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IBRWG Main Meeting
Ingeteam’s GFM Capabilities and Perspective on ERCOT AGS ESR Tests
Joseba Erdocia Zabala and Pablo Rocamora, Ingeteam 
· Provided some background on Ingeteam: PV and BESS inverter OEM as well as PPC vendor. 
· Provided some background on the need for grid forming inverters (GFM)
· What is grid forming, on slide 12, and the difference from grid following (GFL)
· Features and capabilities of GFM inverters, slide 13
· Ingeteam has developed a complete integrated solution to deliver GFM plant capabilities: voltage source behavior, no use of PLL, configurable P(f) and Q(V) responses, fault ride through capability, grid-connected and islanded operating modes as well as black start capability. GFM response is coordinated with PPC’s setpoint tracking
· Typically, GFM applied to BESS, but can be applied to PV system, the only difference is the DC-source manageability. Even with continued Maximum Power Point Tracking (as current GFL solutions), it’s possible to provide reactive power responses and active power reduction responding similarly to GFM BESS, or, alternatively, active power headroom can be kept for achieving full GFM capability. Also possible to apply to hybrid project (both solar and BESS inverters in this case are configured as GFM mode, as per Ingeteam’s strategy)
· 119% short term overcurrent capability is available with Ingeteam inverters, allows provision of inertia and fault current even at full loading of the inverter pre disturbance. 
· Ingeteam reviewed all AGS ESR model quality tests that were recently added to ERCOT DWG Procedure manual and found that their GFM inverter + PPC model was able to pass all of them (based on PSCAD simulation results)
· Ingeteam found that in some cases the tested conditions may not be fully representative of the real-life disturbance conditions and are primarily aimed towards verifying GFM capability rather then grid support provided by a AGS ESR. 
· Ingeteam considers the most important and GFM-specific tests are phase jump, frequency change / inertia response, loss of last synchronous machine tests. The results of these tests and conformance with ERCOT’s MQT requirements are demonstrated on the slides. 
· On the phase jump test slide the question to ERCOT is that depending on pre-event active power output of the plant at the POI, the response to the event may cause the plant to exceed SGIA MW limit, is that allowed? This would not have happened (not allowed?) for GFL IBRs 
· On the frequency change / inertia response test, modeling of PFR control at PPC is also important here to make sure that both controls are correctly coordinated to provide both inertia response and PFR. Inertia can be configured.
· Loss of last synchronous machine test, Ingeteam would like to raise another question here why is this ultimate scenario used to assess the GFM capability to support the grid? This doesn’t seem like a realistic operating scenario with still a lot of remaining synchronous machines on the ERCOT grid.
· The remainder of the slides is on Ingeteam’s GFM inverter applications already in operation and under construction: in Australia, Honduras, UK and Ireland. In grid connected application (as stand-alone plants as well as parts of a hybrid, and GFM BESS as aux units to support black start capability of thermal generation)
· Performed full field validation in Spain on inverters of the existing project with Great Britain’s grid forming requirements GC-0137. Full validation on site with set point tracking, frequency steps, RoCoF tests, phase angle jump, frequency and voltage oscillation. Carried out a parallel validation in hardware-in-the-loop (HIL) platform as well. The last slide shows the results of the tests and benchmarking to HIL tests.  
· Zahid: can GFM BESS replace a SynCon potentially?
· Joseba: yes, capability of GFM BESS is similar but inertia can be made/configured higher compared to SynCon.
· Jose: during inertia function activation where the additional energy is coming from, how fast will it respond, how big of a battery you need? 
· Joseba: the BESS will be sized depending on the application of the battery, but inverter is going to behave as a voltage source, as soon as there’s a frequency change in the system the inverter will react in the direction to resist the change in frequency pretty much instantaneously.
· Amro: question regarding inertia response, you were showing inertia constant of 3s, is it for the BESS or for PV? 
· Joseba: The test (on slide 21) was done on a BESS but if PV can be configured to have sufficient power reserve to deliver the same inertia constant. 
· Julia: Are you BESS OEM as well? 
