISOUNAND S S KAtOif @ 609+0 w2k RYFLI F2NJ b2NIK / | NB
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Given the relatively early stage of the market, EVSE purchase costs may decrease somewhat over time
with market competition, product improvements amigher production volumes, while installation costs

could be expected to gradually rise with labor and enetl cost inflation.Changes to new building codes

could also result in lower lifecycle costsr future EVSEnstallations

The box plots below show the distribution of residential installation costs (not including the cost of EVSE),
when utilizingnetworked and nometworked EVSE.

Residential Networked EVSE: Premises Wiring Cost
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Commercial AC Level 2 EVSE

The following chart shows the number of commercial EVSE installations in service as of September 15,
2019, by usage categories of wolkpe, public, fleet, and MUDs.

B Withdrawn
H Completed

Typically, significant outreach and
consulting work is required to inform
and assist commercial customers to
install an AC Level 2 EVSE on their
property. Some D the concerns
include the projected cost of electricity
billing, liability risks, and potentially
adverse impacts on parking areas that
are highly utilized. In some cases,
Workplace contract negotiations and revisions to
56 57 6 7 the customer site agreement resulted
= i = =2 in siqificant legal work and delays.

Figure23: Commercial AC Level 2 EVSE Ports Installed, by Usage Catege 1 he application through installation

process for commercial customers was

very similar to the residential process, but usually involved one or more site visits and consultations
before installation. The number of ports taed at each facility was limited by estimated initial
utilization and growth, averaging 2.5 ports per site. In the case of public installations, the proximity of
amenities for drivers and geographic location was also taken into consideration in theatjop and

approval process, as well as guiding outreach efforts. For example, EVSE at urban shopping centers anc
the smaller towns throughout eastern Washington were identified as highly desirable locations, in order

to establish an effective regionagtwork of public EVSE.

Compared to residential EVSE, a higher percentage
commercial
process (39%), and no commercial EVSE have been re
after installation. Again, the most common reason
withdrawal was due to higher installatiocosts where the
maximum reimbursement of $2,000 for premises wiring [
port was reached and additional costs beyond the 5
reimbursement were borne by the customer. Prior to 201+ «

customers withdrew from the installatio

the Company was allowed to reimburse commerc

customers 80% of premas wiring costs between the mete
and the EVSE, up to a maximum of $2,000 per
connection. This was reduced to a rate of 50% for install

2018 and 2019, up to the same maximum of $2,000 per pi . _
This change did not significantly change the raté Figure24: Public EVSE installation
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withdrawals, as the $2,000 limitas the more important factorPublic installations saw the highest rate
of withdrawals at 55%, correlating with the higher costs associated midimy public installations
requiring extensive trenchwork and electrical grades For example, an installation with a very
desirable location at a large shopping nvadls withdrawn, asoncrete andasphalttrenchworkover one
hundred feetinto the parking loiand electrical upgrades the buildingresulted in an estimated cosff
more than $15,000 per EVSE porhore than double the average costather networked installations
as shown in the table below.

Premises Direct Total Total Total
# of - EVSE Avg. #
Category sites Wiring Install Install Costb Cost EVSE - Ports Cost per
Cost Cost Cost 0S Installation Port
All 86 $5,270 $3062 $8,332 $4,781 $13,113 2.5 $5,544

Networked 59 $5,703 $3,195 $8,898 $5,963 $14,861 2.5 $6,035

Non-
networked

Table7: Average Commercial EVSE Install Costs

27 $4,325 $2,771 $7,095 $2,198 $9,293 2.4 $4,472

Significant cost variations resulted from a wider variety of site conditions and installation configurations,
compared to residential installations. Networked cost per port at $6,035 were 35% greater than non
networked cost per port at $4,472Lower cos$ correspond to simpler installations avoiding service
upgrades and trench work, lower cost naoetworked EVSE, and/or a smaller number of port
connections. Conversely, higher costs are associated with multiple installed EVSE ports and networking,
required upgrades to supply panels, and/or trench work, which in many cases involved concrete and
asphalt trenching and restoration. Wall mounted EVSE of
require no trench work and reduce the length of both abo
ground and underground conduit, while pedestabunted ==
EVSE typically require trench work and relatively lon¢
conduit lengths. In order to minimize costs, where practici
the Company advised customers to utilize wall mounted E
and to minimize trenching and conduit lengths by locgtihe |
EVSE aclose as practicable the nearest power sourc
Other factors such as desired location, accessibilgs
communication signal strength, and safety concerns are
of high importance when consulting with commerci
customers on EVSE siting and configion determinations.
The Company also advised customers to install additic
conduit where feasible, to allow for inexpensive futul
expansion.

Figure25: Lowcost wall mounted EVSE in mall
parking garage

26 EVSE cost includes pedestal hardware, where applicable
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The box plots below show the distribution of costs and ports installed for networked andetarorked
commecial installations.
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The Company installed 4hargingports used primarily
for public access. buddition, some workplace, fleet and

60 39 MUD site hosts aged to open their EVSE for public use,

50 listing them on station locator servicesuch as

40 PlugShare, Google Maps and ChargewAyreview of

30 23 these locator services and tH¢SDOE Alternative Fuels

20 DataCed SNJ aK2¢ GKIFd | d2dFt 271
10 . service territory have EVSE available for public use

(J1772 connectors), 23 of which (29%) are owned and

Avista Owned Public Non-Avista Public Statio 2 LJS NJ l] S ﬁ 2 dZ['] 3 A ﬁ S 2 F I @7\ 3 L] [ Q:
Stations  Station Types '

Figure26: Avista and nofAvista EVSE stations available
Lzt AO dzaS Ay ! graail Qa

DC Fast Charger EVSE

The Company installed DCFC at sedifierent sitesin the region fom early2017 through mieR019,
with agoal of establishing the firstackbme of public DCHE@ eastern Washingtothat begins to enable
rapid charging in urban core areas and longer distalBvdrips. In consultation with VBDOTand
outreach with local EV ownerdrategic locationsvere dentified along the-B0 and US395/195 travel
corridorsand in the downtown of Spokanehe largest population centan the region Specificsites
within these areasvere then determinedbased on dteria of cost, site host partnership, easy access,
and nearby amenitie¥’ Two of the sites are positioned east and west of Spokeaie 2 dziin #hé A NI &
90 corridor, one north of Spokane on-4395, and twato the south on USL95in Rosalia and Pullman.
Future DCFC installations may extend both @eestt along 4990 eventually linking Idaho to western
Washington, and norttsouth along US95/195 linking Canada to southeast Washington and Oregon,
along with adequate buildout in udm areas proportioal to localized EV adoption

27C2NJ 5/ C/ &aAlAy3a o0Sai LINIYOGAOSaz aSS gExkpOASRAgErit@ib d 9 9f SOUNROQA
https://www.pge.com/pge_global/common/pdfs/abodbge/environment/whatwe-are-doing/electricprograminvestment
charge/EPI€.25.pdf
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Avista adopted a standar@®@CFC site
design that included an operational
50kW DCFC with both CCSda
CHAdeMO connectors, and a dyalrt
AC Level 2 EVSE a backup. The
installations required adequate
property easements and/or site
agreements for future expansion,
supplied by threegphase, 480 VAC from
a dedicated 225kVA transformer,
: service meter andsupply panel, and
‘ iy T G conduits with capacity for loweost
4 gt future expansion of an additional
150kW DCFC and dispenser units.

... The Company has foungublic DCFC
~ installations to pose a number of
challenges requiring extra attention

-@ compared to public AC LeveP

installatons. Most notable of these
Figure27: DCFCites in eastern Washington, September 2Qd@urtesy Plugshare wasthe site vaUiSition pI‘OCGSSVhiCh

did not significantly impact direct costs
but required substantialeffort and caused extended delaysMuch of this was similar to AC Level 2
installations in terms of overcomg & A (1 S uiKf@niliarisy @Qnd perceived risksf various issugs
multiplied by the added concern of committing to loteym obligations in the form of property
easements and access agreements.

Lead times for DCFC site design, equipment procurementanstruction were generally under two
months, while site acquisition including contracts and property easements typically took six months or
longer to complete. Three of the seven DCFC sites were constructed on private property with relatively
shorter sie acquisition lead times, and no payments required for access easements. The remaining four
were constructed on public property, in collaboration with local government and transit agencies.
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Figure28: exampleDCFGtandardsite design

DCFC costs averaged $128,084 per site.

FUTURE

UTURE FUTURE |
~ e | Dl | pawave | PARRNG
=
BRIDGE LANE

availability of negby three phasepower and _::{_ " e—
minimized construction disturbancesuch as B
asphalt and concrete teasut and restoration %%

are the most importat factors in reducing
costs. ©st comporents for DCFC sites wer

distributed as follows:

Table8: DCFC average cost categories

Construction Labor & Material:

49%

Utility Labor & Materials

19%

EVSE

25%

Project Management

3%

Engineering & Design

3%

Site acquisition

2%

Avista EVSE Pilot Final Report
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Reliability and O&M Costs

EVSE reliability is critical to customer satisfaction and EV adoption, especitily early stages of
marketdevelopmentwhere relatively few EVSE may be available. Particularly for DC fast charging sites,
EV driversnay be travelling longer distances and depend upon them to provide a charge when needed,
or face long trip delaysin addition, e frequency, type and severity of problem occurrences, and lead
times to correct them directly influence operations and ntamance (O&M) expenses. Specific
knowledge and operational capabilities are required to maintain EVSE reliability at satisfactory levels
while minimizing O&M expenses. Heeinclude prompt and effective problem notifications, response
and repair lead tiras with both remote and onsite technician resources, optimized spare parts
inventories, etc.

The following table shows the percent uptime categorized by the type and number of deployed EVSE
ports, as tracked from October 282018 through September 18029. dUptimee is defined ashe

percent of time thatthe EVSE isable 4 @A RS | OKI NBHSZ | a4 2LJI1}RaSR (2
the EVSE is iafaulted conditionand unable to provide a charge. These faulted conditions include a
number of possiblsoftware and hardware or physical problems with the EVSE itself, as well as possible
network issues in the case of networked EVSE.

