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TECHNICAL TALK WITH RF

Join the conversation at

SLIDO.com
#TechTalkRF

l_
v
o
LL
}-
| o
-
m
s
=
Ll
=
o
Ll
=
=
w
(V)
O
-
(&
o
<
=
o
O
L




Public

TECHNICAL TALK WITH RF

Follow us on

Linked {118

Linkedin.com/company/reliabilityfirst-corporation

RELIABILITY Fiies T

ReliabilityFirst Corporation 2

RF works to maintain the reliability, security and resilience of the electric grid in the Mid-Atlantic region

e Brian & 85 other connections work here
T SRS, |
Home My Company About Posts Jobs People

m Images Videos Articles Documents Ads

iy Sortby. Top v
ReliabilityFirst Corporation b
ReliabilityFirst 0. :_0 owers
Corporation o . . o o
ReliabilityFirst staff participated in our organization's annual Day of Giving last week.
3.970 followers Thank you to BOYS & GIRLS CLUB OF CLEVELAND, Providence House, Shoes and

Clothes for Kids, Arkansas Foodbank, and City Mission for having us as vt ...see more
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TECH TALK REMINDERS

Please keep your information up-to-date
« CORES and Generation Verification Forms

Following an event, send EOP-004 or OE-417 forms to
disturbance@rfirst.org

CIP-008-6 incident reports are sent to the E-ISAC and the
DHS CISA

Check our monthly CMEP update and newsletter:
« 2025 ERQO Periodic Data Submittal schedule
» Timing of Standard effectiveness

BES Cyber System Categorization (CIP-002-5.1a)

» Assess categorization (low, medium, or high) regularly and
notify us of changes

CIP Evidence Request Tool V9 was released and is on
NERC's website

Public



mailto:disturbance@rfirst.org
mailto:operations@eisac.com
mailto:operations@eisac.com
mailto:operations@eisac.com
https://us-cert.cisa.gov/forms/report
https://www.rfirst.org/wp-content/uploads/2023/11/CMEP-Monthly-Update-Letter-November-2024.pdf
https://www.rfirst.org/news/
https://www.nerc.com/pa/comp/CAOneStopShop/2025%20ERO%20Enterprise%20Periodic%20Data%20Submittal%20Schedule.pdf
https://www.nerc.com/pa/comp/CAOneStopShop/2025%20ERO%20Enterprise%20Periodic%20Data%20Submittal%20Schedule.pdf
https://www.nerc.com/pa/comp/Pages/CAOneStopShop.aspx
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TECH TALK REMINDER

Are you getting our newsletter
First Things RFirst?

@ RELIABILITY FIRST

- Sign up today here

First Things RFirst

Expert analysis for a more reliable, secure ond resilient electric
grid, plus news and updates for RF stakeholders.

June 2024

Also, make sure to check out Insights & Analysis

ReliabilityFirst 2024 Summer Reliability Assessment
our 2024 Impact Report and
video

RF’s Summer Reliability Assessment projects the PJM and
MISO areas to have adequate resources under normal
demand, but if demand or resource outages are
experienced beyond those projections, there is an
increased likelihood that corrective actions would be
needed. This risk is low in the PJM area, but it is elevated
in the MISO area.

Click here to read more

The Lighthouse: The challenges of Operational Technology cyber
security
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Our modern civilization relies on Operational Technology
(OT) to keep essential services working. The electric grid,
pipelines, water treatment plants, transportation systems,
and many more all depend on OT to deliver reliable
services. Operating these systems securely comes with a
host of cyber security challenges.

Click here to read more



https://www.rfirst.org/news/
https://www.rfirst.org/rf-2024-impact-report-2/
https://www.youtube.com/watch?v=TuC01IYqgog
https://www.rfirst.org/wp-content/uploads/2025/04/RF-2024-IMPACT-REPORT.pdf
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TECH TALK ANNOUNCEMENT

@RELIABIL[TY FIRST

ReliabilityFirst Hosting a

CIP Low Impact Workshop

(In-Person Only)
August 19th - 2st

Register Now: Eventbrite CIP LOW IMPACT
ven etalls: ITirst.org WORKSHOP , -

The RF Low Impact Workshop will give attendees
the opportunity to improve their understanding of
security and compliance for CIP assets containing
low impact BES Cyber Systems.
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Attendees will be able to choose from three training RF Offices, Cleveland, Ohio

tracks on Day 1. August 19-21, 2025

Day 2 will be a workshop with presentations and Free to attend, Registration is Limited!

panels on various topics of interest to the CIP low Details and Registration:

Impact community. https://www.rfirst.org/event/cip-low-impact-workshop/

Registration is limited, so be sure to sign up early!


https://www.rfirst.org/event/cip-low-impact-workshop/
https://www.rfirst.org/event/cip-low-impact-workshop/
https://www.rfirst.org/event/cip-low-impact-workshop/
https://www.rfirst.org/event/cip-low-impact-workshop/
https://www.rfirst.org/event/cip-low-impact-workshop/
https://www.rfirst.org/event/cip-low-impact-workshop/
https://www.rfirst.org/event/cip-low-impact-workshop/
https://www.eventbrite.com/e/2025-low-impact-workshop-tickets-1407517265029?aff=oddtdtcreator
https://www.rfirst.org/event/cip-low-impact-workshop/
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TECH TALK ANNOUNCEMENT

NERC

I —
NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

NERC publishes new Reliability Insights:
New Approaches Needed to Ensure

System Adequacy
Read here: Report

NERC has published a new edition to their Reliability Insights:
brief technical documents that provide an overview of a topic,
identify any critical issues and potential reliability impacts.

