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It’'s All About the Batteries

Batteries make up a third of the cost of an electric vehicle.
As battery costs continue to fall, demand for EVs will rise.
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LITHIUM-ION REVOLUTION

Battery production to ramp up dramatically, with the equivalent of 22 Gigafactories online by 2028
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Global market share of lithium ion battery makers in the 1st quarter of 2018
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VW wants to be the most
profitable electric car company
in the world

- Volkswagen said it will spend 44 billion euros on electric cars, digitalization,
autonomous driving and new mobility services by 2023.

« The auto maker also plans to increase productivity of its factories by 30 percent
by 2025.

Electric vehicles will grow from
3 million to 125 million by 2030,
International Energy Agency
forecasts

+ The number of electric vehicles on the road around the world will hit 125 million
by 2030, the International Energy Agency forecasts.

« The world's fleet of electric vehicles grew 54 percent to about 3.1 million in 2017.

« The IEA says government policy will continue to be the linchpin for electric
vehicle adoption.

Tom DiChristopher | @tdichristopher
Published 6:57 AM ET Wed, 30 May 2018 | Updated 2:55 PM ET Wed, 20 May 2018

YecnBCe



Electric Vehicle Timeline
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~7" |s our Grid Ready - Questions?
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Is there enough generation
capacity to switch cars from oill
to electrons?

2. Can the grid T&D infrastructure
handle the increase in
electricity

3. What is the optimized role and
value of centralized &
decentralized stational energy
storage?

4. What is the optimal EV
charging strategy (location and
time)

5. Can we reduce cost of
electricity and increase
reliability and resiliency

6. Can we deliver electricity
equitable for all?
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Generation Capacity & Valley Filling !

total installed capacity

N v"How many cars can you put on the
peaking plants grid with current generation, T&D
— infrastructure?
peak day
valley-filling load shape v"How will this change in the future with

RPS?

seasonal daverage . . -_—

load shape v"How do we optimize valley-filling (off
peak)?

fossil generation

v"What impact does this have on grid

T —— reliability & resiliency

renewables and hydro v What is the optimized role of

—— e stationary storage ( vs energy
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 efficiency, demand response,
Figure 2: Stylized Load Shape for 1 Day During Peak Season, distributed generation) ?

Generation Dispatch, and Installed Capacity

IMPACTS ASSESSMENT OF PLUG-IN HYBRID VEHICLES ON ELECTRIC UTILITIES AND REGIONAL U.S. POWER GRIDS PART 1: TECHNICAL ANALYSIS
Michael Kintner-Meyer, Kevin Schneider, Robert Pratt (Pacific Northwest National Laboratory)




—~  How many cars can we put on the grid via
valley filling?

NPCC(US)

i”:il

FRCC  57%

3¢ﬁ'|

0 — 24 hour
Valley filling

AZNERMP

Figure 3: Technical Potential for Fueling the Regional Light
Duty Vehicle Fleet with Available Electric Capacity

IMPACTS ASSESSMENT OF PLUG-IN HYBRID VEHICLES ON ELECTRIC UTILITIES AND REGIONAL U.S. POWER GRIDS PART 1: TECHNICAL ANALYSIS
Michael Kintner-Meyer, Kevin Schneider, Robert Pratt (Pacific Northwest National Laboratory)
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ECAR, Summer
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Current Generation and “Valley-Filling”

Pacific -
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NWP, Winter
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Stationary Energy
Storage could play

Key role !
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< Renewable Portfolio Standards and Grid Energy
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TOTALS

WECC SRGW MROE  SRCE  RFCM RFCW NEWE
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Total Intra-hour Total Intra-hour
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Figure ES.2. Market Size Estimates for Storage Technologies necessary to Meet Additional and Total
Intra-Hour Balancing Requirements for a 2020 Grid with 20 percent RPS.

National Assessment of Energy Storage for Grid Balancing and Arbitrage , Phase: Il: WECC, ERCOT, EIC, Volume 1: Technical Analysis

M Kintner-Meyer, P Balducci, W Colella, M Elizondo, C Jin, T Nguyen, V Viswanathan, Y Zhang (September 2013)



W/ Stationary energy storage — value stacking
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Puget Sound Energy Utility “Use Case”

« The Challenge
= Substations are capacity constrained

= Reliability issues with radial transmission and
distribution

 The Solution

Optimal energy storage is 3 MW and 9-12 MWh
Total Cost $3,690 per kW installed

Battery Cost $2300/kw

Net benefits of $6.5M

Total cost ~ $11.8M

Assessment of Energy Storage Alternatives in the Puget Sound Energy System , Volume 1: Financial
Feasibility Analysis, PNNL - 23040

17



V/ Energy storage applications —which one
Northwest  Provide greatest benefit?
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« Evaluate arbitrage, balancing services, outage
mitigation, distribution upgrade deferral and
capacity value

$30,000,000

$26,647,715 $26,867,652
$25,000,000
$21,233,715 $21,453,652 .