Non-

Networked Overall -
networked WiFi Cellular % %
EVSE Type port; J ports / % connections | connections | networked online
% uptime | : uptime
% uptime
. . 92 114
0 0 0
Residential L2 989% 99.9% 99% 92 0 45% 66%
84 43
0 0 0
Workplace L2 28% 100% 85% 11 26 66% 86%
10 12
0 0
Fleet L2 83% 99 3% 92% 1 5 45% 85%
MUD L2 10 8 82% 2 4 56% 76%
68% 100% ° ° °
Public L2 37 9 82% 1 24 80% 86%
78% 100% ° ° °
Public DCFC 8;% - 87% 0 7 100% 87%
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Note that networked EVSE in residential locations were able to maintain a high uptime of 98%, despite
being online with the network only 66% of th@me due to issues maintainingoanectivity via
homeowner WiFEiwhichwere isolated to the EVSEhis is because theetworked residentiaEVSE were
programmed to initiate a charge upon physical connection to the vehicle regardless of network
connectivity, rather than requiring user authentication via smartphone @pRHFD card, as was the case

for EVSE located outside the home. This was possiblesidential EVS&s the user was known and
captured by default in the dataset for home charging, and no payment transaction was needed to initiate
a charge. Other networkecbmmercial AC Level 2 performed&®bo to 8% uptme, and DCFC 87%.
Non-networked EVSE were highly reliable in all respects, at 99% uptigreater across all locations.

While many customer ratings oRlugshare.comare positive for EVSREoth on and outsideAvstaQ a
network in the region, negative ratings and comments indicating the customer was unable to get a
charge or was dterwise inconvenienced ammon, rather than the rare exception. Whitelustry
standards have not been well established for uptipgeformance of AC Level 2 EVSifhsultation with

EV drivers indicate thabigh uptime per site locationand fast problem resolutiorare necessary to
achievecustomer satisfactiomand support EV gmeth in the mainstream market segmeqiperhaps95%

or greater, especially for DCFC sité&is is because the EV fueling experience must meet or exceed the
fueling experience of gasoline vehicles that customers are accustomed to. Consider from personal
experienceupon arriving at a gas station, how oftérel is uravailable at any of the gas pumgsndif

that were to occur, how likely it would be to quickly arrive at anotheearby gas statiorwith fuel
availability The state of EVSE uptime in tBB%range( particularly at sites where there is no EVSE
redundancy¢ must be dramatically improved to meet or exceed this standafdhwus far, only non
networked EVSE have demonstrated this level of performance outside the home.

Problem Tracking and O&M Expenses

Determining the priority of problem resolution depends upon

Table9: Prioritization matrix for EVSE issues

Problem . ) ) ) } ) s
severity | Citera the severity of the issues involved, which may include station
Urgent DCFC or highse L2 EVSE, 1| type, redundancy or backup in theémmediate vicinity,

site redundancy, safety issue | ytilization, and public visibility. Based on these factor&vista
High ||i_|rlr?i':1e dﬂsgﬁnézr::;e location  yevelopeda matrix to help categorize and prioritize issues,
\odiom | LOWer use  adequate| establish goals inclluding corregtive .Iead times, and effi_ciently

redundancy deploy resources in partnership with the EVSP, equipment
Low Safely functional, minor issue | Manufacturers and lcal electrical techniciansSafety issues and

EVSE that aranable to provide a charge fall into the Urgent,
High or Medium categories, while EVSE that have minor issues
but can sill safely provide a chargall in the Low category.

Starting in the falbf 2018, Avista staff recorded problems that could not be immediately or remotely
resolved,tracking detail§rom the initial time ofnotification throughthe full resolutionprocess The
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table below summarizes these issues according to problem sevieGtydingissues at botrDCFC and
AC Level 2 installation sites.

Problem # of Annual rate of Mean time to | Average cost

severity occurrences oceurrences repair (days) to repair
per port

Urgent 24 0.2 15 $214

High 45 0.4 18 $481

Medium 39 0.3 48 $553

Low 12 0.1 104 $224

Tablel0: Problems trackeftom October 28, 2018 through September 18, 2019

Problem notifications were received by the EVSP, email or phone rcatissfte hosts and EV drivers,
periodic onsite inspections antesting, as well as online monitoring of sources such as PlugSbare
and a locaEVSE Facebook grouim. additionto these recorded occurrees, approximately five issues
per week for networked EVSE are riegal by power cycling the unisifnilar to relmoting a computey,
and an unknown nonber of otherminor problems and resolutions may occur without notification
Avista?® Note that iepair costdisted aboveare inclusive of both warranty and namarranty labor and
material costs, whether direct or direct in resolving the problerff. This results in an annual cost of
$435 per portoverallfor unplanned problem resolutions Qut of 120 recorded problems,0l were
attributed to sites with networked ACL&ix to nornetworked ACL2and 19to DCFC Thudar, most of
these problems were patrtially if not entirely covered under warraniany alsaappear to be issues
related to new technology and systems that may be eliminateer timeg as EVSE and netwaskrvice
guality matures and improvesAs there iimited EVSRerformance history, it is wertainhow problem
typesand occurrence frequenayay change as the equipmeages. Considering the experience gained
thus farand consulting with industry experts on problem types, frequency exjgectedcost, the
following table reflects best estimatesof annual O&M costper port. This includes maintenance of
various EVS&nd siteover thar assumed 1§ear service life, assumimgoderate to high utilization and
some product improvements and scalingiffncies as the market maturé$.

Tablell: Annual O&M costs per port, not including electric billing

DCFC Commercial CommerciaNon- Residential ResidentialNon-
Networked ACL2 Networked ACL2 Networked ACL2 Networked ACL2
Network support &
o 250 250 0 250 0
communications $ $ $ $ $

28 Annual inspections and testing are recommedder each EVSE site, to help uncover unreported problems with the EVSE and site
conditions

29 Technician labor time oaite, travel costs, and equipment or component purchases are examples of direct costs, while office staff time
on the phone to help dis@s and resolve a problem is an example of indirect cost.

30 Not inclusive oBpares inventory costs aradectric meter billing, net of any user fees applied by the site host.
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;Igi?lrt]s:ance $400 $0 $0 $0 $0
tjnrc])?l?vnz:rf;jnrti;) A $500 $100 $35 $70 $5
rostoraton 850 350 $0 $50 30
Tests & inspection $200 $100 $50 $0 $0
;i;?ntenincéicces $150 $100 $100 30 $0
Total $1,59 $600 $185 $370 $5

In additionto these O&M expenseghe table below lists average electusage andmeter billingfor
utility energy chargeby EVSEype, as derived frommecentEVSP data.

Tablel2: Average electricitysage andilling by EVSE type, per pévtarch 2019 May 2019)

Ener Monthl

EVSE type KWh per Mont.hly Monthly billing rgiléz energ))//
session sessions kWh .

per kWh billing
Residential ACL2 7.6 20.8 158.0 $0.090 $14.20
Workplace ACL2 8.8 16.6 145.9 $0.105 $15.0
Fleet ACL2 12.2 17.4 212.6 $0.105 $22.90
Public ACL2 9.4 9.6 90.4 $0.105 $9.50
MUD ACL2 9.1 0.7 6.4 $0.105 $ 0.70
DCFC 13.6 9.8 131.1 $0.105 $13.890

No basic charge is included in these figures, as residential and commercial ACL2 EVSE are supplied b
existing meters and panels, and no offsets are included here for commercial ACL2 and DCFC that may
collect user fees.If separately metered, a basic clgarof $20 per month would apply to commercial
customers. In additiorsome demand chargemaybe expectedor larger commercial ACL2 installations

31 Site and access maintenance activities such as snow plowing and trash removal may already be in place and are not additissarily
with the installation of the EVSE

32 Based on current Avista rate schedules 001 for residential service and 011 foecoiairgeneral service. Does not include basic charge,
tiered energy charges (which may apply when added to other building loads), or demand charges for schedule 011.
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with higher utilization whendemandfrom all metered loads at a given facility riabove the 20kW
threshod established in Schedule 011

DCFC sites aeqjuipped withdedicatedservice andneters that supply botta 50kw DCFC and a dual
port ACL2 Review of 107 monthly meter bills f&/CFC results the following minimum anegnaximum
total bills for all sites since commissioning from January 2017 through June @&@d @ore recent
average monthly billingfom January through June of 2019

Tablel3: DCFC monthly meter billingll sites (Jan 201¢June 2019)

effective
kWh erergy kW peak basic energy demand total bil % demand| energy
consumption| demand charge charge charge charge | charge per
kwWh
min 80 0 $18 $ 929 $ O $ 27.29 0% $0.34
max 1058 66.2 $20 $126.35| $300.04 | $446.39 67% $0.42
avg 473.9 43.6 $20 $ 56.81| $161.84| $238.65 64% $0.63

Note the % demand charge of the total bill, and tlifeetive energy charge per kWhich is determined

by dividing the total bill by the kWh energy consumptioflthough the average 64% demand charge
coincides with &0.63/kWh effective energy charge, in one month a DCFC site saw only a few DCFC
sessiongesulting in low energy consumptioB6% demand charges out of the total bill of $224, and an
effective energy charge of $1.87/kWhis shows that in cases of lowdilization acompetitive user

fee of $0.35/kWh cannot recover electric billing costs, let alone other O&M expenses estimated at
$1,550 per year to maintain servicand installégion capital averaging over $1Z®0 per DCFC site.
Under current commercialatesand average DCFC charging sessions at 13.6 kWh and $5.05 user fee
revenue,breakeven with electric billing occurs at 55 charge sessions per manthat 91 sessions per
month to cover both billing and oth€d&M expenses. This erthigher than eve the most utilized DCFC

in the networkat Kendall Yards, now averaging 27 charges per mofiese results highlight the need

to consider alternative utility rate schedules to support DCFC operated by Avista anccothemers

as DCFC are acriticavcb2 Yy Sy i 2 F G KS 2 @S bskehtiaforGsustiihet BVAagoptior J& NJ
and market transformation.

Analysis of Problem Types and Solutions

As stated earlier e rate ofnon-networkedEVSE problems was dramatically less than networked EVSE,
with simpler desiga allowing for fasterrepairs and lessexternal support. Electronic components,
network communicationand software integration issues networked EVSHegquire more technical
training and/or assistance from EVSE manufacturers and EVi8ies, remotely or onge in more
problematic casesFurther analysis of tracked issues shows tladtvgare integraton and component
failures were the most common, followed byemote stat integration issues. These three types
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represented 77% of all traked isses, with 76 of the 78 problems in these categories/olving
networked EVSE.

