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7 PROCEEDI NGS

8 M5. WASHI NGTON:  All right. Good norning. Thank
9 you for attending the NERC Ri de-through Techni cal

10 Conference. As a remnder to all participants, this

11 webinar is public and is being recorded. The

12 registration informati on was posted on the NERC website
13 and widely distributed. Speakers in the room shoul d

14 keep in mnd that the |istening audi ence may i ncl ude

15 nenbers of the press and representatives of various

16 governnental authorities, in addition to the expected
17 participation by industry stakeholders. Should you

18 wish to ask a question during today's webi nar, please
19 use the QA feature in the bottomright corner of your
20 screen.

21 Pl ease note that there will also be a Slido during

22 today's conference. |It's NERC s policy and practice to
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[

obey the antitrust laws and to avoid all conduct that
2 unreasonably restrains conpetition. This policy

3 requires the avoi dance of any conduct that violates or
4 that mght appear to violate the antitrust |aws. Any
5 NERC participant that is uncertain about the | egal

6 ramfication of a particular course of conduct, or who
7 has doubts or concerns about whether or not the NERC s
8 antitrust conpliance policy is inplicated in any

9 situation should consult NERC s general counsel, Sonya
10 Rocha.

11 At this time, | wll turn the webinar over to NERC

12 Board of Trustee, M. Rod Manni ng.

13 MR. MANNING That's working. Good norning.

14 PARTI Cl PANTS: Good nor ni ng.

15 MR. MANNI NG  Wel conme, and thank you for being
16 here. Many are here in the room Many nore, | think,
17 are here on the call. | struggle this norning to

18 describe this neeting. | was having a conversation

19 wth soneone and I would say, it's going to be fun, and

20 then I'd stop and say, well, perhaps it's not going to
21 be fun. It's going to be exciting. WIlIl, perhaps it's
22 not going to be exciting. | think where | ended up
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1 wth, it's going to be hard. | think that's fair.

2 \What we're doing is going to be hard. Perhaps it's

3 evolutionary, | think, certainly evolutionary what

4 we're doing today and tonorrow. Revolutionary? Maybe.
5 Could be revol utionary.

6 We see the transformation of the grid -- we all

7 see the transformation of the grid. [It's happening all
8 around us, whether we choose to technically shape the
9 outcone or not. Sonetines | think if we choose to not
10 take any action, the grid will transformitself anyway,
11 but we all know that condition causes the latter to be
12 | ess than the former, and | don't think any of us agree
13 that that's acceptable, at least froma reliability

14  perspective. None of us find this workable solution, |
15 think going forward, and all of us agree that we need
16 to act with contenplative intention or you wouldn't be
17 here today. W need to think about where we're going
18 with this.

19 | feel like today we neet head on one of our very
20 first transformative decisions. | recently read the
21  book, "The Last Days of Night," witten by G aham

22 Moore, and it's a story of Westinghouse versus Edison,

Scheduling@TP.One 800.FOR.DEPO
TP One www.TP.One (800.367.3376)



Technical Conference Day 1 9/4/2024
Page 12

1 a story of invention versus industrialization perhaps.
2 It's a story of ACversus DC. It's a great read. |

3 highly recommend it if you're part of our industry.

4 |t's fascinating. Not everyone would find it fun or

S5 exciting. Sonme mght find it hard, but I think if

6 you' ve got any history in our business, you woul d

7 really enjoy reading about the early days of the AC

8 versus DC

9 And as | was thinking about what to tal k about

10 this norning, | really thought about, you know, what we
11 are considering over the next couple of days is a giant
12 step towards rendering those prior AC/ DC argunents,

13 perhaps not irrelevant, but maybe extraneous. W're

14 taking a big step forward, and it hasn't been easy to
15 get to this point, and it won't be easy to find a

16 pathway forward today and tonmorrow. What we are going
17 to do is going to be difficult. 1It's going to be hard.
18 The good news is we do hard. W have a track record of
19 enbracing hard things and westling themto the ground.
20 So as we are about to tackle this hard task, it

21 seens to ne that there are three things that frane our

22  pathway forward. First of all, the risk is sufficient.
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1 The need for voltage and frequency Ri de-through

2 criteria has been denonstrated over and again. The

3 incidents are becom ng ever nore conplex. The

4 potential inpacts are becom ng ever nore predictable.
S To continue wthout addressing this issue really causes
6 wus to fail to address and renedi ate the appropriate

7 risk. The risk is sufficient to take action. Second,
8 the technology is sufficient. Now, we will hear nore
9 about that today and perhaps tonorrow, but it seens

10 clear that what we want to do can be done with

11  technology that is available. Finally, the tinme that
12 we have taken so far is sufficient. W have noved

13 through the full neasure of process and engagenent. W
14 have heard fromall front, we have taken information
15 fromall coners, and now the tinme has cone for us to
16 stop arguing and do sonething. W began studying this
17 issue, believe it or not, in 2016, eight years ago.

18 The tinme has cone.

19 So there you have it. The risk is sufficient.

20 The technology is sufficient. The tine is sufficient.
21 What remains is to just get it done. Hard or easy

22 pecones irrelevant. Al that remains relevant really
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1 is to chart a pathway forward, the pathway that sees us
2 confidently step into the future of reliability. So

3 that's why I'"mhere today. | suspect that's why nost

4 of you are here today, and | thank you for being here.
5 | thank you for the skills that you bring to the table.
6 | thank you for your engagenent, for your know edge. |
7 thank you for your presence here in the roomor on the
8 phone. | thank you for your willingness to seek a

9 solution where those who' ve gone before us have fail ed
10 to find a solution. W're going to need all of your

11  skills in the next 30 hours or so. Certainly what

12 we're doing is evolutionary, revolutionary perhaps.

13 The next few hours will wite this story for us, so |
14 thank you for being here, | thank you for your tine,

15 and | thank you for getting it done. Mark.

16 MR. LAUBY: Ditto. David?

17 (Laughter.)

18 MR. LAUBY: So anyway, good norni ng, everybody,
19 and that's a wonderful setup for the -- today's

20 neeting. | did want to kind of think about how we got

21 here. And so | talked to nmy old friend, Faraday, who,

22 in 1980 -- in 1830s, excuse nme -- cane up wth kind of
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1 the first machine with a -- with a nagnet and a
2 spinning disc, and, you know, we've been making
3 inprovenents to that fromthe begi nning, DC machi nes,

4 AC machines. | always want to start thinking about

5 that group, ACDC, but let's not go there, and the

6 whole system of course, being synchronized was a bi g,
7 big chore. And we -- it was really all about managi ng
8 nmechani cal energy, you know, taking nmechanical energy
9 and noving it, transporting it to where we need to use
10 it, of course, then transform ng that to actual work.
11 And when we think about NERC and all the

12 activities that we all work on, it's all about avoi di ng
13  what we call the evil three, which is the instability,
14 islanding, and controlled -- uncontrolled cascadi ng.

15 |In fact, Steinnetz has been quoted saying that we

16 created the |largest nmachine that people have ever built
17 in the -- inthe world with the interconnected systens.
18 But, you know, it's kind of Iike when I'mlistening to
19 ny 1970s and 1980s tunes on the radio and ny daughters
20 say, that's before the turn of the century, dad,

21 because that's not where we are today.

22 You know, we have a significantly new way of

Scheduling@TP.One 800.FOR.DEPO
TP One www.TP.One (800.367.3376)



Technical Conference Day 1 9/4/2024
Page 16

[

generating electrons or exciting electrons, let's put

2 it that way, because they don't really flow. They kind
3 of get excited and bounce off each other. And not al

4 of the transformation here is between nmechani cal energy
5 to electrical energy, but rather, we're really managi ng
6 the kind of the characteristics of a new type of

7 resource in this case, solar panels, but even w nd,

8 though, at |east wind has sone nechanical energy. So

9 there's no surprise that, you know, we have sone kind
10 of disagreenents on the way forward here. It's a place
11 that we haven't been before, and nd it disrupts a | ot
12 of the technology. It disrupts a lot of the -- kind of
13 the rules of thunb that we're used to using and really
14  kind of calls into question sone of our fundanental

15 assunptions, so, you know, Ride-through, of course, is
16 just an inportant part of being able to go through the
17  systemevents and avoid the evil three, right? And so
18 it's certainly an inportant characteristic that the

19 system should have to maintain the reliable operation
20 of the system

21 And we now have hi gh-speed inverters that can

22 really do whatever we want themto do, and we're trying

Scheduling@TP.One 800.FOR.DEPO
TP One www.TP.One (800.367.3376)



Technical Conference Day 1 9/4/2024
Page 17

1 to sonme -- in sone cases try to at least mmc the

2 characteristics that we need. But they have other

3 characteristics, too, that we can take advantage of,

4 and, in fact, they're critically inportant to the green
S transformation of the system and we see inverters

6 everywhere. Heck, ny refrigerator's been out for |ike
7 four nonths because | can't get inverters to fix it

8 because they're putting themin cars and they're

9 putting themin solar panels, and | don't have

10 refrigeration. Well, anyway, that's another story. W
11 should buy a newrefrigerator, | guess. But this --
12 jt's also a part of our -- now our inverter base | oads.

13 So how are we going to nanage those? How are they

14 going to sustain the reliable operation of the systenf
15 Al this cones into question. So we are really here on
16 a cutting edge, and, you know, there just -- there's a
17 lot obviously that has to be done, and we really stand
18 at the inflection point of this new system

19 And | really -- to, you know, Rob's point here,

20 thank you for all the work that you've done to date,

21 how nmuch work you're going to have to do to get us to

22  that next step, an inportant, | think, inflection point
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1 in our industry. So as | nentioned before, Steinnetz

2 was tal king about the | argest nmachi ne that was ever

3 built. W're building the [ argest conputer now, and it
4 wll be one that will be fast noving and can provide

5 services that perhaps we never even dreaned of and be a
6 nore reliable, nore resilient, nore secure, and we need
7 everybody's help to get there. So thank you. Wth

8 that, next, I'll ask David to provi de opening renarks.
9 DAVI D ORTI Z: Thanks, Mark. Thanks, Rob. It's

10 hard to hear yourself, right, stand right in front of

11  the speaker. So maybe |'I|l start wth a joke, | think.
12 | had a teacher once that said that AC power was
13 invented just so people would have to | earn

14 trigononetry.
15 (Laughter.)
16 DAVID ORTIZ: So ny nane is David Otiz. [|I'mthe

17 director of the Ofice of Electric Reliability at FERC.

18 | want to thank Rob for notivating the conference, Mrk
19 for his kind of technical insight. |'mhere to provide
20 just kind of alittle bit of an overview on sone of the

21  process concerns and what our role is here, especially

22 since a lot of what's happening is in response to a
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1 FERC order. It's inportant to note, obviously, that
2 |1'ma FERC staff nenber, and these are ny opinions and
3  not those of the Conm ssion or any individual
4 conm ssi oner.
3) As you know, Section 215 of the Federal Power Act

6 describes the roles of FERC and NERC. And nost

7 specifically, the way it works is that those who run

8 the system those who build the system those who pl an
9 the system the ones with the expertise are the ones

10 who devel op the standards, you know, with NERC s

11  assistance, and then those are submtted to the

12 Comm ssion for approval and/or directed nodification,
13 and that's an inportant role. And so really, the job
14 is in your hands fundanentally, and that's the way it's
15 been structured in the statute. NERC s rules permt

16 extraordinary action in certain cases, especially with
17 respect to a FERC directive, and that's the reason why
18 we're here because of action that the NERC Board took a
19 few weeks ago.

20 And then | want to note that, you know, |'m here
21  and several other FERC staff nenbers are here, and our

22 role today is fundanentally as observers. W're going
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1 to have a really big bite at the apple in Novenber

2 after you conplete your work here and NERC submits the
3 standards to us. But the instigating action that kind
4 of brought us here was Order Nunber 901, which the

5 Comm ssion issued in Cctober 2023, and that directed

6 NERC to develop reliability standards for inverter-

7 based resources in four areas: |BR perfornance, data
8 and information, nodel validation, and then planning

9 and operational studies.

10 We gave NERC a really tight tineline for this,

11  and, you know, we're not necessarily sorry about that,
12 put it definitely is really pushing the imts of the
13 processes that NERC has, and we appreciate NERC and al
14 of you working toward those. You know, specifically,
15 we ask that you -- that in NERC, finish the standards
16 and submt those at the Conm ssion for approval on a
17 rolling time -- on a rolling basis in three years.

18 And, you know, as you know, even a standard for which
19 there is essentially no disagreenent, just sonme details
20 to work out, typically takes about a year to devel op.
21 And so to actually solve conplex technical problens and

22 submt to us a standard is a -- is a pretty high bar,
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1 and we understand that. And so, you know, to Rob's
2 point, yes, thisis a difficult task that we gave you,

3 and to a certain extent, it's just beginning. You

4 know, perhaps this will be a great conference and this
5 wll be a nodel for the next sets of standards, who
6 knows, but, you know, there's still a lot of work to be

7 done, and | want to thank Jam e for nmanagi ng the whol e

8 endeavor. I'msurprised that she still has hair.
9 And | want to kind of address one thing with
10 respect to Order Nunber 901. | know that within the

11 di scussions that you' ve been having specifically about
12 this standard, but al so about the standards which

13 passed recently, there's been a | ot of discussion about
14  the order and | anguage in the order. As a Conmm ssion
15 staff nenber, and especially as an engi neer and not as
16 an attorney, I'mnot in a position here to interpret

17 the order, but one thing that | can say is that the way
18 the Commission works is that it -- the Conm ssion nmakes

19 its decisions based upon a record. And that record

20 that we -- that the Comm ssion had in | ast Cctober was
21 what it -- is what it used in order to nake the
22 decisions in Oder Nunber 901. If there i s new
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1 information that's brought to bear that would cause the
2 Comm ssion to reconsider that, then that's sonething

3 that the Comm ssion has done in the past, and | presune
4 it would be open to do -- to do in this case.

S So for exanple, perhaps there's quantitative data
6 about the capabilities of various inverter-based

7 resources of various vintages, or perhaps there's sone
8 operations and planning studies that indicate that

9 certain performance characteristics actually help to

10 pmmintain reliability as opposed to others that have

11  been proposed already. The nore specific information
12 that NERC -- that you provide and that you help NERC to
13  submt in the record, the easier it will be for the

14  Comm ssion to nake a decision regarding this standard
15 and any standard, you know. This is just the way that
16 the standards process works and the way that the

17 Comm ssi on wor Kks.

18 The record, though, that we had indicates that

19 this is sonmething that needs to be done. As Rob said,
20 this is sonething that NERC has been investigating

21  since 2016 after the Blue Cut Fire disturbance and the

22 -- and not only is this a -- an eight-year-old problem
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1 at least, right? It's one that is -- there's a wave
2 that's comng that's trenmendously inportant for us to

3 get a handle on. And that's the fact that, you know,

4 ElIA projects now, and it perhaps -- and this was | ast
5 year -- perhaps it's changed already -- that fully half
6 of US electricity wll be -- electricity will be

7 produced by inverter-based resources by the end of the
8 decade, right? So, you know, not only has it been a

9 long tine, but there isn't any tinme to waste.

10 So | appreciate everybody getting together,

11 | ooking forward to just observing a productive

12 conversation. Anybody wants to chat with ne or staff,
13  we're happy to have that conversation, but really, this
14  is your tinme to do work, and we're just here to hel p.
15 So thank you so nuch, and have a good day.

16 ( Appl ause.)

17 MR. BENNETT: Gkay. Good norning, everybody.

18 Ckay. So thank you for all the opening remarks from
19 our -- fromour three speakers that kind of help set
20 the tone for the neeting today. So now ny nane's Todd
21  Bennett. |'mchair of the NERC Standards Comm ttee.

22 |'"mkind of here to wal k through the objectives of the
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1 agenda, but, Mark, just so you know, it |ooks |ike

2 we're going to do this through sone hi gh-vol tage rock
3 and roll today, so there's your AC/ DC reference.

4 So first of all, thank you to everybody that has
5 been involved in putting this together, so the

6 panelists that volunteered, the NERC staff that hel ped
7 coordinate a lot of the agenda, the neeting space, this
8 location, all of that, as well as the Standards

9 Commttee nenbers, so thank you to all the commttee

10  nenbers. For those that may not know, that is a

11  voluntary role, so this is in addition to their day job
12 at their respective conpanies. So | want to say thank
13  you to each one of those and what they' ve done to nake
14 this successful so far.

15 So let's kick this off, and, you know, our agenda,
16 kind of just to review the agenda, | saw kind of three
17 main objectives that cane through the agenda upon ny

18 initial review. So the first one is very specifically
19 on communi cation. So one of the objectives of this

20 agenda was to commrunicate the technical issues and to
21 | evel set on those throughout industry, CEMs and any of

22 the other roles that we all play in industry. So we
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1 all cone here, you know, and we're all going to |learn
2 sonething today probably just a little bit.

3 But then secondly, another objective is

4 collaboration. And so sone of the itens that really
5 spoke to collaboration on the agenda have to do wth
6 the panel discussions. So over the next couple days,
7  there's several panel discussions on various technical
8 issues with this project. |In support of those panel

9 discussions, | wll say that Standards Commttee and
10 NERC did receive nmultiple sets of very, very technical
11 comment and feedback. So first of all, we wel cone

12 that, that it was in great support of this Techni cal
13 Conference. | do want to assure those that submtted
14  those, that those have been reviewed by NERC Standards
15 Commttee, and the information contained therein has
16 been used to formul ate sone questions for the panel

17 sessions, so thank you for that. That really hel ps
18 franme the -- frame the discussion.

19 So one thing you should be prepared for is there
20 is a finite anmount of tine for each one of these panel
21 discussions, so there's between 45 m nutes or an hour

22 or so. And there is a preset anmount of questions, so
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1 there's about 10 mnutes allotted for each question to
2 make it through. Panelists nmay find that there's an

3 opportunity to kind of build on sone of the paneli st

4  responses before each subsequent panelist. That may be
5 the case. If not, | don't want to, you know, frane

6 your responses at all, but you may be able to nake the
7 nost of our tinme and kind of build on sone of the

8 responses frombefore. So just be cognizant of there

9 is kind of a tinme constraint on sone of the panel

10  di scussi ons.

11 And then lastly, consensus. So maybe that's the
12 main objective of this Technical Conference is industry
13 consensus. How do we nove forward? It's tine to nove
14 forward. How do we take sone steps forward? So we do
15 have a tool that wll help with that. | believe it was
16 nmentioned earlier, Slido. 1've used it before. This
17 is the app or the technology or the nmechanismthat wll
18 be inplenented to i ssue sone polling of the industry

19 after sone of the panel discussions. It's also a way
20 to provide feedback during sonme of the panel

21 discussions, so that is the chat nechanismfor this

22 conference. So you won't find that functionality in
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1  Webex. It'll conme through Slido. So there's nore to
2 cone on that. There's nore discussions -- or sorry --
3 nore instructions on how to participate and the
4 appropriate tines to participate, so pay attention.
5 Mre to conme on that.
6 And with that, | don't think |I have anything el se

7 to share. That's ny agenda review. And | believe

8 Jame is ready to review the summary of the FERC O der
9 901 and Mlestone 2, so we'll |let her get set up here,
10 and | believe she's going to go through a presentation
11 with us.

12 M5. CALDERON: Al right. Want to do a quick

13 level set, so we're going to get really deep into the
14  technical details during this conference which is good,
15 it's why we're here, but we don't want to |ose the

16 forest fromthe trees type conversation, so let's take
17 a step back. W're going to go all the way back in our
18 tinme machine to October of 2023. David Otiz opened it
19 up for us, given us the -- kind of alittle bit of the
20  background on FERC Order 901 com ng out.

21 So next slide, please.

22 Qui ck summary for everyone. The order canme out in
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1 Cctober 2023. There are four mlestones all the way

2 through Novenber of 2026, and they address a w de

3 spectrumof IBR performance-related issues. Everyone
4 here, I"'msure, is famliar with sone of the

5 performance issues that are in question. A lot of it

6 has to do with making sure we have an accurate way that
7 we represent themw thin nodels, that we're including
8 themwthin studies appropriately, and that we're al so
9 just getting the data to begin with. So we want to be
10 able to |l everage the existing standards. [|t's not

11 always a good idea to just cone in and do a tear-

12 down/rebuild when you don't have to, but we want to

13 nmake sure that we're being able to inplenent nmeani ngf ul
14  changes wthin the standards. So if it requires a

15 |ittle bit of a step-back where a new standard, as

16 we've seen with the I BR performance-rel ated standards,
17 that's one avenue to go to, and the teamfelt it was
18 appropriate during this -- during these di scussions

19 this | ast year.

20 Next slide, please.

21 So as indicated, there are really four nmain issues

22 of this data sharing assuring that the data is
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1 available. W're tal king about hi gh-speed sequence

2 event recorders, fault recorder data, stuff that has

3 not been traditionally needed at conventi onal

4 generation. So those needed to be installed, and we

5 needed to ensure that the requirenents were in place

6 that required the sharing of that data to those who

7 needed it, either for nodeling or for doing those

8 studies, or just for situational awareness, being able
9 to nonitor the onsite inpacts and naking sure that that
10 was vi si bl e.

11 There's nodel validation, ensuring that not just
12 once it gets thrown into the nodel, hasn't been

13 validated. W're |looking at also verifying during the
14 interconnection process has the nodel accurately

15 represented what was as built, if there was design

16 changes that happened during the initial

17 interconnection studies and we're noving into the post
18 commercial operation, and it's not operating the way it
19 was designed to as the way the nodel practices and

20 sinulation, then there's an issue there. So we want to
21  make sure that we're building an effective nodel

22  validation throughout, planning and operational studies
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1 that leverage that. And performance requirenents were
2 listed last, but, of course, we get to those first.
3 So next slide, please.
4 Anot her thing about Order 901 was that it

5 references three different types of IBRs. So just to

6 nmake sure that we're |evel setting on what those |BRs

7 are, registered IBRs for the purposes of FERC O der

8 901, that is any IBRthat is going to be registered as
9 either, what we're referring to as Category 1 or

10 Category 2. Now, the distinction between registered

11 and unregi stered IBR has to do with the earlier FERC

12 Order 2022 that required the expansion of requiring new
13 I BR generator owners to becone registered and into the
14  NERC regul atory environnment. W' re |ooking at

15 aggregated | BR of 20 MVA and up connected at 60 kV. So
16 this is an expansion of the IBR and generator owners.

17 A lot nore people com ng on board.

18 In that original Order 2022, it was focused on

19 registered and unregistered within that context. For
20 FERC Order 901, "registered" enconpasses both of those.
21 So to be clear, that unregistered IBRis really focused

22 on the not going to be registered, not part of the
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1 Category 2 G @OPs that woul d be potentially
2 interconnected at the transmi ssion level. That would
3 be I ooking at aggregated sets of IBR that will not have

4 generator owners, but wll be the responsibility of

5 transm ssion owners to aggregate and i ncorporate into
6 their nodels.

7 | BR/DR, simlar conversation only at the DR | evel.
8 So you're looking at the distribution |evel |BR,

9 potentially rooftop, not to be confused wi th having

10 individual nodel data for each of those, but the

11 aggregated inpacts to the distribution provider and

12 ensuring that the distribution provider has at | east

13 sonme estimation for capturing those within their nodels
14 and knowng the limts of their estimation. So if

15 there's particular issues wth acquiring the data,

16 acquiring specific data, that that distribution-Ievel
17 data is at |east estimted and being able to continue
18 to be devel oped over tine.

19 How we get that aggregation is going to be a

20 continual conversation, but it's actually not part of
21  the performance requirenents in Mlestone 2. The only

22 ones that are identified wwthin M| estone 2 are those
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1 registered IBRs that are going to be part of the

2 Category 1/ Category 2 generator owners. Those would be
3 interconnected at 60 kV and up with the aggregation of
4 20 MVA and up.

S Next slide, please.

6 kay. So we are in the first stages of this.

7 Again, it hasn't even been a year since the order cane
8 out. So putting this in context, you know, we had to

9 go through sone of the notions here. Rule 321 was

10 sonething that we absolutely did not want to pursue if
11 not needed, and it was determ ned to be needed in this
12 case. W needed to nake sure that we were having a

13 really frank conversation on sone of these issues and
14  just an open technical conversation. But we don't want
15 to lose sight of the fact that we have two additi onal

16 mlestones that will equally be exhaustive in terns of
17 scope of work and the anobunt of time that it's going to
18 be taking to get this together. W don't want to find

19 ourselves in a simlar position next year.

20 So this presentation and this whol e conference,
21 while we're |looking at -- specifically at Ride-through
22 and the very specific aspects, | know we want to get
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1 into exenptions and criteria discussions, but we don't
2 want to lose sight of the fact that there's still a | ot

3 nore that we need to be able to do and within the next
4 two years. So the scope of work for Novenber 4th, we

5 Jlook to be on track. W only have one standard that

6 hasn't passed, and | think we'll be able to get to a

7  solution at the end of this conference.

8 Next slide.

9 Ckay. So just to break up the three standards.

10  First Project 2021-04 at a new standard. Again, we

11 decided to break out the IBR versus the conventi onal

12 generation. So where we had PRC-02 that was focused

13 on, you know, capturing this information, we've created
14 a new standard. This Drafting Team deci ded to put

15 forward PRC-028, |ooking at disturbance nonitoring and
16 reporting requirenents for IBR This is installing new
17 sequence event recorders, fault-recorded data, and

18 making sure all of that information is being provided
19 through those requirenents. So there m ght be a

20 trigger, such as a request froma planner or operator,
21 for that information. There's a small period of tine

22 that that data is just be -- required to be held on an

Scheduling@TP.One 800.FOR.DEPO
TP One www.TP.One (800.367.3376)



Technical Conference Day 1 9/4/2024
Page 34

1 ongoing basis, but we're tal king about potentially

2 terabytes of data after just a couple weeks. So

3 there's not a large period of tine that that data is
4 required to be preserved unless a trigger is put

5 forward by the planner and operator to initiate that.
6 So we want to get into how these things

7 interrelate as part of this quick presentation, and I
8 see this as part of |like the three-|egged stool that
9 happens with real-tine assessnents. You' ve got data
10 requirenents, data-sharing requirenents, and then the
11  analysis requirenents. The difference here is that
12 we're initiating all three versions of this three-

13 | egged stool sinultaneously. So this has been a

14 | essons |l earned for how we do joint standard project
15 devel opnent, three different projects working sonewhat

16 in tandem Not everything was done conpletely. W got

17 sone | essons learned, 1'll say, and sone inprovenents
18 that we'll nake for the nodeling aspects as well
19 because there's three projects that will go through a

20 simlar type of need to coordinate and col |l aborate on a
21  single solution.

22 So PRC-028 | ooks at making sure that the
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i nstallation of the equipnent is done. W'IIl get into
2 the inplenentation questions and di scussi ons tonorrow,
3 so |l wn't go into the Phase 10 inplenentation through
4 2030, other than to say, for all of 901 -- that's
5 Mlestones 2, 3, and 4 -- all have to be fully
6 inplenmented by 2030. It seens like a long tinme, but
7 it's not. As we all know, just a standards devel opnent
8 project is taking a year or two, acquiring vendors,

9 getting through supply chain issues, nmaking sure you've

10 got contractors onsite for testing and validation.

11 |t's going to take a lot of work, and don't start two

12 years fromnow or three years fromnow. It's really

13 critical that we start soon and understand the issue

14  soon so we nmake sure that things are in the works and

15 schedul ed and being able to be coordinated wth

16 reliability -- or with the regional entities as well.
17 Next slide.
18 For PRC-030 -- did we skip PRC -- did we skip a

19 slide? Thank you. Yes.
20 So Project 2020-02, PRC-024, we're |ooking at
21  frequency and voltage Ride-through requirenents. It's

22 why we're all here today. W're |ooking at
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establ i shing capability-based R de-through criteria and
2 performance-based Ri de-through criteria. So the

3 difference there being the design piece where you have
4 -- whether or not you've communi cated what the unit is
5 capable of doing versus howit's actually performng in
6 practice. During a voltage or frequency excursion,

7 what is it actually doing? Does it match? And so we

8 need both of those things in order to be able to align
9 themand make sure that they're the sane. There's

10 going to be differences based off of things that are

11  as-built versus as-designed, but we've got to be able
12 to make sure that we're noving forward with

13  conprehensive solutions. That nmeans we need both of

14 these, and that's what PRC- 029 does for |IBR

15 PRC- 024 was nodified slightly. It takes Type

16 1/ Type 2 wind. It takes synchronous condensers and

17 synchronous generation. So we're retaining PRC 024

18 with those changes to ensure that those assets are

19 covered. So PRC-029 really focuses on those

20 asynchronous, you know, Type 3/ Type 4 wi nd and PV where
21 we're looking at IBR that need to be |looked at a little

22 bit differently.
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1 Next slide, please.

2 PRC- 030, simlar conversation here where there was
3 an IBR version of the standard created, |ooking at

4 assuring that analysis is being perforned. Wuo was the
5 responsible entities, what were the trigger criteria,

6 and how these things interrelate is that PRC-030 really
7 triggers what is required to be evaluated. So within

8 PRC-028, we tal ked about how there was disturbance

9 nonitoring data that had to be captured, that

10 information needed to be triggered for. W're going to
11 call -- we're going to investigate this particular
12 instance. |It's not going to be on the generator owner

13 to know when a di sturbance occurs. They're not | ooking
14 at the wder area view. They may know because of their
15 own operations that mght trigger it, but it's going to
16 be on planners and operators, primarily operators, to
17 be able to determ ne whether or not excursions occurred
18 that requires additional analysis to be able to

19 identify if generators either failed to neet Ri de-

20 through or they were able to Ri de-through with adequate
21 bandwi dt h.

22 So PRC-030 is really what ties PRC- 028 and 29
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together. Again, that's that three-|legged stool that
2 are all really needed in order to be that single

3 solution.

4 Next slide.
3) So finally, this is just a graphical
6 representation of what | just went through. There's a

7 voltage or frequency excursion that happens on the

8 right and it -- for one, it's looking at the criteria

9 individual generators will be able to tell if they rode
10 through or not. And if that individual analysis

11  doesn't occur because the generator owners didn't know
12 that there was an excursion that occurred, then PRC- 030
13 that's over there on the right-nost block would be the
14  one that triggers that additional analysis to ensure

15 that it's perforned.

16 The dat a-sharing aspect cones from PRC-028, so

17 that left-nost block. It's really going to be the

18 thing that's going to be relied on to performthose

19 analytics, but we got two other boxes down there that
20 are critical, which is Mlestone 3 and Ml estone 4 are
21 going to require this information. So having that

22 data-sharing capability, the ability to trigger sharing
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1 that data is essential for validating nodels, naking

2 sure, again, as performance is being incorporated nore
3 into these standards, that we have performance

4 eval uations during nodel validations and not maybe j ust
5 five-year stage testing based off of what -- or the

6 unit can do and based on the facts and circunstances at
7 the time that unit is tested.

8 So nodel validation performance nmay happen on an

9 ongoing basis, may be triggered on sone ot her aspect

10 of, you know, the operators or planners' criteria or

11 working groups' processes. That's going to be

12 devel oped within the nodeling teans that are focused on
13 Mlestone 3, but we won't go into that today because

14 that's obviously a whole other scope of work and we've
15 got a whole year to do it, so we'll put that one to

16 rest. Mlestone 4 is taking everything that's captured
17 in ternms of the performance data and the nodels, and

18 then conducting planning and operational studies after

19 that.

20 So next slide.

21 At this point, we'll open it up for any questions.
22 | don't know if there's going to be questions. |[If we
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1 can nove to the Slido slide as well. Well, while

2 that's getting ready just to go through how we're going
3 to be doing the @A, within the room we've got two

4  m crophones set up, which are between the two hal | way
5 the two colums here. |If f folks have a question to

6 ask in the roomduring any of the presentations or

7 panels, please |ine up behind the m crophones. W'l|

8 alternate between questions in the roomand online. So
9 the online Slido is going to be avail able during

10 presentations. W're going to have the -- those

11  questions | ocked so there won't be any questions that
12 will be able to be asked at any other tine. W're

13 going to close that down and reopen it every tine we
14 have a -- the possibility to go to a QRA.

15 We do have a code and instructions here com ng up.
16 There we go. Thank you.

17 So this is going to be the sane information that
18 will show multiple tinmes throughout today and tonorrow.
19 You're able to use the QR code if you want to scan on
20 your phone. You are also able to just go to Slido.com
21 There will be a space to put in an event code. W're

22  using "Ride-through" because why not? So capital
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1 "R/ hyphen/through.” There's no password. You should

2 just be able to get in. W wll have noderated -- a

3  noderator |ooking at the questions to nmake sure things
4 are on topic, that it's appropriate to the panel that's
5 being presented at that tine. So this slide wll be

6 shown nmultiple times, so if you mss this information

7 now, you want to grab a screenshot, please do, but that
8 wll be how we go through the Slido QA

9 So if there's any questions online -- not sure if

10 there's any questions online right now. Ckay.

11  Excellent. Al right. | think we could probably go to
12 the next presentation then, which will be a 15-m nute
13 break.

14 (Laughter.)

15 M5. CALDERON: Ch yes, yes. Question in the roonf
16 MR. MAJUMDER: Thank you so nuch, everyone.

17 M5. CALDERON: Ch, just for anyone asking a

18 question, could you please provide your nane and who
19 wyou're with, if you're in the roon?

20 MR. MAJUMDER: Absolutely. M nane is Rajat

21 Mgpjunder. | work for in Invenergy, which is a

22 renewabl e energy devel oper here in the U S., and |I'm
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1 also on the Standard Drafting Team of PRC-029. So

2 great presentation, good setup of the neeting.

