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	Comments


Hut 8 develops and operates an integrated portfolio of power, digital infrastructure, and compute assets built to fuel transformative technologies.  Hut 8 appreciates the opportunity to comment and suggests the following revisions to this proposal:
1.	Clarity that compliance with voltage-ride through assessments only applies to Large Electronic Loads (LELs).  Hut 8 is not conceding that ERCOT has authority to directly regulate customers when making this suggestion, but is instead seeking to limit the inclusion of non-LELs in any approach to VRT.  ERCOT developed the VRT curves for LELs based on its careful review of the LEL capabilities and relevant expectations for electronic loads in the industry.  Arbitrarily expanding a review of those curves to all Large Loads will only result in a painful experience for all parties.  Those curves were not intended to apply to non-LELs, and they are not applicable to the wide diversity of industrial consumers in ERCOT.
2.	We strike the concept of modification for loads.  ERCOT should have no authority to require loads that are already online to go through the Large Load Interconnection Study (LLIS) process again. As stated, ERCOT could interpret this section to say a new approval to energize is required to change the use of a facility.  This would be an egregious overreach. Hut 8 is comfortable with a requirement to provide accurate models, but the provision of those models should have zero impact on facility operations for an energized facility. 
3. We remove the requirements for the Transmission Service Provider (TSP) and ERCOT to determine if updated models should result in a restudy.  Interconnecting Large Load Entities (ILLEs) and Large Loads should be encouraged to provide updated models to ERCOT, and the risk of a restudy is so severe that it encourages bad behavior or bad decisions on the part of loads. There shouldn’t be what is effectively a penalty for providing updated information. 
4. 	Finally, we remove the vague “is acceptable” language and replace it with “meets the requirements of the ERCOT Planning Guide”
5.	We delete alarmingly negatively phrased descriptions of Large Loads from the cover page and modify it to match these changes.
It is only a matter of time before high-performance computing (HPC) begins to resemble what Bitcoin mining represents today from a grid integration and infrastructure perspective. As hardware generations mature and margins compress, infrastructure requirements evolve. We saw this in Bitcoin mining: in the late 2010s and very early 2020s, miners were not particularly sensitive to power costs. Over time, as ASIC technology commoditized and profitability tightened, operators became extremely power-cost sensitive and began eliminating unnecessary infrastructure. Today, it is not economically rational to pair most ASIC deployments with UPS systems.
We expect a similar trajectory for GPUs used in HPC and AI workloads. Current-generation GPUs are deployed in highly redundant, data center-style environments because the economics justify it. But as these GPUs age and newer generations displace them, older units will experience margin compression and become increasingly sensitive to power costs. At that stage, it will not be profitable to continue operating them within premium, UPS-backed facilities. Instead, they will migrate toward more flexible, lower-cost power environments, functionally behaving much more like Bitcoin mining loads. In that future state, the infrastructure will adapt to the economics of the compute rather than the other way around.
Also, both industries are aligned around the same technical challenge: voltage ride-through. What ultimately needs to ride through disturbances is the compute itself. As margins tighten and the economics no longer support expensive backup systems, the focus shifts from protecting the facility with UPS systems to hardening the underlying hardware. Just as ASIC manufacturers have increasingly focused on improving tolerance to grid disturbances, GPU and server manufacturers will likely do the same. Over time, strengthening the compute’s inherent ride-through capability will be more economically rational than relying on external redundancy.
We expect this convergence to continue from other trends as well. Increasingly, operators are treating compute as an energy-enabled resource, and we expect the actual uses of data centers will shift, perhaps rapidly, to meet the needs of their operators.  Different buildings on the same campus may have very different uses within just a few years. 
Taken together, this suggests that policies drawing rigid distinctions between cryptocurrency mining and data center loads may fail to account for the natural convergence of these technologies. The long-term reality is that older-generation GPUs and ASICs will operate in similar economic and grid contexts, with similar sensitivity to power costs and similar incentives around flexibility and ride-through performance.
The ultimate objective of the grid operator should be to ensure that the site is capable of meeting reliability requirements.  Grid rules that discourage reinvestment in the facility are at odds with this objective.  
	Revised Cover Page Language



	Revision Description
	This Planning Guide Revision Request (PGRR) clarifies requirements for submitting dynamic model data for Large Loads to ensure accurate representation of each Large Load in ERCOT’s models.  The PGRR requires submission of this data using formats compatible with the software platforms described in the Dynamic Working Group Procedure Manual (i.e., PSS/E, PSCAD, and TSAT).