EVSE Issues Tracked

0 0
45% 39% 100%

90%
80%
70%
60%
50%
40%
30%
6% 20%

H =
0%

SW integration Component  MFG / design Accident / Remote start
failure failure vandalism integration

40%
35%
30%
25%
20%
15%
10%

5%

0%

Percentage of issues
Cumulative %

mmm Percentage of Problems —=@=Cumulative Percentage

Figure29. EVSHssues Tracked

A fewproblemsinvolveddefective manufacturing and desigrpreventable with improved production
methods and pocesses. Examples includeimproper seating of electronics connectors, insecure
compression sleeve fittings for charging cables, or outsourced subcomponents that do not meet required
working tolerances.

e R 5 An example of an avoidable manufacturing issue, and
" ~ &% how it can createadditional problems, is found in the
case of a J1772 connectolAs shown, the distance
from the backplate to the latch inner surfacis within
tolerance and will properly connect with a vehicle or
EVSE holster. A very small reduction in this required
distance however, prevents the connector from fully
clipping into the EV connector pins when plugged in
and does notllow a charge to initiaté3 Additionally
GKSY GKS O02yySOil2NJ A4 Aya:
connector holster, the retainer latch will not fully clip
in and the user may applyextra forcecausing it to
fracture or to damage the connectorrnd on the EV
itself. This is a good example of product defects that
are expected to be resolved and eliminated with

Back plateto-latch
distance within tolerance
e T &

|gre3. Examle J177@nnector platei-latch tolerance

33 SAE 1772 standard availablendips://www.sae.org/standards/content/j1772 201001/
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improved manufacturing and best practices in the field

Accidents and vandalism causing physical dam
were infrequent, but did occur oa few occasions.
Examples include cut connector cables, damag
user interfacescreens, and in one case a tour b
backing into the EVSE, narrowly missing
protective bollard. Vandalism occurred at thre
different sites, all open to the public and nc
activiely monitored.  Vandalism is somewh;
dependent on location and site conditions and m;
be difficult to prevent, although video monitorin¢
with some warning signageanhelp miigate risk.

Effective problem resolution, root cause analys
and systenatic improvement for prevention” e sl \t:‘"
requires full engagement and coordinatio ;
between the manufacturer, EVSP and netwo*®
manager.

In terms of problem resolutions, power cyclin
addressedB3%of the total tracked issuehowever |
on many occasions problems resurfaced ajl
multiple power cycles wergequired, and in 35% ol

casesanothersolutionwas needed tgermanently o sl £ o 207 R
. Figure31l. EVSE damage from a vehicle impact
resolvethe isse.

22% of solutions involved component repair or replacement, aBeofull EVSEeplacement In one
example,a DCF®ad persistent connectivity issues thaere temporarily resolved by power cycling,
whichwould resurface within a few daysNorkingwith the manufacturer and EVSP ovsultiple site
visits the EVSE washecked for properly seated connections, acceptable cellular signal stresngih
excessive EMF interferencélltimately, a faulty modem was identified as threot cause of the issue
and,once replacedpermanentlyresolved the issue.
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Problem Resolution

35% 33% 90%
30% — 80%
S5 70% <
60% o
20% 50%
15% 13% — 403/0 e
10% 8% 30% 3
20%
H m -
0% 0%

Power cycle Component EVSE replacementConfiguration update Software update
replacement / repair

mmm Percentage of Problems —=@= Cumulative Percentage

Figure32. Avista network tracked issues resolution

Configuration and software updates accounted for 18% of solutions and asex@mplished remotely
with some exceptionsGiven the experience of EVSE issues and resolutions over the course of the EVSE
pilot, the overall impression is that some of the physical issues relevant to all EVSE, and most of the
problems relevant to only networked EVSE are preventghbdéed may be @minated with improved
production, integration, and remote monitoring capabilities of EVSP and EVSE industry partners.

Problems with connectivity did not affeaptime in residential installationdout were commonin both
residential and commercial EVStstallations, makingdata collection and analysisore difficult
Internet broadband connections, WiFi, and cellular communications peitiodically fluctuate in
availablespeed and signal strength due to interferences and other factbladware and sibware of
networked EVSE must bebustly designed and s#ed to accommodate these conditiomsthin specific

limits that are known and verified prior to EVSE installation. In the case of residential and some
commercial installations, this required a bods the WiFi signal in the garage using a repeater or
wireless access point. In the case of commercial installations utilizing cellular communications, signal
strength was verified prior to EVSE installation. Even so, cellular communicatoes frequent
problem due to internal modem issues and fluctuating signal strength.
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Another way of categorizing reliability
Public Networked Station Reliability problems with networked EVSE is in terms
of (1) EVSHb-server communications
iIssues, and (2) local issues related to EVSE
physical, hardware and software

8%

Available .
: problems, which may be undetectable by
remote EVSP monitoring.
m Network o
Connectivity Faulty modem communications that
Issues render the EVSE offline with the EVSP

and/or manufactiNB NI & & SNIIS NJ
software bugs in smartphone apps that
affect uptimeare examples of the former,
while internal breaker trips, control unit
Figure33. Public networked EVSE availability malfunctions, and physical damage are
examples of the latter. (pen source
communication protocols such as OCPRhwvadequate integration and testing between the EVSE
manufacturer and the EVSBan enable detection of many if not all physical, hardware and software
issues. This is especially important for public EVSE, which over the course of 18,785 days ineservice w
unavailable 3,476 days due to network connectivity issues and 1,441 days due to undetectable local
issuesyesulting in an uptime of8%.

As EVSP remote monitoring and notificatialwsnot occur for undetectable local issues, site hosts and
EVSE ownoperators will instead receive problem notifications from customers through a variety of
communication channels, often with signifi¢atelays from the time thathe problemsurfaces In order

to maximize uptime and a positive customer experience, ocoiaus improvemengeffort is essentiako
identify and eliminate root causes)cluding an effort to increase the number @motely detectable
issues Site hosts and owner/operators should coordinate EVSE inspection and testing at appropriate
frequency to identify undetectable problems, particularly for more underutilized EVSE. Finally,
coordinated staffing and standard processes must contishyowork to minimizeorrectivelead times,

from problem occurrence through notification, response, and finabhgson.
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Utilization, Load Profiles & Data Analysis

Data analysis begins with a radatasetof 64,574 charging sessions logged by networked EMSE f
January 12017 through May 24, 2019 Of the 64,54 sessios, 11,218 were removediue to data
anomalies. The remaining 53,356 sessions werdized for analysis of user and location load profiles
acrossnetworked residential, workplace, public, fledlUD and DCF€&ites High confidence in the
accuracyand validityof the dataset provided by the EVSRasestablished by close comparisanth a
sample of identical charging sessions captured separatelyebicle telematics devices, as detailed in
Appendix B.

Residential stations loggetie most charge sessions with%8of the total Workplace cara in second

at 168%, followed by public and fleet &% and % respectively.A smaller number of MUD installations
were completed with relatively low utilization, resulting in 0.3% of the dataset. 90% of public charging
sessions occurredt public L2, with 10% at DCFC.

0.26%  4.00%

90.07%

Station Type
M Fleet

Workplace
M Public Public Station Charging:
M Ac 2 Public Charging

DCFC Public Charging

¥ Single Family
B Multi Unit Dwelling

Figure34. Percent of Charge Sessions by Station Type

OverallLoad Profile

Residential charging comprised the majority of demand, except between the hours of 7am to 10:30am,
where workplacecharging was the largest source of demand and accounted for 48% to 53% of total
energy consumption across networked EVSE. Combined energy consumption for all station categories
peaked during the 5pm to 6pm hour, with residential L2 accounting for 76%ectfotal at that time.
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See Appendix E for values of hdayrhour energy consumption in the various categories. The chart
below shows average charging over nearly 2.5 yehEVSE installations and utilizatioNote that this

differs from the current site of the network as a proportionately higher number of networked
residential EVSE were installed in the earlier phases of the pilot program, with more worK[@ate,

public L2 and DCFC installed in later phases. In addition,isas@iraciegxist n use categorization as

EVSE primarily used for one type of charging are on occasion used for atygerFor example, a

OKI NBAY 3 &adFGA2yY LINAYIFNARE& dzzaSR F2NJ alLlzt AOe (
STTSOGADSt & dza Sringletc. The Avisth dafa lal§dSides rdKiclude any L1 charging,
which is currently used by some EV drivers in the larger population for residential charging, and to a
lesser extent in othetypes of use

Average Daily Energy Consumption Across Avista EVSE Network,
20172019

110
100
90
80
70
60
50
40
30
20
10
0

kWh

12A1A 2A 3A 4A5A 6A 7A 8A 9A10A11A12P1P 2P 3P 4P 5P 6P 7P 8P 9P 10P11P
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m Public L2: 37 Ports m Workplace L2: 84 Ports Fleet L2: 10 Ports
H Public DCFC: 6 Ports B Residential L2: 92 Ports MUD L2: 10 Ports

Figure3s. AverageR I Af @ Sy SNHe& O2yadzylliAzy | ONR&aa ! gradlqQa ySig2N] SR adl

Comparison with E3 Modeling

I SN 3S RIFIAf & StESOUNROAGE O2yadzyYLiAzy FNRBY | QA3
by Energy + Environmental Economics f&B),terms of the overalshape and composition of EV load
FNRY RAFTFSNBYyG dzasS OF(iS3a2NARSa® 900Qa f2IR LINRT

34Economic & Grid Impacts of Electric Vehicle Adoption in Washington & Orieg(017)
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regional utilities serving the Pacific Northwest region. These inputs included empirical data as well as
load profile pojections based on adoption rates, vehicle types, energy rates and a variety of other factors
OKFG LINPRdAzOSR GKS wnun . FaS /1a8S Ay GKS FA3IdzNEF
LINE JARSE a2YS 3ASYySNIt O2yFRRSYOSYyRy! 24K QKSRDBI
2dzi a!5 FYyR FfSSG RFEGF FNRY ! @AaGlQa ySig2N] I 3
by residential charging, with roughly 90% of peak load from residential L1 and L2 occurring between 6pm
and 10pm,compared to 82% of peak load from residential L2 in the Avista network from 5pm to 8pm.
CAdZNIKSNIX¥2NBZ 90Qa Y2NYAy3a g2NJ LI FOS Y2RSt aK2g:¢
SYSNH& dzal 3S FTNRBY ¢2NJ L} I OS OKI NBhowed 3 peakfdiviedn | O A
7am and 10:30 am, accounting for 48% of total energy udagsote that between the two charts,

' GA&AGF QA RFEGEF A& aK2gy 6AGK Yy GK2dzZNJ 6SIAYYAYy TS
convention

Figure36: E3 Pacific Northwestodeled EV energy consumption in 2020 (E3)

Energy Consumption Across a Single Weekday Attributable to Personal Light-duty PEV Adoption, By
Charging Level and Location, OR+WA Base Case, 2020
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occurring later in the evening and has significantly more residential chaogiogrring later in the
SPSYAYy3a IyR SIENI& Y2NYyAy3a GAYSTFNIYSEI O2YLI NBR
charge sessions starting later in the day, and wetaverall rate of L2 charging as wellldscharging,

which results in longer cinge sessionkastinginto the early morning hours.

AC Level EVSE Chargiigession Characteristics

Analysis of connection times f&VSHEypes revealed that fleet andesidentialEVSHEave the longest
connection time with an average ofl6 hours and Q@ hours respectively, and with largamanges.

35 See Appendix E for tables of hourly energygasand distribution comparisons
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Remaining EVSEypes showed substantially shorter connection &maveragingbelow 5 hours and
narrowerranges.

