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~10-15 years

~15-30 years

Decarbonization Pathways Enabled by Innovation

Decarbonization

Accelerate economy-wide, low-carbon
solutions

* Electric sector decarbonization

* Transmission and grid flexibility: storage,
demand, EVs

e Efficient electrification

Achieve a net-zero clean energy system
Ubiquitous clean electricity: renewables,
advanced nuclear, CCUS
Negative-emission technologies
Low-carbon resources: hydrogen and
related, low-carbon fuels, biofuels, and
biogas

Past

Today

2030++

2050

Energy Cleaner
Efficiency Electricity

Efficient
Electrification

Low-Carbon
Resources
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Decarbonization Pathways Enabled by Innovation

Energy Cleaner
Efficiency Electricity

Past - | - - - <~~~ """

® Below 1.5C

® 1.5C low overshoot

Efficient
Electrification

1.5C high overshoot

2.0C low

2.0C high
® WEQ2019 SDS
OWEO02017 SDS
OETP2017 B2DS

Today

Low-Carbon

Resources
2030++
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Growth in electricity's share of final energy from 2010

0% 0%
0% 100%  200% 300%  400% 0% 100% 200% 300%  400%

Growth in electric final energy from 2010 Growth in electric final energy from 2010

2050

Source: Rose and Scott (2020), 3002018053
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Climate Shock: IPCC 2022 Report

Heatwave

- ' . Extreme Rainstorm T
4.1
Baseline Climate 1C° 1.5C° 2C° 4C°
Temperature Warming Warming Warming Warming
1850-1900 TODAY 2030E

*IPCC Climate Change 2022: Impacts, Adaptation and Vulnerability. Data visualization adapted from
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https://www.visualcapitalist.com/the-accelerating-frequency-of-extreme-weather/

A Global Challenge: Extreme Heat (2020-Present)

JUNE 2022 JUNE 2020
Russia: Highest temperature
Tromsg, Norway sets June :
high temperature record ever recorded north of the Arctic
{ | Circle of 100.4°F (38°C)

JUNE 2022

JUNE 2020

JUNE 2021 Europe had its second Finland: Warmest
June on record at

Pacific Northwest/British | hottest June on record O i JULY 2021

Columbia: week-long o M Asia had its warmest July on
heatwave sets all-time high : 'Q / l #  record, surpassing the
temperature records at MAY 2022 SO / l A previous record set in 2010

atplelccstons France had its warmest MAY 2020 y -

and driest May on record Southeast Europe: Historic 2020 ANNUAL

. heatwave resulting in Asia: 2020 was the -

p numerous maximum hottest year ever in JUNE 2022
JUNE 2021 )\‘ the 112-year record Japan: Worst rainy
Contiguous U.S.: ' JULY 2022 - season hot weather
Warmest June on record Spain: Hottest . streak since 1875

i month on record JULY 2022
\ . L since 1961 JULY 2022 \ Hong Kong: Hottest l, )
= Tunis: Hottest month on record d

recorded temperature MAY 2022
of 118°F (48°C) Pakistan recorded its ' 0
first 122°F (50°C) L

temperature of the year APRIL 2022 |
Asia: Warmest |

% April on record

\

CR—

T JULY 2022 v =
S E L E C E D Paraguay: Hottest July day %W,,Qa,f \
on record in the middle of ,l' =

| the winter 102.4°F (39.1°C) ) =
SIGNIFICANT ) g |
NOVEMBER 2021
Africa’s hottest of each K
HEAT EVENTS
g

: JANUARY 2022
2 O 2 O = P R E S E N T 2020 ANF\!UAL ) Australia: A maximum

South America: 2™ hlgryest temperature of 123.3°F (50.7°C)
temperature departure in < was recorded, tying the nation's
the 112-year record / I JANUARY 2022 A L highest temperature on record

Citation: NOAA National Centers for Environmental Information,
State of the Climate: Monthly Global Climate Report for May 2020,
June 2020, Annual 2020, January 2021, June 2021, July 2021,
August 2021, November 2021, Annual 2021, January 2022,

April 2022, May 2022, June 2022, and July 2022, retrieved on
August 17, 2022 from https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/

JUNE 2021

New Zealand had its
warmest June on
record since 1909

Antarctic sea ice extent 22.8%

below average, second smallest
extent on record
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The Costs of Severe Weather

United States Billion-Dollar Disaster Events 1980-2022 (CPI-Adjusted)
Drought Count B Flooding Count M Freeze Count B Severe Storm Count Tropical Cyclone Count

Wildfire Count B Winter Storm Count — Combined Disaster Cost Costs 95% CI — 5-Year Avg Costs
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Grid of the Future Prepared for Weather of the Future

Fire Potential index
For: Friday 10/26/12

i T ime

Climate change requires updating the

and operating the grid.

© 2022 Electric Power Research Institute, Inc. All rights reserved.

technical basis for designing, planning,
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The EPRI Differentiator: Power System Application
Impact on T&D Asset Ratings

Ambient
Temperature
Solar
. . Current
-

Overhead Lines
Ratings Limited by
Conductor
Temperature

p——
mmms Final Sag @

NESC Clearance

Conductor &
Hardware Failure

Max Ice/Wind Load
ax

SSP3-RCP7.0 (high emissions)

1 g il \;\)”“HM

1950 - 2014

2051 - 2100

Weather Condition | Impact on Ratings

Increased # of hot days 3 - 7% decrease

Increase in peak temp 1 - 5% decrease

Increased # of low wind 2 - 10% decrease
days

2050 Weather
Projections
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EPRI Climate Resilience and
CLIMATE Adaptation Initiative ( )

|
Develop a Common Framework addressing the
entirety of the power system, planning through operations

RESILIENCE AND ADAPTATION INITIATIVE Provide an informed approach to climate risk
assessment and strategic resilience planning that can be replicated

Drive stakeholder alignment on adaptation
strategies for efficient and effective investment

Workstream 1 Workstream 2 Workstream 3

Resilience /
Adaptation Planning
& Prioritization

Physical Climate
Data & Guidance

t

o » PHYSICAL CLIMATE VULNERABILITY RESPONSE
Identify climate hazards * Evaluate vulnerability at Assess power system and HAZARD ASSESSMENT PRIORITIZATION

and data required for the component, system, societal impacts:
different applications and market levels from resilience metrics and
planning to operations value measures

Evaluate data
availability, suitability, Identify mitigation options Create guidance for
and methods for from system to customer optimal investment

downscaling & localizing level priorities
climate information

* Climate data assessment and Recovery planning
application guidance Hardening technologies

Enhance criteria for Develop cost-benefit

* Address data gaps planning and operations to analysis, risk mitigation,
account for event and adaptation strategies
probability and uncertainty

* Vulnerability assessment Adaptation strategies
* Risk mitigation investment Research priorities
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ENHANCING GRID RESILIENCE FOR
WEATHER OF THE FUTURE

REACTIVE TO
PROACTIVE —»
APPROACH
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RESILIENCE AND ADAPTATION INITIATIVE

Together...Shaping the Future of Energy®

Morgan M. Scott
Director, Climate READI
mmscott@epri.com | 202.293.7515
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