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T and security of the electric grid ReliabilityFirst is one of six regional organizations which, in 2 E 2 B
E through outreach and training conjunction with the North American Electric Reliability = c ot
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THE ERO AND RELIABILITYFIRST
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Resource Adequacy:
NERC 2024 LTRA

h 9
Resource additions are
not keeping up with
generator retirements
and demand growth.
‘\ ﬁ# The winter season
WECC
CA/MX
2028 -
.High Risk: shortfalls may occur atn alpe
conditions
. Elevated Risk: shortfalls may occur in extreme ‘
conditions !
. Normal Risk: low likelihood of electricity supply

replaces summer as the
shortfall

higher-risk period due to
generator performance
and fuel supply issues.

New York

B High Risk
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OHIO SNAPSHOT

Ohio Operating Generation by Fuel Type

(EIA860M data set as of December 2024)

Nuclear
Natural Gas 2;134 MW
16,359 MW 7% Solar
54% 3,084 MW
10%
’ B wind
1,102 MW
Total ‘ a%
30,346 MW
B Other
1,012 MW
3%
- Coal
[ Storage 6,621 MW
35 MW 29,
<1%

Ohio Queued Capacity by Fuel Type

("Active” in PJM Queue as of January 29, 2025)

I Wind
473 MW
3% Natural Gas
| 578 MW
3%

OH in Queue Bl Storage
15,323 MW* 5,911 MW*
33%
B Other Solar
40 MW 10,982 MW*
<1% 61%

*Note: Projects combining storage and solar are counted in both categories



OHIO SNAPSHOT
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https://www.pjm.com/markets-and-operations/State-Import-Export-Map.aspx
https://www.pjm.com/-/media/DotCom/library/reports-notices/state-specific-reports/2023/ohio.pdf

DISPATCHABILITY

i O2 - JEES
PJM Interconnection, LLC (PJM) electricity overview (demand, forecast demand, net generation, and total
interchange) 2/17/2025 — 2/21/2025, Eastern Time
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https://www.eia.gov/electricity/gridmonitor/dashboard



MISO - INTEGRATION COMPLEXITY

Integration Complexity Increases Sharply after 30% Renewable Penetration

In the general sense, system integration complexity is the effort needed to plan for, support, and operate
new resources as they connect to the grid. In the RI1A analysis, complexity is measured quantitatively to
understand its relative magnitude when comparing across various drivers.

Operating Reliability (Cynamics)
Power delivery from weak areas may nesad

sl transmission technologiesequipped with
dynamic support capabilities

Operating Reliability (Steady State)
g PEgionalenergy transferincreasesin
magnitude and variability
Inflection Paint -

Renswable Integration Complexity

Energy Adequacy
e EXiSLINE infrastructure inadegquate to access
diverse resources

Resource Adequacy
sl Risk of losing load compresses and shifts
Inteevening
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Figure 1: Increasing renewable penetration will significantly impact grid performance with complexity
increasing sharply after 30% renewable penetration levels

https://cdn.misoenergy.ora/RIIA%20Executive%20Summary520053.pdf
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NERC LTRA RECOMMENDATIONS

Executive Summary

1.

Recommendations
To address the energy and capacity risks identified in this LTRA, NERC recommends the following
priority actions:

Integrated Resource Planners, market operators, and regulators: Carefully manage generator

deactivations. Independent Systern Operator/Regional Transmission Organizations (ISO/RTOs)
should evaluate mechanisms and process enhancements for obtaining information on expected
generator retirements that would support early identification of reliability risks. State and
provincial regulators and ISQ/RTOs need to have mechanisms they can employ to extend the
service of generators seeking to retire when they are needed for reliability, including the
management of energy shortfall risks. Regulatory and policy-setting organizations must use their
full suite of tools to manage the pace of retirements and ensure that replacement infrastructure
can be developed and placed in service.

