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AGENDA

3:00 PM Welcome and Introductions (10 minutes)
A Agenda review
A Roll call, by gate

3:10PM Presentation: The Brattle Group (15 minutes)
A Ryan Hledik, Principal, and Tony Lee, Consultant, will present on managed
charging of EVs.

3:25 PM Presentation: Avista Utilities (15 minutes)
A Mike Vervair, E-Mobility Engineer, wi | | present on Av
charging pilot program.

3:40PM Presentation: Electric Power Research Institute (15 minutes)
A Dan Bowermaster, Program Manager for Electric Transportation, will presel
on vehicleto-grid (V2G) technology andcapabilities.

3:55PM Closed Door Discussion (30 minutes)
A Working group members will discuss their owrviews and the actions their
states have taken to date.

4:25 PM Next Steps and Announcements (5 minutes)
4:30 PM Adjourn



Roll Call 0 Read from Webinar

Working Group Members
States:
Arizona
California
Colorado
Connecticut
D.C.
Florida
Georgia
Hawalii
lllinois
Maryland

Massachusetts
Michigan
Minnesota
Missouri
Nevada

New Jersey
New York
North Carolina
Ohio

Oregon

Puerto Rico

South Dakota
Texas
Vermont
Washington
Wisconsin

National/Federal Partners:
NARUC
U.S. DOE
U.S. EPA



Managed Charging and V2G

Preparation Questions
Does your state have any programs for the active management of EV charging?

If so, how is charging managed? How are customers compensated?

Has your commission or any utility in your state explored V2G?

Pre-Read Materials

N A R U CHbestric Vehicles: Key Trends, Issues, and Considerations for State
Regulators (bit.ly/ EVKeyTrends)

Managed Charging: p. 35-36
Vehicle -to-Grid: p. 38
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Why managed charging?

Unmanaged charging is expensive
20 million EVs = appro®100 billionin infrastructure investment

Need for new power plants, transmission and distribution X
AYVTINI A0NHzZO0 dzNB X Odza 12 YSNI KIF NRg I NB X

Consumers will benefit
Reduced charging costs
Streamlined home charger installation

The environment can also benefit

If charging is scheduled to reduce renewables curtailment and
avoid hours supplied by higgmitting resources
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There are only 1.5 million
why worry about managed charging now?

Technological disruption can happen quickly

U.S. Technology Adoption Rates
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https://www.linkedin.com/pulse/part-2-megaproject-paradox-what-chances-barrel-oil-being-john-noonan
https://theicct.org/sites/default/files/publications/CA-cityEV-Briefing-20180507.pdf

There are only 1.5 million EYV

why worry about managed charging now?

Advantages of EVs Advantages of ICE vehicles

Lower fuel cost Lower upfront purchase price
Minimal maintenance Dependable fueling

Clean Infrastructure (no range anxiety)
Quiet Consumer confidence in reliable,

proven technology
Diverse model availability

Fun to drive
Can fuel at home

All of these advantages How long will these
are permanent advantages last?
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OActi ved Vvs o0pa
What 0s the di ff

si ved mana
rence?

Active Managed Charging Passive Managed Charging

Automated dispatch signal Timevarying retail rates
G5ANBOU f 2 R Oz20Péakine kebates

Vehicleto-grid or vehicleo- Timerbased charging
home (backup power)

brattle.com




OActi ved vs oOopassi veod mana
Advantages of each

Active Managed Charging Passive Managed Charging

Flexibility and precision in Lower deployment cost (if
managing load AMI has been adopted)
Realtime control of individual Greater customer control

chargers across system

Significant industry

More value through wider experience with TOU rates,
variety of grid services and demonstrated ability to
significantly shift EV load

brattle.com| 10



OActi ved vs oOpassived mana
Current landscape

Active Managed Charging Passive Managed Charging

Share of Residential Customers Offered Thviarying EV Rate
Offeredby 50utilities across 26 states

Utility Managed Charging Pilots
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What should happen next?

Two noregrets opportunities:

Utility -specificEV load flexibility potential studies
What are the incremental system costs of EV adoption?
What are the options for avoiding these costs?

Which managed charging options are most esf§¢ctive?

Managed charging pilots
Address significant gaps in research and technology
52 A0 GKAES UKSNBQa adaaff GAYS
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lllustrating the benefit of EV managed
charging potential studies

What is the ideal way to manage charging on this system?