Connection Time WyVSHYype

Fleet hl _—O—ﬁ L ] Rl
Public *Ib e - om @000 LA
Single Family h I *
Jorkplace # I% ® © 00 oW coaED W0 -
0 5 10 1s 20 25 30 35 55 &0 &5 70

Connection Time in Hours
Figure37. EVSE Connection Time by iStalype

Session charging times revealed close averdgween the differentEVSHEypes, at approximately.6
hours per session, arglmilar ranges from roughly 118®ursto 1.7 hours for the majority of sessions
other than the MUD categomnywhich had anuch smaller number of recorded sessions
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Session Charge Time BYSHype
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Figure38: Charging Time by EVE§pe

Session energy usageatsovery similar across different EV&Eegories.
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Figure39. Session Energy by Station Type
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Residential AC Level 2 EVSE

Below isa visualization ofwo different EV charging sessigrtgpical of session data coinciding with EV
drivers that routinely arrive home in the afternoon or early evening, and initiate a charge.

Individual Charging Session Examples

By >
2, 0\7\7 "e yo, ., y\y % d?;] \9.90 JO;? z\,@oz%oe.ooe f’o&o 6‘.70 ‘&0 53.00 . {,90
w/@‘%%%%%%% W, N %, “©
Hour Beginning
=@=Driver 1 ==@==Driver 2

Figure40. Example of individual residenti&Y/charging sessions

In these charging sessis, thecharge rate of the vehicle rapidly ramps up to the maximum allowed by
0KS 9+Qa&a NSiothisiciskad\thargés far tte 2 hduasthis levelwith a rampdown period

of 45 to 60 minutes when the battery approaches a state of fuliggnaNVhen taken together with other
coincident loads in a given neighborhood, a total load on the local distribution transfofeeelersand
substationmay be determined.

An average daily load profile for an EV may be determined by combining all charging sessions such as
the ones illustrated abovelividedby the number ofoperatingdaysover a given period of timeWhen

the average load profile is multiplied by the total nber of EVs in a given service area, the total
expected energy on a per hour basis is determined for the system, which is important to understand
from a generation capacity or power supply perspectifée average load profilexcludes many days
where no darging occursandEV drivers have different charging habits that vary daily by location, time
and amount of energy consumed. Combining all charging sessithis way results in anggregated,
average daily profilper EV. Using the same proceduoad profiles may be specified for different types

of EVs and usage, as well as by location tyypete that care must be taken to properly account for any
days were the EVSE was offline and no data was transmitted. These days must be removed from
consideation rather than assumed that no charging occurred.
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Residential EVSE Daily Profile

Daily Residential EV Profile
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Figure4l. Residential EV aggregate load profile

Theload profileaboveincludes both weekday and weekend charging sessiwitls an afternoon peak
reachingan average 00.78 kW per EVbetween 5pm and 6pm, coinciding with a large number of drivers
arriving home in late afternoon and early evening. Demaogsto 0.36 kW by 10pnon weekdaysnd
continues to decline to 02kW by 1am, untibeginning to rise again near 8anWeekends have less
consumption overall and a more gradual rise to a lower peak value of 0.42 kW at 6pm.

Trip distancesdriving patternsdestinationarrival times and charge initiatiothe distribution of ehicle
types,use of workplace and public charging, EVSE and rectifier ratingbattedy size in the overall
EV population all have an effect on dddgd profiles.

Comparison tolie EV Project Residential Data

The 2015EV Projec{EVP)s the most extensivstudy of lightduty EVs published to date, analyzing
charging patterns from thousands of drivers over a ryatr period®® An aggregated profile from
Washington State residential weekday charging was adjusted for the 658 EVSEs in the EVP Washington
network usingQ4 2013 data Washington EVP drivers consisted of 82% Nissan hedf48%Chevy

Volts.
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In the chart below, the EVP load profilecempared to AvistQ &eekday residential profile. While the
f2FR LINPTFAES &KLl LISa pediSdunigihy Apm to 8@ houkre hairdateidan LINE T
I GAAGF Qa LINE F A fakwaksXdo lower thah KSEpRal by 3 2at 0.29&Wcompared

to 0.91 KW Average weekday energy consumption for Avista residential customers was also lower, at
6.9 kWhcompared toaveraged +t R BdhgtiSphdiaR8.6 kWhe a difference of 17 kWh, or 20%.

Comparison of EV Project's Washington State and Avista's EV
Residential Weekday Profiles, kW vs time per EV
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Figure42. Comparison of Avista and the Pxbject's Weekday Profiles

Many factors may affect the profileshoweverdriving patternsand rectifier capacitynay be the most
important in explaining thelifferencesin consumption and load shajeetween the two curves While
both datasetsoriginatedfrom cugomers in Washington State, EVP driverexe exclusivelyn western
Washingtong KA £ S | @A & U lrEwkere ihJabt@niwashimgitan.2 DoWer miles driven each day
could account fothe lower energy consumption in the Avista profile, as Avistarauters average@1
milesroundtrip compared td®7.4 milesfor EVPNashingtoncommuters With a difference 06.4 miles
per round trip commute and assuming fuel efficiency of 3.35 miles per kwWh, on awsagiengton EVP
commuterswould use an additionall.9 kwh coniJ- NB R (i 2EV doriuéers, - whidh closely
approximates the observed 1.8 kWh difference between the two profiksiso theEVP peak occurs a
little later in the evening and load i®ticeablyshifted to the later evening and early morning hours.
This could be due to later arrivals in the evening for the overall EVP population, as lseleag&VSE
output andolder EVswith smaller rectifier ratings, such that charging sessions take longeorplete.

Overall, the similarities between the two datasets lend credibilitythe studies while observed
differences highlight the value of more detailed informatithrat can apply to unique utility service
territoriesand systemg even within the see stateg that will changeo some degreas EVs and driving
behaviors evolve.
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Residential Driver Type Usage

Average weekday energpnsumptions highest for BEshd PHEXYommuters at over A4.kWh, followed
by PHEMVand BE\hon-commuters at5.5 kWh and4.5 kWh, respectively. Daily energgnsumptionin
all categories is lowawn the weekend compared tweekdays as seen in the chart below.

Residential EVSE Load Profiles
8.0 Nsessions™ 36,279

o Ngays= 40,624
6.0
5.0
ey
= 4.0
X
3.0
2.0
1.0
0.0
BEV Commuter BEV Non-Commuter PHEV Commuter PHEV Non-Commuter
m Weekday
m Weekend 6.0 3.6 6.1 4.5

m Weekday mWeekend

Figure43. Average daily residential energy consumption by driver type

Detailed load profiles for each driver type are shown in the figures that folM#ithin each category,
the weekday and weekend load profiles tend to be similar duringe#ik hours, and then diverge during
peak times in the afternoons and evenindd=Vcommuters have the highest peak weekdimand of
0.9kW, occurring during the pm hour. With BEV commuters, weekend demand is lower and steadily
increases throughout the day, peaking at 0.4 kW at 6 @ther profiles have lower weekend peaks and
flatter afternoon demand. Both BEV and PHEV-ecammuters have sharp increases in both weekday
and weekend power demand occurring earlier in the afternoon than commuf@rs.data shows that
commuter charging behavior is more noticeably different between theekday and weekend,
compared tonon-commuters BEVhon-commuter power demand is also the lowektring the weeklay

of the different driver types, at 0.3 KWBEV norcommuters were also the only driver type to have
higher average weekend peak demand tlmnthe weekday. This could be influenced by the fact that
most ofthe BEV nortommuters were retirees, charged less frequently than other driver types and had
the fewest networked stations of all groups.
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Daily Residential BEV Commuter Profile
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Figure44. ResidentiaBEV commuter aggregate load profile

Daily Residential BEV N@ommuter Profile

0.40

0.35 Ngays= 3,312
nsessions= 1’411

r"drivers =7

0.30
0.25

kw

0.20
0.15
0.10
0.05
0.00 12A 1A 2A 3A 4A 5A 6A 7A B8A 9A 10A 11A 12P 1P 2P 3P 4P 5P 6P 7P 8P 9P 10P 11P

=== \\eekday 0.1 0.08 0.06 0.06/0.05 0.05 0.05 0.08/0.11 0.14 0.26 0.27 0.28 0.29 0.28 0.28 0.3 0.27 0.26/0.27 0.28 0.27 0.21 0.15
e \\/eekend 0.06 0.06 0.05 0.03/0.02 0.01 0.02 0.03/0.07 0.15 0.19 0.28 0.27 0.3 0.34 0.29 0.23 0.25 0.21/0.19 0.17 0.14 0.12 0.09

Hour Beginning

—\Neekday Weekend

Figure45. Residential BEV namommuter aggregate load profile

Avista EVSE Pilot Final Report



Daily Residential PHEV Commuter Profile
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Figure46. Residential PHEV commuter aggregate load profile

Daily Residential PHEV NGommuter Profile
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Figure47. Residential PHEV nacommuter aggregate load profile
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Residential Long Range BEV (LRBEV) Daily Profile

BEVs with larger batteries allowing over 200 miles driving on a single charge are considered LRBEVS.
Although Avista had only 11 LRBEV drivers wlialrle residentiaEVSkata in the program, there was
a distinct difference in this driver group compared to the average EV driver.

LRBEV drivers had higher residential energy and power demands than those with shorter range BEVSs,
and charged at home i slightly more frequency. LRBEYV drivers had peak demand kf\loccurring

during the 5pm to 6pm houg resulting inan 83%increase aboveéhe overall EV residentigpeak. For

LRBEV driversotal energy consumption of2.3kWh per day waslso 786 hgher compared to the
average EV driver. Reasons for this higher usage include longer commute distances than average for
two participants, a higher proportion of commuters (9 of 11 LRBEVs were commuters), and a smaller
LRBEV sample size potentially skewirggresults somewhat. LRBEV drivers also averaged 5.6 sessions
per week, compared to shorter range BEV drivers that averaged 4.9 sessions per week. This subset of
the EV fleet is important and will likely grow as auto manufacturers supply more LRBIE\S nvatd

larger batteries and longadrivingranges in the future.