This third issue focuses on New Approaches Needed to Ensure
System Adequacy.

RELIABILITY
=—INSIGHTS
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Third Issue

NERC M P 6.

RELIABILITY CORPORATION Qgenc JTEXASRE w WEGCGC

Reliability Insights
New Approaches Needed to Ensure System Adequacy

June 2025

Traditional Resource Adequacy Methods Are No Longer Enough

Nearly 400 million North Americans depend on an odequate and reliable supply of continuous electrical energy that
is supplied by an electric grid increasingly reliant on weather-dependent and just-in-ima fual resources. Ensuring
reliability is made more challenging by increasing uncertainty in future supply and demand, especially with high load
growth. Overcoming thesa challenges through system planning and operations is key to ensuring energy adequocy.
Adeguacy, as it relates to the grid, is traditionally measured by whether capacity can meet peak demand; however,
this appreach, which is focused on capacity-based reserve margins and deterministic planning, is ne longer sufficient
by itself.

Industry and plicymakers must guide a transition fram a capacity-hased approach to an energy-based one. This
transition entails medarnizing planning practices; investing in and retaining flexible and secure fuel resources that are
less than firm; and supporting standardized, probabilistic appraaches with scenario-based assessments that properly
reflect the realities of today’s evolving resource mix that has vastly different reliability attributes.

Recent system events show that capacity alone does not guarantee a reliable and secure source of energy, and failure
to act can result in greater risk. The consequences are growing er outages, economic disruption, and impacts on
public health and satety. As demand growth projections have reached heights not seen in decades, the tima (s right
1o @nhance reseurce and transmission planning procasses.

Applying Past Learning to Future Planning
Today's grid faces higher volatility, lower predictability, and more
severe consequences when things g0 wrong. Simply maintaining
reserve margins may give a false sense of security as avidenced
during several recent, significant events

+  Texas [Winter Storm Uri, 2021): At the time of this event,
the EACOT area was considered “resource adequare” by
the targets set by ERCOT and the Public Utility
commission of Texas, but extreme cold disrupted gas
supply and froze generation of all types. Up 1o 20,000 MW
of emergancy firm load shed was requirad over multiple
days due to extreme demand, low rengwable output, and
a huge amount of thermal generation farced off-line

Operating
—

Se——_—

Midwest (June 2023): More than 60,000 Mw of wind
capacity dropped to 300 MW during & widespread low- Figure 1: June 6, 2023, Wind
wind event also known as a dunkelflaute (see Figure 1), Production North Amarican
Fortunately, the system was lightly loaded for spring Mid Continent
conditions, and excess generation from the area and
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WECC

Grid-Enhancing Technologies

Dynamic Line Ratings: Enhancing Reliability in the Modern Grid
Oxtaber 15, 2004

Overview

. the use of Dynamic the

‘capability of the transmission system. DU hold patental to cost effectively and quickly expand the
capability of the wansmission grid using existing rights-of-way. However, degioyment of DLRs is not
3 L 1ol patential.

Transmission capabilty may be IMiLed by siements of the system, such 35 Dreakars, Switches, 300 bus
canductors, a3 wel 85 by ihe line's CONMUCIoN (L&, Wirk i the air). In Qther cases, stability cosiderations

v
capabity. In al cases, the communications channels used te enable DLRS must be cyber secure, and grid
eperators must have real-time awareness of DIR deployment on their systems as wedl s thase of their
reighboring systems 1o acrurately model power flows acress the grid. DURs on tie fnes must be

| | - " s

Reliabiliry Coordinaters (RC)

Rebiability Benefits and Critical Tssues
The maximum amaunt of pewer that can safey flow on a ine is imited by physcal properies, e
conductor heating ang sagging mtations, ang o vriery of SUbRation equIpMENt ratings. DLR equipment
a1 sofTware calculate rea-Sime TaNSMISSion e CpAKIy DaSe O CLATENE Weatner CoNGTIoNs, Such 35
SMIDHENT B CONUCTON TEMperaTres, WinG 5p8ess, and Sclar FTSdIatIon. UnIe STATC N ratines, which
IVDICBl BSEUE CONSNVBtive SERSONBl WOrST-CBSE CONBIONS, SOBICATION of DLRS resull in reakume
acjusiments in ine capact by reflecing a onucior
Ioading This allows for expandei ransission capabilcy under ceriain condlons and can avoid or delay

ights-of-way and ransmission i making ive use of
isung rasTTUCTure A% FENTS-CFVY.

DURs can pecwide resl relibility benefits under saproprists circurmstances, such as:
* Increased Transmission Capacity: The use of DIRs can increase the transmission capacity during
faversnie weather conditions
© Enhanced Grid Flexibiity and Incressed Situationsl Awareness: DLRs ensbie higher levels of
manage the grid with mare fieibility
while mainsaining reliable sperations. This awareness could eliminate the need for unnecessary
System operatar actions t curtad generatien schedules, or—when the environmental conitions
e not favorable—resultin lowering the line eapacity

NERC LV

9SERC * TEXASRE W wece

Reliability Insights
The Interconnected Gas and Electric Systerms
March 2025

North Amarica

Jar, bt T
driving the development of mare renawabla enargy resources. Meanwhie, due to the rapidy retring coal feet,

of peak winter capacity insome areas of North America

This growing dependence an natural gas
nfrastructure has creatad new operational and
planning challenges, such 35 those experienced

' winter Storm ot in December 2022

= same time, natural gas production in Appalachia
0l by more than @ billon cubi feet (8cf) per day.