Residential EV Load (MW)
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(2 Evening spike (10 pm) could require
distribution upgrades (especially
with geographicalkclustered
adoption), exceeding generation \
capacity costs

(® Low EV charging load during
system peak (% pm), with

modest contributions to the

need for new generation \

capacity
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THE TOTAL VALUE TEST: A FRAMEWORK The Electricity Journal
The adopeian of elecrric vehi has emerged d timely opy i

FOR EVALUATING THE COST- VIER formih g e i e
EFFECTIVENESS OF EFFICIENT ABSOCt e, seans oot e mrion S
E LECTRH: ‘CA‘HON The eleclriﬁcal:o];accfejemlmr:‘Und-elnl's‘mnding the implications of ‘ m bk :;lm S E:ﬂﬁ::::f: E:m":?\fm“::izi:j::t:::::::::;m s

Jiirgen Weiss™*, Ryan Hledik", Roger Lueken®, Tony Lee”, Will Gorman® wicity s gowth while simuraneoudy  The reculs presenced hece ace part of a larger study that ecmined the effsctivensss of EV incen-
impraving air qualiy and reducing greenhiouss  pives on FV adopeion en a uriling.by.urilicy basis. This hrger snady incloded

e g B i by . 7843 oo . eas emisians, Becwic ulices cou play 3
o e [ o 150 srical ole both in geaeraing the eloctic fuel & Dievelopment of s survey with discrete cheice capabiliti?

ARTICLE INFO ABSTRACT

Smart Electric
Power Alliance

— oy reprpa—
—

Facilitating Electric Vehicle
Fast Charging Deployment

ELECTRICITY RATE DESIGN AND SITE
HOST OPTIONS

Electrification
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Presenter Information

RYAN HLEDIK
Principal San Francisco, CA

415.217.1029

Ryan Hledik specializes in regulatory and planning matters related to the emergence of distributed energy technologies.

Mr. Hledik has consulted for more than 50 clients across 30 states and 9 countries. He has supported his clients ielatatiéosenergy

storage, load flexibility, distributed generation, electrification, retail tariff design, energy efficiency, and grid nzatienni

aNX» It SRA]1]Qa ¢2N] Kla 0SSy OAUSR Ay NbB3dzf I U2NE RSOAams€@ya SaulotAaKAYy3I LINE
authorizing billions of dollars in smart metering investments, and approving the introduction of innovative rate desigrsré¢egnized

voice in debates on how to price electricity for customers W|th distributed generation. Hedzti K2 NS R { I dzZRA ndSdie 6 A Qa FANEG 5SYl!
al )fIIEISYS)fu 65{av LIlIy>s YR GKS CSRSNIf 9ySNH& wS3dzZ I G2NB /2YYAaa AZYQé tLy
Potential.

Mr. Hledik has published more than 25 articles on retail electricity issues and has presented at industry events thrbedghutéd States as

well as in Brazil, Belgium, Canada, Germany, Poland, South Korea, Saudi Arabia, the United Kingdom, and Vietnam. bisirégséarclc 3 NA R
SR3IS¢ KI & TheNew YdkaanﬁsﬁThé Washlngton Po,sand in trade press such @eenTeciMedia Utility Dive andVox He
wasnamedtd dzo f A O © ( A f AidérEarty 20PN, yedoghigifigiriging &tars in the industry.

Mr. Hledik received his M.S. in Management Science and Engineering from Stanford University, where he concentrated5odamaigy

and Policy. He received his B.S. in Applied Science from the Umversﬂy of Pennsylvania, with minors in Economics articé/&henta .
22AYAYy3 . NIXGGftST aNX I fSRA|l 41 ' NB&ASFNDK aaArail yrRi MIAIGKE L A IyFSRANRQA 9y SN
Energy Practice.

The views expressed in this presentation are strictly those of the presenter(s) and do not necessarily state or refleestoe v

The Brattle Group, Inc. or its clients.
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Presenter Information

TONY LEE
Consultant San Francisco, CA

415.217.1071

Tony Lee ia Consultant imThe BrattleD N2 d3adRrancisco office. He specializes in
wholesalemarket design, environmental policy analysesourceplanning, and
economicanalysis ofjeneration transmission, and demarslde resources. Heas

extensive experience developing and operating economic models of electricity systems.
Mr. Leeholdsa B.A in EconomicandaB.Sin Engineeringboth from Swarthmore

College.