MERC and Regional Entities: Improve the LTRA by incorporating new analysis and criteria to

inform stakeholders of future reliability risks. NERC increased the frequency of the ProbA from
biennial to annual and included unserved energy and load-loss metrics as the basis for risk analysis
in this year's LTRA. To be more effective in using energy criteria and outputs of probabilistic
analysis, NERC must specify consistent methods and assumptions for assessment areas to follow
in preparing the annual ProbA. MERC and the Regional Entities, in consultation with the RSTC,
should also continue to enhance MERC's LTRA to assess ERSs in the future system and the potential
impact of new and evolving electricity market practices, regulations, or legislation on resource
adequacy. Finally, MERC should work with the Regional Entities to perform wide-area energy
analysis with modeled interregional transfer capability. Wide-area energy analysis will support
the evaluation of extreme weather and regional fuel supply issues on an interconnection level.

Regulators and Policymakers: Streamline siting and permitting processes to remove barriers to

resource and transmission development. 4s 150/RTOs continue looking for opportunities to
speed transmission planning processes, delays from siting and permitting activities will need to
be reduced. These are the most common causes for delayed transmission projects. Support from
regulators and policymakers at the federal, state, and provincial levels is urgently needed.

Regulators, electric industry, and gas industry member organizations: Implement a framework

for addressing the operating and planning needs of the interconnected natural gas-electric
energy system. Various initiatives were launched in the past year to address the reliability needs
that arise from the complexity of interconnecting natural gas and electric infrastructure.
Valuntary actions taken by the natural gas industry in response to the Morth American Energy

Standards Board (NAESB) Forum report are a positive step toward improving winter readiness.
The Mational Association of Regulatory Utility Commissioners (NARUC) launched its Gas-Electric
Alienment for Reliability (GEAR) task force this year and recently created the Natural Gas
Readiness Forum. For its part, NERC continues to collaborate extensively with industry and
policymakers. NERC has enhanced its Reliability Standards requiring generators to prepare for
winter extremes, implement training, and establish communication protocols between
generators and grid operators. Current standards projects encompass extreme weather planning
and energy assurance requirements. NERC will continue to provide full support to initiatives
aimed at achieving a reliable interconnected energy system and wrges regulators and
policymakers to support needed avenues of coordination between the two sectors.

5. Regional transmission organizations, independent system operators, and FERC: Continue to
ensure essential reliability services are maintained. The changing composition of the North
American resource mix calls for more robust planning approaches to ensure adequate ERSs.”
Retiring conventional generation is being replaced with large amounts of wind and salar; planning
considerations must adapt with more attention to ERSs. As replacement resources are
interconnected, these new resources should be capable of supporting voltage, frequency,
ramping, and dispatchability. Many technologies can contribute to ERSs, including variable energy
resources; however, policies and market mechanisms need to reflect these requirements to
ensure these services are provided and maintzined. Regional transmission organizations,
independent system operators, and FERC have taken steps in this direction, and these positive
steps must continue.

In addition to these priorities, NERC recommends continued progress in areas identified previously in
MERC's LTRA and other assessment reports. All recommendations are listed in the Recommendations
and ERO Actions Summary section.

* Essential Reliability Services: https:/fwww.nerc.com/pa/RAPA/ra/Reliability%20Assessments%200L/ER5%20Abstract %2 OReport 32 0Final. pdf

2024 Long-Term Reliability Assessment
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ENERGY TRILEMMA CONSIDERATIONS

Environment

&

Reliability

Cost

Reliability

Resource Adequacy and

Fuel Assurance

Cost

Affordability and

¢ Voltage
® FrequencyResponse
L Inertia and Short-Circuit

[ Essential Reliability Services |

Energy Equity

Blackstart Resources

Supply Chain Considerations

Transfer Capabilities

Net Energy Efficiency

Distributed Energy Resources

Impact on Economy

Job Growth (short-term and

Energy Efficiency and
Demand Response

long-term)