for major gas pipalne eparaters n the ragion thraatenad fuel delivery o oW 1ctor customars. At one point,
generstors and fosl
t0 13 percant f the resources in the U Inthe Southeast
more than 5,400 MW of firm Ioad shed, the larget recordsd manual load shed i the Eastern mierconnection's
History. Natural gas leaving the arcallus and Utica
3 produetion drop of 23% and 5a%, respactively, 3t it peak TS event, and others, spotights the wide-area
may ot be resolved

from neighbering a2

s o2, natural g, and nuc

eviden Hieak
nstural gas infrestructure diectly impacting bulk power ystem (B5S) relsbiliy. Thz incident highights the
s ouiage st key fadliy en have

et

naturalgos facl

Interconnected Systems Need Coordinated Planning and Operations

syitem,
raised awaraness of the



https://www.nerc.com/news/Reliability%20Insights/Reliability%20Insights%20-%20New%20Approaches%20Needed%20to%20Ensure%20System%20Adequacy.pdf
https://www.nerc.com/news/Pages/default.aspx
https://www.nerc.com/news/Reliability%20Insights/Reliability%20Insights_Grid-Enhancing%20Technologies%2015OCT24.pdf
https://www.nerc.com/news/Reliability%20Insights/Reliability%20Insights_Grid-Enhancing%20Technologies%2015OCT24.pdf
https://www.nerc.com/news/Reliability%20Insights/March%202025%20-%20NERC%20Reliability%20Insights.pdf
https://www.nerc.com/news/Reliability%20Insights/March%202025%20-%20NERC%20Reliability%20Insights.pdf
https://www.nerc.com/news/Reliability%20Insights/Reliability%20Insights%20-%20New%20Approaches%20Needed%20to%20Ensure%20System%20Adequacy.pdf
https://www.nerc.com/news/Reliability%20Insights/Reliability%20Insights%20-%20New%20Approaches%20Needed%20to%20Ensure%20System%20Adequacy.pdf
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TECH TALK ANNOUNCEMENT
NERC

I —
NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

2025 State of Reliability

N E RC Re I ea Ses 2025 State Of Reliability 2025 State of Reliability \ Technical Assessment of 2024

Assessment Overview of 2024 Bulk Power System Performance

Read here: Full Announcement | Overview Bulk Power System Performance

June 2025

June 2025

| Technical Assessment

2025 SOR Infographic
2025 SOR Overview
2025 SOR Video

NERC annually publishes the State of Reliability (SOR) report,
which provides objective and concise information for
policymakers and industry leaders on issues that affect the
reliability and resilience of the North American BPS while
providing strong technical support for those interested in the
underlying data and detailed analytics.

RELIABILITY | RESILIENCE | SECURITY

- i \

wer
Atlanta, GA 30326
46-2560 | www.nerc.com
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This year’s report finds that the North American bulk power ,%r;gccm
system (BPS) remained reliable and resilient in 2024. The SOR o
shows that today’s transmission system is demonstrably more
reliable and resilient with the severity and duration of outages k
declining, and system restoration times growing shorter. However, NERC's 2025 State of Reliability
newer and emerging risks are challenging grid reliability in new NERE
ways, which will require agility to better assess these risks, and :
de\{elop and impleqment gitigations all while the system Che?k outthe video on

' NERC's YouTube Channel!

undergoes rapid transformation.


https://www.nerc.com/pa/RAPA/PA/Performance%20Analysis%20DL/NERC_SOR_2025_Overview.pdf
https://www.nerc.com/pa/RAPA/PA/Performance%20Analysis%20DL/NERC_SOR_2025_Technical_Assessment.pdf
https://www.youtube.com/watch?v=0j3wcF7JbrU
https://www.nerc.com/news/Headlines%20DL/06122025%20SOR%20Announcement%20Final.pdf
https://www.nerc.com/pa/RAPA/PA/Performance%20Analysis%20DL/NERC_SOR_2025_Overview.pdf
https://www.nerc.com/pa/RAPA/PA/Performance%20Analysis%20DL/NERC_SOR_2025_Technical_Assessment.pdf
https://www.youtube.com/watch?v=0j3wcF7JbrU
https://www.youtube.com/watch?v=0j3wcF7JbrU
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TECH TALK ANNOUNCEMENT
NEIRC

I —
NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

Robb Speaks at FERC Technical Conference on

Resource Adequacy in RTO and ISO Regions

Watch the Recording here:
Day 1 Webcast | Day 2 Webcast | Jim Robb Opening Comments

NERC President and CEO Jim Robb spoke on the opening panel of the Federal Energy Regulatory Commission (FERC)
technical conference, Meeting the Challenge of Resource Adequacy in Regional Transmission Organization and
Independent System Operator Regions.

Panel 1: The Resource Adequacy Challenge in RTOs/ISOs featured the following industry leaders:

« Manu Asthana, PJM, President and CEO « Todd Ramey, MISO, Senior Vice President of

* Rich Dewey, NYISO, President and CEO Markets and Digital Strategy

e Elliott Mainzer, CAISO, President and CEO * Jim Robb, NERC, President and CEO

* Lanny Nickell, SPP, President and CEO « Gordon van Welie, ISO-NE, President and CEO
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Mounting resource adequacy challenges are elevating the risk profile across a broad swath of North America, leaving few
areas untouched. Robb discussed the shifting landscape of resource adequacy, including resource retirements outpacing
replacements, the need to modernize adequacy approaches, and NERC's commitment to working with industry and FERC
to develop standardized adequacy criteria to help ensure grid reliability.



https://www.ferc.gov/news-events/events/commissioner-led-technical-conference-regarding-challenge-resource-adequacy-rto
https://www.ferc.gov/media/day-2-meeting-challenge-resource-adequacy-rtosisos
https://www.nerc.com/news/Headlines%20DL/FERC%20RA%20Technical%20Conference%20Opening%20Statement.pdf
https://www.ferc.gov/news-events/events/day-1-commissioner-led-technical-conference-regarding-challenge-resource