$20,000,000 g RESU LTS = $26M pOtentI al

515000000 Benefit

$10,000,000 » Outage Mitigation — 41%

55,000,000 » Capacity Value — 25%
o Scenario 3 Scenario 4 ;‘::‘al:::'\:‘ee':: ’ D efe rral u p g rad e - 2 3 %

:ﬁ:;;rr‘::e:enqdu::::: tcsosts [ $53,299 [ $40,833 ’ $53,299 [ $40,833 S0 ’ B al an Cl N g —_ 11%
m Balancing Services | $2899,171 | $2898352 | $2899171 |  $2,898352 | |
e T e e T e e | » Arbitrage — 0.15%
m Capacity Value $1,373,000 $1,373,000 $6,787,000 6,787,000
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Tri-company 2017 renewable enel
Total customers: 462,225
Total employees: 2,724

HAWAIIAN ELECTRIC
Customers: .

Firm generation:
Hawaiian Electric plants
Kahe (oil)
Waiau (oil) -... .
Campbell Industrial Park (biofuel)

Independent power producerq
Kalaeloa Partners (oil) ...
AES-Hawai'i (coal) ...
HPOWER (waste-to-energy) .....
Airport Emergency Facility (biofuel) ...

Total firm capacity ... 1,784]

Deactivated units:
Honolulu (eil) (113 MW) ...

ble (as.
¢

Independent power producers
Kawailoa Wind ... ... 69 MW
Kahuku Wind .. 30 MW
Wai'anae Solar.
Par Hawaii ___.___
Island Energy Service ...
Waihonu Solar.........
Aloha Solar Fund 1
Kalaeloa Solar Two
Kalaeloa Renewable Energy Park (PV)..5 MW
Kapolei Sustainable Energy Park (PV).. 1 MW

Customer-sited solar™ 460 MW

A i fi

g on: Ana| Sustainabilty

Makila Hydro .

Customer-sited solar
Approximate noj

In Development
Molokai New Energy

Renewable energy
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Periodig¥ésearch and data reports onissues of current interes

State of Hawaii - Department of Business, Economic Development §
Research & Economic Analysis Division
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TRANSPORTATION INFRASTRUCTURE
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Electrification
of Transportation

STRATEGIC ROADMAP

December 2017

EVTC

Electric Vehicle Transportation Center

Ae— State of Electric Vehh

in Hawaii: 2016 Update

Katherine McKenzie
Hawaii Natural Energy Institute
University of Hawaii at Manoa

1680 East West Road, POST 109

Honalulu, HI 96822

Email: kamckenz@hawaii.edu

Submitted to:

Dr. David Block
Florida Solar Energy Center
University of Central Florida

1679 Clearlake Road
Cocoa, FL 32022
Email: block@fsec.ucf.edu

Purchase Order Number: 291166
Report Number: HI-09-16
July 2016




O‘AHU e

Kawailoa Wind Na Pua Makani**
6o Mw € D 25w
o NRG Energy* O
/o 110 MW I T
PR
Schofield Genera
su& a Kahuku Wind
RENEWABLE 50 MW 30 MW
ENERGY Wai‘anae Solar * Waihonu Solar
28 MW 6.5 MW
RENEWABLE MIX Kahe Power Plant —©-® O Waiau Power Plant
650 MW —F 500 MW
— 9% Customer-Sited
Solar Kapolei Sustainable @ Airport
Energy Park *\——Q :zvx Facility
— 6% ¢y Waste to Energy Lo
Campbell Industrial Park ® B Honolulu Power Plant
Generating Station ® # @ 1namw
— 8% ¢ Wind 120 MW ® m@ T DEACTIVATED in 2014
Amber Kinetics Flywheel West Loch*
— 2% Y- Grio-Scale Solar 8 KW / 32 KWH 20 MW
~ 1% () Biotueis
H-POWER A~ A= Kalacloa Renewable
685mMw Lo Energy Park
AES Hawalii 0 J s
5 3 0fp RENEWABLE 180 MW \ Kalasion Gcler Two
(August 17, 2017) _ O Kalacloa Partners
*UNDER CONSTRUCTION ** AWAITING APPROVAL 208 MW

https://www.hawaiianelectric.com/clean-energy-hawaii/clean-energy-facts/about-our-fuel-mix
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Electricity Generation
2.4 GW Iinstalled generation