Life-expectancy of new

resources

Environment/

Sustainability

— Land/ Water usage

——  Carbon and Emissions

— Siting and Permitting

—— Wildlife and deforestation

Recycling and
Decommissioning

—— Renewable Resources




A Blueprint for the Energy Transition

September 06,2023
https://www.bcg.com/industries/energy/energy-transition/blueprint

The Transition to Net Zero Needs to Happen Roughly 3x Faster than Previous Transitions

Primary energy supply by energy source, 2050 estimates based on IEA net-zero scenario

.4 Transition to maximum share Target
) . ) renewables
Coal Maximum Oil Maximum Renewables share:
share at coal share: share at oil share: share at -
12% 55% 12% 41% 12% 70 / 0

13 years
to 41%

- e e e - - -

18 years

|
|
|
|
I
I
I
I
I
|
: to 55%

30 years
to 70%

1850 1900 1950 2000 2020 2050
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Note: Renewables include biofuels, solar, wind, and hydrogen, among others.



https://www.bcg.com/industries/energy/energy-transition/blueprint
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CRITICAL MINERALS

Nickel Graphite

IEA (2024), Nickel and graphite supply requirements and expected
supply from announced projects in 2035, IEA, Paris
https://www.iea.org/data-and-statistics/charts/nickel-and-graphite-
supply-requirements-and-expected-supply-from-announced-
projects-in-2035, Licence: CCBY 4.0

Mt

0.9

0.3

0.2

0.1

o 2023 supply @ 2035supply @ 2035 netdemand

Cobalt Lithium

IEA (2024), Cobalt and lithium supply requirements and expected
supply from announced projects in 2035, IEA, Paris
https://www.iea.org/data-and-statistics/charts/cobalt-and-lithium-
supply-requirements-and-expected-supply-from-announced-
projects-in-2035, Licence: CC BY 4.0
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Nuclear

Demand Response
Battery

Solar + Battery
Wind On-Shore
Wind Off-Shore

Exhibits Attribute
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Biomass
Hydro
Solar

Generator Reliability Services
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BASE LOAD COMPARED TO HYBRID

100 MW Base Load Generation 300 MW Solar + 400 MW Batteries
« Assume 8 hours of sunlight
> 100 MW Traditsional Base load « Assume no losses in conversion
generates 2400 MWh Usage

« 100 MW solarfor 8 hours (800 MWHh)

« 400 MW storage for 4 hour discharge
(1600 MWh)

Storage

« 200 MW solarto charge storage 8 hours
(1600 MWh)
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BASE LOAD
COMPARED TO HYBRID

-
o PJM ELCC CLASS RATINGS
L
> FOR 2025/2026 AUCTION
-
p 2025/2026 31A
< ELCC Class Ratings
" Onshore Wind 42%
- Offshore Wind 71%
@ Fixed-Tilt Solar 8%
Tracking Solar 1%
" Landfill Intermittent 51%
T Hydro Intermittent 37%
ll.n_.l 4-hr Storage 44%,
g 6-hr Storage 53%
= 8-hr Storage 58%
0 10-hr Storage 67%
ﬁ Demand Resource 68%
= Nuclear 95%
o Coal 83%
— Gas Combined Cycle 7%
Gas Combustion Turbine 59%
Gas Combustion Turbine Dual Fuel 78%
Diesel Utility 92%
Steam 73%

https://www.pjm.com/-/media/DotCom/planning/res-adeqg/elcc/2025-26-3ia-elcc-class-ratings.pdf



DATA CENTER GROWTH
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NERC REPORTS

December 2024
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Figure 2: Projected Reserve Margin Shortfall Areas

https://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20
DL/NERC_Long%20Term%20Reliability%20Assessment_2024.pdf

Interregional Transfer

Capability Study (ITCS)
Strengthening Reliability Through the
Energy Transformation