Talk with Texas RE

* Modeling and Model
Verification, 6/24

Evolving Grid Workshop
« July16



https://www.texasre.org/pages/calendar/events/2025/june/talkwithtexasremodelingandmodelverification
https://www.texasre.org/pages/calendar/events/2025/june/talkwithtexasremodelingandmodelverification
https://www.texasre.org/pages/calendar/events/2025/june/talkwithtexasremodelingandmodelverification
https://www.texasre.org/pages/evolvinggridworkshop
https://www.texasre.org/pages/evolvinggridworkshop

‘\\' WECC‘

Released 2025 Summer
Reliability Overview: Western
Interconnection

Reliability & Security
Oversight Update

e June 19
e July17



https://feature.wecc.org/2025summerreliabilityoverview/index.html
https://feature.wecc.org/2025summerreliabilityoverview/index.html
https://feature.wecc.org/2025summerreliabilityoverview/index.html
https://www.wecc.org/meetings/17306-reliability-security-oversight-update
https://www.wecc.org/meetings/17306-reliability-security-oversight-update
https://www.wecc.org/meetings/17311-reliability-security-oversight-update
https://www.wecc.org/meetings/17311-reliability-security-oversight-update

Y MIDWEST
- ’4 RELIABILITY

ORGANIZATION

ICYMI: Recording & Slides
Available

Reliability, Security, and
CMEP Summit: Navigating
the Evolving Power Grid

MRO 2025 Regional
Summer Assessment
Webinar

e June 26



https://www.mro.net/in-case-you-missed-it-reliability-security-and-cmep-summit-recordings-now-available/
https://www.mro.net/in-case-you-missed-it-reliability-security-and-cmep-summit-recordings-now-available/
https://www.mro.net/in-case-you-missed-it-reliability-security-and-cmep-summit-recordings-now-available/
https://www.mro.net/event/2025-regional-summer-assessment-webinar/
https://www.mro.net/event/2025-regional-summer-assessment-webinar/

Reliability Corporation

9SsERC

Physical Security Workshop,
Moore Haven, FL

* July 15-17, in-person only



https://www.serc1.org/outreach/events-calendar/event-details/2025/07/15/training-and-education/physical-security-workshop-july-15-17-2025-hosted-by-glades-electric-cooperative
https://www.serc1.org/outreach/events-calendar/event-details/2025/07/15/training-and-education/physical-security-workshop-july-15-17-2025-hosted-by-glades-electric-cooperative
https://www.serc1.org/outreach/events-calendar/event-details/2025/07/15/training-and-education/physical-security-workshop-july-15-17-2025-hosted-by-glades-electric-cooperative
https://www.serc1.org/outreach/events-calendar/event-details/2025/07/15/training-and-education/physical-security-workshop-july-15-17-2025-hosted-by-glades-electric-cooperative

MPCC, Ine.

Released Regional
Summer Reliability
Assessment

New Presentation

Recording Available:

« CIP ERTV9.0
Updates



https://www.npcc.org/news/summer-2025-reliability-assessment-forecasts-adequate-electricity-supplies
https://www.npcc.org/news/summer-2025-reliability-assessment-forecasts-adequate-electricity-supplies
https://www.npcc.org/news/summer-2025-reliability-assessment-forecasts-adequate-electricity-supplies
https://www.npcc.org/news/new-presentation-recording-available-cip-ert-v9-0-updates
https://www.npcc.org/news/new-presentation-recording-available-cip-ert-v9-0-updates
https://www.npcc.org/news/new-presentation-recording-available-cip-ert-v9-0-updates

@RELIABILITY FIRST

Next Tech Talk with RF

o July 21
DTECH Midwest, RF Speakers

in-person Minneapolis, MN
« July14-16

Protection System Workshop,
Webinar
* August 6

Human Performance Workshop,
Webinar

e August /

CIP Low Impact Workshop,
in-person Cleveland, OH

* August 19-21



https://www.rfirst.org/event/technical-talk-with-rf-july-2025/
https://www.rfirst.org/event/technical-talk-with-rf-july-2025/
https://dtech-events.com/midwest/event-info/event-agenda
https://dtech-events.com/midwest/event-info/event-agenda
https://dtech-events.com/midwest/event-info/event-agenda
https://dtech-events.com/midwest/event-info/event-agenda
https://www.rfirst.org/event/protection-system-workshop-2025/
https://www.rfirst.org/event/protection-system-workshop-2025/
https://www.rfirst.org/event/human-performance-workshop-2025/
https://www.rfirst.org/event/human-performance-workshop-2025/
https://www.rfirst.org/event/cip-low-impact-workshop/
https://www.rfirst.org/event/cip-low-impact-workshop/
https://www.rfirst.org/event/cip-low-impact-workshop/
https://www.rfirst.org/event/cip-low-impact-workshop/

TECH TALK REMINDER

Tech Talk with RF announcements are posted on our

calendar on www.rfirst.org under Calendar

MON June 16 @ 2:00 pm - 3:30 pm

16 Technical Talk with RF

Virtual (Webex)

F=TECH
ATRALK

Technical Talk with RF is a monthly webinar ReliabilityFirst hosts to discuss key reliability, resilience A\~ wrTH AN~
and security topics with our stakeholders.