3 | heard a statement from Rob that -- he nmade it

4 very firmy that the risk is sufficient, technology is
S5 sufficient, solet's get it done, it's not a matter of
6 easy and hard. Absolutely agree with that, but that

7 risk sufficient part should be data driven. Yes,

8 technology is sufficient. O course there are -- there
9 is gap between what technology can offer now, and

10 that's why we are here today. Oherw se, we would

11  al ready be having an approval on the standard. What is
12 mssing until -- is how the sufficiency of the risk is
13 being established for what technology is shot. So

14  that's what ny hunble request to the entire team that
15 as we go through next two days, let's keep that in

16 mnd, that whenever we are trying to establish a ri sk,
17 let's find out what is needed for the reliability of
18 our bulk electric systemthat we own. Thank you.

19 M5. CALDERON: Ckay. Still no questions on

20 online? Al right. W'Ill go ahead and --

21 MB. CASUSCELLI: Al right, Jame. It |ooks |ike

22 we do have a couple of questions online.
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1 V5. CALDERON:  Ckay.
2 M5. CASUSCELLI: So first, "does the spoken word
3 during this Technical Conference becone part of the
4  NERC/ FERC record or only the comments provided in
S witing?
6 M5. CALDERON: Oh, yes. So we are recording this
7 webinar or this conference. It wll be posted. The
8 transcript as we'll be able to have for our record of

9 devel opnents. Everything here for this conference is a
10 little bit atypical because we're using it as part of
11  the -- our response to invoking Rule 321, so this is

12 going to be part of our full record of devel opnent.

13 The questions that are online that are asked, we'll

14  preserve those. W'Ill be able to add those to the

15 archive of questions, questions in the room W do

16 have a court reporter in the room and that's why --

17 one of the reasons we're asking folks to be able to

18 provide your nanme and who you're with prior to asking

19 questions so we'll be able to ensure that everything is
20 -- everything' s captured.
21 M5. CASUSCELLI: Al right, a couple nore. David

22 McNeill from Certrec is wondering, "Does NERC
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anticipate the replacenent of synchronous generation

2 wth IBRbased generation to | essen the severity of

3 frequency events?' W'II|l probably get through that.

4 M5. CALDERON: Less than the?

S M5. CASUSCELLI: Less than the severity of

6 frequency events.

7 M5. CALDERON: Not sure | understand that

8 guestion.

9 M5. CASUSCELLI: It says, "Does NERC antici pate
10 the replacenent of synchronous generation with | BR-

11  based generation to | essen the severity of frequency
12 events?"

13 MR. SHATTUCK: Yeah. | nean, |'d say probably

14 not. | nean, the thing we can certainly say is that as
15 we transition towards nore | BR and hi gher penetration,
16 things are going to change. |[If we do nothing, right,
17 and it's all grid following inverters, and, you know,
18 all the synchronous nmachi nes are gone, then things are
19 going to happen that we don't expect. They wll

20  probably be worse than what we've seen. Now, if we do
21 this in a thoughtful way and repl ace those synchronous

22 machines with machi nes that are, you know, tuned right,
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with the right paraneters or the right capabilities

2 |like we're going to tal k about today, then we could be
3 relatively certain, you know, if we go forward, that

4 even if the events change their nature, that we're

5 capturing that wwth our, you know, study work, right?

6 |If we do better studies and study what's actually going
7 to happen and study what will cone next, then whatever
8 happens as far as the changes that happen, we'll be

9 able to mtigate those as nuch as we can.

10 M5. CASUSCELLI: Al right. Thanks, Alex. | have
11 nore. Wat is the code for Slido?

12 M5. CALDERON: There is -- so the event code is

13 "Ride-through,” capital R and then a hyphen. There's
14 no password on top of that. So you're able to enter in
15 additional information as optional, such as your nane,
16 so that we're able to respond to that question in chat,
17 but the event code is "Ride-through.™

18 M5. CASUSCELLI: And are the preconference

19 comments going to be posted?

20 M5. CALDERON: Ckay. The preconference coments
21  that were provided as part of the larger set of

22 comments that we requested fromindustry, we do not
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intend to publicly post those. W are collecting those
2 as a matter of our, again, record of developnent. |If

3 we as part of our filing have additional follow up

4  questions, we mght reach out to those individual

5 comrent submtters for additional information. If it's
6 additional information that's requested by FERC during
7 our filing, we're going to provide that as well, but we
8 have no intention to post the full coments.

9 M5. CASUSCELLI: Al right. Gkay. There's nore
10 questions. W're getting nore into, like, the

11  technical stuff if you want to approach this now or --

12 M5. CALDERON: Yeah, if it's starts getting into
13 the actual frequency or voltage criteria, we'll want to
14  wait for that panel to go because we'll have an CEM

15 panel today and anot her panel as well.

16 M5. CASUSCELLI: Ckay.

17 M5. CALDERON: So as long as it's questions

18 related to kind of the larger M| estone 2 work. Sone
19 of this, like, larger conference work stuff is fine as
20 well since this is --

21 M5. CASUSCELLI: kay. GCkay. So we'll just hold

22 a lot of these questions until the end, | think, or
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1 later.
2 M5. CALDERON: Al right. Well, we'll put a pause
3 now. W'Ill go ahead to a 15-m nute break, and food, I
4 think, is still probably down the way, coffee and water
5 outside, and we'll see you in a bit.
6 (Break.)
7 MR. BENNETT: Okay. So it looks like we're
8 getting started here. Again, I'd just |like to say

9 thank you for all the participants so far. G eat

10 technical presentation by Jame to kind of set up this
11  discussion. And then as far as right now, | believe

12 that we have -- | believe that we are entering into our

13 first presentation which is review --

14 (Technical difficulties.)
15 UNI DENTI FI ED SPEAKER: Lithium batteries.
16 MR. BENNETT: Ckay. This m crophone wor ks now.

17 So we're going to enter into our presentation to review
18 the voltage and frequency Ride-through criteria in the
19 PRC-029 standard. So helping us with that are our

20 speakers today, which are our Drafting Team nenbers,

21 but Husam Al -Hadi di and Shawn Wang. So |I'll hand it

22 over to you, and thank you for your presentation today.
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1 MR. WANG  Thank you. Thank you, everyone. Good
2 porning. M nanme is Shawn Wang fromEnel. |'mthe

3 chair of the Standard Drafting Team Yeah, |'m happy

4 to present the -- sone background of this standard

5 devel opnent over the past, |ike, two years.

6 Yeah, maybe next slide, please.

7 Yeah. This slide shows the Drafting Teamroster.
8 | really appreciate all the nenbership, yeah, during
9 the past two years. |It's really hard work for the

10 Drafting Team Yeah, | think everyone actually here

11 today just on behalf of us. Yeah. Actually, sone of

12 the nmenbership, yeah, in this room-- in this room

13 yeah.

14 So yeah, wth that, actually, next slide, please.
15 As Jam e, nentioned, the -- she just put the tine
16 machi ne back to 2023, but | wll get back even further

17 of this Drafting Team back to 2020 because the project
18 naned 2022 -- 2002. Back at that tinme, actually,
19 there's a SARfromNERC to revise the standard --
20 existing standard PRC-024 to include the dynam c
21 devices into PRC-02024. That project start from 2020.

22 That's the reason why actually this project just
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1 grandfather that project to nove forward to include --
2 associated with this standard.
3 Yeah. Next slide, please. Yeah.
4 Actual ly, in 2022, actually, NERC issued anot her

S5 SAR to revise the PRC-0-24-03, actually revise the

6 generator Ride-through standard. The background for

7 this SARis like fromthe systemevents, right, several
8 systemevents. Actually, after the analysis, actually,
9 we -- the NERC teamidentified there sone m ssed

10 operations. Actually, the w despread generation | oss
11 actually reduced the output, right, fromthe IBRs from
12 the wind, solar, or even the BES. Actually, the from -
13 - the systemevent analysis identified there's sone

14 reliability risks, yeah, fromthose abnormal trippings
15 fromthe |IBR resources.

16 From the analysis, actually, the -- one of the

17 issues is identified that the existing PRC- 023 -- PRC
18 024-3, is just equi pnent protection setting standard.
19 It's not sufficient to cover the IBR units. |In that

20 SAR, it's proposed to address those reliability risks
21 to propose a nore suitable perfornmance-based

22 reliability standard.
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1 Next slide, please.

2 Yeah. The Standard Drafting Team start from

3 actually conbined those two SARs and start working on
4 this standard -- the standard to work on this project.
5 Actually, the project start from 2022, | think -- yeah,
6 2023. At that tinme, actually, after the extensive

7 discussion, | think as nentioned by David and Rob,

8 actually, the Standard Drafting Teamrealized that

9 there's difference between the synchronous generator or
10 the traditional generator and the IBR units. So

11  approach-w se, actually the Standard Drafting Team

12 decided to revise or nodify the PRC-024-3 to retain the
13 reliability standard as the protection-based standard,
14  only applicable to the single generator and the

15 synchroni c condenser Type 1 and Type 1 w nd turbines,
16 and to create a new reliability-based standard, the

17 PRC-024 -- PRC-029, address the inverter-based

18 resources to Ri de-through these system-- voltage and
19 the frequency excursions.

20 Actually, at the tinme of the |ast year, actually,
21 the FERC Order 901 cane out. Actually, the Standard

22 Drafting Team deci ded to coincide with the Ride-through
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1 standard proposed by the attribute standard -- no,
2 sorry -- the need to understand and foll ow the FERC
3  Oder 901.
4 Yeah. Next slide. Previous one. Go back one
5 slide. Yeah.
6 This slide shows the tineline, actually, for the
7 Standard Drafting Team actually after the -- during

8 the -- nore than -- this year, right, after the 901

9 released. Actually, the Standard Drafting Team work

10 very hard after that to neet the tineline, right?

11 Actually, it's very tinme constrained. Actually, the

12 first draft released in March of this year, and the

13 first coment period run through March 27 to April 27.
14 Actually, the first draft didn't pass the ballot, and
15 they received al nost 200 page comments fromthe

16 stakehol ders. The Draft Team were, again, working very
17 hard, went through a series of neetings, including one
18 in-person neeting in Ceveland in May, to address al

19 the comments and rel ease the second draft the -- of the
20  standard.

21 So the second drafting -- the second comment

22 period ran through June 18th to July 8th of this year.
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Again, actually the -- it didn't pass the -- after

2 received the comments, actually, the Drafting Team set
3 up several neetings and address those comments,

4 actually make revisions to the draft, actually, within
S5 very short tine duration fromJuly 22nd to August 12th.
6 Then they create the -- nake the third draft, but

7 unfortunately, still didn't pass through the ballot.

8 Then on August 15th, the NERC Board of Trustee invoke

9 this Rule 321, so this technical neeting, yeah, yeah,
10 cane up. Yeah. So the -- just one thing | want to

11 nmention. The PRC-024, the revised PRC- 024 passed the
12 pallot, so we just focus on the PRC 029 now.

13 So next slide, please. Yeah.

14 So wwth that, actually, | will pass the m crophone
15 to Husamto describe the current or |latest redline of
16 the Draft 3.

17 MR. AL-HADI DI: Good norning. Husam Al - Hadi di

18 from Manitoba Hydro. 1'Il just -- I'Il go through the
19 steps where we were as part of devel oping this standard
200 with this Draft Nunber 3. Just I'll go in the progress
21 how we cane to this stage fromstandard from Draft

22 Nunmber 1 to Draft Nunber 3.

Scheduling@TP.One 800.FOR.DEPO
TP One www.TP.One (800.367.3376)



Technical Conference Day 1 9/4/2024

Page 53
1 First of all, we were having chall enging of the
2 |IBR definition, which was not there, and it gave us
3 sonme way -- went through different phases of it, but
4 until it was now approved by NERC, and it was passed
S the ballot. That's why it's nowincluded in the -- in
6 the standard itself. Also, there was sone struggle
7 with the transm ssion ower. |Is it going to be part of
8 applicability or not? And the reason for that is
9 Dbecause we -- part of IBR, which is the offshore or any

10 I BRs connected through the water source converter,

11 which was sonetine it could be owned by the

12 transm ssi on owner, but after a good di scussion and

13 | ooking at sonme exanple here in U S., we found there is
14 not a case exists, so -- and it was addi ng sone

15 confusion to the stakeholders. So we renoved the

16 transm ssion owner fromthe applicability part of it,
17 and it's only now applicable for generator owner.

18 Next slide, please.

19 We started first wwth Draft Nunber 1, which was
20 six requirenment, but we ended up with four requirenent
21  in Standard Number 3, and I'll speak about why we have

22 noved sone of this requirenment or renove it from Draft
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1  Nunmber 1. And the first requirenent was about the

2 voltage Ride-through, and in the first draft, we were
3 having only -- it wasn't -- it was only event-based

4 analysis. |t was not a capability-based standard, but
5 we understood that analysis part, it requires sone

6 neasurenent, and that neasurenent, it may not be

/7 available at the early stage of the inplenentation of

8 the standard. And we thought it's the right way to go,

9 is just to nmake sure that the capabilities already

10 exist. And then event-based analysis wll -- can

11  confirmthat if that's -- if it was how it was desi gned
12 and it was -- perforned as expect ed.

13 So we included the designing -- the design and

14 operate, and it was -- that wasn't integrated in Draft

15  Nunber 2, noved away from Draft Nunber 1, which was

16 only about just operate the IBR, and Rl, it just focus
17 on the Ri de-through the voltage. And we had two table
18 for this Ride-through, and the two -- the table is one
19 for the wind IBR and other -- and then -- and the

20 second one for other IBR technology. And the reason
21 for that, we want to have as w de as possi bl e voltage

22 Ride-through criteria with understanding that the
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1 systemshort-circuit |level and they (inaudible)
2 significantly change. And even the load itself -- IBR
3 load will integrate it a lot on the system and that
4 the need of R de-through -- of a larger voltage R de-
5 through, it'lIl be expected for ability to mtigate any
6 future risk. For that reason, we were -- we went to

7  the two tables and with understanding sone limtation

8 could still exist for the wind technol ogy.

9 And here we have the -- we |list sone of the

10 exenption fromthe voltage Ri de-through where it could
11 trip for a reason as listed in this fourth bullet. One
12 of themis for (inaudible) protection, and second, we
13 understood there's an exenption, and that exenption may
14 give you a different criteria than what's there in the
15 table. For exanple, like the 0.9 per voltage. It may
16 -- you may not be able to go for three second. You may
17 be able to go two second for |egacy equi pnent only or
18 legacy IBR So that's the reason it's one of the

19 exenption there.

20 And al so Bullet Nunber 3, it used to be as a

21 separate requirenent in the standard in the first

22 draft, which is the -- which is the positive sequence
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1 instantaneous voltage junp. But we said it was -- we
2 thought it may -- it nmake it nore fit to have it as an
3 exenption because really only if unit trip, then if
4  your voltage was -- if your base angle junp nore than

5 25 degrees, then you could use it as exenption fromthe
6 conpliance part, and you don't have to worry about it

7 as part of -- if you don't -- if you don't have a

8 protection, if you don't have this trip there, so you

9 don't have to be worried about the conpliance and how
10 to present it as a requirenent.

11 And al so, there was sone question about the

12 vol tage per hertz, and we said maybe it's good to have
13 sone criteria to ensure just in the design because we
14 added the capability and there was a conpli ance

15 question how to prove that the design can work at the
16  boundaries of the voltage and the frequency at the sane
17 time. That's why we included the voltage per hertz

18 exenption criteria here.

19 Next slide, please.
20 This is the neasurenent. Actually, the
21  nmeasurenent were changed sonehow to reflect the -- sone

22 feedback we got fromnultiple stakehol der, and |
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1 believe to the stage where now it add nore clarity. |If
2 you have any question, we can answer it at the end of
3 the -- at the end of presentation. But for now, next

4 slide, please.

3) For R2, | said Rl was still a voltage, but R de-
6 through R2, it went nowto focus on the -- focus on the
7 performance of the voltage. And here we split -- based

8 on the table, there is three operating region, which is
9 the continuous, nmandatory, and perm ssive region. And
10 for each region, we presented the perfornmance criteria
11  needed after a disturbance. However, we understood

12 there is a weakness for every system and you cannot

13 come with sone criteria which can fit all.

14 W try to cone with as nuch as possi bl e addi ng

15 flexibility to the requirenent, at the sane tine giving
16 sone guideline for a starting point whenever is needed.
17 So we started with a |ot of performance requirenents as
18 included and very specified, like it is going to be

19 different how nuch your reactive power for every

20 voltage there. What's the relationship between the

21  power and reactive power?

22 However, but we understood that could be
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1 challenging for sone region, and it wll not fit -- we
2 cannot conme with answer fit all systens. For that
3 reason, we renove sone of this |anguage fromthe
4 standard, and we ended up with sone | anguage still
5 there, which is neet the m nimumrequirenent in our --
6 in the Standard Drafting Team opi nion, but at the sane
7  time, having sone added flexibility still there for the

8 TB and for reliability coordi nator and pl anni ng

9 coordinator to cone with their own criteria if it's --
10 if it's going to be different than this, to mtigate
11  whatever reliability issue they have in their system
12 Next slide, please.

13 For 2.2, this focus on mandatory operation region,
14  where 2.1, it was the continuous wthin nmandatory, and
15 this one is nerely saying that we understood there's a
16 reactive -- there is real and reactive power. And we
17 said that's always going to be the fault, is reactive
18 power, it makes sense if you are having a voltage

19 issue, you need to support the voltage system

20 However, we understood for system-- for other system
21 it could be real power priority is the need because

22 they may have sone frequency issue, and they need to
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1 mtigate it or deal with it.
2 So we cone -- we wote it in such a way where there
3 is aflexibility there, but preference or the fault is

4 already provided.

S Next slide, please.

6 For 2.3, it is actually focused in the -- in the

7  reaction of -- this one in perm ssive region where it's
8 =-- here, it's looking at part of the -- part of the

9 FERC order was that you couldn't use voltage cessation
10 or the blocking of the current. However, we understood
11  that below 0.1, especially positive sequence voltage,

12 if you have your three voltage phases already all bel ow
13 point-zero or close to zero, then it's very hard for

14 the IBRto still continue to produce any power or try
15 to contribute to the system

16 So for that reason, we said, instead of allow ng
17 themto trip, we said, no, don't trip because really,

18 it may, it may not able to provide any support after

19 the fault recovery. So we say you could block if your
20  booster sequence voltage below .1, but at the sane

21 time, if you booster sequence goes above .1 within five

22 cycle, you have to reconnect to the system and you

Scheduling@TP.One 800.FOR.DEPO
TP One www.TP.One (800.367.3376)



Technical Conference Day 1 9/4/2024
Page 60

1 have to start -- continue exchanging current, and you

2 have to neet the requirenent as stated in the 2.1 or

3 2.22.

4 For 2.4, it's focused on the -- on the response of
5 the IBR after clearing the fault. It was a concern

6 stated that sonetine the -- based on the surface |evel
7 or the -- or the gain, or the right -- or the recovery
8 tinme, it may becone a little bit -- or even the node of

9 operation is reactive power, how nmuch reactive power
10 was exchanged, it nmay cause a hi gh-voltage response
11 after clearing the fault, and that voltage may go

12 outside of no trip zone, and that may cause itself to
13 trip. So we see that it need to be designed or have
14 the capability, and it has to be shown that it has --

15 it could be tuned to be able to naintain the response

16 within no trip zone -- voltage no zone.
17 Next slide, please.
18 For the 2.5, this is for the recovery fromthe

19 event itself. And for the recovery, as | said, the
20 flexibility is added there. W said it needs to
21 recover, and that was part of the FERC order, within

22 one second. At the sane tine, it has to recover fully
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for the pre-disturbance negawatt, and -- but we
2 understood that it may not be able to go to the full

3  megawatt because of sone water or sone change in the --

4 inthe -- inthe -- in the capability of the IBRis not
5 for tripping an individual IBRunit. It's only -- if
6 it can -- even if we trip sonme IBR unit, but it can

7 maintain its power after the disturbance, we say this

8 should be a conpliance. It shouldn't be -- have an

9 issue wth that, but we understand in sone cases you

10 may not able to cover for 100 percent, and we give them
11 a flexibility, which is going to be provided by their
12 associ ated transm ssi on planner or operator or

13 coordi nat or.

14 Next slide, please.

15 This is the fun part, which is R3, which is the

16 frequency Ri de-through. W had to struggle with this
17 one, | must say. W understood the systemis going to
18 change in the -- right now, the systemis going through
19 significant change, and the IBR technology is going to
20 be -- penetration wll be increased significantly in

21  the system And peopl e have not enough experience or

22 exposed to the systemto the high-frequency event or
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1 Jlowfrequency event. So we try to wite sonething

2 which, in our mnd, howit's going -- the system going
3 to behave wthin the comng four, five, six, 10 years,
4 and what's the availability needs for the system

S So FERC stated that you cannot have any exenption
6 <criteria. So we wll -- we tried to wite sonething

7 which we try to have sone frequency requirenent there,
8 performance requi renent Ride-through, but at the sane
9 time with understandi ng sone | egacy equi pnent may not

10 be able to neet sone of these requirenents. So we

11 wrote it in such a way where we did not have any

12 performance, only Ride-through, so we are not -- there
13 is no primary frequency controller as part of this

14  requirenent. You need only Ride-through, and you need
15 to keep connecting and exchangi ng current, but you

16 don't need to respond to the frequency event as it is

17  because there is no required frequency perfornmance.

18 And the chall enge was for the ROCOF, which is 5
19 hertz per second, but we understood it's -- this value
20 cannot -- it's very difficult to calculate during the

21 fault. So we make it very clear that this is not

22 during the fault event. It should be after the fault
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and should be for really actual |oad and generation and
2 bal ance event.

3 So and we cone with -- we w dened the tabl e beyond
4 even the | EEE 2008 and Ri de-through, understandi ng that
S5 the nature of the systemw || reduce a |lot, and we --

6 and the technology are nmuch capabl e of Ri de-through of
7 frequency envel ope. So and nmaybe today we'll hear from
8 sone -- OAM about their experience with that. But we

9 wden this range of frequency |larger than for the first
10 -- six second larger than | EEE just to nmake sure that
11 it's -- the future systemw || be able to have that

12 advantage of mamintaining the IBR for |onger or |arger

13 exertion of frequency.

14 At the sane tine, also, the load wll change

15 significantly. IBR load wll be there, and that w |
16 make rate of change, interruption of power wll be
17  significant, and the rate of change will be

18 significantly, even nost likely, nore than 5 hertz per

19 second.

20 Next slide, please.
21 The R4, it's -- is the exenption. |In this one, we
22 noved in different stages in our -- in our Drafting
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1 Teamto cone to this | anguage where it's in the -- in
2  Draft Nunmber 3. Wat we have here, we cane -- we

3 agreed that an exenption, this is |like a tenporary

4 requirenent because this one only valid for the first
5 year of -- after the -- after the effective days of the
6 standard. So after that, you have one year to apply

7 for exenption for only voltage, which just nean that

8 for Rl and R2. And for this, too, requirenent, you

9 could, if -- for |egacy equipnent, you could do

10 exenption. W list sone of the information need to be
11  provided in your subm ssion request for exenption. W

12 understood there is a risk and sone assessnent need to

13  be there, but -- that could not be explicitly provided
14 in this requirenent. But we said it's based on -- the
15 exenption will be guaranteed not based on the risk. It
16 just based on neeting this requirenent itself.

17 Next slide, please.

18 Here, we al so provided the nechanismand to whom

19 this exenption needs to be submtted. At the sane
20 time, we said that how you need to deal with it in the
21 future, if you are -- if your exenption has been -- you

22 replace sone of the equipnent and if there is any
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1 request, additional information fromtransm ssion

2  planner or transm ssion operators or RC for additional
3 information. It could be nodeling, it could be other

4 information which may help themto assist the risk and
5 to nodel or to try to include this as part of their

6 study to understand their limtation within the

7 equi pnment .

8 Next slide, please.

9 | think here, just the tables of the voltage and
10 the frequency, so we have nodified them and there's

11 not much here.

12 Next slide.

13 The sanme thing. This is the frequency, as | said.
14  For the first six second, we have increase the |evel up
15 to 64 hertz in the overfrequency part and to 60 56

16 hertz in the under frequency for six second. Beyond

17 that, we try to match sone of the existing IBR

18 standards within the footprint of U S.

19 Next slide. Thank you.

20 MR WANG Yeah. One nore thing | want to nention
21 is, like, for the -- at the first draft, right? W

22 also include the transfornmer voltage, the requirenent,
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along wwth the attribute and 800 standard. But during
2 the Drafting Team the devel opnent and al so the

3 participate of the attribute Standard Team right? W
4 realized that it's very conplex issue at this point,

5 and we just renove the -- renove that requirenent and
6 just put the one atomin the attachnment of the Table 1,
7 yeah, such that actually, we just try to avoid the

8 instantaneous overvoltage tripping, yeah. That's not
9 allowed, yeah. Just one point we just nention, yeah.
10  Thank you.

11 MR. MAJUMDER: Thank you, Shawn and Husam Raj at
12 Mpj under fromlInvenergy. |'lIl go straight to R3, of
13 course. So two primary comments that | would |ike for
14 the entire roomto consider and provide sone gui dance.
15 One is based on FERC Order 901. Is it true that the
16 FERC Order 901 does not allow weaver to frequency,

17 Ride-through, or 901 is silent on that. It does

18 provide explicit weaver to voltage, right? So |

19 understand that, but | just wanted to touch on that.

20 The second one, which going back to ny conmment

21 earlier this norning, the sufficiency assessnent of the

22 ri sk should be data driven. And if we | ook at sone of
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1 the earlier even that has happened, | fully agree that
2 there has been, even on where | arge anount of I|BR

3 tripped off. Mjority of them if we review the NERC
4 alert carefully were due to wong settings. So if we
5 try to solve a problemof sone equi pnent settings being
6 wong with a very broad stroke of nmaking the

7  requirenment nuch nore stringent, | do not know if

8 that's the right way of doing things.

9 If we ook at, again, on the data that's avail abl e
10 based on the Texas Uri event, the FERC report showed

11  the frequency nadir was 59.4 hertz wth 50-percent

12 generation trip, then followed by 25-percent | oad

13 setting. | was in Sigrid, Paris |last week. There was
14 a four-hours |ong session or large disturbance all over
15 the world fromboth 60 hertz and 50 hertz, and many of
16 themhas significantly nore IBR penetration in their

17  system conpared to here in the United States. |

18 haven't seen any one of them in 50 hertz, the

19 frequency ever went down bel ow 49. 4.

20 So all I"'mtrying to say that asking for a

21 frequency right requirenent thinking it may happen in

22 the future appear, to ne, be pure speculation. So |
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woul d |i ke the entire roomto consider those fact and,
2 again, hunbly request to establish the risk sufficiency
3 assessnment based on data that's available to us. Thank
4 you.

S M5. CALDERON: Al right. Jame Calderon with

6 NERC. Just in response to the question, the team was

7 advised with Legal there was no exenptions that were

8 allowed for frequency within FERC Order 901, so that

9 was routinely provided to the Drafting Team t hr ough

10 consult. FERC Order 901 doesn't even speak to any

11  types of frequency exenptions. And we're going to get
12 nore into that conversation in this afternoon's panel

13 and, of course, with the panel tonorrow norning. So

14 we'll get into nore details for that.

15 But also, just as a rem nder, we do want to keep
16 the Q%A to questions to either the presenters or the

17 panelists. So please, please try to keep to that so we
18 can ensure that we're allowing tinme for other people to
19 ask questions.

20 MR. GOGA N. Thanks. M chael Goggin wth Gid

21 Strategies. A question about the frequency R de-

22 through curves in PRC-029. Can you talk a little bit
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1 nore about the source of those curves and the technical
2 justification for the relatively w de frequency bands
3 in there?
4 MR. AL-HADI DI: The idea behind that, we | ooked at
S =-- | cone fromManitoba Hydro. Qur system really, the
6 inertia can go very |ow, and we have nultiple event
7 where we -- our frequency -- we have rate of change of

8 alnobst 8 hertz per second based on our inertia when we
9 =-- when we, our tieline is broke fromthe system So
10 we understand the event can be very severely, and with
11 lowinertia, you need -- you need to Ride-through

12 | arger, w der range of band of frequency.

13 And we under -- also the base on this |[imtation

14 we have right nowin BRC 24, it was based on the actual

15 physical limtation on thermal turbine, which is not
16 the case in many cases for -- other than IBR, the Type
17 3, where it have sonme -- it's still in the integrated

18 system The other one is already buffered by the

19 inverter itself. So we -- the thought was the

20  opportunity is there. The need of the systemw || --
21 the inertia will go lower. Even the short sector w ||

22 pbe going lower, and that's nean the rate itself can
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w dely spread as a voltage dip where it can inpact

2 significant nunber of |oad and the |oad | BR base | oad.
3 And this all can create a significant novenent of the
4 frequency.

S In addition to that, also, we also understand that
6 the |EEE say that 5 hertz per second. |If you | ook

7 about it, so it'll then take nore than one second or

8 less even to go beyond the 65 hertz or even to go 55

9 hertz if you are close to this 5-hertz-per-second rate
10 of change. So it doesn't give a tine -- enough tine

11 for the IBRto respond for a frequency event. So we

12 said if the technology allowed that, why not to bring
13 it, and the idea that it's not a protection base, it

14 don't even -- in nmy opinion, the frequency or your

15 protection setting should be based on actual capability

16 and not based on the boundary itself as specified here.

17 So in many cases where we have our equi pnent, the
18 Ride-through frequency in in many area, |ike Mnitoba
19 Hydro have, we have up to 82 hertz. It has to Ride-

20 through. So this nunber, in nmy opinion, was
21 insignificant based on the system need and the system

22 need maybe there in the future. Thanks.
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1 MR, PATEL: Al right. Al right. [It's working.
2 So you know, everyone is going to tal k about frequency
3 Ride-through and exenption for I egacy. |'mnot going

4 to talk about it just now But by the way, Munish

5 Patel, EPRI. \Whatever | say or ask are my own opi ni ons
6 and questions. Please don't sue ne. | still have two

7 young daughters to send to coll ege.

8 (Laughter.)
9 MR. PATEL: So a couple of general comments.
10 Look, |'m supportive of the standard, but the standard

11 remains conpletely silent on when IBRis required to
12 Ride-through, for what systemconditions. The |IBR may
13 be designed today, installed today, conm ssioned today
14 to R de-through for a given systemcondition. Ten

15 years go by, the transm ssion system has changed upsi de
16 down. Is IBR still required to Ride-through? | think
17 -- 1 think it's a -- it's a -- it's a gap that the

18 standard conpletely remains silent and sinply states
19 Ride-through no matter what the transm ssion system
20 condition is, what the neighbors are doing, and al

21  that kind of stuff, right?

22 The second thing is the way the standard is
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1 witten right now, if the differential protection on a
2 generator step of transfornmer m s-operates, then the

3 IBRis out of conpliance because it tripped when it

4  shouldn't have tripped. | do not recall exact details,
5 but in 2022, there were 1,200 m s-operations on the

6 bulk electric system and it's just |ife happens,

7 right? So there has to be sone exenption for things

8 that are beyond control, right, water dripping fromthe
9 roof in a control house, nouse in a control house

10 chewing up cables, things like that. W talk a |ot

11  about what IBR is expected to do in a continuous

12 operation region of the voltage. | think that is

13  probably unnecessary requirenent because the whole

14  purpose of the standard is Ride-through when the

15 voltage and frequency are normal. Half of the page of

16 the standard is actually asking for |IBR perfornmance

17 when the voltage is alnobst normal, right, so things

18 like that.

19 | had sonething else in ny mnd, but it's

20 slipping. | have opportunity today and tonorrow t hen.
21 MR. AL-HADI DI: Thank you for the questions.

22 Mani sh, we discussed sone of this one before. So nmaybe
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1 inthe first part, which is about the system strength,
2 where it was -- where it was designed, the idea were --
3 the teamwere, the Drafting Team that we did not touch
4 the stability part of the IBR So we said we are -- in
5 the standard itself, we did not speak about the, what

6 you call the rising tine or starting tinme, or is going
/7 -- 1s it going to be stable or not stable. So we

8 understood this can inpact the stability, and there's

9 the third phase, which is the MI|estone Nunber 3, which
10 is, you know, about the operation, and that need to be
11  caught at that stage of the analysis, and | believe

12 that will be -- could be advised to revise sone of

13 these paraneters or re-look at it as part of that --

14  part of investigation.

15 But if it -- if that part provide now

16 recommendation for change of that to maintain for

17 whatever short-circuit |evel system becone because you
18 cannot say that | design today, system have changed,

19 now for reliability, I don't have to do anythi ng about
20 a system change. System event happened, everyone

21  cannot Ride-through, and the system can col | apse or

22 reliability issue. So | think that need to be
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addressed as part of the how the phase three or ny

2 phase three of the standard need to look at it, and in
3 that case, we |ooked at it where it need to be | ooked
4 at, the stability of the IBR

S For the second part, | believe your second

6 question, if | renenber was about --

7 MR. PATEL: M s-operation of protection.

8 MR. AL-HADIDI: M s-operation, yes.

9 MR. PATEL: Just real-life things.

10 MR AL-HADIDI: Yes, | fully agree. \Were the

11 standard -- we work with the BRC/TRT. As Jam e st at ed,
12 that these three standard really are -- they were

13 integrated with each other to sone |evel, what our --
14 the Standard Drafting Team at |east thought. Maybe it
15 wasn't clear. W'IlI|l see how the thing goes. W

16 thought that the BRC 29 provide the criteria itself.