Final Report

RELIABILITY | RESILIENCE | SECURITY

3353 Peachtree Road NE
Suite 600, North Tower
Atlanta, GA 30326

404-446-2560 | www.nerc.com

2024-2025 Winter Reliability Assessment
November 2024

https://www.nerc.com/pa/RAPA
/Documents/ITCS_Final_Report.pdf

MRO
SaskPower

/~NPCC
< ’y Maritimes
T NPCC
New England
NPCC
" New York

SERC-E

Risk Key

Texas RE M High Risk during Extreme Weather

ERCOT W Elevated Risk during Extreme Weather
M Risk to Natural Gas Pipeline Capacity

Figure 1: Winter Reliability Risk Area Summary
Seasonal Risk Assessment Summary
Potential for insufficient operating reserves in normal peak conditions

‘ Elevated | Potential for insufficient operating reserves in above-normal conditions
Sufficient operating reserves expected

https://www.nerc.com/pa/RAPA/ra/Reliability
%20Assessments%20D L/NERC_WRA_2024.pdf
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RELIABILITY CASE STUDIES
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NEWS REPORTS EVENTS PODCAST

EMERGY & ENVIROMMENT

1 by Isaac Orr, Mitch Rolling

Hawaii Five Uh-Oh
Hawaii

On January 8, 2024, a confluence of factors f
initiate rolling blackouts that affected about

communities on the island of Oahu, Hawaii.

The blackouts, which lasted from about 7:50
of factors that we can put into two main caty
blackouts and the long-term factors that m4
blackouts in the first place.

Long story short, the state's so-called "energ
outages, ushering in the first rolling blackou

Book it, Danno!

What Caused the Blackouts|
Rain
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State of emergency declared after blackout
plunges most of Chille Into darkness

Scidiors patrol the strocts during 2 state of cmergency tter 3 blackout in Santiaga, Chie, on
Wodnesday T AFPYGe 3

(CNN) — Chile's president has declared a state of emergency after an electricity blackout
plunged most of the country into darkness on Tuesday, ncluding the capital Santiago.

The outage - in the middle of Chile's sumemer, when lemperatures in Santiago are around
30 degrees Ceisius (86 degrees Fahrenheit) - has affected some 8 million homes, President
Gabried Boric said in an address 10 the nation on Tuesday evening.

The National Disaster Prevention and Response Service sad 14 of the country’s 16 regions
were impacted by the blackout, which began Tuesday afternoon.

Intemet and mobile phone senvices were down across much of the nation and parts of

Santiago's ransport network was suspended, stranding commulers, s officials scrambled

Lo restore powes.

restore power

S

cloctricky pasts in Pilyanda, Sa Lanka on November 29, 2016

— Sri Lanka extended powes culs for a third day on
tove its naticnal grid Lo full capacity after a monkey

Jut over the weekend that disrupted supply 10 the island's 22

Sunday was blamed by power minister, Kumara Jayakody,
pridd s1ation in a Colombo suburb. NO power cuts were

vhich was a holiday in Sei Lanka.

SCt with the transformer at the station, disrupting supply 10

no immediate details on whether the monkey survived the

2:30 GMT), the island’s state-run

in a statement.

[iemented from 6 p.
ectricity Board (CEB)

et the E2and's only 500 MW coal fired power plant, causing
s saia

estate.
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PJM RETIREMENT IMPACT
FUTURE WINTER PERFORMANCE

PIM 2029 Winter Risk Scenario
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= 10000 32,000 MW :

S 150000 Unconfirmed the load might not have
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=0 If all unconfirmed retirements, plus renewables are not available, and potential forced outages are

LL

realized, then PJM will 20 GW deficient for the future winters.

Note: Resources are 2029 Existing and Tier 1 from NERC LTRA

Unconfirmed Retirement value from the NERC LTRA

Forced Outages represent 10.7% of Resources minus Unconfirmed Retirements (derived from historic GADS generation availability)
Assumes emergency operations (EEA-1) where imports/exports are withheld

Values have been rounded.
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