Long Range BEV Residential Profile
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Figure48. Residential long range BEV aggregate load profile
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Residential Chargirfgession®y Commuter Type

Residentiakessiordata was analyzed by examining the charge times, connection time, and the energy
consumedin each of the four driver categorieOf the 36,281sessions logged bgll four commuter
types, BEV commutelsgged47% of the sessions, followed ByHEV commutsrat 36% PHEV non
commuterat 13% and finally BEV necommutersat 4%

Commuter Type

. BEV Commuter

. PHEW Commuter

. BEVY MNon-Commuter
PHEV Nen-Commuter

Figure49. Residential Sessions by Commuter Type

Analysis of @nnection tinme revealedaverage times ranging from 9.4 hours to haurs with BEV
commuters displaying the highest average connection time, and BEMaromuters displaying the
lowest average connection time.
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Residential Session EVSE Connection Duration by Commuter Type
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Figureb0. Residential EVSE Session Connection Duration by Commuter Type

The Averageharge timeranged between1.9 hours and 3 hoursvith BEV Commuters displaying the
longest average charge time and PHEV-Sommuters the shortest

Residential Session Charge Diaraby Driver Type

- 2E W“. X 1] ] ®

Lommuter

EEVHen M_-‘o Tee e eew. Jeew 000 @ o ee o
Lommuter

e M— e oo

Lommuter

:—:'.' Non- H---. ® ®

Lommuter

0 2 4 [ a 10 12 14 16 18 20 29 2 26 28 30

Calculated Charge Time (Hours) Nsessions = 36,281

Figure51. Residential EVSE Session Charge Duration by Driver Type

Considering session energy usageaverageBEV drivers consume more energy than PHEV drivers, and
commuters consume more than narommuters. Increasedsessiorenergy usage can be attributed to
greater average distances per trip logged by BEV and PHEV commuters. According to responses from
guarterly surveysBEV and PHEV commuters tend to drive on average 9 miles more thaxomonuters

per day
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Residential Session Energy Usage by Driver Type
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Figure52. Residential EVSE Session Energy Provided by Driver Type

On average BEYon-commuters consume the most average energylat6 KWh per charge session
followed bythe next hghest aveagefrom BEV commuters at KWh per session. PHEV commutearsl
non-commuters have loweaverageenergy consumption rates &5 RVh and 7.&Wh respectively

Commercial AC Level 2 EVSE

2 2NJ LX F OS OKFNHAY3I Aa GKS tFrNBSad 2F GKS ¥F2dzNJ
charging sites and a total of 123 L2 por@.these, 3% of ports require no fee for employees to charge
their EV6 while at work. When surveyed, multiple employers commented that they saw the charging
station as a low cost benefit fagmployees. Averaged among all workplace stationshe Avista
network, electricity consumption per workplace charging session was 8.7. RWhkequatesto $0.96 per
session in electricity billing to the employer. Each employee charged an average of 17 times per month
at work, resulting in an electricity cost of under $17 peomth, per employee.Thisin turn provdes a
leveraged benefit foemployees of over 3xtransportation cost savings as well as a 79% reduction of CO
emissions compared to driving a vehicle powered by gaséline.

Only twocharging locationsn thenetworkrequire a fee foworkplace charging, in both cases choosing
a fee of $0.13 per kWh intended to offset the cost of meter billi@mparing these febased sites
with two other similar free sites, all withctive commutersshows that free sites hawagrificantly higher
weekday usage at 2.4 kWier portcomparedto 0.8 kWhper port for the feebased sites As a result of

37Assuming 26 mpg and $3/gal for fuel costs, cost of driving 100 miles is $11.55 for gasoline powered passenger velfidl&\Wt &rid
3.29 mikWh, driving 100 miles electric is $3.65 (3.2x cost savings). 4.9 tons of CO2 annually for gasoline vehicles vsG@2tansiaélly
for EVs from Avista Corp generation mix, at 0.27 metric tons of CO2 per MWh compared to 19.4 pounds of CO2 jpérggaliine
https://www.epa.gov/energy/greenhousgasesequivalenciesalculatorcalculationsand-references
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higher utilization, mrning peaks are highdy more than three times (0.4 kW vs BW) during the 9am
hour for the free station group

Fee stations:
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Figure53. Comparison of febased and free workplace load profiles

As expectedthe 178sessionger yearat eachfree portwas much higher thathe 21 sessions per year
for eachfee-basedport. Even given the small sampzeof fee-based portsthe implication is that fee
based charging significantly reduces the utilization of workplace EVSE.

Workplacecharging is anajor catalyst forEVadoption and was the most popular of the commercial
programs offeredy the CompanyAvista workplace EVSEs logged 8,675 workplace chasgéns Of

the 8,675 charge sessions occurring at workplace chargers, 5,667 sessions, or 65% are logged by
G O A a g thaaeNddtéparticipating in the program with networkedresidential EVSE installed at their

home. Some of these visitors have noretworked EVSE at home and others do not hangEVSE at

home, to an unknown degree.
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Figure54. Public EVSE Session Useage

Data from 12 driverdad both home and workplacaetworked EVSEhat were consistently online and
transmitting data from both locations The 12 drivers within this sample group logged 2,571 charging
ses$ons and used 23,253 KWt workplace chargers over 5,5@peratingdays. These participants also
logged 4,013 charge sessions consuming 30,626 kWh of energy ovepper@fingdays of residential
charging sessions. Whaggregated into a daily logprofile, workplace charging peaks at 0.64 kW per
vehicle and residential charging peaks at 0.54 kW per veh&de Appendix E foharge session data
distributions forconnection time, charge time, and energy usayehis subset group Drivers with
networked EVSEt home whodid not utilize workplace EV3&fged 26,009 days of charge sessiahs
home,resulting in 195,311 kWh of energy consumed.

To understand how workplace charging can impidet grid, we consider energy consumption from
commuterswith and withoutworkplace charging@vailability Commutersvithout workplace charging
are limited to their home and a small number of public EVBBRtashows most charging for this group
occursbetween 4pm and 8pm, creatiragdaily peakof 0.8 kWper EVbetween 5pm and 6pm.
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Home Sessions: .
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Figure55. Residential Only Commuters Weekday Charge Profile

Commuters with wdkplace charging create two peaks during an average workdayg highest peadf
0.7 kWoccurs at workplae chargers at @m, with a second smaller peak of 0.4%9/loccurring at home,
at5pm.
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Figure56. Workplace Charger Sample Group: Workplace and Residential Charging Profile

Avista EVSE Pilot Final Report 65



As a result, the availability and use of workplace chargers reduces thegaversidential peak demand
by 0.15 kW in the eveningbut also increassthe morningpeak by 0.63 kW

Weekday EV Combined Workplace and Home Charging Profile
vs Residential Only Charging Profile
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Figure57: Workplace charging effect on residential charging
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the winter it peaks both in the morning between 7am and 10am, and in the evening between 5pm and
8pm. When compared to seasonal peak system demand itlmarargued thatworkplace charging
providesan automaticsystembenefit yearroundin the eveningpby reducing evening Epeak demand

by 19% even in the absence of netwa#t EVSE and load managemd@dU ratesor other methods to
influence EV load

System Load vs. Ambient Temp
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Figure58. System Load Vs Ambient Temperatdrdy 31, 2018

Avista EVSE Pilot Final Report 66



However, the use oivorkplacechargersalso creates an average demand74 kW per EVat 8am,
coinciding with the winter morning peand 0.67kW higher than the weekday residential load profile
alonefrom customers without workplace chargingVorkplace charging peaks could be reduced through
load management and the use of EVSE with lower power output, e.g. using 3.3kW output instead of the
6.6KW used in the pilot would cut the peak load in half. Even without further peak redudtmmshe

load profiles shownmodeling indicates that over the long term workplace charging in addition to
residential charging providaet grid benefits greater than residential alone. This benefit increases over
time with the expected increase in solar generataWA moves toward 100% clean enegpEVs can

utilize additionalsolar powerduring the dayif charging at workplace locations

System Load vs. Temp
January 31, 2018
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Figure59. System Load vs. Ambient Temperature January 31, 2018

FleetAnalysis

Regionallycommerciaffleet E\& are a relativelgmall component of théight-duty market. Participants
utilizing a total of 14fleet EVs includedjovernment,social services and healthcare organizations.
Growth potential is apparent, ag4% of commercial applicants (28 of 38pdicated they would be
interested inE\s for future fleet use.

Within the fleet program, five of the ten locations have networl&dSE providing insights on charging
session characteristics, logualofiles and cost savingdaily energy demand fdteet E\6 ranged from
1.5 kWh to 11.3 kWh pé£\, corresponding to high variability daily driving.Loadprofiles weresimilar

to ead other withdemand peaking between 4pm8pm. The highest average daily demand occurred
during the 6pm hour at #.kW. Note that this is the average daily demand [@&vat the location, as
opposed tousage on a per EVSE port basis
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Fleet Daily Profile #1Per EV
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Figure60. Daily fleet load profile at a single location

Based on load profiles, fleet EVs resulted in an avo@etb 524 gallonsf fuel per EV, with fuel cost
savings and reduced emissionat $3.00 per gallon of gas and $0.115 per kWh, fle&icles driving
approximately 3,250 to 13,600 miles annually saw fuel savinggyef between $78 and $1,378 At

the highest usage location,fleet of four E\s saved ove $5,512 per year in fuel costs, avoididg72

gallonsof gasoline consumptioand 24 tonsof CQ emissions®

Annual Fuel Savings and Gasoline Avoided Per EV By Location
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Figure6l. Fleet fuel savirggand gasoline avoided per E¥ yarious locations

38At 19.4 pounds of CO2 per gas gallon * 2,472 gas gallons = 47,957 poundshap€DRww.epa.gov/energy/greenhouseases
equivalenciesalcuator-calculationsand-references
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Public Analysis

Thus far, data shows low utilization of public EW¥Sterms ofboth chargingrequency andlispengd

energy Nevertheless, it is clear that public EVSE have great value and importance in the minds of EV
drivers For examplegriver surveys showed 78@ltssatisfactiorwith the availability of public charging

and suggested more public installatioase needed near shopping centers and alorigghways in
outlyingareas Avista installed 24 public ports at 14 stations in rural areas near regional highways, and
16 ports in six higher traffic retail locations in Spokane. Public EVSE outside the Avista network has
grown very slowly, with only three locations outside Spokauigization and loads will vary substantially

by location and can be expected to grow over time with higher EV adoption, as illustrated by the various
load profiles in Appendix DThehigh traffic downtown location shown beloprovides an example of

this growth, more than doubling in one year.

Urban Downtown LocationPer Public Port

0.7

06 Muays=336
nsessions= 1462

0.5 r‘pons =6

0.4

kw

0.3
0.2
0.1

12A 1A 2A  3A 4A 5A  6A T7A 8A | 9A 10A 11A 12P 1P| 2P 3P 4P | 5P 6P 7P| 8P 9P 10P| 11P
2018/ 0.02 0.02 0.02 0.02 0.02 0.02 0.04 0.18 0.2 0.19 0.11 0.1 0.16 0.22 0.21 0.18 0.12 0.22 0.21 0.16 0.09 0.06/ 0.05/ 0.04
2019 0.07 0.06/ 0.04 0.04 0.04/0.03 0.09 0.49 0.6 0.35 0.28 0.29/0.37 0.43 0.34/0.29 0.31 0.39/0.35 0.26 0.2 |/ 0.14 0.1 0.07

Hour Beginning

e 7018 == 2019
Figure62. Load growthat downtown public location
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employees that park during th#ay, in addition to an over 50% increase in the number of discrete drivers
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High Traffic Downtown Location Connection Time
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Figure63. Public station dwell time at downtown location

At public locations,here has been a steady increase of charge sessions completed by individuals not
participating in the EVSE Pilot Program. Of the 53,356 sessions recorded during the pilot program
14,218 or 26% of all sessions were loggedibyors

Public Charging Station Session Usage by Visitors by Month
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Figure64. Public Charging Station Usage by Visitors by Month

Due to relatively low impact of station operating expenses resulting from low electricity costs and
regionalEVadoption, site hosts have almost entirely optedftee use ojpublic chaging which may be
expected tochange in the futureas utilization incrases.