The views expressed in this presentation are strictly those of the presenter(s) and do not necessarily state or refleestoe v

The Brattle Group, Inc. or its clients.
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Equipment (EVSE) Pilot and 9 non -networked

E Home stations: 92 networked
| and 114 non -networked

d
i d *= =
iy EVSP platform -

TS, VSRR

|

|

|

|

|

|

|

|

|

|

|

|

' b |

} Workplaces, Fleets and P

i MUDSs: 104 networked X

! and 63 non -networked ¢ } ,

) ¥ N\

) 3
|

1 ——

) i

: g \

:

' ity W
E User Web U“;tgrt aleb
L

I
.-
o

—
D



Dx level impact)
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Residential EVSE demand without DR
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Avista baseline residential profile (system capacity impact)

Daily Residential EV Profile

0.9
0.8
0.7

Ngays = 40,624

0.6
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0.4

kW

0.3
0.2
0.1

1240 1A 2A 3A |44 5A BA | A | BA  9A 10A |11A 12P 1P 2P 3P 4P 5P 6P TP EBP | 9P 10P 11P
e Neekday 0.19 012|010 0.14 011 |0.08/0.08 0.08 0.08/ 009 0.12 016/0.200.23 026 0.41|060 0.78 0.74 0.63 0.57 0.51 0.36/0.27
e Neekend 021 013|011 013 0.09 0.06/0.05 0.07 007|013 018 024 0.29 0.31 0.33 0.37|0.39 040 0.42 041 0.38 0.33 028026
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Residential DR goals and path

Objective Method
Determine how much load, Sendcurtailed load profilesluring peak
energy can be shifted to off peghoursvia OCPP, track meter data
Maintain transparentommunications and
roll out in phases to ensure kinks worked ¢
Maintain high customer Conduct periodgurveys and interviews and
satisfaction levels adjust based on feedback
Give customers ability to opt out of DR
events via phone app and track opt outs

Use information ircostbenefit |Adddata to Ratepayer Impact Measureme
analysis for future program and Regional Perspective Cost models

ATwISTA
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Residential DR rollout

Number of residential DR participants o Customers rolled out in multiple
100 waves

” o Minor delays experienced due to
10 changes in station messaging

0 92 residential networked EVSEs
s | I were sent DR requests daily,

I | although not all requests received

80

Count of Stations
o o o

o

due to connectivity challenges

1 . Il II |I .

° ] P 0 Small scale DR testing at
G0 workplace and fleet locations during
m Stations sent curtailments ® Stations reliably online winter mid_morning peak

A
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Opting out of residential DR events

Residential Opt Outs _ Distribution of Residential Opt Outs 3
90% sessions 1!876 50% optouts — 281
80% 45%
70% " 40%
>
O 35%
60% =
(@)
< 30%
50% °
|_
5 25%
40% %
g 20%
30% 3
& 15%
20%
10%
. — K =
Yes Driverl Driver2 Driver3 Driver4 Driver5 Driver6 Driver?
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Individual residential DR session impact

Residential DR Event Session
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Figure 3: Example DR charging session with 75% peak load reduction
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Ease_"’l‘g:?B Residential Base and DR Daily Profile Comparison With Difference
days™ ’
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. . . DR: . .
Fleet DR and Baseline Profile Comparison Ngays= 478 Workplace DR and Baseline Comparison
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PEVs fully charged by end of session (%)
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Effect of DR on Fully Charging PEVs
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Avista customer perspective costs and benefits without
managed charging (2019 -2038)
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Avista customer perspective costs and benefits with
managed charging (2019 -2038)

__$3,000

Vv

(@)
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ﬁ T&D Cost W T&D Cost
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Opportunities for improvements: O&M and reliability