FORWARD TOGETHER @ RELIABILITYFIRST



http://www.rfirst.org/
https://www.rfirst.org/event/technical-talk-with-rf-june-2025/

TECHNICAL TALK WITH RF

Join the conversation at

SLIDO.com
#TechTalkRF
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Anti-Trust Statement

It is ReliabilityFirst's policy and practice to obey
the antitrust laws and to avoid all conduct that
unreasonably restrains competition. This policy
requires the avoidance of any conduct which
violates, or which might appear to violate, the
antitrust laws. Among other things, the antitrust —\
laws forbid any agreement between or among |
competitors regarding prices, availability of

service, product design, terms of sale, division of

markets, allocation of customers or any other “

activity that unreasonably restrains competition.
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It is the responsibility of every ReliabilityFirst
participant and employee who may in any way A\
affect ReliabilityFirst's compliance with the

antitrust laws to carry out this policy.
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AGENDA
]

POWER GRID DISTURBANCE CASE STUDIES

COURTNEY FASCA, SR RELIABILITY CONSULTANT, EXTERNAL
AFFAIRS & ENTITY ENGAGEMENT, RF

NAVIGATING THE INCREASING
PENETRATION OF IBRS: CHALLENGES WITH
MODELING AND BES STABILITY

PARIMAL SARAF, PRINCIPAL ENGINEER, ENGINEERING & SYSTEM
PERFORMANCE, RF

-
v
o
w
-
=
-
o
=
-l
w
e
« 4
w
o
-
w
%]
o
-
(a]
o
L4
=
[« 4
O
w




Public

THE GERMAN ENERGIEWENDE &
ENERGY CRISIS

Courtney Fasca; Senior Reliability Consultant

June 16,2025
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RELIABILITY FIRST

In conjunction with Catherine Lewis, Energy Policy Analyst



Public

AGENDA
I

1. OVERVIEW

2. BACKGROUND & HISTORY:
ACTIONS THAT PRECIPITATED
THE CRISIS

3. THE CRISIS
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4. LESSONS LEARNED




FORWARD TOGETHER @ RELIABILITYFIRST

Public

WHAT IS THE
ENERGIEWENDE?

N o N B it R
3 2 % 33
\ 1 o '
e o /"
| ES A ¥ |

Energiewende: German for energy transition or turnaround

It refers to Germany’s current energy transition towards primarily

renewable energy

During this time, the country has experienced what has been
referred to as an ‘energy crisis’ due to global conflicts, reliance on

imported electricity, and reduced nuclear fleet

; g‘a}‘mA
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Coal phase-out in Germany.
Capacity reduction path following the decision of the federal cabinet on 29 January 2020
on the draft coal exit law (KVBG)

40 ; ‘
Additional shut-down of hard coal power plants for - 2
compensation of new hard coal plant Datteln 4 ® Lignite (Rhineland/West)
35 ‘
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m Hard coal
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Source: Felix Chr. Matthes/Oko-Institut
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NUCLEAR ENERGY UNDER THE
ENERGIEWENDE
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e . e ® The Emsland Nuclear Power Plant

One of the last plants operating in
Germany before being
decommissioned on April 15,2023
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Germany, nuclear power capacity (2001-2023) /W
gigawatts eia
N 25 _
v — Following the At the end of 2021~
- Fukushima nuclear 3 of 6 remaining
- accident, Germany reactors were shut
- 20 closed 8 of 17 down.
g operating nuclear
- reactors. The last 3 reactors,
& 15 originally planned to
close at the end of

€

2022, will now close
s in April 2023.
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s
L&
L
o 5
=4
<
=
o
w 0 S

2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023

Data source: U.S. Energy Information Administration, International Energy Statistics—Germany; International Atomic Energy Agencyt?




T
o
L
S
|—
-l
oo
<
-
Ly
(=
o
Ly
I
|—
L
0
O
—
O
o
<
=
(A
O
LL

Public

IMPORTED RUSSIAN NATURAL GAS
RELIANCE IN GERMANY

German gas imports, 2020

Other European
countries (1.5%)

Netherlands (12.7%)

Russia (55.2%)
Norway (30.6%)

Source: BP
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Import volume of natural gas from Russia in Germany from June 2021 to November
2024 (in million cubic meters)

6,000

5,000

4,000

3,000

August 2022

1. Most nuclear
power plants are
decommissioned

2. All Russian
imported natural

P
2,000

Imports in million cubic meters
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THE CRISIS: LOW SUPPLY & HIGH PRICES

How Bad Is Europe’s Energy Crisis?
German power prices are the equivalent of more than $600 a barrel

/ Last Price

|
Jul
2021

FORWARD TOGETHER @ RELIABILITYFIRST

Source: European Energy Exchange Bloomberg
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THE CRISIS: LOW SUPPLY & HIGH PRICES

o German greenhouse gas emissions by sector 1990-2023
v and mandated emission budgets 2020-2030 ENERGY |
- Data: UBA (2024) / Climate Action Law (2021). m
p
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THE CRISIS: LOW SUPPLY & HIGH PRICES

Below: Streetlights were dimmed in public areas and

residents lowered power consumption in Frankfurt,
2022

Above: The Berlin monument with reduced
lighting, 2022

FORWARD TOGETHER @ RELIABILITYFIRST




RENEWABLE ENERGY

A POWER PLANT IN YOUR NEIGHBORHOOD?