17 However, the assessnent itself is done by BRC TRT

18 because there's even the correction plan. Everything
19 is coming -- going there.

20 In the PRC-030, it was very clear stated that if
21 it was for ms-operation, you don't need to investigate

22 it, and is no -- no corrective action i s needed. So it
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was al ready exenpt by the IBR tripping for -- ms-

2 operation protection was already included, in our

3 opinion, at least in the PRC-030, which maybe this a

4 good point for discussion, if that was really the right
S way to do it or not, but that's where we are.

6 MR. PATEL: Yeah. So | understand that. The

7 standard has to stand on its own, right?

8 MR. AL-HADI DI : Yeah.

9 MR. PATEL: PRC-030 only tal ks about the operation
10 of BES under PRC-004. You can have a collector feeder
11 breaker trip because of, you know, real-world issue,

12 and that's not a BES elenent. If it's not, then it's
13 not part of PRC-030, but PRC-030 criteria is nmet and

14 PRC-029 criteria are net, right? So | think -- anyhow,
15 there has to be sone indication of things in the

16 standard. Right now, the way it is witten, voltage

17 was in the nandatory operation region, frequency was in
18 the, you know, mandatory operation region plan

19 di sappeared, and there that has -- it's out of

20  conpliance. Anyway, we, we can talk --

21 MR. AL-HADI DI: Yeah, yeah, that's a good point.

22 That's a good point.
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1 MR. PATEL: Yeah. The last point that | just
2 recall is this whole concept of performnce-based
3 standard. | think when the whole idea of perfornmance-
4  based cane along, it was not the fact that perform
S under 24/7, 365, next 25 years, in that manner. It was

6 nore about voltage and frequency trip setting. PRC 024
7 is not working. W need to go for perfornmance-based.

8 Performance-based was -- continue to work when the

9 voltage and frequency are within given bends, right?

10 MR. AL-HADI DI : Yeah.

11 MR. PATEL: So this whole concept of perfornmance-
12 based is a little bit msaligned than the original

13 thought five years ago when it cane out of |IRPTF at the

14 tinme.

15 MR. AL-HADIDI: No, | agree. Thank you.

16 MR. MAJUMDER: Rajat Mjunder. So Husam when you
17 responded to the other gentlenman question, | have heard
18 many will, and you referred to Manitoba system Now,

19 |I'"msure that you m ght have seen an ROCOF of ei ght

20 hertz per second. That's shocking, but we cannot take
21 the requirenent froma very specific region and

22 generalize it, right? Again, referring back to ny

Scheduling@TP.One 800.FOR.DEPO
TP One www.TP.One (800.367.3376)



Technical Conference Day 1 9/4/2024
Page 77

1 SIGRA session, there was a gentl eman from South

2 Australia. He presented a | ot of experience with a

3 peak load of 3 gigawatt. Now, are we going to take a
4 South Australian event with a peak |oad of 3 gigawatt
5 and apply that to Eastern Interconnect with 950

6 gigawatt? So when we are creating a reliability

7 standard, we need to be aware of the context of it.

8 Cherry picking and then applying blindly is not the

9 right way to do.

10 Second of all, you nentioned that, well if the

11 design can do it, why not? [It's not about just the

12 | BR We'll have transfornmer which are not under PRC
13 029, and | don't want to speak for them because we have
14 enough expertise today wwthin the room |[|'m| ooking
15 forward to the manufacturing panel this afternoon. W
16 have representative from FOSDA, Sienen Ganesa, Hitachi
17 Energy. They are the top at their field. Please hear
18 fromthem |If you are going to have transfornmner

19 operating in such a | ow frequency ban, there are going
20 to be nmany other issues, unintended consequence. It's
21 going to nake the transformer for no apparent reason.

22 That's not the right thing to do, but transforner is
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1 not covered within our PRC 029.

2 MR. AL-HADI DI: (I naudi bl e) versus (inaudible)

3 hertz was addressed by Rl, but as | said, let's nmaybe
4 -- let us leave it -- this topic for further discussion
S wthin the industrial, what do you think about the

6 frequency range and if the capability's there or not,

7 and what's was really the concern. But we did not get
8 too many comrent fromthe stakehol der about the range
9 of the frequency. Mst of their concern was with the
10 ROCCF and the | egacy equi pnent where it nay not able to
11 ROCOF val ue.

12 MR. MAJUMDER:  Yeah.

13 MR, PATTABIRAMAN:  Hi. Dinish Pattabiramn from
14 TMEI C, you know, equi prent manufacturer. So | have a
15 question broadly on the standard in terns of why the

16 deviations in the standard conpared to | EEE 2800

17 | anguage, which has been wi dely accepted in the

18 industry with the high balloting rate. And there's

19 also about to be a test procedures, |EEE 2800.2 that's
20 going to cone for the standard. Wy deviate fromthe
21 | anguage of | EEE 2800, which is widely accepted in PRC

22 029?
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1 MR. AL-HADIDI: W did not -- our intent was not
2 to diverge or to follow | EEE 2800. W started there,
3 but there was a |ot of requirenent there, and sone of
4 it actually to be hard to wite it, or maybe to

5 noderate, or make it as part of the conpliance itself.
6 So based on that, we |ooked at the variety of the need
7 for the systemand fromreliability perspective, that
8 was the intent. And wherever we found the reason to
9 divert fromit, we did. And it was al so, as you know,
10 it was FERC order, was also constrained in the way we
11 | ooked at sone of the requirenents.

12 MR. PATTABI RAMAN. So but in terns of conpliance,
13  you know, 2800.2 also offers a variety of test

14  procedures. |I'mnot sure if there's going to be a test
15 procedure that conmes for PRC-029, but the strength of
16 2800 is that it offers these kind of test procedures
17 which different people can study and conply -- and at
18 | east study conpliance with, whereas deviating from
19 2800 | anguage -- for exanple, there is a | anguage for
20 phase junp that says that, you know, 25 degrees but

21 initiated by a non-fault, you know, that kind of

22 | anguage was not there in 2800. There are snal
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1 changes |like this throughout the standard, including
2 the frequency Ride-through requirenents. So |I'mjust
3 curious on what the thoughts of the Standard Drafting

4 Commttee are on that.

3) MR AL-HADIDI: As | stated that, yes, there is

6 sone slightly different, but |I'malso part of the -- of
7 | EEE standard, and it's not -- it's not the perfect

8 standard. And all it nean that there is always need to

9 change, and there was opportunity for us to | ook at

10 froma bit perspective |like the frequency, why it's

11  there. And when we asked the question even why this

12 val ue was sel ected was not enough, always a good answer
13 from people who were involved in | EEE standard at that
14 st age.

15 So it's based on the -- your experience, and this
16 is the task of the dd task of the Drafting Teamto cone
17 and consulted with the industrial and the feedback we
18 got, and based on that, we noved in this direction.

19  Thank you.

20 MR. PATTABI RAMAN: Thank you.
21 MR. WANG Yeah. For this one, | think two parts
22 | address. Yeah. For the 29th standard, right? |
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beli eve nost of the -- especially for the voltage part,
2 pretty nuch align with the | EEE 2800 standard, yeah. |
3 think for frequency part, yes, actually there's sone
4 division, right? So for this issue, |I think even for

5 this -- even within the Standard Draft Team that's the

6 ideal -- the approach we adopt so far.

7 For this Technical Conference, one of the nmain
8 purpose for that -- for this conference is, like, we
9 discuss the frequency part, right? | think for that

10 part, actually, we have that dedicated topic to discuss
11  that one, yeah. If the OEM even for the for BES or

12 even for wi nd manufacturer, right, if has any not issue
13 or concerns with that -- with that standard or the

14  requirenent, yes, we -- the Standard Drafting Team

15 really want to hear the voice, yeah. That's the one --
16 the main for this one.

17 For the second one, for the -- for the testing

18 procedure, right? 1 know the | EEE standard, the 2800. 2

19 is working on that testing procedure. | think it is
20 still ongoing efforts, right? The Standard Drafting
21  Team has very closely participate that -- the working

22 groups. Actually, we just adopt that approach maybe in
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1 the future for the -- for NERC standard, right, for 29
2 or even the future, the revisions, yeah, for sure we

3 can adopt that approach in the future. But at this

4 point, | think even for the IEEE 2800.2 is still

5 ongoing efforts, yeah. So that -- | think | just want
6 to bring the attention to the team yeabh.

7 M5. CASUSCELLI: So we've got a nunber of

8 questions online. |I'mjust going to interject here.

9 Could you share the evidence or data that NERC has

10 indicating that the bul k power system m ght experience
11  frequencies up to plus or mnus 4 hertz per six

12 seconds?

13 MR. AL-HADIDI: Even we don't -- we cannot present
14 information for even the current -- whatever their | EEE
15 standard, which is the 57 hertz. So the evidence, you
16 don't have an event because once event or under -- or
17 once event is very rare event. Wen it -- when it

18  happen, you need to have a system really, which can be
19 very robust and very reliable to deal with it because
20 when it happen, there's a blackout. There is really a
21  big systemevent to start with. So really, likely the

22 -- where we are right nowin the system based on where
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1 we are and hopefully -- and that's where -- that's

2 where our standard is noving, at |east hopefully, to

3 prevent us frombeing to that stage. So no event --

4 there is no event happen to support even any frequency,

5 even 57 hertz, which is there in | EEE standard. It was

6 -- we cannot -- we have no event to support that in

7 overall system Thank you.

8 M5. JONES: Hello. Rhonda Jones from | nvenergy,

9 and just building upon then sone -- |ike, when you | ook
10 at the 10 system di sturbance events that were used in
11  the analysis, it never cane below 59. So just curious
12 when the w dened bands were established to also -- they
13 considered current-day needs and a little bit of
14  projection or forecasting for future needs. One of the
15 things that I'"'mtrying to work to reconcile is,

16 currently, right now, the interconnection dynanm cs were
17 consi derations when you set -- when the bands were set
18 in the past. And |I'mcurious how those uni que dynam cs
19 were considered now just having one big band that

20 covers everything versus consideration for tailoring

21 the bands based on the interconnection dynam cs.

22 MR. AL-HADI Dl : Let ne see if what -- if |
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1 understand your question about the reaction of the IBR
2 or to-- howto recover fromthe frequency itself, and

3 that's why the six second was giving the IBRtine to

4 respond to the frequency and try to -- because it has
5 sone tine response. And in our standard, we did not

6 cone wth a performance requirenent, so it could be

7 perfornmed within four second, five second. It's nuch
8 faster than synchronous nmachine to respond to the

9 frequency event, so hopefully that in the future wll
10 be able to recover the frequency nuch faster. That's
11 why we thought the six second itself is the tinme where
12 it give enough tinme for the IBR technology to inject or
13  renove power fromthe systemto respond to the

14 frequency event itself. 1'mnot sure if | got your

15 question. Sorry if | did not get it.

16 M5. JONES: That was part of it, but | think the
17  biggest thing I'mtrying to understand is that the mx

18 of generation in a specific interconnection does inpact

19 inertia and frequency perfornance.
20 MR AL-HADI DI: Yeah.
21 M5. JONES: So |'m just wondering consideration

22 for bands that are nore accustoned to the dynam cs of
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1 an interconnect versus just a broad, no matter where

2 you are, this is what you need to do because there is

3 sone benefits to having it tailored in that way. You

4 know, when you |look at the events in the East versus

5 the Western interconnect, the evidence is very distinct
6 on where the concentration of sonme of those m sses

7 were, which are primarily contributed to settings,

8 which is human error versus not being able to perform
9 enough. Was just kind of curious about maybe tailoring
10 the curves nore to interconnection dynam cs and

11 generation m x as opposed to just a one-size-fits-all.

12 MR. AL-HADI DI: That could be an approach we coul d
13 -- we could use. Actually, there's nothing wong with
14 that. It's the only thing which -- in ny opinion, it's
15 still -- there is a |ot of unknown, and we know t hat

16 systens going to change, and the way it change is goi ng
17 to be nore and nore sensitive to the frequency event.
18 Load itself is significant. [It's going to -- we have
19 too much IBR I oad technol ogy, which is going to cone

20 in, and sone of these one actually the trip thenself or
21 renove thenselves at certain voltage. |If you start

22 renoving significant anmount of |oad on and off, that
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1 wll generate fundanentally very significant frequency
2 change.
3 So really just to be careful where -- we thought
4 we are -- a second part of discussion where the
S5 industrial is heading. Is it sonething which we -- if
6 there is no actual |limtation, what's the harm of
/7 getting there? There is -- if the cost is reasonable

8 and it neets sone reliability in the future and even

9 sone into the system we thought there is nmaybe no

10 harm But if that's not case, we'll see how the thing

11  goes with input fromthe OCEM about if there's a concern
12 or not. Thank you.

13 M5. CASUSCELLI: Thank you. One nore question

14 fromonline here. Can you discuss the data requirenent
15 in the nmeasures?

16 MR AL-HADIDI: Sorry. W didn't get the

17 questi on.

18 M5. CASUSCELLI: Can you discuss the data

19 requirenment in the nmeasures?

20 MR. AL-HADIDI: Data requirenent is already

21 established in the PRC-028, so PRC-028 established data

22 requirenent for the nmeasurenent
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1 MR. VENKI TANARAYANAN. Morning. M nane is Nath

2 Venkit, and I'mfrom GE Vernova, and ny question is on
3 the -- on the requirenent that inverter-based-resources
4  should not trip on instantaneous overvol tage, which |

5 conpletely agree with. But the concern is that

6 individual inverter-based resource units, based on the
7 |l anguage in PRC-029 -- | believe, it's footnote -- or,
8 you know, Note Nunber 10 in Attachnent 1 -- should have
9 afiltering for one cycle before they trip.

10 Now, | was part of the Drafting Team for |EEE

11 2800, and this was discussed pretty extensively, that
12 standard. |BR-powered el ectronics do not have that

13 kind of long duration overvoltage capability. So the
14 conprom se that was established in | EEE 2800 was t hat
15 the one cycle filtering requirenent was applied for any
16 protection at the plant |level that would -- that would
17 di sconnect the entire plant. For exanple, if you had
18 an overvoltage relay, then you would need that kind of,
19  you know, filtering.

20 However, for IBR units thenselves, the standard

21  did not just give thema bl anket exenption. 2800

22  specified sub-cycle overvoltage R de-through
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1 requirenents that individual IBR units had to

2 wthstand, right? So it wasn't a requirenent to wait

3 one cycle before you trip for any overvol tage, but a

4 nore rational requirenent for sub-cycle overvoltages.

5 For exanple, the IBR unit would need to Ride-through

6 and overvoltage of 1.8 per unit for one mllisecond.

7 So that's one of the requirenents in | EEE 2800.

8 So the way PRC-029 is witten, | think we really

9 have only two choices, right? |f you have a very large
10 overvoltage that is inposed on power electronics, then
11  you can let the inverter trip, protect itself

12 hopefully, and cone back online within a few seconds or
13 a few mnutes, or if you don't allowit to trip, then
14 the choice is the inverter gets damaged, then trips and
15 w1l take several nonths or years before it can cone

16 back online. So I would -- nmy question is, why is the
17 requirenment not nore specifically calling out sub-cycle
18 overvoltages for individual units to wthstand?

19 MR AL-HADIDI: W were there first. W have --
20 it used to be in this Draft Nunmber 1. | believe it was
21 R4, we're dealing with the transient overvoltage.

22 However, we were -- basically even -- whatever we see
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1 right nowin | EEE standard, they are having very

2 difficulties would -- come with sone nechani sm how even
3 to do the neasurenent and calculation for this

4 transient overvoltage, and we felt that the industrial
S is not in the stage where it could have that -- the

6 work based the PRC-028 and how t he nechani sm how to

7 calculate it. And it's -- we thought it could be very
8 difficult to conme with way to try to be neasuring the
9 conpliance of that event.

10 The question will cone, why the system-- why the
11 |IBRis going to see 1.8-per-unit voltage? 1Is it

12 because of the switching wwthin the IBRitself wth

13 sone things a design issue, or is it fromthe system
14 event? |If it's fromthe systemevent, | don't believe

15 there's any systemevent. The voltage can go

16 transiently to 1.8 without inpacting -- overall, you'd
17 be -- you'd be with the filtering tinme of even one
18 second one cycle, nost likely that will lead to your

19 voltage to be fundanentally above 1.2, and we could
20 trip for the overvoltage.
21 We had a struggle on the technology itself, howto

22 do the neasurenent, and that's why we feel there is the
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1 best way, try to nove away fromthis requirenent,

2  becone very specific, becone challenging to neet the

3 conpliance part of it. And that's why we noved away

4 and to renove it. And we conpensated with a filtering
S5 to ensure that if it's a protection -- transient

6 overprotection, then you have to protect it in this

/7 way. But if it was internal issue, you have the

8 arrestors. You have different nechanismto deal with
9 it, able to deal with the overvoltage during -- as a
10 result of a swwtching within the IBR facility itself,
11 so, and that's part of your design. As a design,

12 that's part of it, but we were mainly concerned about
13 the systemevent, and we did not see a way where we can
14  capture system event for that reason.

15 MR. WANG  Yeah. | just want to add sone

16  background on the -- on that requirenent, yeah. So in

17 the I EEE 2800, right, that's the -- that transit

18 overvoltage specify at unit level. That's the --

19 that's the -- | think that's the requirenent.

20 MR VENKI TANARAYANAN: It is at the --

21 MR. WANG  Yes. For PRC-029, we didn't tal k about

22 the unit level. W just look at the PO, right, or PO
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1 in-- along with the | EEE 2800. Anot her issue, we --

2 the Standard Drafting Teamdeal with this. For the --
3 actually even the | EEE 2800. 2, Subgroup 2 and 3, we had
4 very, very lengthy discussions, yeah. If we supply

5 that at PO, right? So let's do PO, the high set of

6 transformer. Even the -- even the high set of

7 transfornmer endurance, the experience of that high

8 wvoltage, right, transient overvoltage, based upon the

9 BOP of the plant, it's very conplex. The issue

10 actually to reflect back to the term nal, yeah, right?

11 That's the reason why we -- the Standard Drafting
12 Teamfacing in the -- for the challenges, right? Even
13 if we apply the highest -- high set of transforners

14 that, say, like 1.8 per unit high voltage, it's very
15 hard to identify what high voltage experience in a

16 termnal. That's one -- another reason we renove that
17 requirenment to the Note 10 now, just based upon the

18 previous event analysis, right? W just avoid, say,
19 like, the -- just like (inaudible) suggest one, two
20 points, yeah, just trip off the units. That's the --
21 that's the base -- the rationale at this point, yeah.

22 MR. VENKI TANARAYANAN: Right. | understand, but |
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hope you understand there are only two choices. One is
2 the IBRtrips to protect itself and cones back online

3 wthin a few mnutes or seconds, or it gets danaged and
4 still trips and is not able to cone back online for

5 several nonths or years. So with that, I'll end ny

6 question. Thank you.

7 MR. AL-HADI DI: The standard didn't go that far,

8 and as | said, we don't have any neasurenent on the

9 wunit itself. Qur requirenment fromPRC-028 is only at
10 the high side of the transforner, so there is no

11 mechanismto cone with any conpliance requirenents for
12 it. That's the reason we're -- where we are right now
13 M5. CASUSCELLI: Al right. So | need to issue a
14  two-mnute warning here, so | apologize to those in the
15 roomwho can't ask their questions. So |I'mgoing to

16 ask one fromonline here. Wat neasures did the

17 Drafting Teamtake to ensure that |IBR owners do not

18 bear a disproportionate responsibility for system

19 frequency response?

20 MR. AL-HADIDI: You have to Ride-through it. I'm
21 going to say they have to Ride-through it. They need

22 to Ride-through it. So it always need responses, sane
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1 event, and their equipnment needs to stay online, and

2 the standard is not requiring them as witten right

3 now at |east, to provide a frequency support or any

4 performance. So no performance conpliance is just to
S mintain -- connect to the system and Ri de-through the

6 event itself.

7 MR HAKE: H . Sam Hake with a AES C ean Energy.
8 W're a renewabl e energy developer, and I'Il try and
9 keep this quicker. It's alittle bit less of a

10 technical question. So | wanted to focus on the

11  language in R4 that tal ks about hardware-based

12 |imtations. W have sone concerns that we have | egacy
13 sites that nay have -- we nay need exceptions based
14  nore on nodeling information, either availability or
15 quality of the nodels, in order to denonstrate and

16 determine if sites can be conpliant. So the question
17 is, why is there that focus on hardware-based

18 |imtations in R4 that seens to exclude sone, what we
19 believe, valid software limtations?

20 MR AL-HADIDI: It's for nodeling or for the

21 voltage, Ride-through, you nean to say, because this

22 standard, it doesn't deal with nodeling. WMaybe I
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1  m sunderstood your question or maybe | --
2 MR. HAKE: So the | anguage in R4 tal ks about
3 exceptions for voltage Ri de-through --
4 MR AL-HADIDI: Yes.
S MR. HAKE: -- based on hardware --
6 MR. AL-HADI DI: Hardware limtation. Yes, you're
7 right.
8 MR. HAKE: Yeah. So ny question is why hardware
9 JIlimtations only?
10 MR. AL-HADIDI: Ckay. That also cane fromthe

11  FERC order. FERC order stated very clearly that any

12 vol tage exenption need to be based on the hardware

13 equi pnent, not the software. So we tried to -- when we
14 are constrained with sone | anguage, so we -- and we
15 understood sone -- and you're right. Sone software

16 could be very challenging to deal with, but we

17 understood by "software,” if sonmething could be dealt
18 with, if it's not really sonething which you couldn't
19 update different or upgrade your software, it becone
20 really hardware limtation at that case.

21 So we left it open, what do you -- what you guys

22 can cone with the hardware limtation. |In ny opinion,
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I f you cannot do anything about your software because
2 it's becone hardware limtation where the version of it
3 or the -- is not enough or it's not in capability to

4 upgrade, it could becone a hardware limtation, but

5 thisis ny interpretation. |It's not NERC or FERC.

6 That's ny opinion. Thank you.

7 MR HAKE: Right. | appreciate that, and | think

8 that's exactly the concern, right, is that it's open to

9 interpretation.

10 MR. AL-HADIDI: Yes, you're absolutely right.
11 MR. HAKE: Thank you.

12 MR. BENNETT: Al right. Thank you, everybody,

13 for the wonderful questions, both in the room and

14  online, but | think it's tinme -- we need to transition
15 to our next presentation here, but before we do, let's
16 -- our two friends here in the hot seat fromthe --

17 fromthe Drafting Team why don't we just give thema

18 round of applause real quick? They' ve done a great

19 job.

20 ( Appl ause.)

21 MR. BENNETT: So as they exit the stage, let ne
22 just tee this up for Alex. Qur next presentation is a

Scheduling@TP.One 800.FOR.DEPO
TP One www.TP.One (800.367.3376)



Technical Conference Day 1 9/4/2024
Page 96

1 very simlar subject, another review of voltage and

2 frequency Ride-through criteria. So to wal k us through
3 this, this is Alex Shattuck from NERC, and yes, | did

4 pronounce his |last nanme correctly. So, Al ex, please

5 help us out with this. Do you need a m crophone?

6 (Brief pause.)

7 MR. SHATTUCK: Thank you very nmuch. M plan today
8 was to present a bunch of objective facts. It seens

9 Ilike a bunch of y'all did your homework, and a | ot of

10 what |I'm presenting, we've tal ked about through the
11  questions and that kind of thing. So the goal here is

12 to just present sone information and sone data and sone

13 observations without giving any opinions. If | give an
14 opinion by accident, sorry. [It's mne only.

15 | will read one recommendation. So |'m not going
16 to give a recommendation, but I'll read a

17 recommendati on we've given to tell the story. So I'm
18 going to try to tell alittle story here. | was told
19 to keep this high level. W mght beep into the weeds
20 a little bit. |It's a Technical Conference after all.
21 So with that, let's just start with the first slide.

22 | figured since we're getting it started here,
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sonething to | ook at would be fun. So we're going to
2 start with why do we need Ride-through. Just to tel

3 the story quickly, the A Fs here are from Texas A&M s
4  kind of synthetic grid system They do heat maps for
5 voltage and frequency Ride-through. They present them
6 wth their kind of synthetic grid that they use at

7 their facility or at their university. So this is just
8 to kind of show, when there is a disturbance when

9 sonething happens, it propagates around. |If you | ook
10 at the heat maps for frequency, it's not just one

11  disturbance. |It's noving all around, and it's really
12 -- you can see the differences in what's happeni ng,

13 what devi ati ons are happeni ng based on | ocation, based
14 on the systemthey're at.

15 And this is just kind of the world we live with,
16 right? Unexpected events, they happen. They're going
17 to happen. They're going to continue to happen. Qur
18 job as an industry is to nmake sure that when they

19  happen, we are -- we've done our honmework, right?

20 We've done it, we've done our planning, we've done our
21 interconnection studies, we've done our nodeling

22 correctly.
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1 Not every unexpected event is a mmjor disturbance.
2 You know, soneone hitting a tel ephone pole -- or sorry
3 -- utility pole and dropping a transforner is not going

4 to cause a nmassive frequency deviation, but sonething
5 |like a -- an DESO-1 or DESO 2, we've seen, or a Ui,

6 right? W've seen unexpected events cause significant
7 deviations to the point that we have literal processes
8 for tracking these things and readi ng these things and,
9 again, reports out our disturbance reports.

10 So what do we do? W have to nake sure that we
11 reduce risk by making effective and efficient criteria.
12 Efficient is kind of the -- | took this fromour little
13 circle. Efficient is the key thing here, right? W
14 coul d probably make a systemthat is perfectly

15 reliable, but that's going to be a tank when we m ght
16 need a Toyota Canry, right? W can -- you know,

17 there's always that kind of how nuch can you do with
18 sonething that's reasonable or sonmething that's

19 efficient, and how do you hit your reliability with a
20 certain level of risk averseness, which probably isn't
21 a word, while still making sure that we're not naking

22 everyone pay thousands of dollars a nonth for their
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1 power bill.
2 So next slide, please, Levetra.
3 We'll start wwth just -- or | guess we'll continue

4 wth tal king about what we've seen so far. R ght now
5 we have 10 published major disturbance reports since

6 2016. That's about 15,000 negawatts, and the |ast four
7 years have been about 10,000 of those negawatts, so --
8 and about twi ce as many events. So if you | ook at two
9 wndows of time, we've doubled both size, total size,
10 and we've doubl ed the frequency of these events, which
11  nmeans they're probably -- they're linked a little bit.
12 The observations point to the fact that they're |inked
13 to penetration of IBR, right? |If you |look at the

14 little graph on the bottomleft, you can see the

15 events, right? They're happening in areas that right
16 now have sone of the highest penetration of IBR  Mjjor
17 di sturbances, those reports, those are -- those 10

18 reports are IBRrelated. There's been a few nore of

19 those since those |ast ones are out. W're in the RFI
20 kind of data collection stage for those.

21 But that's not the whole story, right? There's

22 also different technology. So the major events so far
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1 that we've given major event reports for have been

2 solar PV and BES. That's not to say that they're the

3 only fol ks that have problens, right? Most |BR

4  technology's relatively simlar outside of the hardware
5 piece, right? There's software based, software driven,
6 alot of if I do sonething wong paraneterizing a PV, |
7 probably make that sane m stake, paraneterizing a w nd
8 turbine in the software paraneter sense, and we do have
9 sone data to back that up. NERC is working with Texas
10 RE and ERCOT to make a wind report that shows and |inks
11  to the causes of reduction of those previous

12 disturbances. So that's to say that just because there
13 hasn't been a nmmjor disturbance that was a wind -- |

14  guess there was a panhandl e di sturbance, but there --
15 other than that, there haven't been that many w nd-

16 rel ated disturbances.

17 It's not to say that the w nd has no risk

18 associated with it. Just prelimnary, kind of off the
19 top of nmy head nunbers for that, it was sonet hi ng about
20 80 percent of the nultiple thousands of negawatts

21  unexpectedly tripping off wind in Texas, about 80

22  percent of those or 90 percent of those were for the
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1 exact sane reasons that we presented in all of the

2 solar PV and BES reports. So why are they not show ng
3 up? Well, they're kind of, you know, it could be at

4 night, right? The faults happen during the day. Mybe
5 wndisn't operating at full capacity like PVis. [If |
6 have a hundred-negawatt PV plant and a hundred- negawat t
7 wind plant in the mddle of the day, the wind plant's

8 probably half-ish and the PV plant's at max.

9 So the sanme disturbance trips both of those off,

10 sane size plant, but the event for the PVis twice as
11  big, right, because it's actually operating at max. So
12 outside of those, we also have Wnter Storns Ui and

13 Eliot as far as, like, firmdata we can pull from and
14  just those are the Ui and Elliot on the right side

15 here. So if you go to the next slide, please.

16 Al right. W'IlIl orient ourselves with what |

17 realized -- it's actually pretty clear. So we'l]l

18 orient ourselves with what is out there right now, so,
19 and what we're discussing today. So kind of | |inked
20 it to PRC-024, PRC-029, the draft criteria right now,
21  and | EEE 2800, and they're all in the sane graph here,

22 and it's kind of a ness, right? Part of the ness is --
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1 soneone brought it up -- PRC-024 four has regional

2 variances for -- different requirenents for different

3 areas, right? If you look at, you know, the draft PRC
4 029 and, you know Quebec's PRC-024 curve, they're

S pretty simlar, but again, that's for a specific system

6 wth specific needs.

7 And al so the ness of this, it's confusing, right?
8 It's hard to look at that -- you know, if I'm-- if |I'm
9 interconnecting a facility, and | want to do it across

10 the United States, and | want to be a developer, it's
11 ki nd of confusing to know, you know, exactly where to
12 find each criteria, exactly howto do each plant in

13 each area and how we talk to each other. Review ng the
14 alert data, what we saw a |ot of in ERCOT specifically
15 was ERCOT nmachi nes have Western interconnection

16 paraneters, right, because they're simlar devel opers,
17 and they just put themon that one, right, because

18 they're not the sane. Unifying them can help, but

19 there will always very likely need to be sone sort of,
20 you know, small variance or sonething to nmake sure that
21  everything' s reliable for everybody. There likely

22 isn't any one-size-fits-all anything for everybody, but
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1 if you have a good starting point, we can adapt that to
2 what we need for reliability. And what |I did to kind
3 of help with the rest of the slides and the

4  conparison --

S If you go to the next slide, Levetra --

6 | realize that's a typo. | wote "nost

/7 stringent," but it's least stringent. | took the
8 inside of every curve to basically say if you were

9 followng the mnimumor the | east stringent PRC 024,
10 that's what we're conparing the rest to. And when we
11 talk about the events comng up, that's what we'll| use

12 to kind of use for a baroneter. And it's much easi er

13 to look at these three curves versus, | think it was

14 |like nine on the | ast one.

15 So when you |l ook at this kind of conparison,

16 you'll see that -- a couple observations, right? Draft

17 PRC-029 and | EEE 2800, they share the sane continuous
18 operation bands, so both of those standards are saying
19 that for these bands of frequency, continuous operated.
20 So that's an alignnent that's good for the rest of the
21 discussion after reading all the comments that we've

22 gotten, but they deviate pretty significantly kind of
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specifically at the maxinmuns in the short tineline.

2 So, | nmean, if you look at kind of farther out in
3 the 200-302nd range, we're not that far off. They're
4 pretty well aligned. It's just this kind of first six
5 seconds where we see the nmassive deviations both from
6 2800 and fromthe original PRC 024.

7 So if you go to the next slide, please, we can

8 conpare that to our nmmjor events.

9 So y'all stole ny thunder a little bit here by

10 doing your due diligence, which is great, but none of
11 the mmjor events -- none of the 10 nmajor events we've
12 rel eased reports on were outside even the continuous
13 operation bands. And if you look at the little -- the
14 very small, very skinny yellow rectangle, that is the
15 worst frequency deviation and tine out of all of the
16 events, and that's Blue Cut in 2016. And you can see
17 that's well, well within both PRC-024, within the

18 continuous operation bands, and it's well within both

19 PRC 2800 -- or sorry -- | EEE 2800 and the draft PRC

20 029.

21 So this kind of shows us that for those types of
22 events -- you know, keep in mnd that these disturbance
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1 events happen sonmewhere around |ike system nornmal,
2 right? So we mght not see -- you know, we're not
3 expecting to see a nassive crazy change here. The
4 systeml s about normal when these are happening. So
5 what we get, because operators are doing their jobs
6 well, because we have things to do and procedures to

/7 mtigate when these events happen, the deviations

8 aren't that bad, at |east fromwhat we've observed.

9 Things wll change as we change penetration, but we'l]l
10 have to assess the risks and how we get there and how
11 we can kind of guess or study or estimte what they
12 will need in the future. So this was system nornal,
13 mjor events. Again, this was the worst case. Very
14  many of them were, you know, in the order of 10 to 30
15 seconds or sonething like that, so about the sane

16 rectangl e shape but nuch, nuch smaller on the graph.
17 So all | have to say is that when we observe our
18 mmj or disturbances, we've got a little bit of |eeway
19 with everything proposed so far. So we're not |ike
20 right up agai nst anything at the nonment, but al

21 solutions seemto be viable as far as riding through

22 the mjor event reports.
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1 So if you go to sonething on the next slide, which
2 is, you know, not system nornal.
3 This Ui and Elliot. They're bigger, right? The

4 rectangles are bigger. Elliot was, again, about the

5 sane-ish as the mgjor disturbance reports. So the Bl ue
6 Cut graph very skinny, not a very |arge deviation,

7 sonmewhat |long-ish. But the interesting thing is Ui,

8 right?

