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Integrated Energy Network

What is the
| objective of EPRI’s
" assessment? /
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ANECTING CUSTONERS 10 RECIABLE, SAFE AFFOROAULE, AND CLEANER ENERG

Customer Choices for End-Use Energy:

* Economy-wide assessment - Residential, commercial,
industrial and transport
Customers have broad technology choices and
control
Customer decisions integrated with detailed

electricity supply model Source: EPRI 3002009917
February 2017




Power System Evolution...

PRODUCE CLEAN EVOLVE TO ADOPT ELECTRIC
ENERGY DYNAMIC GRID END-USES




End Use (Final) Energy Use By Sector
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* Excludes upstream and midstream energy use, e.g., power generation, oil and gas extraction, refining, and
pipelines



EPRI’s US National Electrification

Assessment Scenarios

Slower Technology

CONSERVATIVE
Change

REFERENCE Reference Technology

Reference Technology +

AHOE RIS Moderate Carbon Price

Reference Technology +
Stringent Carbon Price

TRANSFORMATION

 AEO 2017 growth path
for GDP and service
demands, and primary
fuel prices

e EPRI assumptions for

cost and performance of
technologies and energy
efficiency over time

e Existing state-level

policies and targets



Efficient Electrification: Reference

Scenario
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Efficient Electrification: Transformation

(tight carbon target)

Final Energy =~ GDP Growth
(AEO)..
o
Structural Change
&g
B0 T (AEO)
o e
C e e
W et e
™ 80 e e
S e
L LIt . .
5 e Efficiency Improvements
& 60 Wil
B 50 MR
(q0)
>
@}

Other Non-Electric Energy

'"Nwatural Gas

Electric
Share

Electricity

2015 2020 2025 2030 2035 2040 2045 2050

Electricity Generation

sooot +5 2% Growth

2015 - 2050
5000

Vehicles

Buildings
4000
Industry
>
=]
O
S 3000
O
L
E © Buildings
= éooo (before electrification)
— 0
1000
Industr
Increased e y
.. (before electrification)
EIectrlct):lty

2015 2020 2025 2030 2035 2040 2045 2050



U.S. National Electrification Assessment

(USNEA) - Results

SCENARIO (Electricity Portion of Final Energy in 2015 & 2050)

CONSERVATIVE (21% & 32%)
REFERENCE (21% & 36%)
PROGRESSIVE (21% & 39%)

TRANSFORMATION (21% & 47%)
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What are the
/Implications for

end-use energy,
electricity, CO2 /

and gas?

2 ©) ) C

Totol Final Fectric Nl Economy
SCENARIO (Elcticy Porfion of Fincl Energy in 20158 2050)  [RETHI Load bus Wide

REFERENCE (21% & 36% 22% 32% 40% 20%

Overall Economy-wide Energy Efficiency Decreases Total End-Use Energy —

Electricity and Natural Gas are a Larger % of End-Use Energy



$ Billions (2015 USD)

End-User Fuel Expenditures (Total)

$1,400 What are the
/ Implications for
| end-use energy
$1000 | expenditures?

$1,200

Other Non-Electric
$800

$600

Natural Gas
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5400 E CASE

$200 Electricity Total End Use Energy Expenditures

$0
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Overall, cost of end-use energy is less, but the electricity and natural gas

components are a larger part of final energy and, thus, a larger part of the
energy costs.




Efficient Electrification...Reference

Scenario
Energy-related CO, Emissions 5' 3
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Energy Efficiency + Cleaner Electricity =

Efficient Electrification
Mobility Heating and Cooling New @pplications
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US EV sales exceed 782k through end of February
2018
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Range of battery electric vehicles
(BEVSs) is also increasing

240 Vehicle Type : 238
B Compact/Hatchback |
220 [l Minivan/'Wagon/Van :
B Sedan I
200 | Sports car !
180 B Subcompact
" SUVICrossover
160 160
'140
120
100
80
60 68
40
20
0

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Updated 1/15/2018

2022

40

35

30

25

20

15

10

5

0



Reference Projections for US Light-Duty
Vehicles
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Critical Trends — Electric Vehicle