Acceptance of power plants in the neighborhood

2% solar farm
61% wind farm
394% Biogas plant

2 1% Gas-fired power plant

11% coal-fired power plant
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5% Nuclear power plant

Source: Renewable Energies Agency @@@ STROM-REPORT.DE
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Renewable energy was
supported by the public,
but infrastructure and
transmission upgrades
were not

This resulted in slower
than expected project
completion dates and
Germany fell behind
their targets
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ENERGY TODAY & THE DUNKELFLAUTE

2011: The modern 2022: Russia
Energiewende begins invades Ukraine

Evolution of total energy supply in Germany since 2000
----------------------------------------------------------------------------------------------------------------------------------------------------------------- 6 000 000 TJ

M o — Oil
P~

Natural gas

\ — Coal
\/\"—'\ — Biofuels and waste

—
\ o Wind, solar, etc.
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Source: International Energy Agency. Licence: CC BY 4.0
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SLOWLY RECOVERING

Recovery of Germany's international competitiveness
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LESSONS LEARNED

DIVERSE ENERGY PORTFOLIOS AND
POWER SUPPLIERS CAN LESSEN
RELIABILITY CONCERNS

ENERGY TRANSITIONS NEED TO BE
WELL PLANNED AND EXECUTED
SLOWLY

LONG TERM PLANNING AND
EXPECTING THE UNEXPECTED ARE
KEY TO GRID RELIABILITY

Public
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SRI LANKA

Courtney Fasca; Senior Reliability Consultant

June 16,2025
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AGENDA
I

1. OVERVIEW

2. BACKGROUND & HISTORY:
ACTIONS THAT PRECIPITATED
THE BLACKOUT

3. THE BLACKOUT
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4. LESSONS LEARNED
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SRI LANKA

“Let not even a drop of water flow into the
ocean without being made useful for the
benefit of all Earth.”
- King Parakramabahu |,
ruled Sri Lanka 1153 to 1186

Generation Per Year By Source (GWh)

B Hydro Generation M Other B Thermal Generation
8000
7000
6000

2 5000 —
=
-, 4000
Z 3000
2000
1000

1992 1993 1994 1995 1996 1997 1998 1999 2000

(@)

Source: Samarakkody, Pasan. (2018). Past, Present and Future of Electricity Generation in Sri Lanka.
10.13140/RG.2.2.35746 17607
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S R I L A N K A: Renewable capacity in z:)szdro/mame
IMPORTING FUELS y

Solar
o . . ® Wind
=3 Between 1990 and 2000, Sri Lanka’s net energy imports as a
m Bioener
=l percentage of total energy use doubled from 20% to 40% and has »
= . Geoth |
w8 stayed around the same ever since. In 2021, the country spent $3.7bn B e
=8 on imports of oil and coal.
- Installed capacity trend
-
= Energy imports, net (% of energy use) Sri Lanka (2022) - [ Ossil fuelsl Ngclear wem Other Non-RE
mmm Hydro/marine m \Wind Solar
@ 72 mm Bioenergy = Geothermal = Renewable share
. 6 100%
— P/
x L SEI LAMKA
| / 5
E _____ S5 89890 80%
- s’ 4 S
a 32 ,%._./ 5 60% £
<1 53 3 @
5 WORLD 5 40% =
G . [ 2 é
L
. 0000 ] 20%

Data from World Bank

Sources clockwise starting from top right: https://www.irena.org/-/media/Files/IREN A/ Agen cy/Statistics/ Statistical_Profiles/Asia/Sri-Lanka_Asia_RE_SP.pdf
https://data.worldbank.org/indicator/EG.IMP.CONS.ZS?locations=LK-1W, and https://www.climatechangenews.com/2022/07/28/sri-lanka-cant-affor d—‘hwsw\— 20]6 20]? 20]8 20]9 2020 202] 2022 2023

fuels-but-cant-afford-to-get-off-them-either/



SRI LANKA:
MAJOR BLACKOUTS

FORWARD TOGETHER @ RELIABILITYFIRST
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3-0-80 8
SUNDAY

2025 BLACKOUT

Minister blames monkey for Sri Lanka
nationwide power cut
Fobraary 2025 P

Public

George Wright & Kelly Ng

11:14 AM
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A nationwide blackout in Sri Lanka has
power station south of Colombo.
Power is gradually being restored acros

medical facilities and water pur ificatiol

Panadura Substation

TODAY

91°
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SUNDAY, FEBRUARY 9
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; + 800 MW
oo
< rooftop solar!
ﬁ 2
e Biomass/Waste: 0.01 GW
o e Coal: 012 GW I
Ll
X
= Other combustibles: -0.00 GW
(L) 1 |
o Solar: 0.02 GW \
(]
ﬁ » Wind: 0.02 GW J
=
- Hydro: 0.06 GW
0 5 -
Sunday 9 Feb, 11:00
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Biomass/Waste = Coal Other combustibles Solar = Wind Hydro
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LESSONS LEARNED

August7 2025

Diverse, flexible generation fleet that

helps insulate against these issues

Ongoing maintenance and testing

Internal controls and operator

awareness tools

Long term planning and expecting the

unexpected are key to grid reliability

Public


https://www.nerc.com/pa/RAPA/ra/Reliability%20Assessments%20DL/NERC_Long%20Term%20Reliability%20Assessment_2024.pdf
https://www.rfirst.org/resource-center/internal-controls-101-training/
https://www.rfirst.org/resource-center/reliabilityfirst-long-term-reliability-assessment/
https://www.rfirst.org/event/human-performance-workshop-2025/
https://www.rfirst.org/event/human-performance-workshop-2025/
https://www.rfirst.org/resource-center/internal-controls-101-training/
https://www.rfirst.org/resource-center/internal-controls-101-training/
https://www.rfirst.org/resource-center/internal-controls-101-training/

Public
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NAVIGATING THE INCREASING
PENETRATION OF INVERTER-BASED

RESOURCES (IBRs):
CHALLENGES WITH MODELING AND BES STABILITY

Parimal Saraf, Principal Engineer - Planning,

Engineering & System Performance
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OVERVIEW

* Increasing penetration levels of IBRs Nezd fo]rcmolrek(jlletailed analysis
. : to identity reliability concerns
Increasing retirement of thermal resources Y 4

* Events with IBRs involve controls that trip or modify behavior of resource that
negatively impacts reliability

* Present dynamic modeling practices need to expand to better represent
operational behavior for different post-event timeframes

* Need better data gathering, studies during connection, and benchmarking of
results

After this presentation you will know......