· Joseba: No, only power electronics (inverters/ controls)
· Julia: Have you done any analysis, maybe together with BESS OEM, on wear and tear between grid forming and grid following operation of the life of a battery? 
· Joseba: We haven’t discussed it directly with BESS OEMs but the less the exchange of active power of the BESS is the longer the lifetime. But the dynamics we are looking at here are very fast and these transient contributions of the inverter shouldn’t have any additional impact on battery life. 
· Julia: Are models for your equipment available under NDA?
· Joesba: Of course, our models are available under NDA both EMT and phasor domain and the model include both the inverter and the PPC.
· Julia: on slide 14, I might have misunderstood but when you were explaining but it looks on the diagram that the commands come from the PPC and then the inverter responds? 
· Joseba: PPC in normal operation sends P(f) and Q (V) setpoints to the inverter to achieve desired operating point at PPC. But during disturbances on the system the inverter will stop tracking the commands from the PPC in order to provide phase jump response, inertia response, etc. But also keep in mind that in case of frequency event the inertia is only going to be an initial response, the PPC will then take over in order to deliver PFR. 
· Julia: you mentioned during your presentation a few times that in the tests, depending on pre-disturbance conditions you might run into hardware limits of the inverter…
· Joseba: No, I didn’t mean hardware limits, I meant the POI MW limits. For example, in the phase jump event if we are already providing maximum power prior to the event, the phase jump will result in transient increase in MW, within short term overcurrent capability of the inverter, but it will result in exceedance of the POI MW limit transiently  
· Julia: In reality will GFM BESS still provide this response or will the PPC cut it off at the POI MW limit? 
· Joseba: During these fast dynamic events PPC is too slow react, so transiently the limit will be exceeded
· Julia: Do you need to oversize the inverter to 119% to provide inertia? 
· Joseba: No, no need to oversize, this is just a short-term overloading capability of the inverter, i.e. 19% over inverter rating  
· Julia: So, what happens once you reach 119% current limit? What’s the control strategy at the limit
· Joseba: the inverter will remain stable at maximum current capability, until the disturbance is over and inverter can come out of the current limit
· Julia: on side 16, BESS and PV hybrid, are both inverters GFM or only BESS inverter? 
· Joseba: both, since this is just a control mode for the inverter, it makes more sense to operate both inverters as GFM, in case one inverter is out there’s still GFM capability. 
· Julia: last question, where you retrofitted an existing inverter in Spain for testing in accordance with Great Britain requirements…
· Joseba: No, we didn’t need to retrofit, it was just a firmware update to implement GFM control 
· Julia: was it a BESS project or a PV project?
· Joseba: We’ve tested both
· John Schmall: Is there any significant cost difference if a customer wants GFM project instead of GFL? 
· Joseba: No, the cost is equal for GFM and GFL
· John: In that case is there any reason not to want GFM? 
· Joseba: No, no reason to keep GFL, because GFM has all GFL features together with GFM. 
· Pablo (Ingeteam): This may not be the case for all OEMs. Other OEMs may have extra costs and then you need to study if GFM makes sense or not from an economic perspective
· Julia: Can anyone from ERCOT comment on questions that Ingeteam raised for the AGS ESR tests?
· Fred: Yes
· Julia: The first question on slide 20. Is it allowed for a plant to transiently exceed POI MW limit while providing AGS response? 
· Fred: Transiently, correct? On your plot (slide 20) looks like less than half a second? 
· Joseba: Depends on inertia constant, maybe if a plant is providing inertia response it may be for a longer time. 
· Fred: Transiently this is acceptable even for other types of plant responses (e.g. there can be transiently oscillatory response). From the grid’s perspective that’s ok
· John Schmall: agree with Fred, even synchronous machines transiently will oscillate around and may exceed their steady state MW rating. Not something to be concerned about. 
· Joseba: then the next question (on side 22) why this loss of last synchronous machine is set up rather than more realistic actual grid conditions. 