TRANSPORT
MARKET
PROFILE

44%

PERCENTAGE OF
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Comparison for Final End-Use Energy
Sectors

TRANSPORT




Key Take Away Messages from
National Electrification Assessment

Driven by technological change
and consumer choice, further

bolstered by policy

Electrification
Trend Continues

&

Efficient electrification + end-use
efficiency lead to falling final
energy use

Efficiency Increases
Emissions Decrease

Key Takeaways
A/

p

Natural Gas Use Remains a key fuel for end-use
Grows and electric generation

&

Changing load shapes and new
System Impacts flexible loads create challenges
and opportunities




Meeting Future Customer Energy Expectation

IEN leads to an
Integrated Energy increasing societal

Network (IEN) reliance on
e . electrification and

Integration can
Improve Reliability,
Increase Efficiency,

Create New  [TRGTRIF 7 U NGRS resiliency will be key
Opportunities, and  E_=re=ty T cyber and physical
Expand Customer g )< L\ 2—Cla resiliency

Choice ——— against man-made
and

natural disaster
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Critical Trends — Data Analytics/Artificial

Intelligence

@

@‘ 200 Google Prediction S | G N POSTS
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Processing
Power

Machine Learning* 2
| Big Data —
Sensors and
Internet of
Things

&)

Mainstreaming
of Analytics
(Machine
Learning)
Platform

IBM Watson

== Microsoft o

Cognitive Services

ELECTRIC POWER
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Critical Trends: “Shared” Integrated Grid

Customer Engagement Connected Devices = Community Resiliency
Shared Econom

27 I: ELECTRIC POWER
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Does EPRI’s
Research Have
Policy
Implications?

Increased Energy-
Efficiency
Cleaner Energy
Affordable Customer
Choice
Will need an economy-
wide perspective of final

energy use

Cleaner Energy

Production * Integrated Regulation, Codes and
* Grid Modernization and Standards
Protection « Cost Benefit Models and Metrics

. ntin Technol :
Continuous Technology Market Designs
Advances EPp) |

28
© 2018 Electric Power Research Institute, Inc. All rights reserved.



Efficient Electrification Benefits/Cost
Framework... Leveraging Efficiency Cost-
Effectivene

KEY QUESTIONS

Participant

UhityArogram Cost Test (PCT)
AAMINNCOSTAEST IS THE PARTICIPANT BETTER OFF?

HAT) (PCT)
IS RESOURCE EFFICIENCY

Energy
. IMPROVED? (TRC
Efficiency Cost- (TRC)
S Effectiveness ARE RATES LOWERED? (RIM)
Societal Tests Total
Cost Test Resource

SCT) Cost (TRC) M NRE SOCIETAL COSTISILOWER? (SCT)

ARE REVENUE RECIUIREWMENTS
LOWERED? (FPAC)

Ratepayer
Impact Measure
(RIM)

LEVERAGE EFFICIENCY COST EFFECTIVENESS TESTS...FOCUS ON

REGULATORY SUPPORT

29 P ELECTRIC POWER
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State and Utility Electrification Projects in

WI Project
Developm Pnt Start: IL Project
Mar 23, 2018 Start:
June 2018
Are Future
Assessments K NY Project
o) , Start:
Planned” ' “ Febs, 2018
PA Project
Start:
Apr 4, 2018
CA Project FOCUS:
Start:
April 6, 2018

* Economics

Air Quality
Grid Impact
Implementation

Key — State Project
Status

X LA
[ ° Funding

GA Project
Commitment Start:
|:| * Interested Mar 22, 2018

State and Utility Electrification Projects in Development

“June 30, 2018
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AR ST ELECTRIFICATION 2018

INTERNATIONAL CONFERENCE & EXPOSITION

SAVE THE DATE

AUGUST 20-23, 2018 LONG BEACH, CALIFORNIA

» To gain an understanding of the quantifiable customer and environmental benefits
of efficient electrification

» To learn about best practices for implementing efficient electrification'programs to
maximize customer benefit |

» To experience the latest electrification-related technologies in acti

Scan er Efo(r%he [
latest EP1:(e icient [

Iectrlflcat n newsletter



http://www.electrification2018.com/
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Together...Shaping the Future of Electricity
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