Data, models, and tools are needed to identify various IBR performance issues



KEY TERMS

PLL - Phase Locked Loop

« PSPD - Positive sequence, phasor domain (examples PSS/E, PSLF)

« PSS/E - Power system simulator for engineering

« PSLF - Positive sequence load flow

* EMT - Electromagnetic Transient

« GFL - Grid following IBRs
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«  GFM - Grid forming IBRs

* SSR - Sub-synchronous resonance



INCREASING IBR PENETRATION LEVELS
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GENERATION RETIREMENTS

140,000

120,000 | 2023 LTRA Total
Retirements

100,000

20,000

60,000

40,000
- I I I
o LN

2024 2025 2026 2027 2028

B Confirmed Unconfirmed
Projected generation nameplate retirementthrough 2034

Source: NERC 2024 Long-Term Reliability Assessment

2029 ... 2034

MW
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® Confirmed © Unconfirmed
Projected nameplate retirements of nuclear and fossil generation 2024-2034



IBR DYNAMIC MODELS

« Positive sequence phasor domain (PSPD) standard library models:
» Standardized models
= No sufficient mapping between model parameters and real equipment

= NERC recommendation: best suited for representing IBRs outside of the local
study area in interconnection-wide cases

« PSPD user-defined library models:
= May include some or all of equipment’s code and logic
= Differ across vendors

= NERC recommendation: best suited for representing IBRs inside the local study
area

- Electromagnetic transient (EMT) models:
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» Detailed representation of plant controls

» NERC recommendation: best suited for highly localized studies such as in weak
grid areas, control interaction etc.

PSPD software packages - PSS/E, PSLF
Source: NERC Dynamic Modeling Recommendations EMT software packages - PSCAD, EMTP




TIMESCALES OF POWER SYSTEM
DYNAMICS

Very Fast Transients
Stability / Small-Signal Tools
Slow
Transients
SSR/SSTI
Control
Interactions
EMT Transient Stability
Small-Signal
Stability
Frequency Control and
Regulation
Long Term
Dynamics

Unit Dispatch etc.

A
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Source: Modeling and Model Validation of Inverter Based Resources, PEACE



CHALLENGES DUE TO MODEL
INACCURACIES
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Odessa (2021)

Southwest Utah Solar PV
disturbance (2023)

Odessa (2022)

2022 California Battery Energy
Storage Event

Multiple Solar PV Disturbances in
CAISO

San Fernando Disturbance Event
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Canyon 2 Fire

Source: NERC Quick Reference Guide: Inverter-Based Resource Activities, June 2023

IBR DISTURBANCE EVENTS

IBR Disturbance Event Name m

1,112 MW (Solar)
921 MW (Solar)

1,711 MW (Solar)

408 MW (124 MW from
BESS) on 03/09/2022

498 MW on 04/06/2022

Max of 765 MW (Solar)

1,000 MW (Solar)
900 MW (Solar)



IBR DISTURBANCE EVENTS - ROOT
CAUSES

PLL loss of synchronism tripping: loss of phase angle tracking during grid
disturbances

« Tripping due to poor coordination between plant-level and inverter-level
controllers

* Incorrect ride-through configuration

« Tripping due to instantaneous voltage spikes (observed after fault clearing)
and instantaneous current spikes (observed during the fault)

« Tripping due to inverter DC bus voltage unbalance triggered as a result of
rapid phase angle change during faults

 Inverter over- and under-frequency tripping due to poorly measured or
calculated frequency signal
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* Incorrect detection of an island during fault conditions

« Momentary cessation: temporary halt in current injection during faults

Source: NERC Quick Reference Guide: Inverter-Based Resource Activities, June 2023
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NERC IBR PERFORMANCE ISSUES REPORT
- KEY FINDINGS

Sour

GOs did not have requested facility data readily available

~5200 MW of IBR generation had voltage and frequency ride through settings
within the no-trip zone

~One-quarter of the reported facilities used ride-through settings that did not
adequately support the grid

~One-quarter of the reported facilities use PLL loss of synchronism protection
with trip threshold that results in increase likelihood of inadvertent tripping
during normally cleared faults (this protection not modeled in PSPD or EMT IBR
models)

ce: NERC Inverter-Based Resource Performance Issues Report, November 2023



RECOMMENDATIONS-NERC LEVEL 3
ALERT

 Performance criteria: Transmission Owners (TOs) and Transmission Planners
(TPs) in coordination with Planning Coordinators (PCs) should enhance
interconnection and planning requirements for IBRs

» Properly represent voltage control and reactive power controls
» Expected frequency control behavior and control modes
» Expected ride-through behaviors during system disturbances

» Expected post disturbance requirements
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o active power and voltage speed of recovery
o speed of reactive power injection and magnitude

o active power/reactive power priority flag when current limits are reached

Source: NERC Level 3 Alert - Essential Actions to Industry, May 2025
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RECOMMENDATIONS-NERC LEVEL 3
ALERT

« Model accuracy checks:
= TPs and PCs:

o IBRs under study: enhance study practices to require model verification and validation
reports