· Fred: This test is part of the NERC white paper recommendation and been used in other regions as well. The purpose of this test is to assess GFM capability, not intended to test actual islanding conditions. The purpose is also NOT to ask GFM to be able to run 100% IBR grid. Again, just to test GFM capability of the resource.
· Julia: Just to add, these tests are just to evaluate GFM capabilities of the resource. These are in addition to regular grid impact studies done for any new Resource. That study will look at different sets of grid conditions. 
· Dinesh (TMEIC): question to ERCOT – why are the phase angle jump tests and frequency change tests required for SCR=3, X/R ratio of 6? Why this particular SCR level and X/R ratio? 
· Sun Wook: We are trying to simulate reasonably weak grid conditions. But we are trying not make the system too weak so that other factors such as voltage stability don’t influence the test. But there’s also a test where SCR is stepped from higher to lower value. 
· Julia: to Ingeteam, which of the GFM projects you’ve shown at the end which are grid connected vs microgrids? 
· Joseba: All Australian projects are grid connected, the one in Honduras is in islanded mode. UK and Ireland projects are switching between islanded and black connected mode. 
· Julia: So, in these last two cases the GFM BESS is used to black start a thermal generator and then the thermal gen is used to black start the main grid, correct? 
· Joseba: Yes
· Paul Behm (Ingeteam): Someone was asking about this related to PV grid forming. And Ingeteam has actually done a 482 MW PV grid forming project where it was just for the local medium voltage networks, nothing past the GSU or grid connection. This was actually in Texas (ERCOT) in an islanded mode to be able to expedite the commissioning tests of that PV plant. 
· Julia: Can you please explain how it worked; have you energized as GFM and then went back to GFL mode is that how it worked?
· Paul: It was not meant to be able to do GFM after the connection it was meant to be able to use the DC-power to energize the commissioning tests of the inverters, the SCADA, the PPC and even soaking the medium voltage cables. To expedite the commissioning tests. 
· Julia: Interesting application thanks!   
Reactive Capability at Zero MW 
Miguel Cova Acosta, Vestas
· Bringing this issue now after there have been changes in the regulations (such as adoption of IEEE2800 and NOGRR 245)
· While using Vestas’s data, Miguel is presenting this from a general engineering perspective
· In this presentation the specific focus is on zero active power production. 
· Recap of NOGRR245 and that it went through significant changes in the content, some of the changes introduced towards the end of the process referred to the full sections of another document, i.e. IEEE2800 and not broken down into ERCOT-specific requirement. It is possible that the intent with this to just generally refer to IEEE2800, however, to be clear these clauses of IEEE 2800 require some additional specifications before they can be put into regional regulations, such as ERCOT Nodal Operating Guides or Protocols. 
· But you can see that inside ERCOT Nodal Operating Guides or Protocols, Section 2.9.1 which is on Voltage Ride-Through, there is a direct reference to 3 different clauses of IEEE 2800:
· Clause 5, Reactive Power-Voltage Control Requirement within the Continuous Operation Region. 
· Clause 7, Response to TS abnormal conditions and 
· Clause 9, Protection 
· While the latter two relate to the voltage-ride through, the Clause 5 of IEEE2800 is for normal / continuous operating region and not for the ride-through conditions
· Clause 5 of IEEE 2800 (on slide 3) defines different reactive power requirements for different types of plants. In yellow on the slide Miguel highlighted the points that are subject to interpretation or require additional specificity by ERCOT and clarity on how this requirement jives with other reactive power /voltage control requirements that ERCOT already has in place (in ERCOT Nodal Protocols Section 3.15)
· The first point is that the “minimum reactive power capability shall be met at a POI for all active power output levels (including zero) as shown on Figure 6 and 7 of IEEE 2800 (reproduced on the next slide). The figures show reactive capability requirements from different types of plants, and this is where confusion is introduced in IEEE2800. 
· Rishi (Enel) comments in the chat that further ambiguity is that the active power of an IBR plant which primary resource (e.g. wind) is not available is NOT zero. It is less than 0. P=0 MW at the POI implies some minimal level of resource (irradiance, wind) availability. 