9 So Ui, if you notice, it kind of kisses the

10  purple curve there, and that corner of the purple curve
11 is actually ERCOI"s frequency R de-through, so we were

12 very close. |1'd say folks are starting to put

13 protection things directly on the curve, |like we

14  observed quite a bit of in the alert data. W were

15 very, very, very close to seeing additional tripping

16  because of frequency protection on the criteria, so,

17 and if that woul d' ve happened, that would be the first

18 time we've observed it.

19 The last slide -- you don't have to go back --

20 what the last slide said -- | said nearly al

21  frequency-related tripping was due to m s-operate --

22 not ms-operations, but incorrectly set paraneters,
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1 instantaneous neasurenments. None of those -- | wote
2 "pearly" on the slide to cover it, but none of those
3 were based on criteria. You can see on the |ast graph,
4 too, that they weren't anywhere close to the criteria.
S So at this point in the past, right, the bounds,
6 we haven't gotten close to the bounds of any of things
7 that we're proposing now, except for 2024 in Wi, and
8 Ui was a nassive, nassive event, right? So maybe
9 we're at a point nowwth this data that, you know, we
10  m ght know that we m ght need to inprove upon PRC- 024.
11 What we do to inprove on 24 cones fromall the input
12 we're going to get fromour panelists, the CEMs and
13 their capabilities fromthe systemfol ks in what they
14 want or need or desire, and what kind of information we
15 need to show that, hey, | can't do this and |I' m goi ng
16 to prove it to you or not, or what's sufficient proof,
17 or how do we study things noving forward.
18 So all of this can hopefully -- I"mtrying not to
19 get into too many details. | want the panelists to
20 tell us all the things fromtheir nouths, different,
21 fromthem So this is just to showthat if we | ook at
22 our data, it's not aticking tinme bonb. It's maybe a
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1 time bonb in construction, right? It's a -- it's not
2 an immedi ate tonorrow problem but it's maybe a
3 sonething we should focus on noving forward. But
4 again, both things we're proposing, or, you know, we're
5 tal king about through all the comments, the main topics
6 we're tal king about are 2800 and PRC-029. Both of
7 those would have, you know, witten through these
8 events.
9 So if you go to the next slide, please.
10 Just to summari ze, none of the events we anal yzed
11 were outside of the continuous operation bands. And
12 the next bullet is sonething a little bit interesting,
13 is that because of that, we have no benchmark event,
14  right? Wen we did the GVWD standard, they had -- you
15  know, they say you nmake benchmark events. So think of
16 an event or |look at a past solar or flare event and see
17 what's happened and use it as a basis for, you know,
18 setting up your paraneters. So we don't have a
19 benchmark event, right? W' ve had di sturbances. None
20 of them are sayi ng what you have right nowis
21 insufficient. So we don't have anything to base that
22 on.
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1 So, you know, say we had an event that was exactly
2 the PRC-029 proposed curve, then that's great, right?

3 W say, hey, we saw an event. W witnessed this event.
4  Qur bounds need to be outside of this event. So we all
5 say online, well, the operators do their jobs and fix

6 the system W don't have that. W've also seen --

7 so with that, there's kind of three ways, right? It's
8 a benchmark event, it's doing detailed studies into the
9 future, or it's saying that give us the best you can do
10 until we either hopefully never get a benchmark event
11 or inprove our study practices and data practices to

12 have sone neani ngful forward-I| ooking studies.

13 So | ooking at the data we're receiving in our

14 Level 2 alerts, both nodeling and |IBR perfornmance, and
15 kind of the fact that none of the 15,000 negawatts t hat
16 tripped offline were predicted in the nodel space, |

17 don't know at the current nonent if the industry's

18 ready to say, hey, here's a study I'mgoing to hang ny
19 hat on that says here is the | evel of frequency Ri de-
20 through I can get ny systemto do and use it as a

21 benchmark event, right? W need to inprove our

22 nodeling, inprove our studies, inprove our
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paraneterization, and then naybe we can trust that for
2 sonething as inportant as setting these things.

3 So what you can do now is you have kind of two

4 things. Either set your protection settings as w de as
5 possible and show us that with data and not, |ike --

6 you know, show us that literally if you exceed this,

7 you'll burn, right, or cone offline or danmage

8 sonething, or cone up sonehow with sone criteria that
9 happens to be able to be acconplished by everybody,

10 right? So at this point, those are the branchi ng paths
11  we take as far as, like, putting sone data-driven

12 decisions there, right? It's maxim ze --

13 And if you go to the next slide, please.

14 Maxi m ze your settings or use those and feedback
15 and that kind of stuff, just cone up with bounds that
16 are reasonable for everybody. Maybe sonme will be able
17 to neet them but if we have criteria where the nunber
18 of folks who can't neet themis a nunber that we're

19 happy with -- or not maybe happy with, but okay wth,
20 you know, operating the grid wdth, then we're noving
21 the industry forward, right?

22 So this is a recommendation fromour Level 2 alert
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1 on IBR performance issues, and |I'll read this and then
2 1'"Il tell you where it cane from And so, basically,
3 what we're saying is expand your voltage protection
4 setting as wdely as possible and nmnimze AC
5 instantaneous voltage dripping. So the instantaneous

6 pieces of both of those bullets, there's | anguage in

7 the standard addressi ng those things. But again,

8 frequency and vol tage protection should be based on the
9 equi pnment capability. W've been saying this in the

10 alert. The reason why it's in the alert is that this
11 is actually a recomrendation that was in Blue Cut, the
12 very first disturbance report. |It's been a

13 recommendation to expand as much as you can since the
14 first event.

15 So it's very inportant to nmaxi mze your

16 capabilities as you can because, otherw se, you know,

17 you're leaving things on the table, right? It doesn't
18 make any sense to, you know, have a certain frequency
19 Ride-through or voltage Ri de-through ability and then
20 set your paraneters, you know, 30 percent inside that
21  curve, right? You' re not hel ping anybody on the system

22 for that. So that's why this recomendation is here.

Scheduling@TP.One 800.FOR.DEPO
TP One www.TP.One (800.367.3376)



Technical Conference Day 1 9/4/2024
Page 112

1 This is the recommendation | was reading. It's

2 published, so it's not ny opinion, and, again, repeated
3 in basically every disturbance report and the alerts.

4 And it's not in the nodeling alert, but it's been

5 repeated, and it's kind of what we're saying is a good
6 path noving forward.

7 So next slide, please.

8 So what do we do, right? You got to bal ance,

9 right? There's bal ance between what the system needs
10 to be safe and what you can do with the things that are
11  out there on the system right? |f we conbine those

12 two into a -- the Venn diagram| nmade, hopefully, if

13 you use technical capabilities to informwhat you can
14 do to neet bul k power system needs, then you get

15 effective and efficient criteria, right? |f the bulk
16 power system says | need 80 hertz per 10 seconds, and
17 the IBR says | can only do 75 hertz per 10 seconds --
18 |'m pi cki ng random nunbers to not get close to anything
19 we're tal king about -- then you got a problem right?
20 And then you woul d ask, hey, how many of you fol ks

21 can't neet this, and you get a nunber, and if that's

22 the whole system naybe that's not a good criteria. |If
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1 it's 10 percent, maybe you can live with that, right?
2 So when we tal k about bul k power system needs,

3 what are they, right? R de through things so that you
4 can fix it, right? Stay online while the operators do
5 their jobs and restore the system and be effective and
6 efficient when we're reducing risks. So that's all the
7 things in 901 data, nodeling studies, all that kind of
8 stuff. Those are the bul k power system needs, very

9 high level and in two bullets only, and then you have
10 to conpare those things to how do you get that, right?
11 If | have a new criteria and | see you nust neet this,
12 how soon can you put sonething on ny systemthat neets
13 it, right?

14 That's sonething that CEMs will talk about, I'm
15 sure, is the devel opnent cycle for products, right?

16 Usually requirenments informdesign of IBR, right? W
17 used to ask for requirenents all the tinme when | was at
18 the CEM vyou know, please tell nme what you want so |

19 can build it and give it to you. The problemis that
20 takes a while, right? And nd if you keep changi ng

21 things, right, if we -- if every other year we have a

22 new kind of proposed thing, then it gets kind of hard,
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right, to make sure we're designing things. And if you
2 keep resetting the cycle every couple years, we're just
3 kind of, you know, we're wasting noney, you know, |BRs

4 becone nore expensive, power becones nore expensive,

S and it's just kind of a big technical thing the OCEMs

6 wll really probably correct ne on and expand upon.
7 Next, we also have hardware limtations at | egacy
8 IBRs. W're going to hear all about that, |'msure,

9 fromall the panelists. The fact of the matter is,

10 some of it -- sone of the IBRs won't be able to Ride-
11 through any criteria, right? There are IBR out there
12 on the system now that don't neet PRC-024. There are
13 IBRs that don't neet PRC-028 -- or sorry -- PRC-029.

14  There are IBR out there that don't neet |EEE 2800. So
15 whenever you have a requirenent, if you | ook backwards,
16 there's always going to be sone | evel of equi pnent that
17 can't neet it, and what do you do about that is kind of
18 the answers -- is one of the answers we're hoping to

19 get fromthe fol ks who are tal ki ng here.

20 And the last bullet here is that you kind of get
21  sonme dimnishing returns, the capability extrenes, and

22 | kind of referenced it alittle bit earlier, is if,
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1 you know, say we're all buying a car. The speed limt

2 is 50. Al the cars | can buy go 50, right? But then

3 soneone says, well, you have to have a car that can go

4 a hundred mles an hour. |[|'mnot going to buy a car

5 that can go a hundred mles an hour if the speed |imt

6 is 50, right? So the products are going to be designed

7 towards what about their requirenents are, and if you

8 really expand those to the bounds of equi pnent

9 Jlimtations, you know, it m ght be very expensive to

10 get that last extra hertz, right, or extra hertz of

11 criteria, an extra couple seconds of tine.

12 So really, that goes back to the effective and

13 efficient and reasonabl eness thing, right, is probably

14 if we set sone paraneters very wde, in a few years

15 after the devel opnent cycle, people could neet it, but

16 what does that nean? |Is that, like, a $10 mllion w nd

17 turbi ne now because, you know, it costs $2 mllion to

18 get it to 63 hertz, but, you know, 68 m ght be sone

19 crazy ampunt of engineering or design and all that

20 extra work. So the balance here is very inportant, and

21 it starts with the needs. Basically, it starts with

22 the needs, and then you have to balance it w th what
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1 can | do and what can | do for sone reasonabl e anount

2 of, you know, effort, resources, that kind of thing.

3 Next slide, please.
4 So for new equi pnent, so I'mgoing to tal k about
5 new equi pnent, and then we'll go back to | egacy stuff.

6 So for new equipnent, criteria need to be reasonabl e

7 when conpared to current and future capabilities. So

8 if everybody's designed for one thing right now and we
9 go 10X that, it mght not be reasonable, right? |If

10 everything' s been designed for sonething, when we

11  change that criteria to expand it, we have to make sure
12 that it's at a |l evel of expansion that keeps the grid
13 safe while also naking sure that we're not putting --
14 we're not going to make things cost an extrenely | arge
15 anount of noney, right, because we're trying to neet

16 these future capabilities and that kind of stuff.

17 So if criteria are outside of equipnent

18 capabilities, like we're -- we know we've gotten sone
19 comments about fromour witten comment submttal, we
20 need lead tine, or the industry needs lead tine, right?
21 It takes tine to build a newinverter. It takes tine

22 to do research and testing and all that type of stuff
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1 to be able to build sonething that you can sell to
2 soneone to install, and they' Il still give ne input,
3  but probably five-ish years, you know, a ball park.
4 And again, testing tine, right? So you design it

S5 and you build it, and then you test it to nmake sure

6 that it can do these things. There's not that nmany

7 test systens in the world that can handle a, you know,
8 agiant wind turbine or a full-sized inverter. So

9 there's lines frommajor conpanies to test these

10 things, so that also adds into the |lead tine necessary,
11 right? You got to build it and you got to test it to
12 show proof that you can do it, right? W're asking for
13  proof of what you can do. You can't do that wthout

14 testing it and show ng you Ri de-through.

15 So the bottombullet is in red, and we're | eading
16 into the panel this afternoon, but input from

17 manufacturers is crucial, right? Those are the folks
18 who know what's in the box, right? They know what's in
19 the box, they know how you got to what's in the box,

20 and they know what's possible within the sane box and
21  what it nmeans to build a brand new box, right? So

22 their input is very crucial to kind of do the bal ancing
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1 act that we need to do for the efficiency part of that

2 Venn di agram

3 So next slide, please.

4 So for |egacy equipnent, we'll go very quick

5 through this because | want to | eave sone tine for

6 questions, but there's a bunch of different things you

7 can do. So the easiest thing, software-based

8 protection change, or software tuning to nmake your

9 R de-through a little bit better. For those fol ks who

10 had a 65-hertz capability and set their protection

11 setting at 63, software change, right? Put it to your

12 capability that's in your software. That is relatively
13 cheap and relatively easy to do. It could be free,

14  sonetinmes it mght not be, but it's significantly

15 cheaper than hardware based.

16 So hardware based has kind of two buckets, right?

17 1t could be small, hardware-based retrofits of

18 equi pnent, naybe a new transfornmer, maybe sonething --

19 you know, a new snall er piece of equipnent that's going
20 to be nore expensive than a software-based sol ution,

21 but it's definitely going to be cheaper than repowering

22 the whole plant, right? So that kind of nuance in the
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1 timeline of resources necessary fromleft to right,

2 that's going to be very crucial to hear from OEMs,

3 right? Wat is a snmall hardware based? Wat are your
4 thoughts about doing that? Maybe the generator owners
S5 could answer that. Wat are you confortable wth? You
6 know, at what point does a retrofit turn into a

7 repower, right, and at which point does that nean

8 you're not going to operate your facility anynore?

9 Those are the types of bal ance and things that we need
10 to hear fromindustry and fromthe OEMs to give us this
11  information so the Drafting Team can update the

12 | anguage to nmake sense for all of us.

13 So again, | think this is the second of three

14 times | wote that. Manufacturer input is very

15 critical, right? D esel docunentation, sharing the

16 docunentation, having it ready for folks to read and
17 review, very inportant.

18 So next slide, please.

19 And this is ny engineering slide. There's no

20 pictures, and it's four bullets and, you know, four

21 sub-bullets, five sub-bullets. Figured we'd want one

22 big text wall for us. So are exenptions necessary?
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1 I'mgoing toreally leave this up to everyone else to

2 talk about, and I would just keep it real high |evel.

3 So we all know sone anmobunt of IBR may not be able to

4 nmeet any of the proposed criteria or current criteria

S because they were installed before current criteria was
6 made. Again, software-based upgrades could be a sinple
/7 path -- sinpler path. Additional considerations that

8 are needed for software upgrades are not sufficient, so
9 if I can't just set it back to whatever, what el se can
10 | do? How do we do it? W need to put for that.

11  That's very inportant.

12 But the third bullet here is that exenptions coul d
13 allow |l egacy equi pment to remain connected while

14  maxi m zing capabilities, but then there's |like a giant
15  burden of proof for that, right? 1It's going to take

16 nore than sonmeone saying, ny nanufacturer said they

17 can't, right, and they attested to this, right? That's
18 probably not sufficient as far as docunentation, right?
19 We're looking for things Iike show us a curve that, you
20 know, shows you're going to danage sonething. G ve us
21  docunentation that your software-based protections

22 aren't sufficient, right? New software can't go into
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ol d equi pnmrent maybe sonetines. Mybe it's firmware

2 J|imted. WMaybe they're already set at their maxi num
3 capability, right?

4 And then we need soneone to be able to review

5 these to assess risk and to basically see if they're
6 true, right? |f soneone says, hey, | can't do that,

7 and they won't give you any docunentation, then it's
8 hard for us to take that as, you know, a firm piece of
9 validated data to nmake a nmassive decision, |ike

10 changi ng Ri de-through paraneters for everybody. So

11  what we can say, and | think this is pretty not

12 contentious, is that, you know, blanket exenptions with
13 nothing, right, blanket exenptions for everybody who
14 asks for one is likely not as sufficient solution,

15 right? So exenptions, if we get there, if the input
16 leads us to that path, which they may or may not,

17 they're going to have to cone with sonme data to back it

18 up.
19 So next slide, please
20 So we do have sone data. The data is fromthe

21  Level 2 alert for IBR performance. Keep in mnd this

22 was just solar PV and BES, and | realize that the
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1 nunbers are super small. So the first piece of the

2 data is that about 70 percent-ish of those fol ks who

3 gave us their frequency protection settings said that

4 they were not based at the maxi num hardware capability.
5 So we have reported data that says about 70 percent of
6 the IBRs out there right now can do sone sort of

7 software-based sonething. |Is that software based

8 sonething big enough to neet PRC-029? The

9 manufacturers will tell us. So we do have sonme roomto
10 nmake sone adj ustnents.

11 What we al so have is they gave us their protection
12 settings for their inverters, and | didn't want to

13 give, like, real negawatt values, but | put themin

14 percentages. So this pie chart is all of the settings
15 that were given to us where they said that they were at
16 their maxi mum capability, and I'"mgoing to wal k up here
17 and read it because | can't see.

18 So if you look at this thing, this is the -- all

19 of themare within maxi num capabilities, and we start
20 wth PRC-024, so this is the small blue chunk. Seven
21 percent of what's been reported to us is wthin PRC

22 024, so current requirenments, about seven percent are
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reported inside that. The next biggest chunk, about 32
2 percent of those inverter settings are within 2800,

3 which neans that, if the data is true, right, if the
4 data they gave us is right, and they're at their

5 maxi mum capabilities and that's what they're at, then
6 we got about 30 percent of what's out there right now
7 within 2800, which is sonewhat actually in line with
8 the data we got back from sone of the fol ks who

9 submtted that to us in witing with real nunbers.

10 So the big chunk is things that are within PRC
11 029, right? Sixty-one percent of the total nmaxi mnum are
12 within PRC- 029, and that makes sense, right? As you
13 nmake the curves w der, fewer and fewer equi pnent are
14 going to be able to neet it, right? So as you nake
15 things wder, we'll have to -- we're going to have to
16 deal with a |large nunber of potential hardware-based
17 solutions. And what that nunber is and where we | and
18 in the spectrumof curves is going to be dependent on
19 what we can do, what we're happy with not neeting

20 criteria and what we do with those things.

21 So this is just to kind of quantify and to show

22 that it's very inportant to pick the right, you know,
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1 criteria so that we don't end up with, you know, a

2 circle that says a hundred percent of equi pnent can't
3 neet it, right? W don't want that at all, but we got
4 to pick -- the onus is on us the Drafting Team and as
S5 an industry to pick sone criteria that we are happy

6 wth the things neeting and happy with the things that
/7 can't neet. And potentially, |like we've discussed, you
8 know, docunenting limtations and providing that as

9 evidence to be used for drafting decisions, right, and
10 that kind of stuff.

11 So next slide, please.

12 "'mgoing to go very quickly so we have sone

13 questions time. So manufacturer challenges, they're
14 going to talk about it in a nmonent or after |lunch. So
15 new IBR, what criteria to build for? How do you

16 procure test locations? Long lead tines. And again,
17 at the extrenes, right, the capabilities get really

18 expensive, right? The extrenmes of anything get really
19 expensive. For |egacy equi pnent, hardware |imtations,
20 software solutions mght not be sufficient, and | egacy
21  equi pnment was tested with applicable criteria in mnd,

22 right? So there's actually a decent nunber of stuff
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1 out there that we don't know what the -- we don't know
2 what it can do because it was tested for PRC-024 or
3 slightly nore than PRC-024.
4 It's never been tested and it's likely that it's
S5 never going to get tested, right? You're not going to,
6 you know, take down a wind turbine and drive it to
7 Europe or maybe been a boat or a plane, right, and put
8 it in a container and test it. So there's a |ot of
9 unknown there as well, and coordinating and

10 inplenenting effective solutions is difficult,

11 obviously, right? W're having this conference. This
12 isn't -- has not been easy for any of us to kind of

13 agree on and get a solution ironed out, so it's

14 difficult for all of us.

15 Next slide, please.

16 So industry chal l enges: deciding which equi pnent
17 will be needed to neet new requirenents, getting

18 evi dence that equi pnent can or can't neet,

19 communi cating technical details to everybody. How do
20 you do that, how do you post them what are you

21 posting, and that's for new equi pnent. For old

22 equi pnent, how do you manage stuff that can't do it,
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right? How feasible is the software solution? How

2 hard is it to get data? Apparently very hard. W

3 learned through our two Level 2 alerts, both of which
4 had the first ever extensions of deadline, it's hard to
5 get data. And we were asking for things we're talking
6 about today, protection settings, and we gave about 90
7 days, a hundred days for that, and we had difficulty

8 getting protection settings in that tine.

9 W' ve extended the deadline again, so we feel

10 industry's pain. W knowit's a thing. It's hard to
11 get data. The data's really specific and really

12 technical. |If you ask the wong question, you m ght
13 get data that | ooks good, but it's wong, right? So
14  it's very difficult to communicate all of that forward
15 between all of us and to get to a sol ution where

16  probably no one's happy and then we'll know we did the

17 right thing.

18 So next slide, please.
19 So key takeaways, another big red bullet at the
20 pbottom |'ve said all this before, but

21  manufacturer/industry input, extrenely inportant to

22 know what we can and can't do. W are recomendi ng or
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1 we have recommended for eight years now to maxim ze

2 your Ride-through capability. Docunentation that's

3 validated and accurate is difficult to obtain but wll
4 pbe critical noving forward.

S Next slide. | think that's it. Geat. And we

6 have eight mnutes for questions, but it's ny birthday,

7 Mani sh. Be ni ce.

8 (Laughter.)

9 MR. PATEL: Well, where is the party tonight then?
10 (Laughter.)

11 MR. SHATTUCK: W can talk |ater.

12 MR. PATEL: Al right. So, Alex, great

13 presentation. So couple of thoughts. You know, you

14  conpared PRC-024 with | EEE 2800. That is absolutely

15 right thing to do. And then another thing we can

16 actually do is actually conpare PRC-006, which is under
17 frequency | oad shed standard, and it requires

18 transm ssion pl anner/ pl anni ng coordi nator to design in
19 the frequency | oad shed prograns, such that frequency
20 does not go beyond certain thresholds, right? And as
21 far as the generator Ride-through capability is just

22 outside of those thresholds, we are good, unless --
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there is a thought out there that, oh, wait a m nute,
2 in future we are going to allow transm ssion

3 planner/pl anni ng coordi nator to go beyond the

4 thresholds in PRC-006 right now, right? So this is --
5 this is another data point that, okay, if the

6 transm ssion planner and planni ng coordinator is never
7 going to allow frequency to go beyond certain

8 thresholds, then what's the point in requiring a Ri de-

9 through froma generator, right? Ckay.

10 So then you presented hurricane -- not hurricane
11  -- Wnter Storm --

12 MR, SHATTUCK: Uri.

13 MR, PATEL: -- Ui, right?

14 MR, SHATTUCK: Mm hmm

15 MR. PATEL: So NERC s -- it's a good conpari son.
16 | just wanted to point out that that is actually not

17  very appropri ate because that event unfol ded over nmany,
18 many, many minutes, right? | think, if I renmenber

19 right, 30 mnutes or so.

20 MR SHATTUCK: Mm hmm

21 MR. PATEL: And actually, NERC System Protection

22 Control Working Goup ended up witing a white paper
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sayi ng, well, |ook, we cannot design PRC 024 or

2  PRC-006, which is autonmatic under frequency |oad shed

3 standard to sonething that happens over tens of

4 mnutes. Those two standards, 006 and 024, are for

5 things happening in matter of seconds where operator

6 has notinme to blink, right? So anyhow, that was good
7 conparison, but | think it's alittle bit of apples and
8 oranges.

9 So anyhow, going back to we have to | ook forward
10 -- figure out a way -- for path forward, | think we

11 coul d take an approach that is taken in PRC- 024 and 006
12 that, you know, for certain regions, the requirenents
13 are a little bit nore stringent than other regions,

14  right? So when we wote | EEE 2800, those who don't

15 know, | was a vice chair. M mddle nane is 2800

16 nowadays. | get bad rap quite a bit.

17 (Laughter.)

18 MR. PATEL: And I'malso proud -- |I'malso proud

19 sonetinmes saying that, you know, we didn't know what is
20 the right answer, so we flipped a coin five tines and
21 decided which way to go. But so when we wote | EEE

22 2800, what we did was, well, we don't want to wite a
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1 standard that is based on nost stringent PRC 024,
2 right? W wote a standard that net two | argest
3 interconnections, assumng that for two other regions,

4 there mght be a reason to require slightly nore Ride-
5 through capability, and those two regions will wite

6 their own variance of it, right? So | think that's the
7 option we could consider is can we take different R de-
8 through capability for different regions. | guess that
9 was not a question, a comment. Thank you.

10 MR, SHATTUCK: Thanks, Manish. Yeah, there

11 certainly is precedent for having different curves.

12 Jt's in 024, and it is a possible solution to nove

13 forward.

14 MR, KAPPAGANTULA: Good norning. | understand |I'm
15 standi ng between everybody and | unch, so I'mjust going
16 to make a quick -- a quick conment on one of the slides
17 that you had that tal ks about software changes are

18 being a little bit cheaper than hardware changes. That
19 that may be true, but just understand that software

20 changes are not necessarily cheap.

21 MR SHATTUCK: Mm hmm

22 MR. KAPPAGANTULA: As an exanple | could give you,
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1 just to nmake sone software changes on one of our

N

battery projects, we got a code of nearly a mllion

3 dollars, right? And so when we're -- when we're

4 tal king about sonething is cheap, it's probably going

5 to be relative --

6 MR. SHATTUCK: Mm hmm

7 MR. KAPPAGANTULA: -- very relative. So | just

8 wanted to point that out that, you know, just because

9 we're saying we can change software on sone of these

10 things, that it's going to be cheaper is not true. And
11 then you also have to factor in the points that, you

12 know, if you nmade a software change, you have to figure
13 out how the rest of the equipnment would react to that
14 software change and if the rest of the equi pnent can

15 actwual ly support, you know, making that software change
16 on just an inverter, for exanple, right? So | just

17 wanted to make that clear and take into consideration
18 when we're saying, hey, software is really cheap.

19 MR SHATTUCK: Yeabh.

20 MR. KAPPAGANTULA: The other piece also is when

21  you're changi ng sone paraneters, that nmay not

22  npecessarily be a software change. So there's a | ot
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1 that goes intoit, so let's not uniformy say that the

2 jdea of, you know, we can nake a few tweaks here in the
3 software and that's going to just do the job. It's not
4 true. That's what ny technical experts are saying.

3) MR. SHATTUCK: Thanks. Yeah, everything was

6 presented as relatives, right? And the OCEMs wll give

7 us the details after lunch. | don't want to speak for
8 those folks, but they'll give us probably sone real --
9 MR. KAPPAGANTULA: No, I'm I'mlooking forward to

10 that, so | would rather hear fromthem saying, hey,

11 software is not cheap --

12 MR, SHATTUCK: Yeah.

13 MR. KAPPAGANTULA: -- than ne just saying --

14 (Laughter.)

15 MR. KAPPAGANTULA: -- yeah, because you can tell
16 us what you charge, too. |'d appreciate that.

17 (Laughter.)

18 MR. ROGERS: Yeah. So real quick question. You

19 showed us the curves that had the, you know, frequency
20 excursion events that we've witnessed within them and
21  plotted, and we touched up agai nst one of them So

22 that was, you know, the actual, you know, what we
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1 wtnessed with the frequency. But another part of the
2 -- you know, one of the contentious points of this is
3 the rate of change of frequency.

4 MR SHATTUCK: Mm hmm

S MR. ROGERS. You know, we're looking at 5 hertz

6 per second in the proposed | anguage. Wat have we

7 wtnessed in these events as far as rate of change, of
8 frequency that, you know, really drives to the need for
9 that 5 hertz per second because, you know, that's one
10 of the issues, especially with the | egacy equi pnent.

11 Rate of change of frequency wasn't even a design

12 consideration. It's not that, you know, it's not set
13 high enough or the paraneter's wong. It wasn't a

14 thing. Wenever a lot of this stuff was built, you

15 know, it just wasn't a consideration. So what are we
16 |l ooking at as far as an actual need based on the

17 evidence for the rate of change of frequency, or is

18 that even sonething that we have the evidence to speak
19 to yet?

20 MR. SHATTUCK: Yeah, great question. | don't

21 think | have that data. | don't think we have that

22 recorded data. W have the frequency traces, but it's
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that, |ike, SCADA data granularity, right? So that's
2 -- a specific data point we don't have at the nonent.

3 The only kind of information data points we have on

4 ROCOF is -- that's rate of change of frequency for

S everyone else -- is, you know, international building
6 standards or equi pnent standards that are used in a |ot
7 of IBR equipnent facilities, right, the non-I1BR pieces,
8 the transforners, the other pieces of equipnent. The
9 data point we have for those are the, you know, the

10 standardi zed ROCOF requirenents, so, like, that's the
11 only thing we really point to because we don't have the
12 data fromthe actual events.

13 M5. CASUSCELLI: Al right. | think we've got a
14 hard stop, but maybe tine for one online question. So
15 software expansion study and accurate nodels are

16 required. How will NERC support when standard nodel s
17 are required and when they are often not able to

18 represent nost | BRs?

19 MR. SHATTUCK: Great question, yeah. So | would
20 -- | would like to point everyone to NERC s published
21 that nodeling guidance, which says that if you want to

22 do sonething like a detailed study, right, an
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1 interconnection study, a study on your own facility to
2 evaluate your design, for a local reliability study, if
3 1'mTexas -- oh, that's a bad exanple -- that's a bad
4 exanple -- if I'm New York studying New York, we are

5 recommendi ng user witten nodels, equi pnent-specific,
6 manufacturer-specific nodels, we're aware, right,

7 obviously that many folks can't submt them They're
8 not allowed. But | would point also to FERC O der

9 2023, which says to submt both the standard library
10  nodel and a user-defined nodel. And, you know, we

11 totally recognize that if we're using a standard

12 |ibrary nodel, we're not going to be able to represent
13 nost of these things we're tal king about, specifically
14 the detailed protections and that kind of stuff.

15 So we're recommending to use those nore detail ed
16 nodels specifically for what was in the question,

17 right? W know that what's out there is insufficient.
18 Not hing's been captured, right? Nothing' s been

19 predicted, none of the najor events. There is --

20 that's why we have a nodeling alert out right now,

21 right? The idea is to raise the floor of study work-

22 through, you know, proper use of nore detail ed nodels
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1 where appropriate, not to say that standard |ibrary

2 nodel s have no place anywhere. But if you care about

3 the result, if you want it to be accurate, if you want
4 to be able to take that study and put it into a product

S or vice versa, you've got to use sonething nore

6 detailed |like a -- usually a defined equi pnent-specific
7 nodel .

8 MR. MAJUMDER: Rajat Majunder. Thank you so nuch,
9 Aex. This is nmusic to nmy ear, but I'll just nmake a

10  very quick comment. You just said sone people may not

11  be able to provide that. The flip side is nost of the

12 major 1SCs do not allowit. That's the -- that's the
13  problem | nmean, manufacturers are on the -- on the
14 room They can tell. | haven't had much trouble

15 working wth any of the |eading manufacturers not being
16 able to provide the nodel. They can, but their hands
17 are really tied with certain ISGs, and it's going to

18 that direction. W have nmany problemtrying to

19 convince those 1 SCs that they should use the user-

20 defined nodel, not rely on the generic nodel. So

21  please be aware of that. It's not just fromthe OEM

22 |t is the 1SCs who are not allowing it to nake that
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1 happen.
2 MR SHATTUCK: WII| do that.
3 MR. BENNETT: Okay. So it appears we've cone to

4 the end of our discussion for now, so, Alex, thank you.

3) MR. SHATTUCK: Thank you.

6 MR. BENNETT: G eat presentation. Very

7 informative.

8 ( Appl ause.)

9 MR. BENNETT: So with that, we're here at noon

10 Eastern Tine. W're going to take a one-hour |unch

11 break, so we'll be back at 1:00 Eastern. As for online
12 questions/coments, if we did get them addressed ri ght
13 now, they are going into kind of an archive fol der, and
14 we'll circle back to them at anot her point of our

15 Techni cal Conference over the next day or two. So

16 they're not gone. They're not forgotten. W have

17 them and we'll bring themup as appropri ate.

18 And wth that, I think we'll take a break. Lunch
19 is just around the corner, and we'll be back at 1:00.
20 (Luncheon recess.)

21 MR. BENNETT: kay. So |'m show ng 1:00 here, and

22 it looks |ike we have nost everybody back here in the
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1 room So for our online participants, | think we're
2 getting ready to start.
3 So this will be our first pan of panel discussion

4 of the day on "CEM Perspectives on Vol tage and

5 Frequency R de-through Criteria. So to wal k us

6 through that, we have Standards Conm ttee nenber,

7 Charlie Cook, from Duke Energy, as well as Alex from
8 NERC here to help us through that. So with that, 1"l
9 turn it over to the panel.

10 (Sound checks.)

11 MR. COOK: (Good afternoon. M nane is Charlie

12 Cook. As Todd said, | work for Duke Energy, but today

13 | amhere representing the Standards Conmittee. Al ex?
14 MR, SHATTUCK: Al right. M nanme is Al ex
15 Shattuck. [|'Il get ny stopwatch ready for everybody

16 because we're going to keep everyone on a two-ni nute

17 time per question, so nmaking sure we keep track.