This PGRR also requires model quality tests demonstrating voltage ride-through capability for all Large Electronic Loads and converter model validation reports benchmarking PSCAD models against actual hardware tests for all Large Electronic Loads (LELs), ensuring high-quality and accurate models.
In addition, this PGRR clarifies that material changes to a Large Electronic Load that could impact ride-through capability must be reviewed through the LLIS process before implementing the change.
Furthermore, the PGRR clarifies that an Interconnecting Large Load Entity (ILLE) must meet the dynamic data submission requirements before initiating a dynamic stability study. The same dynamic data submission requirements are applicable whenever dynamic data is required to be submitted in accordance with the prerequisites specified in the current paragraph (5) of Section 5.3.5, Quarterly Stability Assessment.
Finally, the PGRR requires the ILLE to submit updated dynamic models for the “as-built” LEL facility prior to requesting Initial Energization along with documentation identifying any differences from previously submitted model data used in the ERCOT quarterly stability assessment (“QSA”) and an attestation that the as-built data reflect the actual field settings.

	Justification of Reason for Revision and Market Impacts
	Establishing robust dynamic model requirements for Large Loads is critical to maintaining ERCOT System reliability as these loads, particularly LELs, continue to grow at an unprecedented pace. More than 200 GW of Large Loads are currently seeking to interconnect to the ERCOT System. These Large Loads can exhibit complex responses during system disturbances, including tripping on minor voltage sags. Since October 2022, ERCOT has seen numerous instances where Large Loads have tripped during voltage disturbances. As more Large Loads connect to the system, such events are likely to become more frequent and severe, creating risks for frequency stability, voltage recovery, and overall system performance. To address these risks, ERCOT recently proposed LEL ride-through requirements through NOGRR282. ERCOT also intends to propose requirements for other non-LEL Large Loads.
In parallel, ERCOT submits this PGRR to require submission of Large Load dynamic model data and associated documentation, compatible with the software platforms described in the Dynamic Working Group Procedure Manual. Submission of the dynamic data in these different software formats is important because ERCOT uses different types of models for different analyses (PSS/E for general purpose planning dynamic studies and PSCAD for weak grid or Subsynchronous Resonance)
Furthermore, this PGRR requires that dynamic models be supported by a model quality test to demonstrate the Large Electronic Load’s voltage ride through capability and, for LELs, a converter model validation report benchmarking the PSCAD model against actual hardware testing in order to ensure high quality and accurate models.
Additionally, this PGRR clarifies that the LLIS process also applies to material changes in Large Electronic Load behavior or technology that could impact ride-through capability. This ensures that any significant modifications that impact dynamic characteristics are appropriately evaluated even if the size of the LEL remains unchanged.
Finally, the PGRR requires a TSP interconnecting a Large Load to go through several model check points throughout the interconnection process to: 
· Identify dynamic model issues as early as possible to minimize study delays; 
· Ensure model accuracy, performance, and consistency between different software platforms (PSS/E, PSCAD, and TSAT);
· Ensure data consistency (e.g., data used in the Large Load QSA vs. in the as-built model) throughout the Large Load Interconnection Study process;
· Ensure that high quality and accurate models are utilized in system studies.
The key milestones for model review check points proposed in this PGRR includes the following stages:
· Prior to conducting dynamic stability study;
· Prior to Large Load QSA;
· Prior to Energization (only for LEL)
The enhancements proposed in this PGRR are necessary to identify potential reliability issues early, ensure appropriate mitigation measures, and support stable system operation as Large Loads continue to interconnect in unprecedented volumes.



	Revised Proposed Guide Language


[bookmark: _Toc283904714][bookmark: _Toc194047945]6.2	Dynamics Model Development
(1)	To adequately simulate dynamic and transient events in the ERCOT System, it is necessary to establish and maintain dynamics data and simulation-ready study cases representing the dynamic capability and frequency characteristics of machines and equipment connected to the ERCOT System.
(2)	Dynamics data is the network data and mathematical models required in accordance with the Reliability and Operations Subcommittee (ROS)-approved Dynamics Working Group Procedure Manual for simulation of dynamic and transient events in the ERCOT System. 
(3)	For Resource Entities, dynamics data includes the data needed to represent the dynamic and transient response of Resource Entity-owned devices and/or Loads including but not limited to generating units, plants, and other equipment when connected to the ERCOT System including the data for any privately owned transmission system or collection system used to connect the Resource to the ERCOT System.