· There are some exceptions to this requirement for the specific types of resources (listed on slide 3). Miguel will come back to that later again.  But basically, what if a plant consists of multiple technologies, which of the reactive requirement apply? This is why adopting full clauses of a big document like this may be dangerous as it introduces confusion and a lot of questions. 
· Now the stakeholders were working on NOGRR245, the focus was hugely on voltage and frequency ride through requirements and pointing to three full clauses of IEEE 2800 there were multiple pages of very comprehensive requirements that got shrunk in just these few lines in the NOGRR245 and there was not enough understanding of implications and time to discuss those. 
· Again, these are requirements for an IBR plant. Miguel goes again to slide 4 and walks people through the requirements on Figure 6 and 7 of IEEE 2800. This requirement is static, doesn’t have any flexibility based on operating conditions (example high wind cut out or deep curtailment conditions will significantly impact capability of a wind plant to provide reactive power) and it doesn’t say anything about time, for how long the supply of reactive power is expected? 
· Note that this is a capability requirement, “The utilization of this capability shall be under mutual agreement between the IBR owner and the TS owner” as per IEEE 2800. ERCOT’s Nodal Operating Guide Section 2.9.1 stays silent on the utilization piece. 
· There’s also an existing Section 3.15 of ERCOT Nodal protocols that says “for Intermittent Renewable Resources (IRRs), the Reactive Power requirements shall be available at all MW output levels at or above 10% of the IRR’s nameplate capacity” (slide 5). ERCOT’s requirements in this Section do not make any distinction about type of plant, therefore, in Miguel’s view create contradiction with Clause 5 requirements of IEEE 2800, referred in Section 2.9.1 of ERCOT’s Nodal Operating Guide 
· Slide 6 summarizes uncertainties and inconsistencies seen from this reference to Clause 5 of IEEE2800. 
· How to interpret hybrid plants? Or plants consisting of multiple tech of the same resource type (e.g. mix of Type III and Type IV)?
· Ambiguity between IBR unit (single inverter) vs IBR plant, this is unclear in IEEE2800 language already. 
· Should requirement reflect system need rather than be by technology? 
· Inconsistency between Section 3.15 of Protocols vs Section 2.9.1 of the Operating Guide 
· Voltage support duration should be explicitly defined. 
· Real ambient conditions should be considered in the requirements. 
· Next slide is presenting stats from Vestas from around the US showing how wind turbines can trigger certain alarms when producing reactive power at zero active power wind conditions. This is related to the ambient temp to wind speed ration. When this ratio is high, there is a high probability that a wind turbine will trigger an alarm when required to supply reactive power during zero output operation. 
· Andy Gallo (ERCOT) comments in the chat (and then voiced during the discussion): To the extent the ERCOT Operating Guides are inconsistent with IEEE 2800, the Operating Guides prevail. 
· Rishi (Engie) responds in the chat (and then voiced during the discussion): The problem is that there’s is not an explicit contradiction, Nodal Protocol 3.15 is just silent on what happens <10%. Such an important topic which needs to be conclusively addressed in the design of a plant shouldn’t be subject to so much ambiguity. 
· Rishi adds even though PVs can be designed to fulfill this requirement in IEEE2800, the owner has to specify for the design to be that way; and the owner doesn’t know what to do at the POI because of the all ambiguities that Miguel highlighted, a plant will be designed without these capabilities and that’s a lost opportunity for ERCOT as well, to have this capability. 
May be to fix this issue, ERCOT could update the Reactive Study template to remove the ambiguity and specify what they are looking for. This template is used by every developer/owner/ consultant at the plant design stage when designing continuous reactive power capability. 
· Andy Gallo (ERCOT): In the 18 months that ERCOT worked with the stakeholders on the NOGRR245 there were multiple opportunities of exemptions. May be the statement (above) that the protocols prevail over IEEE2800 (in case of conflict) resolves the issue? 
· Miguel: there is no inconsistency between IEEE2800 and ERCOT NOG (because ERCOT NOG Section 2.9.1 directly refers to IEEE2800), but ERCOT does not specify or clarify, if or how capability required by IEEE2800 is going to be utilized in operations and what the conformity criteria is? And on top of that there’s the Operating Guide refers to one requirement and the Protocols has another requirement. 