18 So ny nane's Alex Shattuck from NERC. You heard
19 fromnme just nonments ago, and | guess we'll just junp
20 right inif you want to ask -- get us started with the

21 first question.

22 MR. COOK: Yeah. Could we have the panelists,
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1 starting down at that end, please introduce yourself?

2 Tell us alittle bit about yourself and who you

3 represent today, again, keeping an anmount -- |I'msorry
4 -- keeping in mnd that we are tine limted, so.

S MR. SCHM DT GRAU. All right. M nane is Thonas.
6 I'mrepresenting Vestas. |'ve been with Vestas cl ose

7 to 15 years, and |'m headi ng our Power Plant Sol utions
8 Goup that covers everything from devel opnent, sal es,

9 construction, and service, and it includes every single
10 topic related to grid interconnection and reliability.
11 MR. KARPIEL: Scott Karpiel, SVMA Anerica. Been in
12 renewabl es for about 15 years with various different

13 OCEMs. Hope to bring kind of a broad spectrum of

14  know edge and expertise to the panel and the conmmttees
15 here today, and thank you for having ne.

16 MR. KOERBER: Arne Koerber. |'mrepresenting GE
17 Vernova, and specifically the wind side of GE Vernova,
18 and we al so do other things. | |ead the product |ine
19 teamfor controls and software, and a | ot of the

20 di scussion here today was around software and control s,
21 so that's why I'"'mhere. Been with GE 15-plus years in

22 various roles around controls and software.
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1 MR. DAHAL: Good afternoon, everyone. |'m Samr
2 Dahal. | represent Sienens Ganesa on source side. [|I'm
3 responsible for nodel integration, paraneter rises, and

4 for all our (inaudible).

S VMR. PATTABIRAMAN. H. M nane is D nish

6 Pattabiraman. |'m a devel opnent engi neer here at TMEIC
7 Corporation, Anericas. | work on nodeling of our

8 inverter-based resources, you know, neeting grid

9 requirenents for various |SGs, and anal yzing grid
10 events and finding solutions.
11 MR. COOK: Thank you. So the way we're going to

12 do this today is I'"'mgoing to ask the first question

13 directly to an individual, and then I'd like -- so I'd
14 |ike the rest of the panels to pay attention and
15 |isten, and then if you have anything significant to

16 add to what has been presented al ready, please do so.
17 We'll give you each chance to conment.

18 So question one says, do you anticipate chall enges
19 with your equipnment neeting the voltage R de-through

20 criteria as specified in Attachnment 1 of the draft PRC
21 029, and there are three subparts to that. First of

22 all being, if you do so, do you have an estimate for
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1 how many products will be affected? Second part, how
2 does the estimte change when consi dering | EEE 28007

3 Third part, how does the estimte change when you

4 consider PRC-024 boundaries? So |I'll direct that

5 question first to D nish.

6 VR, PATTABI RAMAN.  So for TMEIC inverters,

7 especially inverters existing in the field, you know,

8 we won't be able to neet IE 2800 at this point. For

9 newer inverters, we'll be able to neet |IE 2800

10 requirenents. Com ng down to PRC-024 requirenents,

11  nost inverters in the field can neet PRC- 024

12 requirenments. Newer inverters, obviously, we'll also
13 be able to neet it. But in terns of paraneterization,
14 we won't be able to elimnate paraneterization for sone
15 ol der generation products.

16 For PRC-029, based on the | anguage that is

17 written, none of our inverters will be able to neet the
18 requirenents, especially given that there are

19 requirenments such as instantaneous or voltage

20  protection should have at | east one cycle of filtering.
21  That's sonething that we wouldn't be able to neet even

22 for all inverters.
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1 MR. COOK: Starting down at the end, anything el se
2 to add, specifically, would you or would you not be
3 able to neet the requirenents?
4 MR. SCHM DT GRAU:. Repeat that one.
3) MR, COOK: kay. It says, do you anticipate
6 challenges with your equi pnent neeting the voltage
7 R de-through criteria --
8 MR. SCHM DT GRAU.  Yep.
9 MR, COOK: -- as specified in Attachnent 1 of the
10 draft PRC 029?
11 MR. SCHM DT GRAU:. No. Only for Type 1 and Type 2

12 turbines, which is very limted install base in U S

13 And we do see end of life cycle in the near future and
14 potentially be powered to different projects. For the
15  Type 3/ Type 4 turbines, we anticipate to neet the

16 requirenments for Ride-through requirenents for PRC 029.
17 Those requirenents are also aligned with the new design

18  phil osophies and also with the | EEE 2800.

19 MR. COOK: kay. Thank you. Next, please?
20 MR. KARPIEL: So future, current, previous
21 generations of our inverter stations, | have no

22 problens with the voltage R de-through. The | egacy
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1 stuff that's going back 10 or so years, clips a little
2 bit of a corner on one of the Ri de-through corners, but
3 then with the exenption, it shouldn't be a problem

4 MR COOK: I'mSorry. Could you clarify that

5 about the exenption? Wat was that statenent?

6 MR. KARPIEL: Well, does it not state for voltage

7 that there's an exenption?

8 MR. COOK: Yes. Voltage, yes.

9 MR, KARPI EL: Yes.

10 MR, COOK: kay. Just want to be clear. Next.
11 MR. KOERBER: Simlar to ny coll eagues here, |

12 think we have to really split this between new products
13 that are under devel opnent and the installed base. For
14  new products, plants are generally aligned wth | EEE

15 2800, so we're evaluating what's the difference. Wat
16 inpact does that have for the installed base? W do

17 expect that the majority of the installed base does not
18 neet these voltage Ride-through curves. Sone cases

19 mght be close. In sone cases with a project-specific
20 eval uation, voltage drops across the collector system
21 it mght be possible to neet it, but on paper and

22 curves taken strictly as stated, we do expect that the
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1 mjority of the installed base does not neet those

2 curves. That's on the curve.

3 And then it's inportant to point out that

4  Attachnent 1, Itens 9 and 10 have additi onal

5 requirenents that weren't previously requirenents.

6 W've already had a quick discussion this norning on

7 the instantaneous voltage and on nultiple fault Ride-
8 through, and we do expect both of those to be

9 challenges for the installed base.

10 MR. COOK: Thank you.

11 VMR. PATTABI RAMAN:  Yeah. W have a simlar

12 comment as our colleagues wwth G  For | egacy turbines,
13 we can Ride-through the curves, just the curves, wth
14 software, unlimted hardware upgrade, but itens |isted
15 in 9 and 10, multiple Ri de-through instantaneous,

16 that's not sonething that we've been tested and

17 evaluated, so that would require a thorough

18 investigation fromour part. And the testing part,

19 like it has been brought a couple of tines, there is a
20 possibility for legacy turbine to be retested agai nst
21  the newest standard is, | don't think that's going to

22 happen.
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1 MR, COOK: Ckay.
2 MR. PATTABI RAMAN. W will have to ask for
3 exenption on those.
4 MR. COOK: Thanks.
5 VMR. PATTABI RAMAN.  But for the new |ines, we would

6 conpletely design our product to conply with | EEE 2800.
7 MR. COOK: Thank you.

8 MR. SHATTUCK: So | guess nobst of us are w nd,

9 right, here. So we're mssing our estimate

10 participant, but | guess, D nish, since you're the --

11 (Si de conversation.)
12 MR, SHATTUCK: Al right. So for y'all's
13 perspective, like, what's the -- kind of simlar

14  responses with sone varied, you know, actual nunbers,
15  but what are the main differences for kind of the

16 failure to neet or chall enges between wi nd and sol ar,
17 you know, just the technol ogies as a whol e thensel ves?
18 Like, | guess what are the limting el enments when we
19 say sonething can't neet one of the requirenents? |Is
20 it -- is it a software? Is it a hardware? 1Is it old
21 firmvare? 1Is it a specific piece of equipnent?

22 MR. KARPIEL: So for PV and BES, battery energy

Scheduling@TP.One 800.FOR.DEPO
TP One www.TP.One (800.367.3376)



Technical Conference Day 1 9/4/2024
Page 146

[

storage, it's both, right? There's a hardware

2 J|imtation as to how long the holdup -- the backup for
3 the comuni cations and everything can withstand. So

4 whether they're using a battery, a UPS, a super cap, or

5 whatever they're using to have that buffer install ed,

6 so that's a hardware limt -- that could be a hardware
7 [imtation.
8 And the other one is paraneterization, right, the

9 software that's the firmmvare that's used in inverter

10 technol ogy. Anobngst the experiences that |'ve had with
11 the different OEMs and | egacy products here at SMA is
12 the firmvare has a limtation of how far it will allow
13 you to Ride-through in anplitude and tinme. That's

14  usually set by sonme other kind of hardware limtations
15 so you don't damage the equipnment. So | can't speak

16 necessarily for the wind side of things, but for the

17  inverters, the PDs and better energy storage systens,

18 it's a conbi nati on.

19 MR. SHATTUCK: Thank you.
20 MR. PATTABI RAMAN.  Just to add to it, yeah, the
21 same. It's pretty simlar reasons. |It's both software

22 and hardware for at |east the Ride-through curves by

Scheduling@TP.One 800.FOR.DEPO
TP One www.TP.One (800.367.3376)



Technical Conference Day 1 9/4/2024

Page 147
1 thenselves. In terns of other requirenents that are --
2 |1 think the gentleman from GE al so brought this up
3 before -- the instantaneous overvol tage protection,

4  having one cycle of filtering is sonething our hardware
5 cannot do. You know, | @GBTs have very |imted voltage

6 handling capability, so having a one-cycle requirenent
7 significantly exceeds the capability of our products.

8 MR, SHATTUCK: Thank you.

9 MR, DAHAL: | would Iike that for wi nd especially.
10  You have so many conponents inside the turbine, right,
11 converter/inverter being able to do sonething doesn't
12 necessarily nmean the turbine can hold can do it. So

13 for us, software limtation is there, and there is also
14 hardware |imtation. For us to be certain that just

15 because converter can do it, you know, we are not going
16 to be confortable telling wind turbine as a whol e can
17 do it, right?

18 And al so, when we are tal ki ng about software

19 paraneter paraneterization, we cannot forget about the
20 nodels, right? Every tine the software gets

21 paraneterized or firmvare get updated, corresponding

22 nodel is expected to be provided, and rightfully so,
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1 right? For our |egacy turbines that have been

2 operating for 20 years and no | onger in design phase,

3  nodels were provided when they were first comm ssioned.
4 | don't think anybody actually started using those

5 nodels and providing feedback to us, so we saw no

6 reason to update those nodels. Like, for the | egacy

7 turbine, we do not have any reason to keep them updated
8 since we never got a feedback on a -- if there is any

9 need to be updated. So all of a sudden asking not only
10 to change the paraneters, but also provide the nodel in
11 a reasonable tinme -- updated nodel in a reasonable tine
12 that works with today's sinulation environnent, it's

13 going to be a huge challenge. | nean, it can be done,
14 but it's going to take a lot nore than six nonth or a
15  vyear.

16 We have -- we currently have closer to 15, 16,000
17 units installed, right? Each of those turbine m ght

18 not have the sane firmmvare. | knowit. They don't,

19 right? And also, our custoners or the assets owner do
20 have sone flexibility on changing the paraneter as they
21 deem necessary, you know, based on their field

22  experience or what have you. That information we do
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1 not have. So there is significant challenges just to
2 provide a -- you know, to neet the new standard wth
3 those software or, you know, hardware paraneterized,

4 and | don't want anybody to forget that, you know?

5 Yeah, you can -- we can do it. Paraneterizing software
6 can be done in, let's say, a year, but getting our

7 corresponding nodel wll take a ot nore than that,

8 yeah, especially validating as well.

9 MR, SHATTUCK: Thank you. The mc was off, but
10 they said, especially validating those nodels, and |'|
11  ask one nore followup before we go to the next one.
12 Sorry. Thomas, did you have sonet hi ng?

13 MR. SCHM DT GRAU:. Yep. No, and even if we have
14 the nodels available, often that's -- to Rajat's

15 comment earlier, 1SCs and utilities don't allow those
16 nodels to be used that is accurately representing

17  studies for the -- evaluating PSE, so that's one of the
18 challenges. W have -- we, to sone extent, can do

19 software upgrades and pure paraneters wth our

20 software, but we are not able to do the eval uation of
21 what paraneters are required for that specific site

22 because the utilities often don't allow us to use the
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ri ght nodels for that eval uation.

2 MR, SHATTUCK: Thank you, and I'Ill ask, | think,
3 the last question. The end of this mght be a little
4 faster, so we'll dig into sone details here. One nore

5 detail question. So we tal ked about kind of the

6 inverter/converter in the turbine in the -- in the
7 inverter. Wat about bal ance of plant equi pment? So
8 thisis a-- you know, it's a resource standard, right?

9 The IBR nust ride through, so are there challenges in
10 bal ance of plant equi pnent as wel | ?

11 MR. SCHM DT GRAU:. Yes. So if we |look at the

12 frequency response, that's where -- there's no design
13 standards as we are aware of, that designs for

14  plus/mnus 4 hertz per six seconds. So you wll see
15 cooling systens and substations be affected. You have
16 all the different equi pnent and the turbines being

17 affected. It's not about the inverter. Inverters have
18 sone flexibility, but we cannot forget all the

19 auxiliary conponent sensors, cooling systens, relays,
20 protections, transforners, that is not designed for

21 plus/mnus 4 hertz per six seconds.

22 MR. KARPIEL: And let's not forget the nedium
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1 voltage transfornmer that cones with the inverter

2 station. Those situations that have high voltage and
3 lowfrequency, you'll put your magnetics in the

4 saturation, right? Saturation causes heat. Heat

5 causes breakdown. So we have to be | ooking at the

6 whole picture, the entire balance of plant to ensure

7  that the inverter-based resource unit -- | know there's
8 alot of talk about what that definition is, but the

9 station itself needs to be able to ride through 299

10 seconds, 660 seconds of this voltage or that frequency.
11  And it has to be | ooked at by the CEMs goi ng back

12 throughout all the I egacy, all the generations of their
13  product, not just the current and future. So there's
14 going to be sone gaps that are going to happen in the
15 technol ogy.

16 MR. DAHAL: | also want to bring attention to the
17 concept of repower, right? Like, we're tal king about
18 this and tal ki ng about repower. The repower that we've
19 seen so far have been efficiency driven, right? So

20 repower happens because you want to get nore power out
21 of the old turbine, not necessarily the electrical --

22 new set of electrical performance. W retain the main
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brain converter/inverter system cooling systemas it
2 |s, just change the rotor fromthe wnd side. So just

3 the term "repowering," doesn't nean what you guys are
4 thinking about repowering, you know. Ch, you repower,
5 you get new set of performances fromthem and that's
6 not true at all. The market is not there for that to
7 happen. The repower project that we have done so far
8 has been purely nechanical repower, and it is very
9 essential to consider that as well.

10 MR, SHATTUCK: Thanks. |[|s that the sane for

11  solar?

12 MR. SCHM DT GRAU. Oh, sorry. Maybe also to add

13 to that, even if you do a full repower in a cell and

14 hub fromone CEMto another, it's often ol der

15 technology that gets install ed because the tower, the

16 foundation, and structure is not built for the |atest

17 rotor sizes in inverters, so that even if you are able

18 to fully repower, it's still going to be | egacy

19 equi pnent that's going to be repowered.

20 VR. PATTABI RAMAN:  Just answering the question on

21  the bal ance of plant equi pnment. There are surge

22 registers that are also included in the design of a
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1 typical IBR plant. They're typically |ocated at the

2 end of a feeder through w de overvoltages, absorb

3 overvoltages, and so on. And the problemis that these
4 sites are already designed with certain energy |levels
5 for these protectors and surge protectors, and any

6 level of higher overvoltage could physically danmage

7  these protectors. But that kind of also includes

8 instantaneous overvoltage, like | said earlier, is

9 that, you know, having a one-cycle delay could

10 basically be the difference between danmagi ng and not

11  damagi ng these arresters.

12 MR, SHATTUCK: Thank you. Al right. | think

13 it's time to nove on to our next question, which is the
14  sane question, but for frequency but just one tiny

15 piece to add in is we nentioned transforner saturation.
16 There's other things that happen when the transforner
17 saturates, |like harnonics or SSR, which aren't

18 necessarily this specific Ride-through, but they're not
19 particularly good, friendly phenonenon, so causing that
20 saturation sonehow is not always great for the BPS as
21 wel l.

22 So we'll junp into the next question. Again, it's
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1 the sane question but frequency. So we'll ask it to
2 Arne, and we'll go down the |ine, but do you anticipate

3 any challenges with your equi pnment neeting the

4  frequency rate through criteria, as specified in

5 Attachnment 2 of Draft PRC- 029, and then the sane kind

6 of sub-bullets, yeah, estinmates for how many products

7 for 029 and 2800 and PRC-024? So we'll go with Arne

8 first and go down the line, yeah.

9 MR. KOERBER: Yeah. And for us, there's about --
10 prelimnary analysis looking into this, we estimte

11  there's about 20 gigawatt of installed capacity. These
12 are sone of the oldest units, substantially before

13 2014. That would not neet the frequency Ri de-through
14 requirenent if conparing against the S-design curve.

15 What it would take, not in a position to comment on

16 this. It's about 20 gigawatts installed capacity, and
17 the answer really doesn't change whether it's | EEE 2800

18 or PRC-024.

19 MR, SHATTUCK: And that's for legacy. It's all
20 -- that's all --

21 MR. KOERBER: Yeah, | egacy.

22 MR, SHATTUCK: We'll go down the line. Sane path
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forward, yeah.

2 MR. KARPIEL: So for SMA, the frequency R de-

3 through requirenents are not an issue for our inverters
4 as well as our inverter stations and the magnetics that
S are on the unit, and that's going back to all -- even

6 our |legacy equipnent, and it doesn't change, right?

7 The frequency curve for 029 is |larger than the 2800 or
8 the 024, so if we can neet 029, we can neet the rest.
9 MR. SCHM DT GRAU. | mght've junped the gun a

10 little earlier before, but, on the frequency. But for
11  Vestas, we cannot neet the frequency plus/mnus 4 hertz
12 per six seconds on our |egacy turbines, and that's the
13 installed fleet in US., I think around 15,000 units.
14 And it's not in design consideration for any new

15 products, and that's sinply comng due to ancillary

16 equipnent in the turbine. There's no design process

17 standardi zation for any, |ike, sensors, transforners,
18 relays today that is neeting that. It will also

19 potentially have cascadi ng effect causing reliability
20 jissues if you have a frequency that is plus-4 hertz,

21 mnus-4 hertz for that | ong duration of other |oads and

22 things in the grid going offline. So we don't have it
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1 into consideration of design as there's no suppliers in
2 the industry that can neet that today.
3 MR, SHATTUCK: And sorry. You said 15,000 units.

4 Do you have a negawatt estimate for fol ks?

S MR SCHM DT GRAU: | will find it.
6 MR, SHATTUCK: Ckay. Thank you.
7 MR. DAHAL: | second Vesta's response to that.

8 Qur | egacy turbines cannot neet PRC-029. W have not

9 considered PRC-029, those curve for six second in our
10  new design either. So as of today, we have no product
11 that will nmeet -- that will conply with PRC 029

12 frequency R de-through in its entirety. Regarding |EEE
13 2800, we neet our newer turbine and our |egacy turbine
14  wth sonme software and hardware nodification, mainly

15 software. We will be able to neet | EEE 2800.

16 MR. SHATTUCK: Wth all legacy or with all your

17 | egacy equi pnment ?

18 MR. DAHAL: Except for Type 1 and Type 2.
19 MR SHATTUCK: Ckay. Yeah.
20 MR. DAHAL: Type 2 and Type 4, yes. And then our

21 restrictions cones from-- for whatever was nenti oned

2

N

al ready. We do not have notors that we can source that
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1 wll be able to Ride-through all the ancillary

2 equipnent, you know. | think if you | ook at what ot her
3 IECrequirenent, |EC 60034, |EEE 50-1, they all have

4  plus-3/mnus-5 requirenent for these notors, and that's
5 what -- you know, that is in line with | EEE 2800, and
6 that's what our design philosophy is. And let ne al so
7 add our -- it'll probably cone |ater, but design cycle
8 -- design-to-market cycle is five years for wnd

9 turbine. So any new standard that has that nuch of an
10 effect needs to be given at least five years, if not
11 nore tinme, to be applicable. And if it's, you know,

12 cost prohibitive or anything like that, then that's

13 going to be another issue.

14 MR, SHATTUCK: Thanks.

15 VR. PATTABI RAMAN:  So for older TMEIC inverters,
16 especially thousand-word inverters and before, we have
17 hardware limtations in terns of what can be done in
18 the order. So the typical design that was used was

19 plus or mnus 3 hertz. During the time, 5 percent

20  change in frequency was the maxi mum capability of the
21  equi pnment. So we nay have hardware |imtations, such

22 as, like OX equi pnent, fans, or whatnot for cooling may
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1 have sone hardware limtations. W are still exploring
2 that. But even on the software side requirenents,
3 like, having 5 hertz per second were not part of the

4 design criteria back then, and it would require a

5 significant change in software to achieve 5 hertz per
6 second. It's not a sinple paraneter change that it

7 could do or a sinple software update. There's

8 extensive design.

9 And especially for our older inverters, we have
10 |imtations in our control board that woul d prevent us
11 from downl oadi ng new software onto it, or like with

12 excessive new capabilities, so they would require

13  hardware changes to even get sone of these software

14 fixes. So they would require a new control board,

15 maybe a retrofit kit for sone of these existing

16 inverters and an entire devel opnent cycle dedicated to
17 devel oping new firmvare for a new control environnent
18 or a devel opnent environnment, so that woul d take a

19 significant anmount of tinme and resources. It would

20  probably be | ess expensive to just repower sone of

21 these older inverters with newer inverters.

22 For newer inverters, yes, they have w der
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1 capability to neet sone of these w der frequency
2 requirenents. But we still -- not from OEM
3 perspective, but froma power system perspective, we
4 still don't see the need to have these w de
5 requirenents, especially given that none of the
6 existing events or none of the existing studies have
7  pointed to any evidence of w der frequency
8 requirenents.
9 MR, SHATTUCK: Thank you. We'Ill nobve on to our
10 next question. Ch, Thonmas, go ahead.
11 MR. SCHM DT GRAU. Forty gigawatt.
12 MR, SHATTUCK: Forty gigawatts? GCkay. Thank you.
13 Yeah.
14 MR. COOK: Jam e, do we have these comrents
15 captured, the responses captured fromall of the
16 panelists in witing?
17 M5. CALDERON:  Yes.
18 MR. SHATTUCK: W have soneone recording, and then
19 we also -- nost of themsubmtted these coments in
20 writing prior to this.
21 M5. CALDERON: Yeah. There was one or two, |
22 think, we were waiting on, but --
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1 MR. SHATTUCK: W got them | think.
2 MR, COOK: kay. Yeah, that's what | thought. |
3 looked, and | didn't find themall. So if you haven't

4  provided comments, witten responses to these

5 questions, please do so. There's a lot of conplicated
6 nunmbers and stuff going back and forth. W have a

7 court reporter sonewhere, but she nmay be -- are you

8 getting all this?

9 COURT REPORTER (O f m c comment.)

10 MR. COOK: God bl ess you.

11 (Laughter.)

12 MR. COOK: kay. Thank you. Next question,

13  Question Nunber 3: what docunentation is necessary

14 from manufacturers to -- I'msorry -- to prove which

15 hardware |imtations exist that would prevent your

16 equi pnent fromneeting the criteria in Draft PRC 029,

17 Attachnments 1 and Attachnent 2? Go ahead. Yeah.

18 MR. KARPIEL: There would have to be sone kind of
19 a decl aration, obviously, fromthe nmanufacturer stating
20 that you don't neet this requirenent or that

21  requirenent due to this hardware imtation, this

22 software |imtation. W're not going to share our I|P,
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obvi ously, but we do need to provide indication of what
2 portion of the standard that it's not going to neet,

3 why it's not going to neet that rather -- if that's --
4 this unit doesn't have enough buffer in that -- the

5 buffer doesn't have enough energy to Ri de-through zero
6 wvolts for X seconds, this is why there's no space

/7 available to install a UPS or sonething of that nature.
8 It's going to be basically our responsibility to put

9 together a declaration, like |I said, and with exanpl es,
10  curves, graphs pointing to certain specific hardware
11  conponents that are not available for -- because

12 they're not available on the market to provide back to
13 the G0 and then back to the TGCs.

14 MR, COOK: And how woul d you envision that being
15 presented as |like this -- here's all the nodel nunbers,
16 here's what they can and can't do, and issue that

17 generically or based on requests froma specific

18 generator owner?

19 MR. KARPIEL: W would probably do it on a

20 specific request because the inverters thensel ves have
21 different hardware configurations. W'd have to go

22 | ook at that specific project's build to understand
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1 what is or is not included in that machi ne and what
2 generation it is so that we can accurately provide
3 detailed information regarding the equipnment that's in

4 that plant.

S MR. COOK: Thank you. Just pass it over to your
6 left.
7 MR. SCHM DT GRAU:. COh, we echo that as well. |

8 think for frequency, it has to be a declaration.
9 There's a lot of things that cannot be studied in any
10 study world on it, specifically of all the auxiliary

11 equipnent, and in the turbine there's also all the

12 rotating part -- notors, your notors, et cetera.
13 For voltage evaluation at planned -- sorry --
14  point of interconnect, | think it's really inportant,

15 again, cone back to the OEMs are required to provide
16 adequate nodels and also that the industry is allow ng
17 to use them because then you can do the proper

18 evaluation. That's both for |egacy and al so future.

19 We | ook at these graphs and they're very static on a
20 Power Point, but the voltage will dynam cally change

21  based on your current injection profiles, your site-

22 gspecific tuning, your nearby generation, so it's not

Scheduling@TP.One 800.FOR.DEPO
TP One www.TP.One (800.367.3376)



Technical Conference Day 1 9/4/2024
Page 163

1 enough just with the docunent. W also need to do the
2 adequate design analysis for it.

3 MR. KOERBER: Just to add what was said,

4 especially for wnd turbines, these R de-through

5 capabilities are really conplex systeml evel

6 interactions. It's often not there's one voltage that
7 goes above the one Iimt, that this one conponent

8 limts. It's many auxiliaries, many systens that

9 interact on Type 3 wind turbines, these interactions
10 wth the hardware side, the |loading side, and it's not
11 as sinple as here's the one Iimt. And proving that
12 sonmething can't be done in a systemthat involves

13 rmultiple software systens, it's actually really hard.
14 Li ke, how can we as a nmanufacturer of equi pnent and

15 then say, this can't be done, we don't know how to do

16 it. That's a very hard thing for -- to attest to,
17 right?
18 W will provide the capability of the turbine.

19 This is what the turbine can do. Here's the testing.
20 Here's the evidence that we have. But show ng that
21  something can't be done, it's a risk, but also it

22 involves opening up our entire design process. What
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1 are our design limts? Wat are our margi ns? There's
2 alot of IPinvolved, and we don't see us being in a

3 good position to provide docunentation on capabilities,
4 on limtations beyond what's the stated, published

5 product-level capability. 1I1t's speculation, and it's a
6 very unbounded problem There's a lot of things you

7 can do with nodern software -- nodern software systens
8 if you had all the time and all of the funding in the

9 world to solve this problem

10 So declaring this can't be done, maybe for sone

11 smal|l sub-problens, it can be done, but generally, we
12 see significant chall enges, not technical challenges,
13  but just how we -- how we handl e providing this

14  docunentation. What can we actually sign up to say

15 this is inpossible, and what happens if soneone does

16 it? Wat happens if we are wong when we declared this
17 can't be done?

18 MR. DAHAL: Yeah, | conpletely second that, and I
19 would like to add that each turbine needs to be

20 evaluated on its own. We will not be able to provide a
21 -- forget about the fleet level, right? W have 20

22 nodels so far with vari ous power-rated power out put
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1 fromthem So we won't be able to provide, let's say,
2 20 different statenments saying our -- this fleet can do
3 this. It has to be per turbine based, as has been

4 indicated, seeing what is inside the turbine, what

5 conponent was resourced, and what kind of docunentation
6 we ourselves have that can be used to provide you al

7 with what you need. So that exercise, again, wll be

8 wvery tinely. You know it will take tine.

9 And also, I1'd also like to highlight the fact that
10  just because, let's say, converter can do it doesn't
11  mean the turbine can do it. Again, I'd like to

12 highlight that because every change in the paraneter

13 requires load and control analysis to see if tower can
14 sustain if there is enough vibration, if there is

15  enough harnonic generated. And all that study needs to
16 be done for every change in paraneter when it conmes to
17 frequency and voltage, and that exercise is very tine
18 consuming as well. And for legacy units, | nean, that
19 won't be able -- we won't be able to do that either,

20 you know. So there is a |lot of nuance than just

21 saying, oh, it's a sinple software upgrade, then you'l

22 be able to do it. That's not the case.
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1 MR. COOK: Thank you.

2 MR. PATTABI RAMAN.  Cenerally, | agree with nost of
3 what was said, would be able to provide sone

4 docunentation on capabilities that are already

5 published. But in ternms of new capabilities, we would
6 have to undergo investigation, and we woul d probably

7 provide a docunent on our conpany |etterhead signed by
8 the appropriate officer on the capabilities of the

9 equipnent.

10 MR, SHATTUCK: Go ahead.

11 MR. KARPIEL: So a comment. The five of us up

12 here are enployed by highly successful CEMs. There has
13 to be a consideration taken for those CEMs that haven't
14 been so successful.

15 MR. SHATTUCK: Thank you, and | guess the next

16 question bled into this one, but -- and we'll start

17 from Thomas and conme back down the line. But | guess a
18 followon to that |last questionis -- and | think the
19 answer is -- y'all touched on it, but, you know, what
20 docunentation are y'all confortable with sharing,

21 right, with sonmeone like the -- a transm ssion pl anner

22 or NERC or, you know, your utility or entity, because
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1 it sounds like there's a clash of I P and sharing

2 information, right? But we also have to nmake sure that
3 BPSis reliable, right? So there's got to be sone

4  maybe m ddle ground of I P and/or justification or

5 sonething we can all be confortable with on both sides,
6 but I"'minterested to hear what y'all are confortable
7 wth and what that m ght |ook |ike. Yeah, Thonas.

8 MR. SCHM DT GRAU:. Yeah. | think a lot of it was
9 said already on that part, but to reenphasize, | think
10 all CEMs, at least | can speak investors here, we

11 provide sone kind of general description and

12 specification that we stand within, and all third-party
13 conponents we source has to conply with that. Sone

14  mght be slightly better, some m ght not neet -- wll
15 just neet the specification on it, so | think that

16 docunentation is key to keep and also to trust. There
17 mght be declarations, |ike rate of change of

18 frequency, that you cannot sinulate, where you have to
19 have sone declaration, where we have to |look at site

20  measurenent, where we have to do sone attestations

21 around that. | think that also aligns with sone of the

22 FERC or ders.
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1 And then | wll go back to the nodeling again. W
2 see the recommendation for EMI nodel s, detailed nodels.
3 They will nost likely or they have to l[ive up to those
4 specifications and then trust that and inpl enent that

5 in the study phase to get a nore detailed instead of

6 1 ooking at paper, basically.

7 MR. KARPIEL: Yeah, | agree wth you a hundred

8 percent. Wthout an NDA in place, it's a fine line of
9 what the OEMs are going to be willing to share publicly
10 and openly, so, but we're going to have to find that

11  line and provide enough information that a decision can
12 be nmde.

13 MR. KOERBER: Yeah, very simlar comments. W're
14 generally confortable sharing existing product

15 capabilities. This also includes existing optional

16 features that operators may or may not have used and

17 inplenented on their turbines. This is fully-designed
18 capability, product specifications, confortable sharing
19 this. W also have very consistently provided, let's
20  say, indicated fleet denographics as part of NOGRR245
21 for ERCOT. How many turbines are inpacted by what

22 curve? And we generally plan to do so to help you kind
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1 of run scenarios. Wat's the inpact? Wat woul d
2  happen if we do that, generally reasonably, and we pl an

3 to continue doing that.

4 We really ask for an understanding, is that we --
5 like, it's very hard for us to publicly commt on

6 capabilities that haven't been devel oped yet. |It's

7 just not solid practice because we don't know what

8 issues we will encounter. The only way of doing it is

9 sharing IP, so that's where we see the biggest

10 challenge is on kind of speculating for the future,

11 infornmed specul ati on, but --
12 MR. DAHAL: | agree. | conpletely agree with
13 that. Qur custoners should al ready have, liKke,

14 whatever VRT set points, you know, FRT set points, al
15 the curve, all the reactive power capability docunent,
16 all the simultaneities that we call for (inaudible).

17 You know, if the frequency varies nore than one person,
18 you wll need to sacrifice active or reactive power or
19 both. Al those docunentation, they should already

20 have it, and we regularly provide that.

21 Li ke, when it cones to unit nodel validation Iike

22 ERCOT requires for the new project, we provide the
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1 report to go with those as well. But any standard

2 needs to adequately address what kind of test needs to
3 be conpleted, in what manner, in what setting, wth

4 what margin, and what kind of report are they expecting
5 at the end of the day. But it can't be open-ended and
6 ask us to, you know, provide all the -- all the, you

7 know, docunentation when there is -- the requirenent is
8 so vague. And obviously we can't speculate on the

9 future requirenent. Nothing gets designed anticipating
10 the future needs. You kind of touch bases whenever

11  it's designed.