(4)	For Transmission Service Providers (TSPs), dynamics data needed to represent the dynamic and transient capability of TSP-owned devices including but not limited to Load shedding relays, protective relays, FACTS devices (e.g., SVC, STATCOMs), Direct Current Ties (DC Ties), variable-frequency transformers, automatically switched shunts, and transformers with automatic load tap changers.  
	[PGRR101:  Replace paragraph (4) above with the following upon system implementation of NPRR1133:]
(4)	For Transmission Service Providers (TSPs) and owners of Direct Current Ties (DC Ties), dynamics data includes the data needed to represent the dynamic and transient capability of dynamic devices including but not limited to Load shedding relays, protective relays, FACTS devices (e.g., SVC, STATCOMs), DC Ties, variable-frequency transformers, automatically switched shunts, and transformers with automatic load tap changers.


[bookmark: _Hlk214617027](5)	The owner of a generator Facility or any dynamic device shall provide appropriate dynamics data to ERCOT, including the data for a planned Facility, in accordance with the Dynamics Working Group Procedure Manual.  The dynamic data shall include the following:
(a)	A model with parameters that accurately represent the dynamics of the device and that is compatible with the current version of the planning and operations model software as described in the Dynamics Working Group Procedure Manual.  If a user written model is provided:
(i)	A model manual containing a technical description of the model characteristics, including descriptions for all model parameters and variables, a list of which parameters are commonly tuned for site-specific settings, and a description of procedures and considerations for using the model in dynamic simulations, including steady state representation and limitations for model adequacy and usability in the planning and operations model software; and
(ii)	The user-written model shall allow the user to determine the allocation of machine identifiers (bus numbers, bus names, machine IDs etc.) without restriction.
(b)	Verification reports that support the model data based on documented field settings shall be provided as specified in the Dynamics Working Group Procedure Manual for Generation Resources, Energy Storage Resources (ESRs), and for Transmission Elements represented by a dynamic model.  The reports shall demonstrate that the model parameters which are commonly tuned match site-specific settings implemented in the field.  For new Generation Resources and ESRs, these reports shall be provided as required in paragraph (5) of Section 5.5, Generator Commissioning and Continuing Operations.  For existing Generation Resources and ESRs, these reports shall be provided as required in paragraph (6) of Section 5.5.  For Transmission Elements represented by a dynamic model, these reports shall be provided no later than two years following energization of new equipment and updated a minimum of every ten years.    
(c)	Results of model quality tests and associated simulation files that demonstrate acceptable performance of the models in the planning model and operations software as described in the Dynamics Working Group Procedure Manual.  The Facility owner shall provide updated information whenever it provides a new or updated dynamic model to ERCOT representing a Generation Resource, ESR, or Transmission Element.  These tests ensure the quality of the provided dynamic data and models for use in numerous system studies and consistency across planning and operations software platforms.  Therefore, the Facility owner shall also assess sufficient sensitivities, including but not limited to Voltage Set Point at the Point of Interconnection (POI), real power output, and Reactive Power output to ensure acceptable model performance over the entire range of operating conditions.  The Facility owner shall provide an explanation if model responses do not match.
(i)	Facility owners shall include all site-specific dynamic models representing the Facility in the model quality tests.  Facility owners can perform the tests in a simple test system without requiring ERCOT System information.
(ii)	For Intermittent Renewable Resource (IRR) equipment aggregated together to form an IRR in accordance with paragraph (13) of Protocol Section 3.10.7.2, Modeling of Resources and Transmission Loads, the dynamic model shall represent the aggregated IRR.
(iii)	Results for the following model quality tests shall be provided to demonstrate acceptable model performance.  Additional details about each test, including the set up and description of desirable response, are included in the Dynamics Working Group Procedure Manual.  
(A)	Flat start test:  A no-disturbance test shall be performed to demonstrate appropriate model initialization and the Facility’s dynamic response under a no-disturbance condition. 
(B)	Small voltage disturbance test:  A voltage step increase and decrease shall be applied to the POI to demonstrate the Facility’s dynamic response.
(C)	Large voltage disturbance test:
(1)	For IRRs, ESRs, and inverter-based transmission equipment, the high and low voltage ride-through profiles as described in Nodal Operating Guide Section 2.9.1, Voltage Ride-Through Requirements for Intermittent Renewable Resources and Energy Storage Resources Connected to the ERCOT Transmission Grid, shall be applied to the POI to demonstrate the Facility’s dynamic response.