» PSPD equipment-specific, PSPD standard library and EMT IBR models against actual
measured responses

o Operational IBRs: Compare performance against model based on previous criteria

= Generator Owners (GOs):

o Ask for model validation and benchmarking reports from inverter and power plant
controller manufacturers

o Use models that allow easy translation between model space and actual hardware

o Enhance change management process to track any firmware changes

Source: NERC Level 3 Alert - Essential Actions to Industry, May 2025
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ERCOT MODEL QUALITY TEST

Flat Start

Small Voltage Disturbance
Small Frequency Disturbance

Low Voltage
Ride-Through
“Legacy” Test

Low Voltage
Ride-Through
“Voltage Dip” Test

PSCAD, PSS/E, TSAT

Large voltage
disturbance tests

High Voltage
Ride Through
(HVRT)
PSS/E, TSAT,
(and PSCAD if
synchronous
condenser)

Large voltage disturbance via a fault test

System Strength PSCAD, PSS/E, TSAT

PSCAD

Phase Angle Jump

ALL

IBRs* and WGRs and IBTEs

Synchronous machines
(including synchronous
condensers)

IBRs*, WGRs and IBTEs

IBRs*

Both LVRT tests should be run for both new
and legacy resources.

(Synchronous condensers installed as part of an
IBR or WGR would notrequire this test but
instead would be included in the VRT tests.)



CHALLENGES DUE TO SIMULATION
PLATFORM
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PSPD vs EMT

- Weak grid conditions:

= Portion of a system connected through long transmission lines to the rest of the system
and/or absence of conventional synchronous machine (generation/condenser) in the
region.

» An IBR-rich weak grid region of the system is highly susceptible to phenomena such as
controller interaction and PLL instability.

= EMT simulation is more accurate in capturing such phenomena.

« Unbalanced conditions:

= EMT simulation has access to instantaneous values of all three phases and hence more
suited to study unbalanced conditions that have been reported in some of the IBR
disturbance events.
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 DCside dynamics:

= EMT models can represent phenomena related to DC side dynamics of a PV or a BESS
plant which is not represented in PSPD models.




PSPD vs EMT

« Sub-synchronous resonance (SSR):

= EMT simulation is exclusively utilized to study SSR phenomena that emerge under certain
system conditions because of an IBR plant(s) becoming radial to a nearby existing series
compensated transmission line.

e Timescale:

= PSPD dynamic simulation typically uses a quarter cycle time-step as opposed to EMT
simulation that typically uses a time-step of 10-50 microseconds.

« Recommendation:

= Use PSPD for bulk system studies with improved IBR models in terms of functionality and
fidelity.

= Reserve EMT for localized analysis such as control interaction in weak grids, SSR,
analyzing unbalanced conditions etc.
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PSPD vs EMT

|_

= Inverter instantaneous AC No Yes

> overvoltage and overcurrent

- tripping

o

< Passive Anti-islanding Yes Yes

';: Inverter DC bus voltage No Yes
unbalance

€

o Incorrect ride-through settings Yes Yes

(11}

= Plant controller interactions Yes Yes

5 Momentary cessation Yes Yes

o Inverter over- and under- No Yes

= frequency

= :

x PLL loss of synchronism Yes Yes

Source: NERC Quick Reference Guide: Inverter-Based Resource Activities, June 2023



CHALLENGES DUE TO INHERENT
PROPERTIES
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IBR INHERENT DYNAMIC BEHAVIOR

IBRs have little inherent functionality resulting from their physical form.

« Almost all IBR features are defined by its control algorithms.

« |IBRs don't contribute to the inertia of the system.

* |IBRs have very low short circuit current contribution as compared to
conventional synchronous generation - deeper voltage sags and slow voltage
recovery.

* Present challenges with relaying and protection coordination due to low short
circuit current contributions.



IBR INHERENT DYNAMIC BEHAVIOR

« Current generation wind turbines, solar PV and most battery energy storage systems
(BESS) are based on Grid Following (GFL) technology:

= Require fast synchronization with the external grid to tightly control active and reactive
powers.

= System voltage and frequency regulated by resources external to each GFL.
» Unable to maintain stable output if failure to remain synchronized during grid events.

» Face challenges under weak grid conditions.

* Recent push toward Grid Forming (GFM) IBR technology:
= Regulate their own terminal voltage and angle/frequency.

= Can emulate inertial response but require active power headroom.
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= (Can operate under weak grid conditions.
= (Can blackstart a system.
» Only asoftware tweak as far as PV and BESS IBRs are concerned transitioning from GFL.
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CURRENT ACTIVITIES

NERC Projects

2020-06 Modifications to MOD-026-1 and MOD-027-1

2020-02 Modifications to PRC-024 (Generator Ride-Through for synchronous
generators and Type 1 and 2 wind)

2020-02 Modifications to PRC-024 (Generator Ride-Through for IBRs)
2021-04 Modifications to PRC-002
2022-02 Uniform modeling framework for IBRs

2023-02 Analysis and Mitigation of BES IBR Performance Issues

Standard(s)

MOD-026-1 and
MOD-027-1

PRC-024-4

PRC-029-1

PRC-002-5 PRC-
028-1

MOD-032-2

PRC-030-1



KEY TAKEAWAYS

« Modeling inaccuracies have been a major driver of recent IBR disturbance

events.

« Model verification and validation requirements need to be established by

TOs, TPs as well as GOs.

* Due to computational constraints, PSPD based dynamic analysis of BES still

the practical option.

« EMT analysis necessary for unique system conditions only.
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* GFM technology seems to be the future for a grid with increased IBR

penetration.
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QUESTIONS &
ANSWERS

parimal.saraf@rfirst.org



Public

THANK YOU

Join us for our next Tech Talk -
July 215t 2-3:30 pm EST

Webinar Link
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https://www.rfirst.org/event/technical-talk-with-rf-july-2025/
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