12 During the first year of the design is where we

13 reach out to our custonmer and everybody and say tell ne
14 your requirenent, right? And then after second year,
15 that practice is closed, and we are solely focused on
16 designing whatever the feedback we got. So you cannot
17 retroactively, like, for the ROCOF of 5 hertz per

18 second, even if we have the product right now, there is
19 no way for us to go back for the product that we are

20 currently entering the design phase to inplenent that.
21 W are already too late on that. W need to keep that

22 in mnd as wel |.
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1 MR, SHATTUCK: Thank you.
2 MR. PATTABI RAMAN:  Very simlar comrents. The
3 docunentation we can share is often based on our
4  judgnent internally and what the capabilities of the

S5 inverter are. Even with an NDA, the information we

6 share is often very limted because of IP issues. So
7 yeah, that's essentially what we can share.

8 MR, SHATTUCK: Thank you. Before we go to the

9 next question, maybe suggest that the other panels, we
10 kind of hit on this topic and kind of understand the
11 ot her side of what would -- what they woul d be

12 confortable with -- well, whoever they're representing
13 would be confortable with getting, and, like, you know,
14 feelings on NDAs and all that kind of stuff and

15 process. So, |ike, we heard you, all sides, and now
16 maybe next panel we can hear fromwhat we're

17 confortable with as evidence, and maybe we' Il neet in
18 the mddle. W can go to the next question now.

19 MR. SCHM DT GRAU:. Sorry. Maybe quick comments on
20 the evaluation. | think that's really key for this as
21 well because we have seen a lot of this evaluation for

22 it done in the past wth PRC-024. People basically
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1 take our specification and plot the curves on top in

2 Excel of the -- of the curve and say, oh, we're

3 conpliant or not conpliant. That's so far fromthe

4 truth, and | think that's also why we see sone of these
5 requirenents, to sone extent, go overboard on

6 capability because we m ght not understand what is

7 truly needed. And | think we as OCEMs al so have the

8 obligation to help providing guide with that adequate

9 information so we can understand the limtations of the
10  equi pnent. And, yeah, it's a great step to tal k about
11 it today, but | think that's really inportant as part
12 of the docunentation is howto evaluate it, if you're
13 conmpliant or not. |If that's not specified and clear,

14 understand that, we won't know what to provide.

15 MR. SHATTUCK: Thank you.

16 MR. COOK: Next question, Question 5, what is the
17 generalized length of tinme associated with any design
18 of current products to neet the criteria specified in

19 PRC-029 without exception?

20 MR. KARPIEL: So we had one nunber here as five
21  years. It could also last longer. | also think it's
22 inportant to understand is it econom cal to redesign a
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1 conplete turbine. |f we have designed a turbine today
2 and it'll be installed five to 10 years fromnow, if

3 that platformgets conpletely obsol eted and we cannot

4 sell it, where does the investnent noney cone to

S5 redesign? So we're going to hit a race that we cannot
6 conply with, that every tinme we have a new standard, we
7  have to obsolete the old turbines. So it's really

8 inportant for us that we al so get sonme noney back to

9 keep investing and i nprove the products so we don't go
10 into that race for it. So five years and maybe killing
11 the platforns if the standards go in this direction.

12 MR. KARPIEL: So |I've been in manufacturing a | ong
13 time, and you have to understand that we're all |ean

14  manufacturers, not only froma manufacturing supply

15 chai n standpoint, but also a resource standpoint. W
16 have a roadnmap, and our resources are currently booked
17 up for the next couple of years, if not nore, going --
18 | ooki ng at next-generation products, operations, you

19  know, the sustaining engineering that happens on the

20 existing equi pnrent, future generations, new designs.

21 And then if we have to introduce sonething new, where

22  does that go in the schedule? You've got design,
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1 you've got testing, you' ve got nodel validation and

2 certification that has to happen, so mninumfive to

3 six years on a new design.

4 MR. KOERBER: And this is going to be a cl assical
5 "it depends" answer, | think, for just new designs,

6 turbines that are bei ng designed, can they neet al

7 these standards? Sone of the nunbers that have been

8 nmentioned here by ny coll eagues up here seem

9 reasonable. That's about the right order of nagnitude.
10 W generally foresee the biggest challenge for products
11 that are not no | onger being manufactured, and when we
12 internally evaluate it, what would a retrofit take?

13 \What does it take? W very quickly junped to internal
14 reasons. W no |longer have a prototype. W no |onger
15 have a lab. Sone of the sinulation tools are no | onger
16  around.

17 But it's really not just the internal reasons.

18 They are -- that's on us to overcone. |It's a question
19 of investnent, and it's also external reasons. And on
20 one hand, let's say, supplier relationships for

21  products that we no | onger manufacture, we may not be

22 in business anynore with the suppliers of those sub-
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1 conponents, which also have software, which have

2 firmnvare, which we have to reactivate, which just |ike
3 you are asking us the questions, what it takes, they

4 wll cone back to us and say, hey, if there's no

S5 business, if you don't need to do a retrofit, we are

6 not supplying to you actively anynore because we're not
7 shipping those products anynore. [It's just a whole

8 supply chain that may have to get rebuilt up to even

9 work through the engi neering.

10 And then the second external kind of reason that
11  makes this difficult is in our relationship with

12 custoners. W manufacture these turbines. W don't,
13 in many cases, operate them They've been operating
14 10, 15 years. Self-perform ng custoners, they have

15 their own services teans. They have -- nmay have

16 retrofit those turbines. They may have repl aced

17 electronics. They may have replaced actuators. W

18 don't know what state they're in, and they will ask us
19 to guarantee that they neet the Ride-through

20 performance if we do a -- if we do a retrofit. They
21 will also want a warranty that whatever new software,

22 what ever new conponent we install actually works and
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doesn't inpact the rest of the turbine, as | nentioned,
2 conplex nmechanical, electrical software system

3 And then we won't -- we'll have trouble signing up
4  for this wthout individually turbine-by-turbine,

S project-by-project, surveying and al nost custom

6 designing a solution for an asset that's been running
7 for 15 years. Al of this can be overcone, but that's
8 why it's hard to give a tineline and tal k about maybe
9 the economcs of what it takes to design a retrofit

10 package for a product that no |l onger ships. And that's
11  where the -- a lot of the uncertainty is comng from
12 Internal reasons, labs, all of this, it's one thing.

13 It's the supplier and the customer rel ationshi ps that
14  cone on top of it that make this fairly difficult and
15 not very practical.

16 MR DAHAL: 1'd also |ike to highlight the fact

17 that turbines today has not been like -- you know, we
18 do not design a new product every five years, right?

19 There've been accunul ati on of the experiences gathered
20  throughout 15, 20 years, right, what worked in year

21  one, what didn't work. W base the design on those

22 components, |ike our experience, what failed on the
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1 field, what do we need to inprove. So we are very
2 excited to participate in | EEE 2800 and very static,
3 you know, when it was approved.
4 Now, for OEM it's, like, there's now one standard

5 that we can design it for and naybe sustain it for

6 relatively longer period of tinme without having to

7 design to very specific market and have 10 different

8 variation of the product. And now deviating fromthat
9 just creates that, you know. W have to now face a

10 decision: does it nake sense for us to create a new

11 product just to kill it in five years, and what does it
12 mean by killing it? Then you are not getting any

13  nodeling support. If you have any issue on the field,
14  good luck. | nean, we're -- like, that's what we are

15 talking about, killing the platform That's what it

16 nmeans. And |ooks like whole industry is kind of

17 shifting toward like grid formng/grid foll ow ng.

18 So | guess everybody needs to sit and think, [|ike,
19 what is the benefit that we're going to achieve? Like,
20 is it worth it for CEMto force themto push back on
21 getting, |like, one percent of the capability nore

22 versus letting theminvest on R&D to cone up with new

Scheduling@TP.One 800.FOR.DEPO
TP One www.TP.One (800.367.3376)



Technical Conference Day 1 9/4/2024

Page 178
1 next generation of product, right? So that's also
2 sonething to keep in m nd.
3 MR. PATTABI RAMAN.  So | agree with nost of the
4 answers said by other OEMs. In terns of tinelines, if
S5 we start working on it right now, nmaybe it'll take

6 three years to five years, design retrofit packages,

7 design software in a conpletely new devel opnent

8 environnent, create all these packages for our

9 custonmers. But the other inportant point is, you know,
10 we al so have a roadmap, what we are going to conply

11 with in the next two, three years. And we see 2800

12 pbeing significantly adopted, and our teamis working on
13 those requirenents right now W have a product

14 pipeline. W have devel opnent resources assigned and
15  what not .

16 So what | think these | egacy requirenents and

17 retrofitting old equi pmrent with new technol ogy i s goi ng
18 to do is kind of push out conpliance for these newer

19 sites coming in to maybe three further years down the
20 |ine, you know, which is going to cause even nore

21  probl ens because there are nbre new resources coni ng

22 online than there are | egacy resources already out
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there. So not just does it delay existing products or,
2 you know, not just does it delay inplenentation for

3 legacy, but it also delays existing or new products

4 under devel opnent.

3) MR. SHATTUCK: Thank you. W have one nore

6 question before we go to online questions, but | think
7 nost of it -- nost of y'all have already touched on it
8 briefly, so if you could naybe keep themto |ike 30-

9 second answers, do rapid-fire summary of your already
10 stated responses.

11 So the last question is, and we'll start with

12 Thomas at the end, is, for currently in-design or, you
13 know, future considerations -- or future considered

14  products -- that's not good granmmar -- are any of those
15 able to neet PRC-029 criteria? So currently designed
16 -- products that are currently in design or planned to
17 be designed on your roadmaps, |ike we tal ked about,

18 that would neet PRC- 029.

19 MR. SCHM DT GRAU:. Yep. Wen | speak today and
20 also talk about it, the PRC-029, |I'msolely talking

21  about the 4 hertz per six seconds. W are largely

22 very, very supportive of the standard, but that
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1 specific requirenent is depending on so many sub-

2 manufacturers, redesign of the cells, different

3 equipnents, relays, that there is currently no product
4 available with it. W can't retrofit any | egacy

5 turbines for it, and there is no product in design for
6 future to neet plus/mnus 4 hertz per six seconds.

7 So that is the limting factor for Vestas. Again,
8 just want to enphasize that we're greatly supportive of
9 the PRC-029, but that specific requirenent will require
10 conplete new platform |t will not go into our

11  offshore market, it cannot go into the onshore narket
12 either, and there's no design for it.

13 MR. KARPIEL: Fortunate for us, there's no --

14 we're already neeting the requirenents. Al current

15 and future products wll as well. Wat | would like to
16 say, as you can tell, that not all inverters and
17 inverter stations are created equal, especially the

18 | egacy equi pnent that's out there.

19 MR. KOERBER: Generally, all our new product

20 designs are aligned with 2800, so we're eval uati ng what
21 it takes. As |I've nentioned, several of us, including

22 me, several times, the big concern is around the | egacy
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1 fleet, not new units. Generally, design power

2 generation equi pnent, neeting grid codes is a key part
3 of it. There's sone specific technical requirements in
4  PRC-029. Sone of themwere nentioned. Sone of them
5 were nentioned in our comments. The one we haven't

6 talked a | ot about here that we do see as requiring a
7  bit of a realignnment on our side would be nmultiple

8 fault R de-through, going fromtwo events to four

9 events in 029, in general aligned to 2800, eval uating
10 what it would take to realign. The stronger concern
11  and nost of the comments are really around the | egacy
12 f| eet, not new devel opnents.

13 MR. DAHAL: | conpletely agree. Qur newer

14 products wll conply wth 2800, but we do not have --
15 we haven't considered this 64-hertz-per-6-second

16 criteria in any of our currently-bei ng-desi gned

17 product, so not the new one. W haven't considered

18 that, and | don't think just a -- prelimnary analysis
19 doesn't allow us to be able to neet it just because of
20 all the auxiliary notors that are in the turbines.

21 And, you know, we are not going to get any assurance

22 fromour vendor that their notor would be able to Ri de-
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1 through those. So we don't -- we have no product.
2 MR. SHATTUCK: Thank you. Dinish?
3 MR. PATTABI RAMAN:  So for products in devel opnent
4 in the future, we'll be able to neet 2800. That's in

5 our planned roadmap, but there are at |least a few

6 constraints wwth PRC-029, which [imt us from neeting
7 it. Sonme of these were nentioned before. You know,

8 one of the exanples is one-cycle filtering for

9 instantaneous overvol tages, which we won't be able to
10 neet. | heard sonebody nention that, oh, greater than
11 1.8 per unit, you know, there's not overvoltage going
12 to occur on the grid side, but things could happen

13 internal to the plant, which could trigger that kind of
14  overvoltage. There could be a resonance conditi on.

15 There could be a failure of one of the conponents that
16 could cause a severe overvoltage. There are extensive
17 studi es done, called tenporary overvoltage studies, to
18 determ ne how nuch energy a surge arrestor can handle
19 and so on. So the various constraints would limt us
20 from you know, achieving this one-cycle filtering for
21 instantaneous overvoltages, including inverter

22 protection, inverter conponents, OX conponents wthin
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1 the inverter.

2 The ot her constraint | see being a challenge is

3 the 25-degree phase-junp requirenent. The 25-degree

4  phase-junp requirenent is also there in 2800, but there
S is additional wording added here in the PRC 029

6 | anguage, which states 25-degree phase junp initiated
7 by a non-fault event, this is allowed to trip. No

8 other kind of phase junp is allowed to trip, which is

9 sonething -- which is the first from2800. Also, it

10 creates conplications because the exception only states
11 for phase junps created by a non-fault event. A |ot of
12 fault events are actually going to create phase junps,
13 you know. The inverters really cannot distinguish

14 between non-fault-initiated or fault-initiated phase

15 j unps.

16 Significant phase junps. So essentially, the

17 |l anguage states that if there is a fault event causing
18 a significant phase junp, |ike a 90-degree phase junp,
19 the plant is supposed to Ride-through. But that is

20  sonething that we cannot really ensure, you know, the
21 significant phase junp is going to instantaneously

22 cause the current to junmp significantly high and trip
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1 the plant. So these are the differences -- the key

2 differences between 2800 and PRC-029, which pose

3 challenges. That's why | nentioned earlier and why the
4 differences between 2800 and PRC- 029 when 2800 has been
5 discussed extensively, approved widely by a |lot of

6 people, and there's also test procedures coming in wth
7 2800. 2.

8 MR, SHATTUCK: Thank you. | think at this tinme we
9 have 10 mnutes for Slido questions or questions from
10 the room W'IlIl let Howard go first. You've already
11  asked a couple, so Howard, you go ahead.

12 MR. GUGEL: Thanks. Howard Gugel, NERC. So |'ve
13 heard a comment a couple of tinmes today that is a

14 parity issue for nme because it's different from what

15 |'ve heard in the past. So |'mhearing that you as

16 OCEMs have accurate nodels that you've tried to provide
17 to the 1SCs and utilities, and they refuse to allow

18 those nodels to be used. Wen we talk to | SCs and

19 utilities, they say we can't get accurate nodels

20 because the OEMs refuse to provide them because it's

21 |P. | don't -- what's the right answer because that's

22 -- we're hearing it fromboth sides and | don't -- |
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can't figure it out.

2 MR. SCHM DT CGRAU: We have the nodels, and we

3 provide themto anyone that requested. So we are, at
4 Jeast from Vesta's perspective, talking with different
5 1SCs. W are reaching out to them proactively saying,
6 can we provide you updated, accurate nodels? W see

7 very big interconnect projects inin US. comng on

8 board, and it's our bread and butter to sell turbines.
9 If we have any incident in the grid, it's going to
10 cause a political stormfirst, so we need to nake sure
11  that the equipnent we sell is reliable operating, on
12 the grid, and the best tool we have is for the nodels.
13 So we are really enphasizing utilities to ask and

14  accept the equi pnent-specific nodels, and we al so are
15 trying proactively to ask what requirenents do you have
16 for usability of our nodels and tools. There's

17 technology out there that can streamine. SGRET B4 is
18 one thing that can be used for EMI/RVMS that w |

19 significantly inprove for utilities.

20 So we need a nmechanismto allow to use the

21 adequate information, and we need |1 SGCs/ TSGs to be nore

22 upfront with the usability requirenents for our nodels
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1 and validation requirenents for it. So that's an

2 accountability we have to take on as an OEM but again,
3 that it's -- we can't afford any reliability issues

4 either, yeah. So for sure, | speak for Vestas here, of
5 course, not for all OEMs. Any concerns, if you heard

6 anything el se, please reach out, and we can definitely
7 deep dive into that.

8 MR. MAJUMDER: Hey, Alex, if | may, just as a GO,
9 who has opportunity to work with all of them who are on
10 the podium To answer your question, Howard, it's

11 easy. Please go ahead and | ook at the generation

12 interconnection requi renment from each of those | SGCs.

13 It's docunented. They clearly state we will not accept
14 any user-defined nodel, so you don't have to get your
15 answer based on speculation. It's there, docunented.

16 They don't allowit.

17 | have had ny fair share with working with all of
18 the 1SCs where they woul d want accurate nodel, and they
19 are absolutely refusing to work with a user-defined

20 npodel. And then the question we get, so are you saying
21  your generic nodel is inaccurate? That puts us in a

22 very difficult position because we cannot say that we
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have gi ven an inaccurate nodel, which is not true, but
2 jt's what it is.

3 MR. KARPIEL: |It's generic, generic by nature.

4 MR. RODRIGUEZ: This is Fabio Rodriguez. 1'ma

5 transm ssion planner for Duke Energy Florida, and a

6 concern about the nodels, it's very sinple. Wen we do
7 a systeminpact study, the CEM sends a nodel. W do

8 the study. W determ ne what the inpact on the system
9 is, and there we go. Then if there is a new nodel in
10 our interconnection requirenents by FAT 002, there is a
11 requirenent that if there is a nodified change, the

12 nodel has to be restarted to see what the new system --
13 new inpacts are on the system and that's the -- that's
14  the process.

15 So when you guys cone up with a new firmvare or a
16 new software upgrade, or, you know, different settings,
17 if there is a nodified change, which every utility

18 should have in their interconnection requirenents, you
19 know, one of the nodified changes, it's a new nodel.

20 One of the nodified changes is, you know, nore than

21 five percent in this setting. So if you have that

22 change, the TO, or ne as a transm ssion planner, |
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1 cannot accept your nodel until | do a new study to

2 determine if there is any new i npact on the system by

3 those changes, and that's the process that we have.

4 |t's a process that should work.

S So you know, new nodels are working for any TO

6 The thing is that they have to be restarted if there is
7 a nodified change determ ned by the utility, by the TG,
8 and they have for -- you know, due to -- | nean, in FAT
9 002, every TO every utility has to expel what the

10 requirenents are or what the -- what they call nodified
11  change to trigger the restudy.

12 MR, SHATTUCK: Thank you. | think nmaybe we'll get

13 back to frequency real quick.

14 MR, COOK: Yeabh.
15 MR. SHATTUCK: The nodeling piece, just keep in
16 mnd, we have -- NERC has published nodeling gui dance

17 that says if you want accuracy in your studies, use a
18 user-defined nodel sinply. They're in -- they're on

19 the website. They're posted. Just Google "NERC

20 dynam ¢ nodel i ng gui dance," and you'll get what we

21  recomrend as NERC, and you can read that and adopt them

22 if you want to, adopt the reconmmendation. So frequency
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1 question.
2 M5. CASUSCELLI: Okay. I|I'mgoing to interject
3 wth a question fromthe --
4 MR. SHATTUCK: Yes. Thank you.
S M5. CASUSCELLI: -- fromonline here. So in order
6 to assess all of the R de-through defined in the
7 standard, do the CEMs agree that a plant-Ilevel EMI
8 study is needed to confirm Ri de-through?
9 MR. DAHAL: Absol utely.
10 MR. KARPIEL: Always a plant -- it's always a
11 plant-1evel nodel.
12 MR. SCHM DT GRAU. Yes, EMI plant-I|evel nodels.
13 MR. DAHAL: Yes.
14 MR. SHATTUCK: So yesses all around? Al right.
15 That was easy. No questions |like that before that.
16 MR. MAJUMDER: Again, Rajat from I nvenergy.
17 Before | ask my question, first of all, | would like to
18 thank Alex for a very insightful presentation that he
19 did before lunch. That's precisely what | was
20 referring since fromthe beginning, and ny apol ogy for
21  being the broken record.
22 So based on Alex's very quantitative presentation,
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1 we have seen expanding plus/mnus 4 hertz per six

2 seconds has not been established as a sufficient risk.
3 It's clear. W have just heard about all the

4  manufacturers, and especially to Scott's point, that

5 there are probably little | ess successful manufacturers
6 who are not even around the table. The technology is

7 not there, and they do not see the reason, as of now,

8 because there is no basis of expansion of that.

9 So ny question to the Standard Drafting Team and
10 the leadership is, so far no incident that can be

11  poi nted has happened because of that expansion. So if
12 the standard goes ahead with this, we are essentially
13 going to go ahead, make all of those plant nonconpli ant
14 and open the breaker. How is that helping with our

15 bulk electric systemreliability, which has not been

16 the reason of any reliability risk. Again, |I'm zeroing
17 in in that frequency Ri de-through.

18 MR. SHATTUCK: Thank you.

19 MR. AL-HADI DI: Thank you very nuch. Husam from
20 Mani toba Hydro. So maybe | have few questions based

21 off ny involvenent in the standard itself. | know I

22 take these standard | ooking at |ow frequency 57 hertz
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1 for alnost five mnutes. You guys okay with that, it's
2 not an issue, so you go only 56.1 hertz per six second
3  becone an issue or how that really change, because

4 really it's a fluxing issue. It's a tine-related

5 issue. So if you can understand five mnutes, then

6 what's the difficulties on that for a | ow frequency?

7 Then I'll go about our frequency, which is nornal

8 auxiliaries even for today's surplus machi ne where,

9 under load rejection, the frequency goes to 70, 80,

10 whatever the case.

11 So it's not -- it's not abnormal for short tine,
12 even for current existing synchronous machi ne, which

13 deal with the sane auxiliary to sonme |evel, which is

14  the cooling and all that, which can stand for a |arge
15 frequency deviation for a soft-load rejection. W just
16 open the breaker. Wat's the difference? Wy you guys
17 think it's an -- a big concern? Wat | think it's --
18 if it's a big concern, we need to consider it, but I

19 just want to understand why this concern becone

20 significant, where it's not really that nuch of a

21  change, at least fromwhere we are right now.

22 MR. SCHM DT GRAU:. | can maybe start. It's the --
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1 all the auxiliary equi pnment in the turbine is not

2 designed or certified for it, for those values. So as
3 nmentioned earlier, also, we manufacturers have to rely
4 on manufacturers, and there's no certification, there's
5 no standard for any equi pnent we can go out and

6 purchase to put into our nmachi nes today that w |

7 conply with that. So it will require industrial chains
8 across a ton of equipnent. W are not talking

9 inverters here only. W are talking everything. You
10 will have equi pnent in your substation that is not

11  designed to R de-through, so you m ght have your

12 substation tripping offline before the turbines. You
13 m ght have | oads nearby that will go offline as well.
14 So the requi renents exceeding, to nmy know edge, all

15 industrial practices and other design standards.

16 MR. AL-HADIDI: Yeah, but it's already existing.
17 As | said today, |load rejection on any generator, it
18 create very |large overfrequency or very |arge under

19 frequency, depend, but it's already -- the docunent is
20 already there which can Ride-through it, so it's not
21  sonething which is not manufactured before. | see the

22 standard as sayi ng continuous operation or just
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1 integrated operation for certain nunber, but doesn't

2 prevent it fromrunning. And voltage per hertz is

3 already like exception criteria in the standard. So is
4 it voltage per hertz? Is it what the [imtation of the
S5 equipnent --

6 MR. SCHM DT GRAU. W are tal king frequency

7 plus/mnus 4 hertz per six seconds --

8 MR. AL-HADI DI : Ckay.

9 MR. SCHM DT GRAU. -- that there is no standard

10 to, what | at |east know, that is designing any

11 equi pnent or certifying to that.

12 MR AL-HADIDI: Ckay. So it does nean it's only
13 that 57 is okay, and for other frequency up to 62

14  hertz, that's what you guys guarantee, or is this

15 really the -- where we are right now, we need to nove

16 to that direction?

17 MR SCHM DT GRAU: Ask if it -- we had to do R&D?
18 MR AL-HADIDI: Yeah. Is it R&D?
19 MR. SCHM DT GRAU: lt's not R&D. I[t's about we

20 are not able to source equipnent that is designed or
21 certified to that for the auxiliary systens.

22 MR AL-HADI DI : Ckay.
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1 MR. SCHM DT GRAU. Today.
2 MR. AL-HADI DI: Does that nean that whenever you
3 guys now are manufacturing, the protection setting is

4 set on the border of this curve and you say --

5 MR SCHM DT GRAU:  Yes.

6 MR AL-HADIDI: So that's --

7 MR. SCHM DT GRAU. W have pretty nmuch nmaxi m zed
8 out, and also to be able to -- there's always margin,

9 but it's -- we have certification for that equi pnent.
10 1'Il let others maybe also reply, but we are nmaxed out,

11 at least for the Vestas equi pnment, where we are wth
12 our specification today, and we have done the research.
13  Even with | ong extension here on the equipnment, we

14 can't get signoff fromany supplier with any of our

15 auxiliary in the frequency.

16 MR. KARPIEL: So | don't really consider it
17 margin. | consider it a safe operating limt, and then
18 we've already pushed those limts. |'msure -- |

19 believe we're all saying the sanme thing, that we're
20 already pushing those operational limts where we feel
21 safe for our equipnent.

22 MR AL-HADI DI : GCkay. Wat about ROCOF? 1s 5
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1 hertz per second sonething you -- is it sonething
2 feasible to do, or it's -- where we are in that 5 hertz
3 per second for legacy or for future design?
4 MR. SCHM DT GRAU:. Vesta's turbines, Type 3 and

5 Type 4, all do 5 hertz per second, yeah. Vesta's Type
6 3 and 4, it's public. You can go in. They conply with
7 the NOGRR245 of August | ast year.

8 MR. DAHAL: For SDRE, that's true only for new

9 units. W do not provide -- we do not have any proof
10 fromour |egacy turbines that we can go and do 5 hertz
11  per second. That is only applicable for new ones, not
12 the one that has al ready been install ed.

13 MR. PATTABI RAMAN:  Qur | egacy equi pnent, there was
14 no requirenent for rate of change of frequency at the
15 tinme these inverters were sold or comm ssioned. The

16 standard at the tinme, | think, UL defined maybe 1 hertz
17 per second as a requirenent for sonme of these

18 inverters. And so nost of our |egacy inverters are

19 tested at 1 hertz per second and safe to operate in 1
20 hertz per second without tripping. Like | said

21 earlier, changing the software, it's not a sinple

22 paraneter where you can go and update 1 hertz per 5
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hertz per second. Software has to be changed

2 extensively, and our |egacy products don't support

3 that. W would have to change hardware to even change
4 software in sone of the |legacy inverters.

5 MR. AL-HADIDI: Maybe I'll go to the second -- to
6 the question about transient overvoltage.

7 MR SCHM DT GRAU. So I'll just add a comment on

8 the ROCOF first --

9 MR AL-HADI DI : Sure.
10 MR. SCHM DT GRAU. =-- which | think is inportant.
11  Avesta's turbine don't have ROCOF protection. It's the

12 equi pnent, again, that is potentially not able to Ride-
13 through, so | think that's also really inportant to

14 understand when we evaluate these. | do see |ISGs run
15 very detail ed, accurate EMI studies for ROCOF. They

16 can do a mllion hertz per second. The PRC CAP nodel
17 will never trip because ROCOF is not a protection

18 setting in the turbine. So there is, again, a |ot of
19 auxiliary equipnment and stuff that is not certified or
20 designed for these things. This is just one exanple.
21 |t's really inportant to understand that it's just not

22 only inverters. W have a |lot of rotating nmasses,
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1 sensors, a lot of things in turbines.
2 MR. COOK: Fol ks, we have about two nore m nutes
3 left, so we'll take one nore question.
4 MR, AL-HADI DI: Yeah. Just quick question about

5 transient overvoltage. They may help us with this
6 question about transient overvoltage. You guys see one
7 second/one-cycle filter, it's difficult to achieve and

8 may create sone damagi ng i ssue.

9 MR. PATTABI RAMAN: It's not possible in our
10  inverters.
11 MR. AL-HADI DI: Well, and understanding that the

12 standard is saying that if you need to protect yourself
13 from damage, you could trip, soit's really -- it stil
14 is there to cover for that. But the question now,

15 what's your guys' recommendati on how to address it in
16 the standard to ensure that transient overvol tage for
17 just a spike, it's not really a noise or anything in

18 the measurenent which cause the unit to trip, how we

19 should deal with it in the standard in better way.

20 VMR. PATTABI RAMAN.  There are two ways. | think

21  one is already the NERC recomendati on, which is

22 maximze settings to the extent possible, limt
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1 instantaneous -- add additional filtering to
2 instantaneous protection internally, and the other path
3 is to kind of adopt 2800.
4 MR. AL-HADI DI : GCkay. Thank you.
3) MR COOK: We'Ill take one nore fromthe gentl eman
6 that's behind you.
7 MR. HAKE: Thank you. Appreciate that. 1'Il be

8 quick. This is Sam Hake with AS C ean Energy agai n.

9 So we heard a lot this afternoon about the chall enges
10 in evaluating what we cannot do, obviously relating to
11  equipnent limtations. One point or a question that |
12 wanted to ask is if you guys see simlar |imtations

13 also applying to the concept of maxim zing inverter

14  performance. W also hear a | ot about that, and in our
15 experience, we've run into a lot of issues when we open
16 these questions about how can we maxi n ze performance.
17 W get simlar feedback as to what we've heard about

18 what we cannot do and are we limted. So just curious
19 if anybody has comments on that.

20 MR. KCERBER: Yeah. It's a -- it's a simlar

21  concept and sone of the -- some of the challenges are

22 simlar. Maxi m ze, where's the limt of maxim ze?
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1 Does it nmean you have to invest 10 years of R& into

2 maximzing it? Generally, maxim zations are often

3 understood as make sure the settings are right, nmake

4 sure all already-available optional features are

5 applied. W actually nmaximze to the capability stated
6 by the OEM | think that's fairly straightforward, in
7 nmy own opinion. And where we run into the sane

8 challenges that | was tal king about earlier is when we
9 are asking us as OEMs to essentially invent sonething
10 new that gets nore capability out of the already-

11 installed hardware. And paraneters can change,

12 software can change, but what happens if a sub-supplier
13  firmvare needs to change, or in order to update

14  firmvare, you need a better processor? Then it quickly
15 spirals. But | would say structurally simlar. It's
16 really do we go beyond stated capability, including al
17 al ready-desi gned options? Yeah.

18 MR. COOK: Yeah. | don't knowif you want to add
19 to that.

20 MR. SCHM DT GRAU: | want to echo it.

21 M5. CASUSCELLI: Al right. W'Il do one | ast

22 question here if that's okay, Todd. Thanks. There's a
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1 question renotely here that asks if any of the

2 panelists work with AEMO and provide source code for

3 their nodels to the AEMO pl anners and operators and can
4 speak to that.

S MR. SCHM DT GRAU:. | can speak to that. | think

6 AEMOis a very, very good exanple of the nodeling

7 challenges we are facing here in U S. providing source
8 code. W sinplified that source code significantly.

9 That caused a lot of issues wth PSSE studies, show ng

10 a lot of false positives, which we al so see here in

11 U.S. with the generic and standard |ibrary nodel s.

12 AEMO is now noving towards full EMI real-tine

13 sinul ation, probably obsoleting RM5, and | think that's
14  going overboard. And to the point earlier, we are a

15 | ot of mature manufacturers here. |If we go down that

16 route and we start forcing EMI and so strict

17 requirenments, in ny opinion, it will not kill, but it
18 will slow down innovation, new players, conpetition in
19 the market significantly. And that's -- | don't think

20 it's healthy for innovation or for the industry as a
21 whol e.

22 MR. KOERBER: Yeah. | assunme AEMO -- Australia
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Energy Market QOperator, or is that another AEMD? |

2 interpret this question as being about Australia, one
3 of the nost strict grid codes in the world, requires a
4 |ot of transparency, is a significant chall enge, but

5 it's also very structured. And our experience worKking
6 with AEMOis they've also been very open in kind of

7 wal king the process with us on what's needed. They've
8 been -- they've had several requirenents. | commented
9 on MFRT, multiple fault R de-through, where Australia
10 has probably the strictest requirenents in the world,
11  but they're also very open, very technical in working
12 through sonme of those challenges with the industry.

13 Real code, actual source code, actual product-

14 level code is a challenge so far providing this in

15 conpiled formwhere the code -- the source code is not
16 visible, but the performance actually 100 percent

17 matches. The product has been a way to go,

18 inplenentation challenges. There's many | ayers when it
19 cones to working with AEMO. | don't think that's a

20 discussion for here, but yeah, we, we work with them
21 extensively, and it's been a journey.

22 MR, DAHAL: |It's not related to that question, but
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1 | dolike to bring sonething to attention as well when
2 we're tal king about the nodel AEMO and all. You know,
3 | think Rajat nentioned, |ike, nost of |SO requires
4 generic nodel. And what we are seeing fromOEM side is

5 people are getting so famliar and confortable with

6 generic nodel, that they are changi ng the nodel

7 significantly when they're submtting, you know, the

8 nodel of their plan to 1 SOs and RTGs. That we know

9 nothing about, right? There is a |ack of manpower t hat
10 | don't think anybody has tal ked about because not a

11 | ot of devel opers are capable of running the study --
12 plant-level study on their own, so they have to

13 outsource that study to sonebody. And the market is in
14  such a way that there is a, you know, severe |ack of,
15 |'d say, know edgeabl e people to run the study.