(2)	For Resources other than IRRs, ESRs, and inverter-based equipment, a fault shall be applied to the POI to demonstrate the Facility’s dynamic response.
(D)	Small frequency disturbance test:  A frequency step increase and decrease shall be applied to the POI to demonstrate the Facility’s dynamic response.  
(E)	System strength test:  The model for IRRs and inverter-based Resources shall be tested under a few equivalent short circuit ratios, as described in the Dynamics Working Group Procedure Manual.  This tests the robustness of the model to varying system conditions. 
(d)	Inverter-Based Resources (IBRs) shall provide results of the unit model validation to demonstrate that the PSCAD model, as described in the Dynamics Working Group Procedure Manual, accurately represents the dynamic responses of all inverter-based dynamic devices within the Facility.  This validation is not intended to be site-specific; rather it is intended to be a hardware type test, where models representing different inverter hardware are benchmarked for accuracy.  Validation results for a specific model of inverter can be submitted for multiple uses of that model of inverter.
(i)	The validation results shall be included when submitting a PSCAD model to ERCOT.
(ii)	Results for the following unit model validation tests shall be provided to demonstrate model accuracy.  Additional details about each test are included in the Dynamics Working Group Procedure Manual.
(A)	Step change in voltage;
(B)	Large voltage disturbance (voltage ride-through tests);
(C)	System strength test;
(D)	Phase angle jump test; and
(E)	Subsynchronous test.
(6)	For Large Loads, dynamic data includes the information needed to represent the dynamic and transient response of the entire facility, including but not limited to cooling equipment, computer-based loads, protection equipment, control systems, and other equipment. The dynamic data shall include the necessary models, parameters, and supporting documentation required for accurate representation of the Large Load and shall be compatible with the current version of the planning and operations model software, as described in the Dynamics Working Group Procedure Manual.
(a)	Results of the following model quality tests shall be provided along with the relevant simulation files and any other necessary supporting information to demonstrate acceptable model performance in accordance with the Dynamic Working Group Procedure Manual: 
(i)	Flat start test:  A no-disturbance test shall be performed to demonstrate appropriate model initialization and the Large Load’s dynamic response under a no-disturbance condition.
(ii)	Large voltage disturbance test (for Large Electronic Load (LEL) only):  The high and low voltage ride-through profiles as described in Nodal Operating Guide Section 2.15, shall be applied to the POI or Service Delivery Point to demonstrate the dynamic response.
(iii)	Converter model validation test (for LEL only): This test is to demonstrate that the PSCAD model, as described in the Dynamics Working Group Procedure Manual, accurately represents the dynamic responses of all power electronic-based dynamic devices within an LEL facility. This validation does not apply to the entire LEL facility; rather it is intended only to benchmark the models representing different converter hardware components for accuracy.  The validation results shall be included in a PSCAD model. Results for the following converter model validation tests, as  further described in the Dynamics Working Group Procedure Manual, shall be provided to demonstrate model accuracy:
(A)	Large voltage disturbance (voltage ride-through tests);
(B)	Subsynchronous test.
(76)	Dynamics data for a planned Facility will be updated by the Facility owner upon completion of the design for the Facility.
(87)	Updated dynamics data for an existing Facility shall be provided to ERCOT when field tests, inspections, or other information demonstrates that the dynamics data should be changed to accurately represent the dynamic characteristics of the Facility.
(98)	Dynamics Data is considered Protected Information pursuant to Protocol Section 1.3, Confidentiality.
(109)	Dynamics data shall be provided with the legal authority to provide the information to all TSPs.  If any of the information is considered Protected Information, the Facility owner shall indicate as such.
[bookmark: _Toc216098210]9.2.1	Applicability of the Large Load Interconnection Study Process
(1)	Any request to interconnect or modify a Load Facility that meets one or more of the following criteria shall be subject to the Large Load Interconnection Study (LLIS) process:
(a)	A new Large Load;
(b)	A modification of any existing Load Facility that increases the aggregate peak Demand of the Facility by 75 MW or more; or or
(c)	A modification of an existing Large Load that changes or adds a Point of Interconnection (POI) or Service Delivery Point to a different electrical bus on a different electrical circuit..