Ins:allatmr;t Annual O:M % uptime % online EVSE Tracked Issues Pareto Chart
cost per po per po 250, . 005
Residential AC Level 2 - 40% 90%
networked 52,445 $370 98% 66% 8 35% 80%
8 30% 70% X
C ial AC Level 2 — o U
ommeres - o $6,035 $600 86%-93% | 76%-86% | o 25 o2
- networked i 50% 2
& 20% 3
= Loo, 40% g
DC fast charging site $128,084 51,550 87% 87% S ) 8% 7% 0% ©
Q 10% 6% 20%
- H =
Residential AC Level 2 — $1 766 $5 100% NA 0% - 0%
non-networked SW integration Component MFG / design Accident / Remote start
Commerdal AC Level 2 failure failure vandalism integration
— non-networked 54'472 5185 99% NA mmm Percentage of Problems === Cumulative Percentage
Network switching
Ac2 FP2AR GOSYR2NI £201¢ YR (2 OSNATE AYGISNRLISNI 6Af

A A total of 15 commercial L2 stations changed networks without swapping stations
A Tiered approach: some stations had HD, modem and / or SIM card swapped
A Worked with EVSP and HW manufacturer to switch 2 stations completely OTA
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Questions?

Getacopyof Avi sENA®E pi |l ot project report by
reporto or at www. myavista.com

Contact me at Michael.Vervair@avistacorp.com for further questions
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Electric Transportation is a global market
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Europe (2019): 3.6%
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+ Belgium (3.2%)
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The future has more uncertainty than ever

- China EV Sales 2018-2019
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Source: hitps/imapchart netAvorid html
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But purchasing decisions are made locally
Adoption - What does it take for a customer to buy an EV?

1. Automotive OEMs
2. Car dealers

3. Customers |
¢ Does it meet my needs '
¢ Dol like it?
¢ Can | afford it today?
¢ How do I fuel it?

Wild card: impact of
COVID 19 and recession?

Of the top 25 best -selling cars, only one has a plug

-In option today
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New EV Registrations in 2019

Regions of interest:

Eastern US*: DC, Maryland, Massachusetts, New York, North Carolina, Virginia

Great Lakes**: lllinois, Indiana, Michigan, Minnesota, Ohio, Pennsylvania, Wisconsin
South & Southeast US**: Alabama, Florida, Georgia, Kentucky, Louisiana, Mississippi, South Carolina, Tennessee

San Juarj, WA [11.0%]
Snohomish, WA [4.4%]

Multnomahjl OR [5.2%]

Clackamas JOR [5.1%]

5
Bentorl, OR [6.6%]
Lane,fOR [4.6%)]

Source: InsideEVs.com; IHS/Polk, 2020.
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Marifh, CA [14.9%)]

San Frangisco, CA [11.0%] e
Contra (osta, CA [10.6%] N A S L
Alarheda, CA [15.8%]

Santa [lara, CA [19.6%]

King, WA [6.5%)]

New EV Market Share

» “
g

4% - 6%
3% - 4%
2% - 3%
1% - 2%
%

8% - 10%

[ Thes

Howard, MD [4.3%]
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i
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0%
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ZEV State in 2023

Top S counties in CA
Washington, D.C. [4.7%] and Top 15 counties

“Charlottesville City, VA [4.5%]  °utside of CA

Orange, NC [5.4%)]

Pitkin, CO [5.1%)]
Larimer, CO [4.4%)]

Boulder, CO [9.3%)]
Broomfield, CO [4.6%)]

)
4

* Regions based on states that contained a ‘Top 15" county over any of the 4 quarfér; of 2019

** Regions selected to cover additional areas of the US
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New EV Registrations 2019

Western US: California, Oregon, Washington
Region covers 133 counties

79 counties have market shares exceeding US national average
13 counties have market shares exceeding regional average

Regional average 6.8%

21

X

v 18 :

5 National average 1.9%

£ 15

T 12

C'ELU 9 A\ 4

A Y T 1 B 1

E 3 2 11 I I I 'l I o III I I I II I III II l l 2 III I I

< o HHIT Lo T T LTI IR N T
CALIFORNIA COUNTIES OREGON COUNTIES WASHINGTON COUNTIES

Source: InsideEVs.com; IHS/Polk, 2020.
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EPRI Consumer Guide to EVS 0 out NnOW * v
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Audi e-tron
Jaguar |-Pace
Tesla Model X

Changes:
* Updated format

53 |nationwide — > H
Chevrolet BOILEV . e MSRP included
Mini Cooper SE _ Nationwide y - -
Nissan Leaf and Leaf Plus _ Nationwide L 2 : B = b == b N H f B EV P H EV
Hyundai loniq Electric Select Markets — . - S = ! ¢ eW l co n S O r Vi
Hyundai Kona Electric Select Markets .