16 So that nodel that gets submitted by the CEMto

17 the custonmer m ght not be the sane nodel that gets

18 submtted by the custonmer to the TSO RTGs as well, so
19 that is also sonething to keep in mnd. Everybody's

20 tal king about, oh, CEMs are hiding their control bl ock,
21 we need access to control bl ocks, we need access to --

22 we need access to that paraneter and that paraneter,
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while forgetting the fact that, you know, if you were
2 to use the CEM UDM nodel, you'll get a very accurate

3 representation. And if you have to nmake changes, then
4 you have to cone to us. Then we wll tell you what is
S5 possible and what is not with generic nodel.

6 Then peopl e get very confortable using those and
7 not realize that changing paraneter m ght drastically
8 change the behavior of the turbine. And, |ike,

9 recently, alot of inquiry that cones to us is after
10 the fact that, oh, your nodel is not -- your |RVMS nodel
11  is not behaving Ii ke EMI nodel, and when you | ook

12 through it, it's been conpletely altered, and that's
13 also the challenge that needs to be addressed. And

14 hold the tineline, six-nonth applicability, one-nonth
15 applicability, know ng that plant-|level study has to be
16 done and is this feasible amount of tinme to achieve

17 that, that's also -- that also needs to be consi dered.
18 MR. SHATTUCK: Thanks, and | think we're out of
19 time, but let's just maybe do one "yes" or "no" at the
20 end. So this last situation was just described, you
21  know, getting a nodel back that was changed. You have

22 no idea what's in there. W'Il go "yes" or "no" from
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1 Thomas down. Have you experienced that?
2 MR. SCHM DT GRAU:. Yes, pretty nuch all sites.
3 MR, KARPI EL: Yes.
4 MR. KOERBER: Sorry. Could you -- can you just
5 restate the question, please?
6 MR, SHATTUCK: So the situation that was descri bed
7 where, you know, you've given a nodel out and then you
8 get it back later fromgenerator owner, utility, or
9 whonever, and it's different, and you had no idea.
10 MR. KOERBER: |'ve not personally experienced
11  this, but maybe I'mat a different part of the
12 organi zation, so | can't comment on that.
13 MR, SHATTUCK: Ckay. Thank you.
14 MR. KOERBER: | assune yes, but | can't confirm
15 MR. SHATTUCK: Finish? You already answered.
16 MR. PATTABI RAMAN: Yeah, | already --
17 MR. SHATTUCK: Yeah.
18 MR. DAHAL: Yeah, absolutely. |In fact, we have
19  provided RECA nodels, and we have recei ved REECC back
20 for sone reason.
21 (Laughter.)
22 MR, SHATTUCK: Al right, good. | think we're
TP One oSl B0 3576)
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1 done then.
2 MR. BENNETT: Al right. WlI, thank you for our
3 well-infornmed panelists. | think that was very
4 technical. That was very informative. | think that

5 achieved what we were hoping it would achi eve today.
6 So | don't know, just them a round of applause. W

7 appreciate you.

8 ( Appl ause.)

9 MR. BENNETT: So with that, | just want to | et
10 everybody know there are a nunber of questions online.
11 We're collating those. W'I||l get those to the

12 panelists and see if we can get sone answers | ater

13 today. But with that, let's take a 15-m nute break,
14 and we'll conme back with our |ast panel of the day to
15 talk about sone challenges with the current criteria
16 for PRC-029. Thank you.

17 (Break.)

18 MR. BENNETT: Okay. So it looks |like we're

19 getting everybody together back in the room here.

20 We've got our panelists seated and ready. It |ooks
21 |ike Charlie's smling at ne. So with that, | guess

22 |et's introduce our |ast panel of the day.
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1 So we're going to tal k about Addressing the

2 Chall enges of Voltage and Frequency R de-Through

3 Criteria. So to lead us through that is once, again,
4 Charlie Cook from Duke Energy, as well as Howard Gugel
S fromNERC. So take it away.

6 MR, GUGEL: Excellent. | guess before we start,
7 if we could just have everybody just briefly introduce

8 who they are and who they work for.

9 Mani sh Patel, EPRI.
10 Andy Hoke, National Renewabl e Energy Lab.
11 MR. CHW ALKOWBKI : Todd Chw al kowski , EDF

12 Renewabl es.

13 MR. LAUBY: Mark Lauby, NERC
14 MR, GUGEL: A man who needs no introduction.
15 MR. COOK: Yeah. Once again, |I'mCharlie Cook,

16 and | work for Duke Energy, representing the Standards
17 Comm ttee. Thought of a funny, though. | had this mc
18 on when | wal ked into the bathroom

19 (Laughter.)

20 MR. COOK: But then | realized, hey, John Bel ushi
21 did a simlar skit on "Saturday N ght Live," so |

22 turned it off, so.
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MR GOGA N. Mchael Goggin with Gid Strategies.
MR, GUGEL: | always think of Lesley N elson and
"The Naked Gun" when he did that sane thing, too.
MR. COOK: |'d probably do that, too, yeah.
MR GUGEL: I'mafraid of that. |'m Howard Gugel

10

11

12

13

14

15

16

17

18

19

20

21

22

with NERC, and thank you al
| prom se |

this -- during this panel.

conversation that we had earlier talking about voltage

and frequency R de-through,
"Il have is specifically,
perspective.

identified --

under st andi ng and eval uating the inpact of generators

failing to neet either PRC-029 or | EEE 28007
MR. LAUBY: Mbdels, no.
(Laughter.)
MR. LAUBY: One of the -- | think one of the

challenges is it rem nds ne

in Asia, and they'd cone to
coffee do you want, and |'d

We're alnpbst in that situati

won't ask any questions about nodels during

Mar k,
And t hat woul d be,

has NERC i dentified any chal | enges about

for participating on this.

But do want to continue the

and the first question that
from NERC s

you know, have we

of when | used to work in,

me and say, well, how nuch

say, how nuch did you nake.

on now where we're saying
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to fol ks, well, you know, please give ne this anount of
2 frequency or voltage, and they say, well, how nuch do
3 you need, and we can't answer the question, even 2800,
4 of course, which is a global standard, right? It's

S kind of a-- I"Il call it a global foundation, but we
6 haven't done the hard work. And what | nean by "the

7 hard work" is, you know, doing the systemanalysis to
8 understand what are the frequency response that we

9 need. How do we know that what we're putting in the
10 standard is going to ensure that we have sufficient

11 amount of Ride-through, be it voltage or frequency?

12 Now, we have sone data, you know, sone -- and we
13  had -- you know, that's on sonme of the -- sone of the
14 events that Al ex went through, which was hel pful,

15  though, of course, we did have substantial anount of
16  spinning machines out there to help us with the

17 frequency when there was a need for frequency, or

18 operators that were taking action, |ike shedding | oad
19 to make sure the bal ance is kept.

20 So | think that's one of the hard parts is having
21  the data and the nodels and the sinulations. W got to

22 get beyond the inverter-based resource and what it can
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1 do to getting to what do we need, and then how w || --
2 howwl!ll we drive the -- a standard to get there, so
3 what's a good starting point? WelIl, you know, 1|']
4 Jeave it to the Drafting Team and the people -- and the
5 folks here, but, you know, clearly we're -- it's kind

6 of |like a golf site, the old flat start. W're going
7 to start soneplace, and then over tine, we'll find out

8 as this evolves, if we need nore or |ess.

9 There are places -- | talked to Jason -- not there
10 yet -- 2800 would actually cause you probl ens, voltage
11 col | apse problens if you -- if everybody finally went

12 2800. So you got to do this hard work to say, hey, in
13 sone places I'mgoing to have to have | ess than 2800,
14 and that's okay, it's easy to do that, and sone pl aces
15 you're going to need nore dependi ng on where you're at,
16 but then that's okay, too. You can do nore than the

17 standard, and |ess, just nmake sure you have the

18 technical reasons for doing that. So it's not easy,

19 and you need good nodels and good sinul ation tools.

20 MR. GUGEL: Yeah. So to -- so to kind of build on
21 that because now we -- | think we kind of see the

22 jssue, maybe we could tal k about the magnitude of the
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problem here. So fromthe rest of the panelists, from
2 your perspective, you know, what percentage of the

3 existing portfolios would be affected by the draft PRC
4 029 criteria, and how would that change? Wuld there
S be less or nore affected if you changed that criteria
6 to nmeet 28007

7 MR GOGA N | can start. So the nunbers I|'ve

8 seen, and, you know, we heard on the previous panel

9 fromfolks on the wind and solar side it's a

10 significant share of the fleet. The nunbers |'ve seen
11 from devel opers who will be speaking today and

12 tonorrow, 20 to 50 percent of their fleets, and, you
13 know, again, this is out of a base of several hundred
14 gigawatts. And this is -- | should clarify. 1'm

15 tal king about the frequency Ri de-through requirenents
16  in PRC- 029.

17 So, you know, 20 to 50 percent of several hundred
18 gigawatts is a hundred-plus gigawatts of existing

19 resources that have nmjor challenges wth this, would
20 either require extensive retrofits or conplete

21 retirenent and replacenent of the resources. And, you

22 know, we've heard a | ot about the wi nd, but, you know,
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anecdotally, we've seen wth solar and batteries, |

2 think it's an issue of just, you know, these -- all

3 these plants were designed before the standard was

4  thought of. And so it's very difficult wth a few

S nonths' notice to go out and find out what the

6 capability of the plant is and, you know, how perform
/7 -- just trying to neet this.

8 And so we really don't know, and, you know, |[|']

9 cone back to, so what is the solution? This is why we
10 don't do retroactive standards. It's really hard to
11  get themright and nmake sure that they work for

12 existing resources. There's a |long history of doing
13 only prospective standards at FERC and NERC, and it's
14 for a good reason, and on the frequency side, we need
15 that. It has to be on the table. Oherwse, this just
16 doesn't work. And | think going forward, |EEE 2800 is
17 what the industry is designing towards. And, you know,
18 if you nmake that effective, you know, as of the, you

19 know, basically, when the standard takes effect al

20  interconnection agreenents signed after that date have
21 to neet that. | think that works for the industry on a

22 going-forward basis.
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1 Exi sting plants, again, weren't designed for 2800,
2 and so, you know, we need this -- it needs to be a

3 prospective standard only on the frequency side. And,
4 you know, just given the nmagnitude of what's at risk

5 here, a hundred gigawatts taken offline potentially

6 permanently or at |least for extensive retrofits, is a

7 major reliability risk. W're doing way nore harmthan
8 any good we're doing if that's -- if that's going to be
9 the result, so this has to be fixed. So an exenption
10 for existing | EEE 2800 for going forward.

11 MR. CHWALKOWSKI:  |'ll go next. EDF, again, EDF
12 renewabl es, a developer, and I'll go down the path of
13  we've had an opportunity already to do sone of our

14  analysis with ERCOI. Now, ERCOT junped ahead of NERC,
15 and they went forward with their Nodal Operating Qi de
16 245, and they're looking at, at this point, forcing us
17 to maxim ze -- at |east analyze the maxim zation of our
18 sites within the ERCOT region.

19 So we've had a chance to work very closely with

20 the CEMs and try to figure out where do we stand with
21 our current fleet. And | have sone nunbers for you and

22 | don't mnd sharing them but 1'll also ask the other
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devel opers in the room pl ease share that information.

N

| know sone of you have sone nunbers, and we aren't the
3  biggest devel oper out there, but our nunbers are also

4 pretty significant. So for us, |ooking at the new PRC
S 029, simlarly, as we | ooked at NOGRR245 and | EEE 2800,
6 we're | ooking at al nost 40 percent of our fleet being

7 affected by this and affected in nmultiple ways, not

8 just frequency al one, not just voltage alone. But when
9 you look at our older fleet, our older turbines in the
10 ground, it's both the voltage and the frequency R de-
11 through that's an issue.

12 And then | ooking specifically at ROCOF, |ooking at
13 the phase-angle junp, |looking at nultiple excursions,

14 fromthe OCEMs, we're getting the kind of information

15 that says until we test this, | cannot give you a
16 definitive answer. Well, as a developer, | want a
17 definitive answer, right? 1 want to know how do |

18 respond to the regulator, but | can't get that. And
19 you just heard the previous panel saying that's very
20 tough to cone about. How do we test that? The OEMs
21 are ny source of truth. [If | can't get that

22 information fromthem where do | go? Wat am|
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supposed to do as a devel oper or as a generator to get
2 that information to answer the regulator?

3 MR. HOKE: So, you know, |'m not a generator owner
4 or an CEM I'ma -- I'ma researcher. So | would

S basically let everybody just listen to what we've heard
6 fromthe previous panel, what we've heard fromthese

7 guys up here. It's a pretty significant percentage of
8 the legacy fleet. [|'d also comment, | think this has

9 been brought up before, that when we wote 2800, IT

10 wasn't designed to be retroactive, and so applying it
11 retroactively causes all the problens we've heard

12 about. Now, and | al so understand why people want to
13 apply it retroactively, right? W have a big

14  uncertainty in what does the grid need. W're

15 installing solar and wnd plants. They're going to be
16 on the grid for 20 years or nore, and we don't know

17 what the grid' s going to need in that period. And so
18 there's this desire to be a little bit conservative and
19 get as much Ride-through as we can because we m ght

20 need it.

21 But | think what Mark said at the beginning, let's

22 get sonething that -- what we can get fromindustry

Scheduling@TP.One 800.FOR.DEPO
TP One www.TP.One (800.367.3376)



Technical Conference Day 1 9/4/2024
Page 215

[

ri ght now wi t hout slow ng down the depl oynent of these
2 plants and wi thout causing, you know, PEP conpanies to
3 go out of business and get what we can now. And in the
4 nmeantine, researchers like us will try to figure out

S5 what the grid is really going to need and have a better
6 idea of that, and maybe we need to revise it and cone

7  back to this in the future. So get the |ow hanging

8 fruit now, get a good Ride-through standard now t hat

9 everyone can be on board with, and then if we need to
10 revise it in the future, we can revise it.

11 MR. PATEL: So | have nothing else |left to say

12 really, but I'mIlooking at sone of the notes ny wife is
13 sending ne right now

14 (Laughter.)

15 MR. PATEL: Just |ike how ny weekends go before |
16 open ny nouth in front of famly and friends, you know.
17 So | think Andy nmentioned this. Wen we wote 2800, it
18 was a forward-| ooking standard, and sone of the

19 requirenents in there does not exist today in any NERC
20 standards, right? Phase-angle junp never existed in a
21  NERC standard. ROCOF never existed in a NERC standard.

22 PRC-024, for that matter, is not a R de-through
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1 standard. It is voltage and frequency trip-setting
2 standard.
3 So when we wote 2800, we had this question: what

4 does grid need and what can |IBRs do? And we don't have
5 definitive answer on either of these questions. W

6 tried to find a mddle ground sonmewhere based on

7 engineering judgnent, right, a |lot of head scratches,

8 and talking to a |ot of CEMs about can equi pnment really
9 dothis or not do this. And even then at the tine, |

10  renenber a very difficult conversation with couple of
11 CEMs on sonething very specific in the standard, and

12 few CEMs said, Manish, for us to answer this question
13 with any confidence, we have to be able to test our

14 equi pnent first, and we have never tested our

15 equi pnent, so we cannot affirmatively say that we can
16 or cannot neet certain requirenents, right?

17 So anyhow, we wote | ot of 2800 requirenents

18 thinking about future grid. A lot of folks were

19 involved, 400-plus, and they all agreed to sone of

20 those requirenents. As far as how many GOs or

21 portfolio wll be affected by either PRC- 029 or |EEE

22 2800, you heard OEMs. | think a couple of nunbers
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1 stuck to ny head was one CEM sai d 40-gi gawatt capacity.
2  Another one said 50 to 60,000 units, right? Fifty to
3 60,000 units. So that's just few exanples.

4 | work -- all ny career |'ve worked on

5 transm ssion side of the business, so | don't know the
6 nunbers. But forward-looking standard, applying it to
7 the equi pnent that was placed in service five, 10, 15
8 years ago, and not having that sane equi pnent in a lab
9 anynore to test it for future newrequirenents is a

10  chal | enge.

11 MR. GUCGEL: So, and maybe we'll start at the far
12 end and work our way back for this next question. So,
13 and this may be a difficult one to answer, and if you
14 don't have the answer for it, | think that's fine, too.

15 But what would -- what do you think would be the

16 limtations that would need to be fixed, if you will,
17 or changed in order to neet the voltage -- we'll just
18 tal k about the voltage criteria -- the voltage criteria

19 that's spelled out in proposed PRC-029? |Is there --
20 what hardware do you think would need to be worked on
21 for that, if you wll, or what are sone reasonabl e

22 solutions that we could cone to, to naybe not even to
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1 necessarily neet that, but to cone close to what's
2  shown in PRC- 0297
3 MR. PATEL: Yeah. |I'msorry if | say sonething

4 wong. M friends who are OEMs don't cone talk to ne
5 at the bar. But | think -- | think again, voltage

6 Ride-through requirenents were forward-| ooking

7 requirenents. | think at the end of day, it cane down
8 to when we were witing 2800 -- and then PRC- 029

9 voltage R de-through alnost mmcs the | EEE 2800

10 voltage R de-through. At the end of day, it cane down
11 to a lot of auxiliary equipnent, all this w nd turbines
12 and, in sone cases, BES and solar inverters and then
13 VSC HVDC, right? The IBR definition includes offshore
14 wind plants that it -- that connect to AC transm ssion

15 systemvia VSC HVDC converters.

16 So all these are very different technol ogies, and
17 limtations for one technol ogy m ght not be the sane
18 limtation for another technology, but it seens |ike at

19 the end of day, a lot of these things cane down to a
20 | ot of auxiliary equipnent that is designed on sone
21  other industry standards -- | EC NEMA curves, all that

22 kind of stuff that is sourced by OEMs of wi nd turbine
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generators, solar PV BES, and VSC HVDC to go along wth
2 their equipnent. So it conmes down to a |ot of

3 auxiliary equipnents.

4 MR. HOKE: Not a whole ot nore to say there

5 because, | nean, it's sort of summarized pretty well

6 what we've heard fromthe CEMs in the previous panel.
7 You know, it's equipnent specific. Sonetines it m ght
8 be auxiliary. Sonetines m ght be that you need sone
9 power for the controls at |low voltage for a certain

10 anount of tine, but -- and sonetines maybe it's a

11  software change. But as we heard, even with those

12 software changes, you have to go back and retest that,

13 so it's not just a matter of updating new firmare.

14 |"'mbasically just summarizing what we've already
15 heard, so I'lIl leave it there.
16 MR, GUGEL: Well, maybe | can take us in a little

17 bit different direction then because there's a question
18 that I've had. If we nmade a switch, it seens |ike the
19 vast mgjority of inverters that are at |east on the

20 | egacy equi pnent and may be specified for now, tend to
21 be nore grid followwng. |If you nade a switch to take

22 those inverters to grid form ng, would that nmaybe sol ve
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1 sonme of the issues that we're tal king about for voltage
2 and frequency Ride-through?

3 MR HOKE: Al right. "Il junmp in if no one else
4 wants that one.

3) (Laughter.)

6 MR. HOKE: | think you're going to run into a |ot
7 of the sanme issues, and naybe even nore issues because
8 now you're not just doing Ride-through, you' re also

9 doing a whole different type of |owlevel control for
10 the inverter. | know that sone of the inverters that
11  are out there can be retrofitted to becone grid

12 formng. Ohers need a new inverter to becone grid

13 formng. Again, it's a commt-specific question. And
14 the R de-through issues, that doesn't nake the Ride-

15 through issues go away. The Ride-through issues are

16 still there. You still need the auxiliaries to work.
17 You still need the control power to be there. So |
18 don't think it necessarily solves that issue. It's

19 anot her super inportant issue to talk about, but |
20 don't know if it necessarily helps wth the R de-
21t hrough.

22 MR, GUGEL: Good. That's a question that fol ks
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1 have asked ne in the past. And, you know, | didn't

2 stay at a Holiday Inn Express recently, so | didn't

3 have a good answer for it, but | thought maybe sone of
4 the smarter heads here m ght have a good one for that.
5 MR. PATEL: | think that question may have sone

6 wvalue in terns of what does grid need. Does grid

7  follow ng gives what grid needs versus what grid

8 formng, but | don't think you can conpare grid

9 followng Ride-through versus grid form ng Ri de-

10  through, and challenges, and all that kind of stuff. |
11 think that question may have val ue when we tal k about
12 grid needs.

13 MR. GUGEL: Yeah. Just the question that had cone
14  up for nme was, does the fact that maybe it's | ess

15 dependent upon the frequency that's provided by the

16 systemallow for sonme different controls that m ght

17 make the ability to Ride-through different as opposed
18 to |looking at the frequency on the system and reacting
19 to that internally into the inverter.

20 MR. PATEL: So | think repeating nyself and

21 repeating with everyone el se on the previous panel, |

22 think alot of this limtations is not only the wnd
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1 turbine or the -- or the inverter. It's a | ot of

2 auxiliary equipnent, right? Gid form ng won't change

3 in the auxiliary equipnment. It remains sanme, Sso.

4 MR. GUGEL: R ght. GCkay.

5 (Cross tal king.)

6 MR. HOKE: -- for the synchronization issue just

7 real quick there, and maybe grid formng helps wth

8 that, but that's just one piece of the puzzle of the

9 Ride-through, right, everything else that everyone el se
10  had nenti oned.

11 MR. CHW ALKOWSKI : Before we go down that path of

12 grid formng/grid followng, let's go back to that

13 previous question of, you know, will hardware fix a | ot
14  of these voltage R de-through issues? And |I'll go back
15 to the source of truth, but | also want to -- | also

16 want to expand a little bit upon that because as a

17 generator owner operator, we're being asked that right
18 now, what will be necessary to nmaxim ze our turbines
19 down in the ERCOT 4 region, for instance? And | want
20 to explain that process to you a little bit better

21 because this is not a trivial process.

22 W rely on the source of truth, the CEM to give
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1 us that information about the turbine. But that's just
2 the first step because then you take it to the

3 substation, and you start |ooking at how are we

4 protecting the conponents of the substation? |[|f | make
5 any change downstream at the turbine |evel, howis that
6 going to affect ny substation? And then once | have a
7  better idea of how that affects the plant on the

8 nmediumvoltage side and the high-voltage side, then |

9 go back tothe -- | hate to say it -- the nodeling

10 side, which could take far nore tinme to even go through
11  that process because, again, we |ook at the source of
12 truth, the CEM for the nodels. And that could take six
13 nmonths to a year sonetines to get those nodels from

14  that and then expand the nodels to the entire plant.

15 Now, if you have a honbgeneous system and you have
16 one CEM one nodel type, that works out pretty well.

17 You put two nodel types out there, it gets a little

18 nore difficult. Two CEMs each havi ng one nodel makes
19 it even nore difficult. W have a site with three OEMs
20 and nmultiple nodel types. |It's easily a year to get a
21  nodel set together to submt. That's the process that

22 we go through, but again, to answer your question, on
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1 the hardware side alone for the turbine, the CEM |
2 mean, if we can't get an answer fromthemin a
3 reasonable tinme, that's where we stand.
4 MR. LAUBY: | don't want to hear nyself. | think

5 the challenge here, too, is to understand what's the

6 risk. | think sone folks kind of nentioned this

7  before. W saw sone charts that Al ex put up on the

8 current situation based on certain events. |If we just
9 ask folks to provide us what they can, and | don't know
10 how you define that, what's reasonabl e versus

11 unreasonabl e, and then | ooking forward, meking sure

12 that we stay to one particular standard that we can

13 count on. And realizing that, again, sonetines when

14  you do the technical studies, that you may actually not

15 want to inplenent a Ride-through criteria that m ght be

16 |like a 2800 or 029. Maybe we need sonething a little
17 bit shorter. | think -- | think we can stay in front
18 of the risk. | think the main -- the main thing is to
19 ensure that those can -- those devices out there that
20 can provide nore within the reasonabl eness that -- you

21  guys can decide what's reasonabl e versus unreasonabl e

22 -- to take advantage of it.
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1 There may be sone regions, though, or
2 interconnections where that's a real issue for them
3 and Texas mght be one of them It's a snal
4 interconnection, very -- nore and nore dependent on the
S inverter-based devices there because they're building a

6 Jlot of themover a period of tinme. And so they may

7 have a bit nore of a need in certain interconnections
8 versus other interconnections.

9 MR GOGA N | totally agree with that. | think,
10 you know, the need needs to drive this, not the

11 capabilities, and that was a little confusing this

12 norning kind of hearing the -- fromthe Drafting Team
13 that they kind of -- you know, that their |ogic was,
14 oh, well, IBRs can do this, so we're going to nake

15 them And that's backwards, it's discrimnatory, and
16 it's just not a good standards practice.

17 You shoul d define the need, and | think it's clear
18 that the plus or minus 4 hertz per six seconds is not
19 based on any real need, based on, you know, the charts
20 we've seen this norning and the 10 NERC reports. You
21  know, there's never been a frequency deviation that

22 | arge, and, you know, just thinking about what would
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1 happen. |If the frequency is down at 56 hertz, every
2 conventional generator would ve tripped off, you know,
3 or at 59 hertz, all the | oad would' ve tripped off

4 around then, too. You know, what's the point? What

5 are we trying to achieve here by nmaking IBRs stick

6 around while every -- the entire other power system --
7 rest of the power system goes bl ack?

8 | don't think -- | don't -- | haven't heard any --
9 1've been asking all day. | think -- | don't think

10 anybody has heard a good technical justification for
11  what we're trying to do here. You know, these -- the
12 bounds here are just so far beyond, you know,

13 everything that | think is based in, you know, actual
14 needs, and so what is that need? And yes, it may vary
15 by interconnection, you know, the standard connecti on.
16 NERC has done analysis showing it's -- you know, even
17 with very high penetrations of inverters, maybe wth,
18 you know, extrenely high contingencies, you know, 3X,
19  you know, losing 7,000 negawatts in contingency, you
20 still have very tightly-controlled frequency.

21 And wth IBRs that have fast frequency response,

22 grid-formng capability, and other things, frequencies
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1 are even nore tightly controlled with [ ots of

2 patteries, with, you know, controlled renewables. |

3 think we're noving to a where frequency is even nore

4 tightly controlled than it is today. And so let's, you
5 know, first establish that need and then work backwards
6 fromthat, and then set the requirenents based on that.
7 Let's not go with this backwards route of, oh, we can,
8 you know -- we think inverters can do this, so we're

9 going to make them

10 MR. GUGEL: The only caveat that | would provide
11  -- and sorry, Mark, |I'll speak out of turn, and you can
12 clean up for me. The only caveat that | would provide
13 is the exanples that were provided this norning and

14 that kind of show sonme of the events that occurred,

15 were just specifically rated to -- related to inverter-
16 based resource events that we've seen over the |ast

17 three or four years. It doesn't say that we haven't

18 seen frequency excursions |larger than that. It's just
19 that we haven't recently seen those.

20 If you go back in history, we have had in Florida
21  sonmewhat, fairly large, you know, frequency excursions

22 that have occurred. And we're trying to protect not
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just for sonme of the things that we've seen recently,
2  put for events that could occur on the systemthat are

3  much nore drastic than that. W're trying to stay out

4 of that.

S MR GOGA N Sure, and | was including Ui in
6 that, which was not an IBR It was a gas event.

7 MR, GUGEL: Well, yeah, but, again, that's just
8 sonme of the nore recent. |f you were to go back to

9 sone of our nore historic |egacy issues that maybe got
10 us into why we got our nanme and our purpose you would
11 see a little bit nore of those issues that are there.

12 And, Mark, | think Edi son probably had sone good

13 comments --

14 MR. LAUBY: Yeah, Edison, and | saw that. No, |
15 think you're right, Howard. | think that -- | don't
16 see this as a discrimnatory act. | know the Drafting
17 Teamis struggling with what -- with the tools they

18 have and the experiences they have. | think the

19 chall enge has been that we're saying throw a ball, but

20 we won't tell them how fast we're throwing it and how
21 far it's got to go because we haven't done the studies.

22 Back in the day when you were addi ng a generating
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plant, you ran all sorts of different contingencies,

2 and you made sure that you didn't inpact your neighbor,
3 that you had all the nodels right, and you knew how

4 that thing was going to play within the system It

5 seens that we haven't done that in sone -- in these

6 cases, nmaybe because there's just so -- the nunber is

7  so |arge and has overwhel ned the system

8 But we have to get back to, to your point, what do
9 we need and how do we tune the system and that

10 includes the in grid-formng inverters. How are we

11 going to tune the systemso the controls work together
12 and provide the self-healing smart, you know,

13 resilient, reliable grid that we envision this is going
14  to result in? Thank you.

15 MR. PATEL: So may | add sonething real quick? |
16 think -- I think we have been focusing -- so we're in a

17  football season, so |let ne give you an anal ogy. M

18 team|ost the football game over the weekend. |'m gl ad
19 1I'mhere so | can forget about all that. But they were
20 -- they're a pretty good defensive team but they

21 couldn't nove the ball on offense. You can't wn the

22 gane, right? So we are tal king about R de-through
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1 capability, this frequency deviation for this tine.
2 And thereis -- a big other side of it is that, what
3 does IBRs do, or any other resources do, when the
4  frequency is abnormal for certain anmount of tine?
S The new I BRs probably can respond nuch faster
6 during frequency deviation, right? Battery energy
7 storage can respond nuch faster. | think -- | think we

8 can put sone solutions together for the system where

9 the frequency's arrested before it goes too |ow or too
10 high, right? | don't think we have to only focus on
11 plus or mnus 4 hertz per six seconds, or whatever

12 other hertz per 299 second, the other piece, which is
13  not part of PRC-029 right now, which is okay. But I

14 think there are other ways to make sure that the system
15 together holds, right, and the frequency arrested, and
16 it turn around back to 60 hertz in a -- in atinely

17 manner.

18 MR. GUGEL: Yep. Charlie, |I've kind of dom nated
19 the questions here. Have you -- have you got anything
20 you'd like to add at this point?

21 MR. COOK: No, keep going.

22 MR, GUGEL: GCkay. You know, one of the -- and |I'm
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going to go off script here. 1It's not even a question
2 that we've got here, but one of the things that we saw
3 in the past was an issue with sanpling frequency, and
4 the fact that -- sanpling frequency. So the issue that
S5 may be harnonics or subharnonics may be affecting what
6 the inverter or other equi pnent sees as being a

7 frequency or voltage excursion, how do we solve that

8 problen? Is it -- isit -- 1 nean, it'd be very easy
9 toinny mnd to say, okay, well, I'Il just get sone

10 sort of a frequency snoothing device or sanpling issues
11 or whatever. But is there -- is there sone way that we
12 can maybe address that and cone away wth a feeling

13 that we're actually sanpling what's occurring on the

14 system and not getting influenced by harnonics that

15 m ght be out there?

16 MR. HOKE: That's not in the script, but we can

17 say a little bit about it. So right now, Mnish and I
18 and a whol e bunch of other people in this roomare

19 witing | EEE 2800. 2, which is the procedures to verify
20  conformance | EEE 2800. And froma really high |evel,
21  what that does is it takes an IBR unit, which is an

22 i ndi vidual turbine or an inverter, and do sone tests,
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1 whether that's in alab or in a field or even in a HL
2 setup. And just doesn't try to make sure that it can
3 do any certain thing, but just nmake sure that its

4  pbehavior matches its nodel. And then you take that

5 nodel or that IBR unit, which is now verified to match
6 the behavior of the -- of the device itself, and you

7 build a plant-level nodel, and you do a couple -- a few
8 simulations, fairly sinple simulations, really, on

9 that, to nake sure that it neets the behavior and --
10 that you need for ny | EEE 2800, for exanple, or from
11 what ever other source requirenents docunent you're

12 | ooki ng at.

13 And so you can use a process like that to verify
14  whether a plant is going to trip, for exanple, when

15 there's a phase junp and confuse that phase junp wth
16 the frequency change and trip. |If you can then play a
17 phase junp through that plant nodel, and if it's going
18 to confuse -- if it's going to get its PLL confused
19 and think, oh, whoops, the frequency's 72 hertz, |I'm
20 going to trip, it's going to fail that test. So you
21 can use a process |ike that.

22 You would also see it in the testing phase 2
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1 because you woul d've put a simlar event through the

2 event -- through the actual hardware inverter or

3  turbine, and you woul d've seen, oh well, that turbine

4 didn't behave how we hoped it would. And so | think

5 through that sort of a process, which, you know, |ike |
6 said, right noww're witing this in 2800.2, but these
7 are processes that manufacturers are already using.

8 Manufacturers are already testing their devices, not

9 exactly using the procedure we're witing because we're
10 witing themnow, but they're also validating their

11  nodel s against their hardware, at least | believe all

12 the manufacturers that we saw up here this norning are.
13 And so that's one approach to that question is sort of
14 a testing -- conbination of testing and nodeling, |

15 guess, would be the short answer.

16 MR, GUGEL: Ckay.

17 MR. LAUBY: One thought | had on this is, what

18 we're getting to is, you know, inverters thensel ves

19 have wonderful characteristics of being able to nove

20 very quickly. And so we need to be able then to ranp
21 up our sanpling or nonitoring very quickly because they

22 need sonetinmes to act at the speed of light to protect
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thenmselves. So | think, you know, the -- | think that
2 the sanpling rates have to increase or nonitoring rates
3 need to increase so that then the renedial actions and
4 mtigations can take place, and al so, that that

5 information can flowto other inverters in the area.