Looking more closely dhree public stations in the Spokane area located near businessesBMth
commuters, jusfour EV commuters out of a total of 186 visitors to théseationscaused morning peak
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demand to increase 375% to 0.15 kdmpared to 0.04 kW without theommuters. Depending on site
host objectives,a networked EVSE may be used to require an energy fee;based fees and limit
penalties and permission combls.

Aggregate Weekday Public Profileer Port

Alldrivers: 0.16
ndaysz 1,351 0.14
Nsessions™ 41079

Nyrivers = 186 0.12
Nports = 6 0.1

Workplace E 0.08
driverslrzrsnloved: 0.06
r]dalysz ’

Neessions= 690 0.04

sessions

Nyrivers = 182 0.02  —
n

borts = 6
12A 1A 2A 3A 4A 5A 6A T7A 8A 9A 10A 11A 12P 1P 2P 3P 4P 5P 6P 7P 8P 9P 10P 11P

e \/\/ith workplace drivers 0.02 0.02 0.01 0.01 0.01 0.01 0.02 0.11 0.15 0.08 0.05 0.05 0.05 0.05 0.05 0.04 0.03 0.04 0.04 0.03 0.03 0.03 0.02 0.02
e \/\/Orkplace drivers removed).02 0.02 0.01 0.01 0.01 0.01 0.01 0.03 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.03 0.04 0.04 0.03 0.03 0.03 0.02 0.02

Hour Beginning

== \/\/ith workplace drivers =====\Norkplace drivers removed

Figure65. Workplace driver charging implact at public station

DC Fast Charging

DCFC utilization varies significantly from site to sikendall Yards remains the most utilized, due to its
location in the urban core @pokane and along maltast/West and North/Souttravel corridors.Other

sites such as Rosalia dess utilized due to their distance from population centers, however they are of
great value in enabling longer distanE® driuig due to theirstrategic bcations along intecity travel
corridors. The table below shows monthly DCFC charging sessions at each site, which grew by 19% in
the last year.Increasing utilization is expected in the future, commensurate gitdaterEV adoptionn

the area Note thatdowntime issues resulted ilower utilizationin early 201%or the West Plains,
Pullman andVandermere sits.
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Tablel4: Monthly DCFC sessions

Month Rosalia Kf;:jz" Pullman Lli_baekr;y Wrir;(rj:r- West Plains U-I/DESiCt
Commissioad | 1/18/2017 | 9/14/2017 | 12/15/2017 | 1/12/2018 | 9/14/2018 | 9/18/2018 | 7/12/2019

JanDec 2017| 64 38 2 - - - R
JanDec 2018 55 179 86 99 61 14 -
Jan2019 4 23 9 7 23 0 -
Feb 10 12 3 12 6 1 -
March 4 34 1 6 2 5 -
April 8 29 7 2 9 2 -
May 3 25 3 3 22 21 -
June 9 32 9 15 8 11 -
July 2 24 10 9 3 10 -

Total 157 396 130 153 134 64 -

Analysis of DCFC charging sessigisg oneminute interval datashowsa rapid rampup periodto the
maximum power level where it plateausetween20kW and50 kW, followed by a longer ramgown

period that reduces the power level as the battery nears full capad@FC connection and charging
times are often the same, as the driver unplugs the vehicle when satisfied with the charge level rather
than wait for a much longer period through the rarglmwn phase to 100% stataf-charge. These
observations are illustratedelow, for one week of charging sessions at the Kendall Yards DCFC site.
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Figure66: DCFC charging sessload profiles

DCFC charging power may be limited by thea&¥its battery stateof-charge,such thatthe delivered
power level is often much less than the DCFC rating of 50k@¢ordingly DCFC user fees should be
applied on a per kWh basis, at leastilitite battery is well into its ramqglown period. @herwisedrivers
that unavoidably drawower power levels may paynacceptablyhigh rates if charged on a per minute
basis With the extension of the pilot program in early 2018, DCFC fees were chfamge®.30/minute

to $0.35/kWh, which is roughly equivalent to the cost of gasoline in terms of fuel cost perfrdii@ing
range This change received positive feedback from EV drivers and correlated with Dt
utilization thereafter. Beyond theramp down period however, fees applied ontiae basis andér
penalties fortime beyond certain thresholdsat 60 minutes for example may be necessary free up
the DCFC and avoid unnecessary wait sifoe other drivers.

Average energy consumption of 13.6 kWh per DCFC dgargiverage kWh peression 13.6
session was higher than alCL2 types. The majority of
charging times were between 15 and 45 minutes, averagi@erageminutes per gssion | 30.2
just over 30 minutes. Box plots of the DCFC session data
show a fair amount of variability between the different DCF@/erage revenue peression | $5.05
sites, in terms of connection time and energy camgtion.

Tablel5: DCFC session statistics, Jan20¥ay2019
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DCFC Session Connection Time Duration
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By intent three DCFC were installed with credit card readers, and four were installed without them to
test customer use and preferences. To date, no customer complaints or suggestions have been received
regarding the lack of credit cards dhe four

without them. At these stations, charging is
initiated by either the EVSP smartphone app or an
wCL5 OFNR f2FRSR gA0K U(KS
information. For the three DCFC with credit card
readers, 57% of charging sessions were initiated

by the smartphone app dRFID, and 43% by credit

card swipe.Note that unique customer ID cannot

be captured in the network dataset when
initiating by credit card, limiting the ability to
understand individual charging patterns across

¥ RFID and App Payments the network.
M Credit Card Payments

Figure67: Credit card vs. RFID and Smartphone app payments at DCFC
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Telematics Data and Analysis

¢2 O0SUGSNI dzyRSNRUGI YR RNAODGSNI 0SKIFZA2NA | YR Ot AR
LI NOAOALI GAYy3 Ay ! GAAGF Q4 @etdartha teitBNIEVICEER ANS SR
devices)n their EVs. The telematics device captures charging data, battery state of charge, battery
efficiency, trip distance and speed, as well as energy losses from rectification and auxiliary loads.

Telematics deves were installed on 9 different vehicles. The use of these vehicles ranged from
regular commuters, noicommuters, and fleet vehicles. Total trip break devor these vehicles are
as follows:

Tablel6: Number of Trips per VehacType and Make/Model

. Mitsubishi Hyundai Total Trips by

Chevy Bolt | Nissan Leaf| Tesla Model S Outlander Sonata Chevy Volt Vehicle Type
PHEV Commuter 0 0 0 0 1259 1259
370 0 0 0 0 2335 0 2335
Commuter
BEV Commuter 2461 834 4963 0 0 0 8258
BEVNon- 0 0 0 0 0 0 0
Commuter
Fleet Vehicles 1358 0 0 1234 0 0 2592
U TRTPes 3819 834 4963 1234 2335 1259 14444
Vehicle

Individuals withtelematics devices in their vehicles also participated in the EVSE pilot pragm@nding

a set of overlapping session dat@10 sessions were compared between the Greenlots and FleetCarma
data sources, showing aaverage differene in power consumption df.6%, and the largest percent
difference at 4.2%. A more thorough explanati of the telematics validation is available in Appendix B.

In total, FleetCarma telematics devices ratmmt 6,437 charge sessions, capturidgta on charge

duration, energy providedstate of charge at the beginning and end of each seskieses fromectifiers
and auxiliary loadsand vehicle location in latitude and longitude coordinates.
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Telematics Data: Charge Duration
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Figure68. Telematics Data: EVSE Charge Duration
Data from the C2 telematics data shows that theerage charge duration is Zndurs.

Telematics Data: State of Charge at Beginning of Charge Session
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Figure69. Telematics Data: State of Charge at the Beginning of Charge Session

The sate of charganeasures the percent sgEmaining battery powefrom a 100% full state The above
graph illustrates the different levels of remaining charge when a charging session was initiated. On
averagepatteries were at 56% sta of charge when a sessiatarted.
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Telematics Data: Energy Provided per Charge Session
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Figure70. Telematics Data: Energy Provided per Charge Session
The average energy providedrpeharge session w&8 kWh.
Telematics Data: Rectifier Loss per Ch&egssion
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Figure7l. Telematics Data: Rectifier Loss per Charge Session

Finally, telematics provided the energy lost during each charging session. Charge loss is the difference
between energy entering the EV charging port dhd energy provided to the battery after current
rectification, as well aslossesresulting from other sources such ascessory electronics, cabin
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environment controls, and/or battery conditioning when available. According to the C2 data, on average
eachcharging sessiolost 1.7kWh, or 13.7% of ta@l energy delivered by the EVSE to rectification and
other auxiliary loads.

The C2 devices alsecordedlocation of charging sessions witititude and longitude coordinates.
Locationdata allowed for the dentification of charge sessisrthat did not occur witin the Avista
network, which made u@% of total session

Telematics data allowed for an analysidaftery efficiencyin BEVswith data from 9,406 trips collected.

Trip lengths ranged from leslsan one mile to approxnately 196 miles As shown in the chart below,

at shorter trip distances there is a wide range of battery efficiency. This could be due to a combination
of regenerative braking, more variability in motor speed, greater idle tisued/or auxiliary components
operating at norsteady states. As trip length increases and vehicle functions become less variable,
battery efficiency converges between 3 and 4 miles per kWh. When filtering trip distances over 25 miles
(264 data points),Ite average efficiency is 3.35 miles per kWh with a standard deviation ,ofvBiéh
includes the rectifier and EVSE loss@#iis is an important parameter to use in modeling average EV
energy consumption and resulting grid impacts, given assumptions ©bkVWhe system and annual
driving distance per EV.