· Andrew asked to clarify
· Miguel: The protocol says the requirement for reactive power is for all active power levels above 10% (slide 5), while Operating Guide, Section 2.9.1 (by full reference to IEEE 2800, Clause 5) requires reactive power capability for all power output levels including at zero. 
· Andrew: when there are discrepancies between the Protocols and the Operating Guides the Protocols prevail.
· Miguel: this issue is not just from the legal point of view though, but from a technical point of view as there are certain questions that remain unanswered still  
· Andrew: in that case the best thing is just to submit a NOGRR
· There was a discussion about what requirement applies if a plant consists of Type 3 and 4 turbines which requirement applies (since IEEE 2800 Clause 5 requirement is defined differently for Type 3 and Type 4). In the follow-up in the chat (and then voiced), it was confirmed by John Schmall that mixed technology plants are not allowed in ERCOT, they are required to register as separate WGRs. So, this specific concern is a non-issue in the ERCOT area. 
· Chase Smith comments: agree with Andy, IRRs are required by Protocols to provide reactive power at active power output greater than 10% active power output and not required to provide below. But maybe Miguel still can identify the concerns based on more details of IEEE 2800 requirement
· Rishi: Would anyone from ERCOT comment on whether a post 8/1/24 SGIA plant that is NOT Type 3 wind plant and does NOT have reactive capability below 10% active power output complies with Section 2.9.1?
· John: There maybe a potential for a new NOGRR to resolve this but based on the current language the expectation is that to the post 8/1/24 SGIA plant, Clause 5 of IEEE 2800 applies to the extent it doesn’t conflict with ERCOT Protocols. And with regard to this point, there’s no conflict, as Section 3.15 of the Protocols ERCOT does not prohibit provision of reactive support below 10% of active power output. The issue is between the requirement for capability and requirement for performance and maybe this is where the follow-up NOGRR can clarify. 
· Rishi: There are people designing plants today and the lack of understanding of these requirements is going to affect their performance. And they are going to get locked in in that design; it will not be possible to go back and change their capability. 
· Miguel: Just to see if I understand correctly, so the Protocol prevails and there’s no expectation to provide any reactive power below 10% active power output? Is that a true statement. 
· Andy: For IRRs – yes
· John: I don’t think there’s a conflict, Section 2.9.1 by reference to IEEE2800 requires CAPABILITY to provide down to 0. Section 3.15 of the Protocols doesn’t prohibit utilization of this capability below 10% output. So, you can comply with both of those without inconsistency. 
·  Miguel: So, there’s no violation if a plant doesn’t provide reactive power below 10% output. 
· John: It depends if you interpret the requirement in 2.9.1 as a requirement for capability or for performance, so it depends on your interpretation. 
· Miguel: But this is very important to be clear about for the design of a plant, as Rishi pointed out. This may mean that they need to install additional dynamic reactive devices depending on their interpretation and may result in high costs. 
· Andy reiterates that there is no requirement to provide below 10%. 
· John: in addition to what Andy said a new Resource (after 8/1/24 SGIA) is also required to comply with Clause 5 of IEEE 2800 (as required in Section 2.9.1 of the Nodal Operating Guide). So, if Clause 5 says that you need to provide down to 0, means that you have to provide. But it’s the matter of how you interpret IEEE2800 requirement, is it a requirement for capability or for performance? 
· Patrick adds that Protocol Section 3.15 was added with NPRR1138 and it was added because a lot of facilities had issues with reactive support at low output and had oscillations. So, this requirement was there to accommodate those older units.
· Miguel: So, the requirement to provide at zero output is still valid unless there is a clarifying NPRR? 
· Patrick: We’ll need to take it offline. 
· Julia: Can ERCOT work with Engie, Vestas, anyone else to provide more clarity on this? As a NOGRR or NPRR?