6 I'magoing off, this is the reason why, and, of course,
7 then they can act accordingly, too.

8 MR. CHWALKOWSKI: |'mgoing to add to Mark's

9 coments because | think this is a great place to

10 digress, as an exanple, PRC-028, for instance, asking
11  for additional data. | don't know of a single

12 devel oper generator that would say we want | ess

13 reliability. That's not the case. That is absolutely
14  not the case. And |ooking at PRC-028, | ooking at

15 ERCOT" s NOGRR255, | ooking at | EEE 2800 Table 19, we

16 know this is not easy. This is hard. This is not easy
17 stuff. It wll cost noney, but it's -- you know, even
18 though it's hard, we're willing to do that because we
19 think data is the answer to nove forward, to nove

20  prospectively through sone of these requirenents

21  because having the right data will help us nmake better

22 decisions in the future.
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1 Yes, it's hard, yes, we're wlling to do it, yes,
2 we have a understanding, but it's not wholly understood
3 yet what kind of equipnent we'll have to retrofit out
4 inthe field to get this data, but we're willing to do

S5 it. That's where we cone from and that backs up your
6 comments, too, Mark.

7 MR. COOK: So there's question fromthe script

8 that 1'd like to have addressed right now, and it's

9 Question Nunmber 3. And it says, what are reasonable

10 solutions to ensure | egacy equi pnent can be conpli ant
11 with the frequency criteria in Draft PRC 029 Attachnent
12 27

13 MR. GOGEA N. Yeah, | can offer sone thoughts

14 there, and | think it's instructive to go back to O der
15 901 from FERC. They pointed to the |anguage that's in
16 PRC-024 that has equi pnent limtation exenption

17 process, and, you know, there are sonme things simlar
18 in the current draft of PRC-029 for the voltage-rel ated
19 requirenents. | think that's what is needed for these
20 existing resources.

21 You know, | think we heard on the |ast panel that

22  there needs to be reasonabl e acconmmodati on for, you
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know, using declarations or attestations or sonething
2 |like that in cases where it's just not practical to

3 test because, you know, the CEMthat built a piece of
4  equipnent is no |onger there, or, you know, it's no

5 longer supported by the manufacturer, or just, you

6 know, you just -- in many cases you can't physically

7 test for these things. You have to run sinulations and

8 kind of guess what it was, and that's -- you know, |
9 think that's -- again, it's why we don't do retroactive
10 standards. |In nmany cases, proving a negative

11 retroactively is extrenely challenging. And so there
12 needs to be sone reasonabl e acconmodati on, yeah. W
13 don't want to have a bl anket exenption, but at the sane
14 time, like, you know, there has to be understandi ng of
15 the realities of how you can validate this.

16 And, you know, | think, again, having this

17 equipnent limtation in there is essential. You know,
18 there's a massive cost potentially incurred here if we
19 don't have an exenption for the existing resources.

200 And with, you know, no real upside reliability, it's
21  just going to be, you know, a hundred-plus gigawatts

22 taken offline.
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1 And, you know, | think, you know, we've heard
2 about, you know, what Order 901 says. | think having
3 exenption for frequency is entirely consistent with
4 FERC s directive there. |If you read it contextually --

5 | have a little insight here. [|I'mnot -- obviously, |
6 don't work at FERC and I'mnot a | awer, but FERC was
7 responding to comments that | helped ACP CIA wite when
8 it talked about the exenption for voltage R de-through.
9 And we'd had a back-and-forth in the NOPR, the notice
10  of proposed rul emaki ng, with FERC about the voltage

11  requirenents, and basically we said, you know, there
12 m ght be sone challenges wth existing resources, and
13 then FERC was basical |y saying, okay, you can have an
14  exenption for existing resources that would have to

15 replace hardware to neet the vol tage requirenent.

16 FERC was silent on frequency Ri de-through

17 requirenments because we weren't tal king about that in
18 the comrents that we were submitting. FERC was cl ear
19 that they were okay with exenptions for resources that
20 woul d have to replace their equi pnent, and, you know,
21 FERC s logic is there's not a |ot of these, they're

22 going to be replacing their equi pnent anyway as
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1 inverters age out, and, you know, we're repowering the
2 wnd fleet anyway, and so there's no reliability risk

3 here, so we can have these exenptions.

4 That logic all applies for frequency Ri de-through,
5 and so | think, you know, there's very clear logic from
6 FERC as to why there should be an exenption process

7 that looks like what's in PRC-024. And FERC actually,

8 again, pointed to PRC-024 when they were directing NERC
9 howto set up this exenption process.

10 MR. GUGEL: Yeah. | would even extend on what you
11 said earlier, not only looking at reliability benefit,
12 but reliability deficit for the retirenent of, you

13 know, hundreds of gigawatts of energy that's out there.

14  You know, that should be taken into account, too, so |

15 think -- | think that's a really good point.
16 MR. LAUBY: | would add to that, | think it's
17 inportant that we understand -- we planning engi neers

18 understand what is the state of the network. Wat is
19 the state of the generators in the sense that when | do
20 ny studies and | have an overfrequency, | know which
21 ones are going to go out and which ones are going to

22 hang on. | also want to understand the inplications of
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1 the ones that go out on the ones that did stay on, and
2 do they create nore of a frequency issue. So | think
3 going through the process of -- you know, going through
4 the attestations and understanding the state of the

5 generators that are on the network, plus, of course,

6 those that we're adding, that when we do our system

7 studies, we'll have a nuch clearer picture of really

8 where we stand.

9 MR. GUGEL: Yeah. | think, not to get too far off
10 topic here, and we want to go to the questions online
11 and in the room | think one of the things that today
12 has pointed to is the fact that we need to have these
13 same conversations about nodels as we get into the next
14 phases of 901. And I think it's going to be very
15 crucial that we get us in the roomagain and tal k about
16 those issues through that. Wth that, let's see if we
17 have any questions here in the roomor online.

18 Bueller?

19 (Laughter.)

20 MR. YEUNG Yeah, I'mon. | had to get clearance
21 fromJame first before | asked this question because

22 |'ma -- I'"'ma noderator for tonorrow. But today ny
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1 question is solely fromthe |ISQO RTO perspective. M

2 npane is Charles Young wth Sout hwest Power Pool, and

3 I'mnot sure if there's many other RTOs in the room

4 here today, so | thought -- | want to raise this issue.
S First of all, | want to point out what Mark said.

6 1'lIl call that Letter AL Mark nentioned this expanded

7 frequency response provides a | ot of automation and

8 adds resiliency to the grid. So that's very inportant
9 knowing that the proliferation of IBRs is jeopardizing
10 sone of that stability, you know, operating in the

11 unknown states, right? The second thing is what Manish
12 said, and I'Il call that Letter B. Mnish nentioned

13 very clearly PRC-024, it's not a Ri de-through standard.
14 |t's a -- basically a frequency limtations-settings

15 standard to prevent, you know, resources from dropping
16 offline during conditions or the where the grid is, you
17 know, in excessive frequency declines or rises. So as
18 an operator, as an | SO RTO operator, 1'd like to get to
19 Letter A, Mark's nodel, the future resiliency and

20  automation, produce light things to work and not have
21 to intervene to avoid Letter B, you know, this relay

22 operation when frequencies are either excessive or
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hi gh.

2 So how does an |1 SO do that? How do -- how do we

3 get resiliency without getting into PRC- 024 operations?
4 The only tools we have as operators is operator

S intervention, and that can be a range of things, right?
6 W can reconfigure the grid, we can put resources on

7 resources online, and, as an RTO, it could be out of

8 nerit, nore than likely out of nerit, or we can do

9 curtailnments of those assets we believe are at risk.

10 So that's our choice. |I'mnot hearing a | ot today

11 about the operator's tools and how these benefit the

12 operator.

13 MR. LAUBY: | left it onthis tinme just in case.

14 | think the way to get to it, of course, as a -- I'm

15 thinking operational planning drop, right? You got to

16 -- like you say, we got to nodel this stuff. W got to
17 know -- we don't want to be running the systemin

18 unstudi ed states, so we need the information on what

19 the expectations are. How are they going to behave?

20  Every one of these plants, how are they going to be

21  behave under certain systemconditions so that when we

22 study them ahead of tinme, you can pre-position yourself
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1 rather than kind of go, oh, surprise, guess what,
2 anot her thing happened and anot her thing happened.
3 The idea that we need a uni que nodels for every
4  one of these, | hope we can get around that, but at
5 sone point or another, at |east being able to
6 understand that during certain events, what your
/7 expectations are going to be. And that feeds right
8 into your | RO standards about contingencies that you're

9 going to run on your system because you have a certain
10 expectation that when a line-to-ground fault cones on,
11  you're going to |l ose 500 negawatts of sol ar voltaic,

12 and so then you got to nake sure you're ready for that,
13 as opposed to running blind.

14 O course you can haul the planners in later on if
15 you want and say, hey, you got to fix this. That's in
16 the planning stage, right? And that's when you start
17 getting into, well, what the standard is and what's --
18 what equi pnent we're going to be acquiring going

19 forward. But | think you're -- right now, you're

20 right. You're kind of running a little bit blind

21  because you don't have the nodels, and you don't have

22 the know edge of how those devices are going to perform
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1 during certain events. You're kind of |earning on the
2 fly.
3 MR. PATEL: So real quick, Charles, | think that's

4 a mllion-dollar question that we don't know the answer
5 to. | nean, you asked the question from| SO RTO

6 perspective, but if you think -- | used to be a

7 transm ssion owner or protection control engineer until
8 recently, and, you know, to protect ny system | need

9 to know what the systemw |l | ook |ike or what the

10 systemw ||l be able to provide in terns of falcon or

11  what type of falcon, and then | can set a protection.
12 But | think it's a mllion-dollar question that we

13 don't know the answer to yet. Thinking of 24/7, 365

14 days a year and then 20 years out in future, right, you
15 have very different operating scenari os when you go

16  through different days, different nonths, different

17  years, so.

18 MR. CHWALKOWBKI: 1'Ill add one thing to that,

19 also, just to answer your question. | think to help

20 you out, we do need better nodeling, no question, but
21 bpetter data also is inportant. | nean, that's two of

22 the things that | think are very inportant that we can
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1 |look at retrospectively versus prospectively, where we
2 have the technical capability and it's al so

3 comercially reasonable. That's where you establish

4 that bal ance, right, of going down that path. And |I'm
5 going to quote Alex fromearlier this norning where he

6 nmentioned, you know, what is it that we should focus on

7 nmoving forward? | think a couple of solutions are
8 right there, right in front of us -- better data
9 collection and then better nodeling -- and for that, we

10 need our source of truth, the CEMs. So, Alex, you're

11  there.
12 MR. SCHM DT GRAU: So Thomas, Vestas, here. Just
13  kind of a segue of this as well. G&Gid formng, grid

14 followng, at |least fromVesta's perspective, is the

15 sane hardware. That's different software at current

16 states. So | think it's also inportant to understand
17 when we tal k about the PRC-029, for ne, that's a

18 capability requirenent. I1t's not about how the plant
19 has to perform |It's an envelope on it, and with these
20 tools of we're going to get data, better nodeling, and
21 so on, what is the kind of vision to start devel opi ng

22 sonme nore direct performance requi renents on how to do
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1 -- because what are we going to do as an CEM? \Wat

2 should we design our control for if the frequency goes
3 to 58 hertz for hundred mlliseconds or 200

4 mlliseconds or 300 mlliseconds?

S | don't -- | don't see that kind of in the

6 performance on the standards today, and that al so

7 creates a lot of different inplenentation possibilities
8 and different behavior onit. So I'mlooking for sone
9 direction on performance requirenents and how t hat

10 should | ook I|ike.

11 MR GUGEL: I'll take the first step on that.
12 Nice for the conpliance guy to junp in here, | know,
13 and you're all fading. You know, | really would | ook

14 to the technical experts to develop sone reliability
15 guidelines around that. You can kind of think of what
16 we -- what we set up at NERC for reliability standards
17 as being the guardrails, if you will, the extrenes.

18 But | think once you operate within that, then really
19 you're |l ooking toward your technical experts to decide
20 what should be a best practice. And |I'mgoing to use
21 air quotes there because everybody's hates to do that

22 pecause they're public utility comm ssions, hold to
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1 themthe different things. But, you know, when you're

2 wthin that, there's probably better ways to operate

3 and | ess better ways to operate. | don't think, at

4 |east fromour perspective, we wouldn't define that in

5 areliability standard, but instead, that would be nore
6 operating practices. Any other thoughts fromthe --

7 fromthe panel here on that?

8 MR. PATEL: So real quick, | think -- I think -- |
9 think what you nentioned is very inportant, but | think
10  the answer to sonme of those questions will be system

11  dependent, right? A 200-negawatt solar on a 500 KV

12 systemcan performa little bit differently than a 50-

13  nmegawatt on a 46 KV system right? So I think it's

14  very difficult to standardize howto utilize sone of

15 those performance requirenents. | think it'll go based
16 on system studi es and need of the grid, and all that

17 kind of stuff. So maybe your reliability guideline,

18 that kind of provides an educational material to

19 engi neers about how to utilize sone of those

20 capabilities, but I think standardi zation is too early

21 for sonething |like that.

22 MR. SCHM DT GRAU:. It nakes perfect sense because

Scheduling@TP.One 800.FOR.DEPO
TP One www.TP.One (800.367.3376)



Technical Conference Day 1 9/4/2024
Page 247

1 | think it's very inportant to, you know, as you said,
2  Manish, also, we should have the equipnent, try to

3 correct the frequency before we hit the envel opes, and
4 that, for ne, goes in into some of the performance. |
5 know we have extrenely fast sanpling froma plant

6 level. | can talk nore on that in one-on-ones, and

/7 that sonetines turns out to be very negative as well.
8 In Texas where you have a very snall deadband of

9 frequency, we sonetines go in and out of frequency

10 control 25 times in four seconds, you know. So we're
11 re reacting too fast because there's a perfornance

12 requirenent stating you're not allowed to have any

13 artificial delay on your response, so we just |like bang
14  in and out, in and out constantly.

15 So that's where sone of these performance and

16 understanding is also faster is not always better. W
17 al so have to sl ow down things, and that's where we need
18 to balance it.

19 MR. GUGEL: You probably al so have situations

20 where you have units fighting each other, right --

21 MR SCHM DT GRAU: Yeah.

22 MR, GUGEL: As they're popping in and out, they're
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1 actually reacting to each other on that too, which --
2 MR. SCHM DT CGRAU:. Ask Todd about that with his
3 three CEMs in one plant.
4 MR. COOK: Yeah, excuse ne. Scott, you stood up

5 while ago, and | didn't recognize you. | apol ogize.

6 Do you have a question or did it get answered or asked?

7 MR. KARPIEL: (Of mc coment.)

8 MR, COOK: Ckay.

9 MR GUGEL: | tried to lead us there, but, you
10  know.

11 (Laughter.)

12 VR. VENKI TANARAYANAN: Nath Venkiti, CGE Vernova.
13 My questionis, | think there is a general intent to

14 try and align PRC-029 sonewhat to | EEE 2800, you know,
15 not exactly. But |ike, the Ride-throughs curves seem
16 to have a basis in | EEE 2800, but there are al so sone
17 substantial differences, and | wanted to understand if
18 those substantial differences are intentional or if

19 they mght actually be accidental. 1'll give you sone
20  exanpl es.

21 Li ke for exanple, |EEE 2800 has an MFRT

22 requirenent, and it starts off with a paragraph, and
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1 the first bullet under that paragraph says that the |BR
2 shall not be required to withstand nore than four

3 consecutive voltage dips. ay. That first bullet was
4 picked up in PRCG-029. Now, |EEE 2800 then goes on to

S5 say in the second and third and fourth bullets that if
6 the voltage dip is less than 50 percent, then it only

7 needs to withstand two consecutive vol tage di ps and not
8 four. So those subsequent bullets were elimnated from
9 PRC-029, and that kind of raises a question in ny m nd
10 as to whether this is really intentional or accidental.
11 Anot her exanpl e, | EEE 2800, the exanple that I

12 brought up this norning about the one-cycle Ride-

13 through requirenent for transient overvoltages. Now, |
14  heard that there is -- there's kind of -- sone kind of
15 intention behind that, but accidentally, what that has
16 done is inpose a requirenent that the IBR units

17 withstand any transient overvoltage that is |ess than
18 one cycle, an infinite magnitude of that voltage that
19 is less than one cycle, right? That's exactly what

20 it's been translated to.

21 O her exanples: | EEE 2800 said wi nd turbines,

22 which atypical wind turbine wwth its blade at its
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1 12:00 position can be -- an offshore w nd turbine can
2 pbe as tall as the Enpire State Building. So |EEE 2800
3 said, if you have nechani cal resonances during M-RT

4 events, then the wind turbine is allowed to trip to

5 protect itself fromthose resonances. That part is not
6 in PRC029. Another exanple | EEE 2800 says V over F,
7 for -- right? For V over F, it said -- it referenced
8 certain equipnent standards for auxiliaries and said if
9 you go outside the envel ope of V over F or F over V

10 capabilities as specified in those standards for those
11 auxiliary equi pnment, then you're allowed to nodul ate
12 reactive power so as to adjust voltage and try to stay
13 wthin those limts so that you don't trip. That

14  requirenment was f elimnated from PRC 029.

15 So again, I'mjust asking for the view of this

16 panel is, do you think this is intentional or nmaybe

17 accidental ?

18 MR. GUGEL: So at the risk of providing a non-

19 answer, I'mnot sure that this panel could speak to

20  that because they weren't on the Drafting Team They
21 weren't the ones that nmade the decision on that. |

22 think that would be a good question to have the

Scheduling@TP.One 800.FOR.DEPO
TP One www.TP.One (800.367.3376)



Technical Conference Day 1 9/4/2024
Page 251

1 Drafting Team and then al so the Standards Conm ttee as
2 they're looking at making this nodification. But |
3 don't know that this panel could speak to the intent as

4 to whether or not it was intentional or not.

S MR. VENKI TANARAYANAN: Okay. Yeah, | didn't find
6 another forumto ask the question, so | just wanted to
7 see if there was any -- if this --

8 MR, PATEL: May | -- may |? So with all due

9 respect to Husam and Shawn, |'mnot a nenber of the

10 Standard Drafting Team but | joke that |I'man honorary

11 nmenber because |'m equally vocal as an observer --

12 (Laughter.)
13 MR, PATEL: -- and they value the input that
14 encourages ne to talk. | think -- so consecutive

15 voltage dip and transient overvoltage are the biggest
16 nightmares of ny life. 1'll remenber it until I'm

17 dead. The Clause 7 in 2800 -- that is voltage and

18 frequency Ride-through -- is a good 20-page nmateri al

19 that was witten by a ot of folks very carefully, and
20 PRC-029 is, what, three page requi renents docunent? So
21 we went into 2800 and picked up few tables and few

22  statenments and put it into PRC 029.
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1 | think that's the risk, right? This 20-page

2 story in 2800 becane a three- or four-page witeup in
3 PRC-029 with all the neasures and every other fluff

4 that needs to go into the NERC standard, right, and

5 that's actually the problem | do agree with you,

6 Nath. | think we have to be very careful that when we
7 go and pick sone bits and pieces from 2800 and put it
8 sonmewhere else, we have to nake sure that the dots are
9 connected appropriately so there is no anbiguity or

10  uni ntenti onal consequences.

11 MR. VENKI TANARAYANAN:  Thank you.

12 MR. MAJUMDER: |'Il just offer this to answer

13 Nath's question that it was not accidental. 1'Ill |eave
14 it there. \Wether it -- whether or not it was

15 intentional, | would not get into that. But what |

16 would offer is the standard of thinking needs to

17 understand nodels are very inportant, but let's not

18 make reliability standard only thinking of PSCAD and
19 PSSE. It way beyond PSCAD and a PSSE. It's a physical
20 equi pnent, everything Nath just said. Those insights
21  are extrenely inportant, so I'mso glad that in

22 Techni cal Conference, we have great participation from
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1 the CEMs who are sharing their insight.

2 This is one, innmy mnd, is a mssing piece. The

3 Standard Drafting Team needed to consider that what are
4 the physical insight. Going into a PSCAD nodel and

5 changing from1.7 to 1.8 can be done in seconds, but

6 the consequence of changing that 1.7 to 1.8 does not

7 happen instantaneously. There is a nassive process

8 that is there, and even in the nodel, not just nention

9 about the nechani cal resonance, not a single PSCAD

10 nodel would capture this. W have issue of tenperature

11  rise on a DC chopper, which nodel is capturing that?

12 So therefore, when we get a question |ike, okay,
13 let's find out what hardware elenment, | think the

14 previous panel said many tines it's not -- you cannot
15 just put your finger one specific hardware el enent,
16 that's the reason. It can be a very conpl ex

17 conbination, so it's not only just an IP. O course IP
18 is an issue, but the outcone of so many conpl ex el enent
19 creating a trip, it is -- it is not easy. So let's

20  think beyond nodeling space, let's think from an

21  equi pnent perspective, and listen to all these expert

22 while we are making further decision. Thank you.
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1 MR. BENNETT: Gkay. Thank you. | don't think
2 we're termnating this panel just quite yet. | think
3 we can take a couple questions fromonline and give
4  them an opportunity to participate?
S M5. CASUSCELLI: Yeah. Yeah. Thanks, Todd.
6 MR. BENNETT: Ckay.
7 M5. CASUSCELLI: [I'll ask a couple of questions

8 fromonline. So nost of the discussion so far has been
9 for land-based resources. Are there different voltage-

10 rel ated concerns for offshore w nd?

11 MR GOGE@ N [|'mnot going to get into the
12 technical details. | would note part of the reason why
13 | have nentioned the need to have the standard apply

14 prospectively fromthe signing of the interconnection
15 agreenent and not being placed in service as it is in
16 the current draft is because of the long lead tinme for
17 offshore wi nd, but also, you know, other | and-based

18 wi nd, you know, and solar and batteries al so can have
19 long lead tinmes between, you know, when they sign the
20  interconnection agreenent and -- I'msorry -- when

21  they, you know, start devel oping the project and, you

22 know, buy equi pnent and devel op settings and things
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1 like. And so, you know, having the requirenents take
2 effect for plants in service as is in the current draft
3 would not work for these |longer |ead assets. And so

4 that's -- you know, that's necessary to, you know, set
5 the requirenents and have themtake effect based on

6 resources -- signhing the interconnection agreenent

7 after the date, you know, the inplenentation of the

8 standard.

9 MR, LAUBY: | was talking to nmy friend from EDF
10 here because they have a | ot of offshore and, you know,
11 many tinmes the collector systens are DC, and one would
12 have to do the study work to see if that has any

13 inplication. But certainly they're nore rugged

14  offshore than they are onshore, but that m ght be one
15 study that needs to be done, see if there's

16 inplications of the AC-to-DC collection and the --

17 another set of inverters there.

18 MR. GUGEL: Probably interconnection nmethods woul d
19 be another way of |ooking at it, whether or not it's
20  radial or whether or not it's connected at nultiple

21  points, because a radial one would have different

22 voltage issues, | would think, than sonething that

Scheduling@TP.One 800.FOR.DEPO
TP One www.TP.One (800.367.3376)



Technical Conference Day 1 9/4/2024
Page 256

[

woul d be nore of a network connecti on.

2 M5. CASUSCELLI: Al right. Thank you. One nore
3 fromonline. The OEM panels do not seemto represent
4 all of the vendors, and so how does NERC plan to

5 address the different IBR technol ogies that were not

6 represented on the panel s?

7 MR, GUGEL: | guess a good answer wouldn't be

8 we're just going to nmake up sone stuff for the rest of

9 jt.
10 (Laughter.)
11 MR QGUGEL: No. So there's -- this is still a

12 very public process, and I know the Drafting Teamin

13 the past has tried to reach out to CEMs to get as nuch
14 information as they can. |'mhoping that we have even
15 nore OEMrepresentation online at this point. | know
16 that the Drafting Team and ot hers woul d wel cone any

17 comments and any i nput that you woul d have from your

18 perspective on that, too. Certainly fromactive CEMs,
19 we know there's al so sone that, you know, are no | onger
20 in production. It'd be very difficult to get

21 information fromthose, but kind of information that

22 can be provided to help further a know edge about what
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1 is out there on the systemand what is going to be

2 projected out there in the future would be very nuch
3 wel coned.

4 MR GOGA N | would just chime in that this is
5 all the nore reason to not do retroactive standards.
6 It's extrenely challenging to nake sure that those

7 standards work for everything that's out there,

8 including the stuff that was built decades ago by

9 sonebody that no |onger exist, and prospectively to use
10 2800 because it's what the industry is designing

11  towards, and so that process has already played out.
12 You know, Order 901, we're having to do this very

13 quickly and that approach of not retroactive and | EEE
14 2800 prospectively is the safest way to avoi d causi ng
15  mmj or uni ntended probl ens.

16 MR, GUGEL: Yeah. So | understand the concern,
17 but we have many standards that are retroactive

18 standards when they go into place. So | understand
19 that we need to -- we need to have a concept and a --
20 and a -- and a -- and a -- and a context of how this
21 all fits in, but just because sonething is a | egacy

22 piece of equi pnent doesn't nean it needs to have
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1 reliability issues and reliability constraints placed
2 around it as it operates on the system because it can
3 affect reliability just as inportantly as things that

4 are placed in the future.

S MR GOGA N Yeah, | don't disagree with that. |
6 think, you know, again, if we do have concerns about

7 existing resources, we should start with the, you know,
8 reliability needs and work backwards fromthat and

9 design a solution. You know, this is an extrenely fast
10 process, and we need to be careful we're not causing

11 unintended problens in this process. W can -- if

12 there are real reliability concerns that are left on

13 the table | think there's an opportunity to conme back
14 and address those later. But | think there's nuch

15 greater upside -- or downside risk of, you know, taking
16 off -- unintentionally taking off |arge anobunts of

17 operating resources and causing a reliability problem
18 than there is in, you know, maybe mssing a reliability
19 problemthat m ght energe at sonme point in the future,
20 then we can fix that later.

21 MR. PATEL: May | -- may | say a few things? |

22 think | agree in general that |egacy equi pnent cannot
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1 be detrinmental to the reliability of the system right,
2 put I think we also need to look at a little bit bigger
3 picture. | wanted to nention this when Al ex was

4 presenting earlier today, is that all the disturbance

5 reports that have cone out in |ast seven, eight years,
6 those were because of sonething |ike nonentary

7 cessation or incorrect neasurenent of frequency, things
8 like that, a spontaneous reaction of controls to system
9 disturbance.

10 When we are tal king about frequency Ride-through,
11 | think we are tal king about plus or mnus 4 hertz per
12 six second. So | think if we fix sonme of those issues
13 that were actually brought up, right, in disturbance

14 reports then -- and then we nmake sure that the new | BRs

15 do provide frequency response in a manner that we don't

16 actually get to the boundaries, right, | think -- |
17 think we'll have our problem sol ved.
18 MR GUGEL: | think potentially that's the case,

19 vyes. The only caveat that | would provide to that is,
20 we continue in every one of these disturbances to see
21 npore things that conme up, and | think being reactive

22 for each one of these is not really a long-term
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1 solution for reliability. | think, instead, if you set
2 the paraneters and then -- | hate to use the word
3 "force," but have generator owner, operators, OEMs,

4 others go out and validate that they can performwthin
5 those paraneters, then you don't get into the situation
6 where you fix one problem and then a year |ater, you

7 have another issue that occurs on the systemthat is

8 sonmewhat related, but not exactly the sane as what that
9 previous one was. | think that's the concern that, at

10 | east we've seen from NERC, is that yeah, we go out and
11  fix things as they happen, but you can't just continue
12 to be reactive. W need to at least drawa line in the
13 sand and say, these are the performance paraneters that
14 need to be net.

15 MR. LAUBY: Yeah, | agree with you Howard, and

16 again, this gets back to handwaving. W got to get

17 beyond handwavi ng and actually do the hard work, do the
18 nodeling, do the simulations. | don't know if what you
19 say is true or not until | see the runs, so we can't do
20 it heuristically. W got to understand what the risks

21  are that are nmounting on the grid and how do we

22 mtigate them and what's the pathway to the end state.
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1 So | agree with you a hundred percent, Howard.

2 MR. HOKE: One other quick comment on that, though
3 --sol seethe -- | see both sides of this. Like, |

4 see wanting to go back and fix sone of the older stuff,
S at least the stuff that can be fixed, without going to
6 extreme neasures, but | also see the side of, we want

7 to get a R de-through standard through in a reasonabl e
8 tinme franme because in the neantinme we're installing

9 even nore |legacy stuff day by day. And so naybe

10 there's a path where we separate those two things, just
11  put that idea out there, where the | egacy -- the | egacy
12 retroactive stuff maybe is separate fromthe -- from

13 the forward-|ooking stuff.

14 MR GUGEL: |t mght be a good conversation for
15 sone of our panels tonorrow, | think that'll be good,
16  yeah.

17 MR. BENNETT: That's kind of what | was thinking,

18 also, on this is maybe this is a good spot to break for
19 today. | wll let everybody know that we have

20  collected many questions online. And today, | think

21 we're going to run out of tinme to do the Slido polling

22 and kind of go through that exercise, but tonorrow
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1 there'll be an opportunity for that, and I think we're
2 going to circle back to sone of our online thenes
3 tonorrow once we have -- can maybe discuss that a
4 little bit nore internally. So | think with that, how

5 about we give everybody a round of applause for this
6 great panel.

7 ( Appl ause.)

8 MR. BENNETT: So yes, not just this great panel,
9 but everybody today. This was very informative, this
10 was a great session, and | do think we have maybe j ust
11  a couple small things here at the end. Sue Kelly's

12 with us today. She is our -- first of all, she's a

13 NERC Board nenber, and she is the liaison to the NERC
14  Standards Commttee. And do you have any remarks to
15 share here at the end of the day?

16 M5. KELLY: | do.

17 MR. BENNETT: Wuld you like to conme over here and

18 share them or share from over there?

19 M5. KELLY: (Of mc comment.)
20 (Laughter.)
21 M5. KELLY: | just want to thank everybody who

22 cane today, both virtually and in person, and | want to
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t hank the Standards Committee nenbers who are doing all
2 of this work on top of their day jobs. Very nuch

3 appreciate that. And | want to thank the Drafting Team
4 because | know they've spent countless hours working on
5 these issues, and | appreciate those who cane today to
6 explain the decisions they nade and why they nade them
7 W owe them our thanks.

8 | want to talk a little bit about what |'ve heard

9 today. This is a scary thing for ne to be doing it,

10 but I'"'mgoing to do it anyway. First, | think the nore
11 information that we have, the better, and the earlier
12 that we have it, the better. | think that's one of the

13 things. A lot of stuff is comng out today that if we
14 had had earlier woul d' ve been better.

15 David Otiz noted that FERC i ssued Order 901 based
16 on the record before it. They did what's known as

17 notice and comment rul enaking. They gave notice, they
18 took comments, and then they nade a deci sion based upon
19 the comrents that they'd gotten. And in retrospect,

20 there mght be sone people who wish they'd been nore

21 active earlier on in that docket at FERC, and there's a

22 | esson there. That lesson is be there or be square.
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1 You really need to participate both at FERC, and now

2 we're obviously follow ng onto the work that FERC

3 assigned us, so it's inportant to be active earlier

4 rather than |later.

S Second, what | heard is that the role of the

6 original equi pnment manufacturers is crucially

7 inmportant. They need to be part of the dialogue. [|I'm
8 glad they cane today and spoke about their concerns,

9 and | hope they stay engaged. W heard a | ot about the
10 inability to conply with certain of the proposed

11  requirenents of PRC-029. | hope they, in turn, |eave
12 today with a better understanding of our need at NERC
13 to ensure that their equi pment does not contribute to
14 reliability events in the future. And nore and nore of
15 it is going to be installed, so that issue becones nore
16 and nore inportant.

17 Third, | loved Al ex Shattuck's Venn diagram |

18 | ove Venn diagrans fromsixth grade. |It's one of the
19 few mathematical concepts | was able to absorb. How
20 puch future Ride-through performnce should we demand
21 fromour resource base, and how much are we going to

22 have to pay to get that? W cannot use today's
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regi onal grids and generation m xes to decide how nmuch
2 is enough because, again, as David pointed out this

3 norning, we're anticipating a very quick ranp-up in

4 | BR-based resources. And so the ground is shifting

5 under our feet, and the requirenents are going to have
6 to shift as well.

7 The conservative reliability-based response is to
8 do what | would call the Ride-through standard

9 equivalent of belt and suspenders to, you know, nake
10 sure eight ways to Sunday that we are covered on

11 reliability, but that could cone at a very high cost,
12 so we have to bal ance those things as we go through

13 this. W also need to consider the issue of |egacy

14 generation, as was just referred to, and the efficiency
15 and effectiveness calculus that Alex laid out for us

16 may be different for these resources than for new ones.

17 So I'mgoing to be thinking about all this

18 tonight, and I'msure you will as well. Hopefully

19 we'll have another productive day tonmorrow. We'Ill be
20 back 9:00 tonmorrow, and I wll note that breakfast and
21 |unch are up one level -- this is ny nost inportant

22 duty -- up one level in River Birch A and there wll
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be signhage to direct you. Breakfast will be available
2 at 8:00. | hope to see everybody there. Thank you

3 very nmuch for your tine and attention and deep thinking

4  today.
S ( Appl ause.)
6 MR. BENNETT: So with that, Sue shared ny

7 logistical information, so | believe we're adjourned

8 for the day. So thank you very nuch, Sue.

9 [ Wher eupon, at 3:49 p.m, the Technical Conference
10  was adjourned, to reconvene at 9:00 a. m, Thursday,

11 Septenber 5, 2024.]

12
13
14
15
16
17
18
19
20
21

22
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