Battery Efficiency Vs. Trip Distance
45

40

Battery Efficiency (miles / kwh)

“W”."”‘.‘. 0@ ® o00 oo

60 80 100 120 140 160 180

Trip Distance (miles) Nsessions™ 9,406
Figure72. BEV Battery Efficiency Vs Trip Distance

Ambient temperature alsdias a major effect on battery efficiency. The table below shows battery
efficiency versustemperature roughly corresponding with winter, spring/fall, and summer
temperatures. Arerage trip efficiency increases from 2.6 miles per kWh during winter temperatures to
3.7 miles per kWh during summer temperatures.
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Tablel7. BEV Battery Efficiency VS. Ambient Temperature

Outdoor Temperature
Average Efficiency
Temperature Range (°F) (miles / kwh) Trip Count
less than 45 2.6 3,705
Between 45 and 65 3.5 2,921
greater than 65 3.7 2,783
Battery Efficiency Vs. Trip Distance
(Ambient Temperature
45 Degrees Fahrenheit or Below)
30.00 -
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Figure73. BEV Battery Efficiency Vs Trip Distance (Ambient Temperature 45 Degrees or Below)
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Figure74. BEV Battery Efficiency Vs. Trip Distance (Ambient Temperat6&e@égrees)
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Battery Efficiency Vs. Trip Distance
(Ambient Temperature 65 Degrees Fahrenheit or Above)
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Figure75. BEV Batterizfficiency Vs. Trip Distance (Ambient Temperature 65 Degrees or Above

60
Nsessions= 21783

Efficiencies in the above table and graphs represent power consumed from the battery, upstream of th

rectifier. In addition, EVSE losses typically vary between 1@.19%%, dependingn current®

¥ Lrad2t 1A /2RFYAS YSYLIi2y o
https://www.sciencedirect.can/science/article/pii/S0360544217303730
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Load Management

ResidentiaDemand Respons®R

Avista began DR experimentationSeptember 2018 with a small testogip, expanding to all customers
with networkedresidential EVSE by May 2019. The initial goal was to test ib7&%&ning pek loads
could be shifted to ofpeak whilemaintaining high customer satisfaction. Timew load profiles were
then used in economic modeling to determine grid benefits from DiRially, DR events were set to
75% curtailment to maximum 18N output between 4pm and 8pm.

Jecial attention was given to frequent and open customer communicatduring the DR program
The rollout occurred over six phases, with the fourth and fifth phases experiencing dkrlayt
software bugs eventually cacted by the EVSP. oté that while 92 stations aresent daily DR
commandsdue to connectivity issudsetween the EVSE and the server only 51 statiefiably receive
them. More recently, EVSE from a different manufacturer have been used in sevedahtiglilocations
have demonstrated greatly improved connectivity, but are still in the early stages of testing.

Number of Residential DR Participants
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B Stations sent curtailments m Stations reliably online

Figure76. Implementation of residential DR program

Customers were given the ability tooput of events through@& w 9 @Sy (1 ¢ F S| phazdl S 2y
app. When an event is inated, the customer is sent a messageay ahead of timthroughtheir phone
notifications, whichthey may choose to accept or rejectCustomersalso have the ability to sedDR

default preferencesin the app From Sefember 2018 to July 201@ustomers- OOS LG SR 2 NJ & 2
to 85%0f DR events. Whesurveyed about the impaaif DR ordaily driving, altustoners stated that

DR events had neffect on when or how they used thelf\, and overall levels of satisfaction with the

EVSE remained higlSession data backg these surveys, showing that prior to DIRS would fully

charge thér battery in 59.6% of sessions, compared to 61.4% after@Rtomer feedback to improve
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the opt-out processincluded the ability tapt-out through email, changeopt-in or optout status after
the initial selection, and physicabutton on the EVSE to ojuut at any time.

Unmanaged Residential Session
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Figure77. Example residential sessions before andrddR

As shown above, 75% curtailment of EVSE output results in 1.8kW delivered from 4pm to\@y@m.
aggregated, the averagead profile from1,876DRsessionglemonstrated a49% drop in peak demand
compared to the uninfluenced load profil@&ote that over a longer period of time, the accumulation of
Y2NBE 5w aSaarazya g2dzZ R FdzNIKSNJ NBRdzOS (GKS | 33NEK
by the output curtailment and the rate of DR eputits. Ater 8pm the DR event is concludeddha

demand spike occurs, due to EVSE output rising back to the 6.6kW [Eli.effect is similar to what

can occur at the beginning oftane of use TOU rate time window, as a large number of EVs begin
charging at the same time to take advantagettoé lower rate. Such spikes could adversely affect
distribution infrastructure in high EV adoption scenarios, even duringpedk periods. Possible
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caseof TOU utilizing dynamic rates.
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Figure78. Residential aggregated load profiles before and after DR implementation with load change
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The Company intend® pursue ongoindR experimentseventuallywith 100% curtailments andver
longertime periods to further determine the effects and practical limits of shifting EV loads utilizing DR,

including the rate of customer ogiuts and satisfaction levelsExperiments to date demonstrate the

a NJ

acceptability of 75% peak load shiftsr f85% of residential charging sessions, from a customer
perspective. The practicality of utilizing networked EVSE for DR at scale, however, in a reliable and
economically beneficial way will depend oruch lower EVSE and networking capital and O&M costs,

high uptime and online performance, and high customparticipation rates Integration with utility AMI

systems could help reduce communication costs and improve reliability, however this will require
industry technology and product development, as naoeercially available systems currently exist that
Avista may implementln spite of these challenges, the Company feels that the effort to understand

and effectively manage EWads, consistent with th&TC Policyt&ement, is important and should

continue. This may involve the development and experimentation in a variety of methods and

technologies, as it will become ever more important to integrate and optirgipg&ingEV loads in the
future as a flexible grid resourcén this regard, lte inherent baefits of utilizing workplace charging to

effectively minimize peak loads as well as suppeneficial EV adoption, staralit asa focus areavith

excellent potential.
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Residential DR Comparison with other TOU studies

A 2014 study completed by DTE and ER®Rmpared the charging habits of customers given the choice
of a flat rate for $40 per month, and a TOU rate of $0.18 on peak from 9am to 11pm on weekdays, and
$0.07 off peak from 11pm to 9am on weekdays andlail on weekends. Results showed a shift from
22% of EV charging energy consumed off peak in the flat
rate, up to 62% ofpeak with the TOU rate, comparable % of total

G2 ! GAAGE Q4 5w INRgmak 6 A K c n i alREs CIEE
Consumptlon

- . k
A 2015 study completed bthe utility Pepcoalsoin [Isyi=FiFt: (gam-ﬁ;‘;ejeekdays)

conjunction with EPRF examined residential load rate Offpeak

. . . (11pm¢ 9am & weekends)
profiles ofE\6with a TOU rate in effectCustomers were Onpeak
given the optiorof TOU rates applied to the entire homé DTEteTOU (gam‘lolf'ff’_’;e";‘;ekdays)
or just the EV. The gpeakperiod appliedfrom noon to (11pmg 9am & weekends)
8pm and all other hours were offeak, with a rate SRS s

differential between $0.10 and $011 Customers [IRelSNEIE Off-pf;k
choosing theEVSEnly TOU rate consumed 93.7% B
charging kWiduring offpeak hours significantly higher [EaSEUCRINEIIS: /0 B
. P N DR Off-peak
thanthe 7726 of energy@nsumed offpeak inl G A a U | (8pmc 4pm)
. » 5 & T e X O k 2
progranix .I YR UKS ¢ HE 2 (OF= y_a sz Avista DR (4p$298?)m) Qa ¢t
program This appears to be most likely due to individUSSNZle Off-peak 77%

; ; ; ; (8pmg 4pm)
eduF:alltlon about the TQU rate and |ts. benefits Wit e Comparison of OReakand OffPeak Charging
participants, demonstrating the potential results of in DTE, Pepco, and Avista studies
effectivecustomer outreach and education.

2A0K Y2NB GAYS IyR SELIYRSR SELISNAYSyGFEGA2Yy S Al
off-LISF { O2yadzYLIiAz2ys O2YLI NIXoftS G2 tSLIO2Qa &ildzRe
comparison betweenhe effectiveness of TOU compared to DR/V1G in shifting peak loads, from a
customer behavior and acceptance perspectife.Cost effectiveness must take into account other
factors, such as the reliability and costs to implement each method, e.g. separtamgeEVSP support

and communication fees, etc.

The 2015V Projec{EVP)Xxollected data from 869 EVS$ik San Francis¢cavith an offpeak TOU rate
available starting at midnigHt a8 | LINPE& F2NI 5w GKS 9+t Qa { I
profileisO2 YLIF NER &2 | @ Apiofild, Whare! NBAGAATIR S/Al AylLIY dmgigeOditllza A 2 y

“OEPRI,DTEI5¢9 9YySNHEY S5NAGAYy3I GKS azjiza2NI/Ale ¢26FNR t 9+ wSIFRAYySaas
41EPRIPepco dPepco Demand Management Pilot for Rlagvehicle Charging in Marylah(2015)

2t $1J02Qa &ddzRe % participants nvolldtl iS thetEMVBEEf B F¢h! NI GSs O02YLI NBR (G2 pwm LI |
after accounting for connectivity issues. In contrast, the much larger DTE study was carried out with 2,500 participants.
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the EVPL2amTOUstart time. One similarity between the two profiles ise demand spike that occurs

immediately after the delagd charging eventat1.3kWT 2 NJ | @A aconmp&éd tolINE F AFf2NJ 9 +

profile.

Comparison of EV Project's San Francisco and Avista's DR Residential Profiles
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Time After Delay Charging End

San Francisco === Avista DR profile

Figure79. Comparison of Avista and the EV Project's Profiles with Delayed Charging

hyS RAFFSNBYOS Aa GKIFIG ' @gAadlrQa f2FR RNRLMA o8
21%. This could be due tan increasing number of drivers nearing full battery capacity in the Avista
study, while EVP drivers could conceivablytdf charging sessions sometime after the TOU rate starts
at midnight. Also noteworthy ighat the EVP studghowedhigher energy consumption averagig0

kWhper dayfor the San Francisco groupmpared to 6.0 kWHaily residential consumption for Avid Q &
DR group.