· Julia: This issue came up in other forums and there is not complete clarity on this even in IEEE 2800 language, so maybe something for the next revision. One thing to consider and it also came up in the context of Spanish black out this issue between required CAPABILITY and UTILIZATION of the capability. IEEE 2800 Clause 5.1 the requirement is for CAPABILITY and then it has to be mutually agreed between transmission owner/operator of how this capability will be utilized but this UTILIZATION is not specified in ERCOT NOG Section 2.9.1. It’s good to clarify, because if capability is required and is not being utilized the question is why to have to invest in the capability? So maybe from ERCOT side it’s good to think about what are the system needs for this capability below 10%.
· Miguel: Just to clarify the reason why I brought this here is because the developers are asking us this question
·  Julia: More clarity is needed also because the reference to Clause 5 of IEEE 2800 that is on continuous reactive power provision sits in Section 2.9.1 of ERCOT NOG that’s on Voltage Ride Through. So, there is kind of a conflict that also can be fixed with a NOGRR. 
ERCOT Event Analysis 
Julia Hariharan, ERCOT
· Provided a high-level background on NOGRR245 and NOGRR255 (on slide 3) and definition of Apparent Performance Failure (APF) and what’s required after an APF (as per NOG 2.13)
· Slide 4 shows all of IBR ride through events since 2024 and marks effective date of NOGRR245 
· The team is still investigating the events from 2024 (even prior NOGRR245 implementation)
· NOGRR245 created a more formal event analysis process directing REs to do root cause analysis (RCA) and develop Corrective Action Plan (CAP).
· A lot of facilities during the recent events exhibit partial tripping and not full failures. Other causes are improper frequency and voltage settings, UPS and crowbar failures. Also, identified insufficient inverter logging capability, no high-speed data at the inverter level or no fault codes recording at the inverter level. REs from those facilities are working to improve this recording / data logging capability. In the root cause analysis that REs submit, ERCOT can see fault codes but no explanation as to why those codes got triggered. 
· Another issue is active power reduction based on instantaneous frequency measurement, often erroneous. Some entities are evaluating the increase of reaction time to detected frequency excursions. 
· Lacking high resolution data overall (as required per NOGRR255). The timeline is that all gen owners should apply NOGRR255 requirements to 50% of their fleet by 8/1/2026 and to 100% of their fleet by 8/1/2028.
· Dynamic data deviating from model settings needs to follow PGRR109 process.  
· There’s an urgency to do an RCA because the next event may happen soon after, creating an event analysis backlog. 
· High level workflow after APF and for Corrective Action Plan (CAP) on slide 7.
· PGRR109 process is outlined on slide 8. – Required whenever there are changes at the plant (during or after interconnection process) that affect dynamic performance of the plant at the POI. 
· ERCOT Operations may allow to expedite PGRR109 process if changes that are made to a plant are expected to improve its ride through performance. 
· Key Takeaways on slide 9
· Patrick: Comment on slide 6, highlight on the first bullet of frequency measurement issues, seen it in Odessa events. It is common in these events especially to measure frequency spikes. Typically, in reality the frequency is dropping due to loss of generation but IBRs are seeing a frequency spike (maybe even erroneous measurement) and is providing a frequency response to that measurement. This cannot be strictly called an APF. ERCOT would like to bring it to the next IBRWG for discussion, will show some plots of such response, and to discuss frequency measurement and response issue. ERCOT is worried about adding a pre-defined time delay, frequency response overall should be to a steady state frequency (not this transient frequency measurement), we need to collaborate and figure out the best solutions for this. 
· Julia Matevosyan (ESIG): Is it so that a plant sees, for example high frequency during the ride-through event, and then the fault is cleared, and the event is over and then you see an overfrequency response from that plant due to the delay between the measurement and the response, is that how it works? 
· Patrick: Yes, and then also sometimes there’s an active power reduction at a plant during a ride through event, however when the event is cleared, we are seeing that PPC is stalling active power recovery due to that perceived overfrequency event measured during the ride-through. So, two different types of things.  We’d like to have more conversation to figure out what’s needed from ERCOT and how can REs fix this issue. This may require some collaboration with PDCWG, to ensure that whatever we decide on here doesn’t affect expected frequency response. 