[bookmark: _Toc198630438][bookmark: _Toc198653036][bookmark: _Hlk165405157]9.3.4.3	Dynamic and Transient Stability Analysis
(1)	The lead TSP shall not initiate the stability study prior to receiving from the ILLE dynamic load modeling information sufficient to properly model the load in the stability studies, in accordance with paragraph (6) of Section 6.2, Dynamics Model Development.  The TSP shall check the dynamic load information according to the procedure specified in Section 3.4.4, Load Model Data, of the Dynamics Working Group Procedure Manual.
(2)	The stability study base case shall be created from the most recently approved Dynamics Working Group (DWG) base case appropriate for the desired Initial Energization date of the Load.  The initial transmission configuration of the study area shall be consistent with the configuration used in the corresponding steady-state study to the extent practicable.
(3)	All stability studies shall be performed in accordance with NERC Reliability Standards, Protocols, this Planning Guide, and the Operating Guides.  Transient stability studies will analyze the performance of the ERCOT System in terms of angular stability, voltage stability, and excessive frequency excursions.  Additional studies may include small signal stability or critical clearing time analyses.  Such studies should incorporate reasonable and conservative assumptions regarding impacted facility operating conditions.  ERCOT in collaboration with the TSP(s) shall determine the stability analysis to be performed.
(4)	The stability study portion of the LLIS shall document any identified instability.
(5)	If the lead TSP identifies instability (other than instability identified for extreme events) in the stability portion of the LLIS, the TSP shall investigate alternative solutions, including transmission improvements, to mitigate the instability.  The lead TSP shall identify any modifications to the levels of Demand and the timeline specified in the ILLE’s initial LCP that are needed to account for all transmission upgrades required to support the full requested amount of Load.  The TSP shall implement any mitigation measure that may be needed to address a stability risk before the Initial Energization of the Large Load in accordance with Protocol Section 3.11.4, Regional Planning Group Project Review Process.

[bookmark: _Toc198630440][bookmark: _Toc198653039]9.6	Initial Energization and Continuing Operations for Large Loads
(1)	Each Large Load shall meet the conditions established by ERCOT before proceeding to Initial Energization.  These conditions may include, but are not limited to:
(a)	Inclusion of the Load in the Network Operations Model in accordance with Section 6.6, Modeling of Large Loads;
(b)	Verification that all required telemetry is operational and accurate;
(c)	Completion of the requirements of Section 5.3.5, ERCOT Quarterly Stability Assessment;
(d)	Completion and approval of any required Subsynchronous Oscillation (SSO) studies, SSO Mitigation Plan, SSO Countermeasures, and SSO monitoring, if required; and
(e)	Submission of a current Load Commissioning Plan (LCP) meeting the requirements of Section 9.2.4, Load Commissioning Plan.; and
(f)	Submission of the following to the TSP interconnecting a Large Electronic Load (LEL): the applicable dynamic models for the “as-built” data and the data submitted for the ERCOT quarterly stability assessment under Section 5.3.5, along with a written statement and any necessary documentation clearly indicating any differences; results of the model quality tests of the “as-built” data overlaid with the results of the data submitted for the quarterly stability assessment; associated simulation files pursuant to paragraph (6) of Section 6.2, Dynamics Model Development; and an attestation confirming that the as-built data aligns with field settings.  The interconnecting TSP shall review the submitted materials and provide its assessment and submit both the materials and the assessment electronically to Dynamicmodels@ercot.com for ERCOT review.  The phrase “LEL prior to Initial Energization” must be included in the subject line of the submission email.  ERCOT shall respond to the interconnecting TSP and the ILLE within ten Business Days of the submission, indicating whether the submission meets the requirements of the ERCOT Planning Guide.  If additional time is needed for review, ERCOT may extend this review period by an additional twenty Business Days and will notify the interconnecting TSP and the ILLE by email.
(2)	During continuing operations:
(a)	The interconnecting Transmission Service Provider (TSP) or, if applicable, the Resource Entity shall notify ERCOT if it identifies that a Large Load has exceeded a limit on peak Demand established in the Large Load Interconnection Study (LLIS) and LCP. 
(b)	The applicable TSP shall notify ERCOT when a transmission upgrade identified in an LCP becomes operational.  ERCOT must give written approval before Demand may increase.
(c)	Pursuant to Section 9.5, Interconnection Agreements and Responsibilities, if a Large Load modifies its facilities such that a previously provided dynamic load model is invalid, the Large Load shall notify and provide an updated model to the Transmission and/or Distribution Service Provider (TDSP) that provides service to the Large Load.  The TDSP shall subsequently provide this updated dynamic load model to ERCOT.
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