Commercial DR

Avistaimplementedits commercial DR prograat eight charging portstartingin the fall of 2017at two
different locations, one fleet with four fleet BEMand the other a workplace location with four regular
EVcommuters. A curtailment of 75% to 1.8kW output was applied to a large time window &@@am

to 10:30pm Similar to the residential DR experiments, onaésige the curtailment window th&VSE
could charge up to thenaximum rateof 6.6kW until charging was complet Examples of actual
unmanaged and managed sessions are shown below.
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Unmanaged Fleet Session
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Figure80. Example fleet sessions before and after DR

The chart below showthe aggregate load profile for théleet site withfour EVSE ports and folong

range BEVs thategularly utilized the charging ports.Initially the baseline profile had two peaks
consisting of a peak ofAkW at 12pm ad a second, larger peak of k8 at 5pm.Average daily energy
usage totaled 11.3 kWh. At 12pmR lowered demnd by 71%compared to baselineand at S5pm
demand dropped by 43%DR was successful in shifting the peak load tpedék overnight hours, with
demandat the 11pm hour peaking at 1.3 kW. Baseline consumption between 11pm to 5am averaged
0.1kWh,comparel to DRconsumption at 3.XWh.
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DR Fleet DR and Baseline Profile Comparison

Ngays= 398 18
Ngessions™ 1614 16

Npors = 4 1.4
Baseline: 12
Nays= 91 = 1
Nsessions— 202 = 0.8
nports =4 0.6
0.4

0.2

0

12A 1A 2A 3A|4A 5A 6A 7A| 8A 9A 10A11A12P 1P 2P 3P 4P 5P 6P 7P 8P 9P 10P11P
e DR Profile 09050302010 0 0O 0 01020.30405050.60.7090.90.80.80.70.813
e Baseline Profle0 0 0 0 0 0/ 0 0 010304111409060.71.115141.10.80.7040.1

Figure81l. Aggregated fleet daily load profiles before and after DR

The workplace location is a large medical center open 24 hours with atalfvisitorscharging
throughout the dayand night Initially the baseline profilshowedtwo peaksat 8am and 3pm. After
AYLX SYSylAy3a 5wz GKS adl 0A 2 68similaiNe® therflleeS DRFréslilts, G Sy
energy consumption was dramatically shifted to the offpeak period from 1lgp&am. Note that the
workplacebaseline profile was collected befo@xctober 2017 when there welfeur drivers consistently
charging, and the DR profile that followbkdd at least seven drivers consistently charging

DR: _ Workplace DR and Baseline Comparison
Nyays= 478
Nsessions™ 453 1.8
nports =4 1.6
Baseline: 1.4
Nyays= 289
1.2
Ngessions™ 277
npOI’tS = 4 1
~<0.8
0.6
0.4
0.2
0

12A 1A 2A 3A 4A 5A 6A | 7A 8A 9A |10A 11A 12P 1P 2P 3P 4P 5P 6P 7P 8P 9P 10P 11P
DR Profile 0.250.140.120.090.040.020.190.290.44 0.5 0.470.430.35 0.3 0.250.380.360.360.460.410.37 0.3 0.210.45
Baseline Profle 0 ' 0 0 | 0 | 0 |0.02 0.3/0.531.420.77 0.3 0.270.460.320.341.560.56 0.2/0.190.210.150.050.01 0

Figure82. Aggregated workplace daily load profiles before and after DR

While both of these locations were successful in reducing peaks and increaspepkftlemand, one
major difference was the impact of DR on fully chardi\patteries. Before DRE\s would befully
charged by the end of the session 78% and 84% of the time for fleet and workplace locations,
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respectively. Afteimplementation ofDR events, the workplace location saw the proportion of sessions
where the EVwas fully charged dropo 42%, andthe fleet location saw a reductiorto 72%. This
difference couldbe caused byhe more limited dwell time ofthe workplacelocation compared to the

fleet location, i.e. et stations haveE\s that are fixed at their locations and capable of charging
overnicht for a larger proportion of sessionallowingE\s to fullyrechargemore often. Note that the

data only representsdividual charging sessions, i.e. an EV that is charged in the morning, leaves during
the lunch hour and returns to complete charging the day in a second session, would indicate one
session that did not fully recharge, and a second that did.any case, the significant drop at the
workplace location warrants further investigation to verify information, determine causes, the effect on
customer satisfactiorand if warranted, possible remedies.

IS Effect of DR on Fully Charging EVs

=]

c
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> ’ 78% 790, 84%
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o5 0% 429

59 40%

28 0u
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m Before DR m After DR N =2546

Figure83. Comparison of fully charged batteriesfore and after DR at workplace and fleet locations
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Grid and Economic Impacts

The utility grid is delineated by three major systegqugeneration, transmission, and distribution. On
' GA&AGF QA 3INARI ISYSNI A2y a8 of IDEkVioa moee fitvalinislBng dzLJ
distances on the transmission system before the voltage is stepped down in distribution substations,
typically to 13.5kV using 30MVA transformers. Each substation commonly has one to three feeder
distribution lines th& each usually run 3 to 5 miles in urban areas and 15 to 20 miles in rural areas.
Power is distributed on these feeders from the substation to service transformers that step down voltage
again and supply one or more service points, which are definedeasaifinection point at the customer

‘ YS G SN a2ad aSNBAOS (NI
M-

— T T\ system serve one to ten service points in
JAUR w residential neighborhoods, with an average of
Generation of Tranémiéslon

Distributior ‘
electricty o four.

Figure84: Utility grid- generation, transmission, and distributiol
systems (source: USDOE)

Modeling by E3 for the Pacific Northwest region anfeak Native Load 1,716 MW
independently by Avista for its service territory'otal Generation Capability 1,858 MW
indicates that lightduty EV adoption at baseline qgrCircuit miles 6Transmission Lines 2,770
higher levels over the next 20 years will provide net of Distribution Substations 170

benefitsover costs, in terms of both regional economiGi cuit Miles of Distribution Feeders| 5,429
and utility ratepayer perspectives. Regional econo .;gof Service Transformers 88,783
benefits are mostly due to major fuel savings of EVs: _ _
. . # of Retail Electric Meters 384,838
Both regional and ratepayer costs are dominated by the
additional generation capacity required serve new Ev| Annual kWh per Residential Custom 10,658
loads, with a small contritiion from distribution costs, Table19: Avista's Electric GridQuick Facts
and no transmission cost§.he analysis that follows
includes details of distribution grid impacts, the results of E3s Pacific Northwest economic modeling, and
O2 YLJ NX a 2 y aindgpendént ecoddmic inbd&liiddowever, these are the results of-brder
analysis that do not take into account importantddrder effects such as distribution feeder
Gol O1 FS SR peyiddr sistem i6alinghdcosiassumptions contained in the €d.JF y & Qa O dzNJ
IRR which could change perhaps dramaticallg in the future. As such,hisshould be viewed as good
FANBO &0SL) bngoingekddt to/umardtand/névidEV loadsay beoptimallyintegrated and
managedin an evolving systenhat brings the most benefit to all customers.

DistributionGridImpacts

A first order analysis of ligltuty EV loads on distribution transformers was conducted for three
different scenarios. The first scenario assumed a single EV load of 6.6kW seyvezath bransformer
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in addition to existing loads, which equates to a roughly 25% EV adoption rate. The second scenario
assumed 50% of service points with an added EV load of 6.6kW, and the third with 100%.

The electrical power demand on a service trangfer from EVs is modeled as:
Pev_aggregate Nev* EVGe* CF

Where:
Pev_aggregate= Additional power demand created by simultaneous EV charging
nev= number of EVs downstream of a given service transformer
E\&e= Power required to charge a single EV = 6.6 kW
CF = coincidence factor =0to 1

The CF is the percentage of simultaneous EV loads on a given transformer, compared to the sum of all
potential loads. As more EVs are served by a single transformer, tkienoma load on the transformer
increases up to a limit governed by the CF. The CF curves used for transformer loading are based on
industry and utility standards, and are directly related to the number of service points with EVs served
by the transformer.

Estimated transformer replacement costs of

Coincidence Factor by Service Point Adoption $3,516 for underground transformers and

= ! $2,318 for overhead transformers include
809 material and labor costs but do not include
08 additional costs such as replacing or
§ 0.7 installing new pole arms, cutouts, arrestors,
§ 0.6 brackets or upsized distribution poles which
8 os may occur depending on the situation.

0.4

In the first scenario, a single EV load of 6.6

kW during peak hours was app#ed to each
GNFyatT2N¥YSNDa SEAaGAyYy3
transformers sized between 15 to 100 kVA,
each with 10 or fewer service points. A single

EV served by each transformer is equivalent to an overall EV adoption rate of 23%. As a result of this
load,5.9% (5,280 of 88,783) of residential transformers exceeded their overloading limits as determined
by IEEE Std C57.91.

1 2 3 4 5 6 7 8 9 10
Service Point Count

Figure85: EV charging coincidence factor used in economic modeli

In the second and third scenarios, applying EV loads to 50% of service points on all transformers caused
the peak load to exceed theifare threshold on 19.7% of transformers, compared to a 30% failure rate

for the scenario with 100% EV service points. Upgrade costs for the 50% and 100% adoption scenarios
were $46.9 million and $72.6 million, respectively.

43 |EEE C57.99011¢ Guide for Loading Transformers and Stagitage Regulatorsittps://standards.ieee.org/standard/C57_91
2011.html

Avista EVSE Pilot Final Report 91



Note that unusual situations that could alter

o) Transformer Failure Rates charging behavior were not modeled. For example,
S from EV Adoption . . .

% a higher level of EV charging might occur before a
S 40% major storm if customerdelt there was a risk of

LE 30% pending power outages, which could cause
2 20% additional transformer overloads and failures. Also,
g 10% it was assumed that only one EV will charge at a time
g 0% at a given residence, even though at high EV
l_

Single PEV Per 50% of Xfmr ~ 100% of Xfmr .
Xfmr (~23% of Service Points Service Points adoptlon rates many households woutdve more

Senvice Points) than one EV, and some of them may choose to install

_ _ o multiple EVSE so that both EVs could charge
Figure86: Failure rate of residential transformeirom EVloads .
simultaneously.

Feedersare typically designed and built with 16
MVA capacity, ideally operating at 6 MVA with

Percentage of feeders overloaded (>8 MVA)

overload concerns at 8 MVA'hls is done to allow O/

T2NJ TSSRSNI 6ol Ol FSSRAYIES HGKSNB .l FTSSRSN
may take on some of the load from other feeders,, .

in the event of issuesand repairs. Assuming s

uninfluenced EV load profiles, firstder analysis 20

2F F alyYLXsS 2F ! gradlQa SRS & K2 0 03

reached the 8MVA threshold amwdere therefore ™

of: y & A Re&hdhded Essumlng baseline E. Figure87: Distribution feeder overloads from EV loads, assumi
adoption and all other existing loads hel other loads held constant

constant, rising to 47% overloaded with 50% |

adoption and 67% with 100% adoptior

Reconductor costs for urban feeders avera

$400k per mile, compared to $300k per mile for

rural feeders.In turn, impacts to feeders can result in impacts to substations, with the need to increase
the number of feeders or in some cases build a new substation, at an average cost of $2.5M per
substation. Note that detailed information at many points in thstidbution system for existing loads
and forecastsand sophisticated modeling is required to take in to account import&ho&ier effects

such ageederbackfeedsand cascading impacts tsubstatiors with more certainty.

Baseline After 50% penetration After 100% penetration

Based on analysis of detailedetlerf S@St RIFGF F2NJ F2dzNJ dzGAf AGASa
showed an average distribution cost of $27 net present value (NPV) per EV over th2(@Bliime

period. In other words, an NPV of $27 represents the total additional costs toighédtion system
overthe208 S NJ GAYS FNIYS 2F (KS &addzRRész F2NJ SI OK 9=
average distribution cost of $38 NPV per EV over a similar-2038 time period. In both studies, similar
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