· Julia M: Were you able to correlate these events to a specific tech type or maybe OEM? 
· Patrick: No, we are seeing these across the board, multiple tech and multiple OEM. This also has to do with how they measure frequency. ERCOT doesn’t want to prescribe how they are doing it but if this group can come up with the best way to calculate frequency to avoid seeing this kind of spikes during the ride-through events that could be very helpful. May be IEEE2800 talks about it? But if we still see these spikes, then we need to come out with some kind of performance requirements/priority for responses. 
· Julia: Yes, pre-set time delays are risky too because resources may all be responding at the same time. 
· Kathrine Kauffman (DNV): Does ERCOT see value in looking at combined VRT and frequency response during interconnection process using dynamic models? During MQT process. 
· Sun Wook: FRT test is not part of the MQT because it’s beyond dynamic simulation horizon, we are only looking at transient response, but based on operating guide you are required to meet the performance in terms of FRT. But during VRT we are looking at Q and P and we should be able to see any issues with active power response that may affect the frequency too.
· Patrick: I am not sure this can be captured in MQT because this frequency response is in response to how the frequency is measured during an actual event in time. So, to test for that you’d need to recreate such event, and even then the models may not reflect frequency measurement method accurately and capturing these frequency event spikes.  
· Julia: One thing to Kathrine’s question and maybe it’s also something to bring to IBRWG, can you correlate this with what you are and are not able to see in the models? It’s not just a frequency measurement issue but also is this switch in PPC logic between VRT models and frequency response is even represented in the modes? 
· Patrick: Yes, we’ll look into this but it’s likely not going to be modelled but then the next question is why. 
· Julia: Yes and if not (an may be it’s not possible/practical to include it in the model due to different simulation timeframes) then maybe we can think about if may be some kind of data / information about a plant behavior (coordination between VRT mode and providing frequency response) can be provided to ERCOT, so that you’d know what to expect. 
· Julia: May be one thing to test is creating real frequency event during a ride through event and looking at how IBR plants are responding, may be this will provide information about the models and any associated delays between event detection and response. 
· Patrick: Yes, there was an interesting event in April where there was a fault and there was a large loss of load. That might be an interesting event to look at.
· Rishi (Engie): When we investigated an event like this on our resource we found that there was a RoCoF protection, however this protection wasn’t documented anywhere, not even PSCAD model. Engie only found out when the event was being investigated. There must be other REs that have similar equipment, does ERCOT have a process by which they follow up with owners of this equipment and inform them about the issue asking them to fix it? 
· Julia H: There was an outreach in the past with the Odessa but no proactive outreach with that particular one. But it’s good to follow up on.
· Patrick: The issue Rishi brought up is more related to ride through performance, while what we are talking about here is an issue with frequency response. The inverters are not tripping, they are riding through but then providing frequency response unnecessarily following up on erroneous / instantaneous frequency measurement. 
A Guideline for IBR Owners’ Root Cause Analyses and Preparing Corrective Action Plans 
AJ Albaaj, ERCOT
· Covering APF analysis in more detail, those are outline in NOG 2.13 (and on slide 3). The process is for RE to investigate APF, perform RCA and come up with CAP, perform model validation and report the results to ERCOT 
· Similar requirement through NERC’s recently developed and approved standard PRC-030 (relevant parts outlined on slide 4)
· More details on ERCOT’s APF process and steps ERCOT would take in case of APF, on slide 5. 
· Outline for RCA process and documentation required, slides 6 and 7. 
· While not a requirement, it is encouraged to look within RE, if similar equipment to one involved in APF is used in other facilities and mitigate the issues preemptively there as well. In this case it should also be documented in RCA. 
· If there was a partial trip, RE needs to look into and report why just some units were affected, and others rode through.
· Julia M: How does this requirement compare to PRC-030? By having these requirements at ERCOT does it basically covers the scope of PRC-030 and helps REs to comply with the latter as well? 