23

s .
Kia Niro EV Select Markets : ' d h | typ
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150 and 226

2020 Chevrolet Bolt EV 2020 Chrysler Pacifica Hybrid

[TeslaModets 220330 ~  [Natioowide | ‘

'l Battery-electric &=#% Compact/Hatchback W ¥ Plug-in hybrid %= Minivan/Wagon/Van Under evaluation'

e~ suscompacr 00| EPA electric range: 259 miles EPA electric range: 32 miles .

Fatsoge _____Jea ________JSelectMarkets | Ranage/h £ charainag: 26 mil EPA ic): : . H .
ge/hour of charging: 26 miles total range (gas+electric): 520 miles °

EXTIIT N . charging: 100 miles in 30 minutes Rangelhour of chargings 16 miles Online and mobile versions

e L LR 2= g Starting MSRP: $36,620 Starting MSRP: $39,995 ° Tra nslatlon lnto Spanlsh

Source: 2020 EPRI Consumer's Guide to EVs,

Source: 2020 EPRI Consumerds Guide to E
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More electric crossovers, SUVs, and trucks are coming in 2020 -2021
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Photos: Cedric Daniels, Alabama Power, a division of Southern Company (January 2020); Dan Bowermaster EPRI (November 2019)
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The bulk of EV charging in US will be done at home and work (AC)
Public charging is largely DC fast charging

Public (DC) charging (-<30%)c SRP, 2018 3%
¢ Necessary for adoption of BEVs (not PHEVS)

. ¢ Four challenges:

Public 1. Separate networks

2. Different plugs

3. Infrastructure costs, rates, utilization

4. Increasing power levels

Workplace

Workplace charging (~15%)SRP, 2018 16%

¢ Extends electric range of PHEVs, shamge BEVs

¢ Minimal distribution grid impacts

¢ One plug

¢ Challenges with parking and accessibility

Home charging (780%)c SRP, 2018 81%

¢ Many customers charge at 120V AC or use an existing 240V
dryer outlet

¢ Minimal distribution grid impacts

¢ Existing infrastructure companies serve this market

¢ Opportunities for TOU rates, smart charging, and further

customer study

~2,800 kWh/residential EV/year

Residential

The EPRI Charging pyramid, M. Duvall, EPRI, circa 2007
Electric Vehicle Driving, Charging, and Load Shape Analysis: A Deep Dive Into Where, When, and How Much Salt River Project (SRP) Electric Vehicle Customers Charge ELECTRIC POWER
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@ PUGET SOUND FNERCY  $15.5M

North American utilities are proposing ~$3B in EV charging infrastructure

Hawaiian

Electric $2'0M

oy

>0

oA

$10.0M () "8%pec

$20M g>0ntario
$43.5M @ conEdison

$45M EVERS=URCE
T 'ERGY

$30M nationalgrid

#» NewYorkPo
$250M ‘@ Authority
$9M  Narragansett

s1.7m Y4 Soumarve

atlantic cit
$14.9M neleetricc v

. Seattle
@City Light $2.2M

AiwisTa $3.1M

Pae, $19.1M
% PACIFIC POWER g4 en

’! $130M
P( $284M

sounmicitionn  922M
SO $15M "4 pepco
Los Angeles $364M i:,“;% pSEG
@e\f;:?ggg&g: $400M $3 7M Iplﬂunuh things work for you
SO $45M $10.0M CA“
A Sempra Energy we $244M "o - ELECTRIC
%NVEnergy $15M 2 $0.1M ;
. Al
TEP $2.9M - $11M ?AIIIBIBII
i a _ e
%ROCK!{ MOUNTAIN $10M $5.6 KCPsL
(/ ce nergy ) GEORGIA A
= $10.45M S WER
% l?'l'E Energy’ $13M ko
consumars@ $10M Key Challenges $1.5M =
CountonUs = EV awareness — /Z;)wer
$3.2M = Customer education - Make-ready / rebate $8M ’i; DUKE
(Oresta=e $2M . Easy and reliable public charging infrastructure (to find, access, use, and pay) Utility-owned $72M &° ENERGY.
Updated: 4/13/2020, Source: North American Utility Electric Transportation Charging Infrz re Program Overview — 2019 sta Hybrid
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Public Charging Infrastructure Density Is Increasing
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Source: PlugShare, February 2020
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