15,367 GWh — annual energy
capacity (firm plus variable)

v 12,078 GWh — oil and coal (79%)
v' 460MW customer-sited solar

6,976 GWh HECO total annual
energy use

Transportation Data

906,237 registered vehicles

9,400 annual average miles travelled
20.1 average miles/person/day

Assume 0.25 KWh/mile for an
Electric Vehicle

v’ 25% residential
v 75% commercial

2,129 GWh energy needed if all
vehicles were electric vehicle!

v 31% of current HECO energy consumption
v' 5KW/hr/day per vehicle



:’f/ Does Oahu have enough generation capacity

Northwest  tO put all vehicles on the grid?
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YES! Current Generation Profile NO! 100% Renewables

15,367 GWh total Capacity 3,288 GWh Total Renewables

v 79% oil & coal 9,105 GWh current load + EV

6,976 GWh current load 3,288 GWh < 9,105 GWh

2,129 GWh Electric Vehicle

9,105 GWh current load + EV 5,816 GWh Renewable Generation
needed

15,367 GWh > 9,105 GWh (~2.2GW solar or wind)




Big Bucket thinking iIs fun, need to really
understand the specifics of T&D infrastructure?

Figure 2
Average Daily Seasonal Demand (Load) Profile + Rooftop PV Generation

1 Sample of Oahu System Daily Load Profile - 2015
Mawad Energy
Peak Period
1,200 MW
600 MW
January Day
Data from HECO's Renewable Watch Website.
http://www.hawaiianelectric.com/heco/Clean-Energy/Integration-Tools-and-Resources/Renewable-Watch
Midnight Noon Midnight

ANNUAL REPORT Program Year 2016 July 1, 2016 — June 30, 2017 Submitted
to the Hawai‘i Public Utilities Commission

Impact of distributed PV on distribution infrastructure

Location of EV chargers & smart charging
Location of and size of stationary energy storage

Demand response and optimized real-time operational
control

Performance and cost trade offs.



Optimizing stationary storage with distributed
renewable generation!

G %DG of Circuit Daytime %DG of Circuit
L Gross Min Load Peak Load
X B Less than 50% ' [ ] Lessthan 10%

B 50 upto 100% [1 10upto 15%

[ 100 up to 250% A I 15upto 50%

ol b B 250% and greater e B 50 upto 75%

’_‘% I 75% and greater

' *published as of 5/92016

Figure 17. Connected and accepted distributed generation (mainly PV) on distribution circuits as a percent of peak

Figure 16. HECO's map for Oahu, with distributed generation (mostly PV) as a percent of minimum daytime load on
circuit load on Oahu.

distribution circuits.

EVTC Electric Vehicle Transportation Center. “The State of Electric Vehicles in Hawaii: 2016 Update.” Katherine McKenzie, Hawaii Nature Energy Institute



Smart Charging + stationary energy storage is
key (5KWh/vehicle/day)

Figure 33. Average weekday charging load for personal, light-duty EVs, Non-Managed Charging case and Smart Charging case, 2030

Non-managed charging Smart charging
Electricity Demand (MW)
60 - 60 -
o :
- Charging at home - 50% charging at home

50% charging at work

Flat residential rate

40 -

0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22
Hour Beginning



Potential of fast frequency response services

Figure 31. O‘ahu Fast Frequency Response Load Reduction Potential from DR Filing

MW
100 A

1 2 3 4 5 6 7 & 9 10 1 12 13 14 15 16 117 18 19 20 21 22 23 24

Cooling 7 Water Heating Il Whole Facility Il EV Il DGPV-tied Batteries Il Standalone Batteries Hour

Source: Docket 2015-0412, "Revised DR Portfolio Filing” filed on February 10, 2017, Attachment A
"Potential Study” at 26.



~~ Take away thoughts.......

Pacific
Northwest

NATIONAL LABORATORY

v Are we at a tipping point with
energy storage?

Reliable, Resilient, Equitable, Electricity Delivery System

v Will change occur faster than we
expect?

v'The role of stationary energy
storage will need to be
optimized for the system.

v Great opportunity to work with
local utilities to develop an
optimize future system view

v’ Hawaii will lead the world!

Electricity Delivery System of the Future
Stationary and vehicle energy storage - centralized and decentralized renewable generation
- energy efficiency - transmission and distribution capacity - demand response — real-time
operational and decision tools.....
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Thank You!