· AJ: Yes, the main requirements of PRC-030 were presented on slide 4. These are well in line with ERCOT’s requirements.
NERC and Other Industry Updates 
Julia Matevosyan, ESIG 
· Very brief walk through in the interest of time, so please refer to the slides for more details. 
· Mark Henri (TRE) wasn’t available, so NERC updates are included with Other Industry Updates this time. 
· NERC Milestone 3 (following up on FERC Order 901) projects, affected standards and their status on slide 2. All undergone the first round of votes, the results are available for two out of three by the time of the IBRWG meeting, and they haven’t passed. 
· Link to all NERC Relaiblity Standards under development is on slide 2
· Next slide is just a reminder of the FERC Order 901 related work timelines
· NERC held industry engagement technical conference, the fist day were general industry panels on topics related to Milestone 3 projects and the second day was going through industry comments received for the first two standards projects for which the balloting was completed by the time of the TC, the materials are posted, the link is on slide 4.
· There was an industry webinar on the EMT modeling NERC Standards project related to Milestone 3. The summary of the webinar is provided on slide 5 (based on LinkedIn post from Elevate Consulting)
· Siemens / Elevate industry webinar (first in 3 webinar series) on how to do assessment of conformity with NERC PRC-029 standard. The standard is not yet approved by FERC but once approved it will apply to all BPS IBRs (existing and future ones) and all resources will need to go through the assessment to make sure they comply or apply for exemption if they don’t. The webinar walks the audience through this assessment process and how it can be done using IBR plant models in PSS/E. The link for the registration for the webinar series is on slide 6, if you register for the series you’ll receive the link to the past webinar recordings as well. 
· Other NERC Updates on sides 7-8, including on status of Milestone 2 projects, NERC IRPS upcoming presentations of interest to ERCOT IBRWG, call for volunteers by NERC EMTTF.
· John Schmall: on Category 2 of IBR registration, I believe FERC rules and procedures have already been updated. Is can you please clarify what “no action means on side 7”
· Julia: I think it’s related to what NERC standards apply to Category 2 IBRs and how but will double check with Mark. 
· Danish system operator is developing a draft of GFM BESS Requirements. The idea is currently to just focus on the technical requirements and then work on implementation (i.e. if it’s going to me a market product or a mandatory requirement). Until the implementation question is resolved the requirements will be voluntary. This requirement follows the study that Danish system operator carried out looking at the benefits of GFM technology for Danish power system (the study is linked on the slide). The GFM requirement draft is not yet public and has only been shared with the stakeholders attending the discussion meetings. The public draft, incorporating the comments from the discussion meetings, will come out in early fall. Slide 9.
· Slide 10 lists type of requirements that they are looking into, some of it will be modification to existing language, some of them are new, and the last 3 items required most of the discussion with stakeholders. 
· German regulator VDE FNN has published the final document where they establish the framework of how to verify GFM capability and pass/fail criteria for resources to qualify for the momentary reserve (inertia-type product) that they’ll temporarily implement in Germany to incentivize technology uptake for GFM (slide 11)
· Slides 12-13 is reminder of the roadmap for GFM tech deployment in Germany (Julia M presented this at the December 2024 IBRWG meeting more extensively). 
· Slide 14 is a recap of the last DOE i2x FIRST (Season 1) meeting that was on Reactive Power – Voltage control requirements, specifically focusing on reactive/voltage control requirements as 0 MW output. Kind of relevant to the earlier discussion at this IBRWG meeting (item presented by Miguel Cova Acosta from Vestas). 
· Presentation and recording of Season 1 are posted here
· DOE i2x FIRST (Season 2) kicked off on May 27th. Slide 15 outlines overall plan for Season 2 meetings. The plan is to focus more on conformity assessment with applicable interconnection requirements during interconnection process and through the lifetime of a project.
· The kick-off meeting of DOE i2x FIRST (Season 2) c overed IEEE2800 adoption status, showing what regions adopted the standard and to what extent, we also talked about the status of NERC Milestone 2 and 3 statuses as well as the status of IEEE P2800.2 draft. 

