Western Wind and Solar Integration Study Phase 3
[bookmark: _GoBack]February, 4 2014 Technical Review Committee Meeting Notes

Presentation is at http://www.nrel.gov/extranet/wwsis/
Presenters:  Nick Miller, Miaolei Shao, Rob D’Aquila, Slobodan Pajic, GE

Study Scenarios
There are 4 power flow cases – 2 reference cases and 2 high renewable cases.  The 2 reference cases are modified versions of the original WECC databases (e.g., 2022 light spring and 2023 heavy summer) and represent a future in which the current RPS targets are met.  The 2 high renewable cases were built from the reference cases, but with high levels of wind and solar.  The details of the high renewable snapshot of the power flows (e.g., renewable plant MW output and siting, redispatch/decommitment of the conventional units, etc) were mined from the PLEXOS Hi Mix results from WWSIS phase 2 (33% wind and solar by energy on an annual basis). Some transmission reinforcements (e.g., synchronous condensers) were added when the high renewables heavy summer scenario overly stressed local areas (e.g., northern Nevada).

	WECC-wide Summary
	Light Spring Reference
	Light Spring
High Renewables
	Heavy Summer Reference
	Heavy Summer High Renewables

	Wind (GW)
	20.9
	27.2
	5.6
	14.3

	Utility scale PV (GW)
	3.9
	10.2
	1.2
	11.2

	CSP (GW)
	0.9
	8.4
	0.4
	6.6

	Distributed PV (GW)
	0
	7.0
	0
	9.4

	Total =
	25.7
	52.8
	7.2
	41.5



For the dynamic simulations, all new wind plants were modeled as type 3 doubly fed asynchronous machines with voltage regulation and LVRT, all new CSP plants were modeled as synchronous machines without governor response, all new utility scale PV plants were modeled as full converter asynchronous machines with voltage regulation and LVRT, all new distributed PV is modeled using the WECC composite load model.
The TRC requested that additional information be mined from the power flow cases. GE will review power flow cases for items of interest, including the % non-renewable generation in each area.
Distribution of the power flow and dynamic databases was requested.  They will be available to interested WECC members upon completion of the project, subject to any NDA or other agreements that are in place.


Frequency Response Simulations
The FRO of the Western Interconnection is a moving target.  For WWSIS 3, the target FRO is 840 MW/0.1Hz.  That has recently been updated to 949 MW/0.1Hz, and is expected to change again before the BAL-003-1 standard goes live in 2015.  For the purposes of this study, we will stick with 840 MW/0.1Hz.
The relative importance of the location of resources that provide primary frequency response was discussed.  In general, location is less important for primary frequency response than it is for secondary and tertiary frequency response.
The TRC expressed interest in potentially getting additional details from individual areas.  Please contact NREL/GE with specific requests.
COI Stability
The PDCI outage is a category B, rather than C, outage.  GE will update the analysis with the applicable WECC criteria.
There was a robust discussion of how to make the study as credible and useful as possible within the constraints of the budget and scope.  This included questions on whether the performance observed in the simulations was driven more by the level of COI flow, than by the actual PDCI outage.  Additional context was requested in terms of the generators that would be armed at different levels of COI flow, the total northern California hydro output and how it conforms to some of the operating nomograms, etc.
Janice Zewe (SMUD) volunteered to provide the nomogram governing COI flow under various northern California hydro conditions (done).
GE will incorporate this information into subsequent analysis and reporting.
Transmission Expansion
Transmission expansion was needed to develop a reasonable heavy summer, high renewables power flow case.  This expansion is beyond that already included in the original WECC 2023 heavy summer case, and is based on the economic expansion identified by the WWSIS phase 2 study.  Specifically the transmission corridor from the Northwest and Idaho into northern Nevada and down to southern Nevada/Arizona was expanded (i.e., Slatt – Hemingway - Midpoint – Robinson – Harry Allen).
A sensitivity case showed the system response to the PDCI outage with the additional transmission was improved over that of the system without the additional transmission. 
Load Model Impact and Distributed Generation
The original WECC databases represented load with a combination of static and induction motor models.  Given the significant penetration of distributed PV generation included in this study, a more complicated, composite load model was used.  This composite load model is based on the WECC Modeling and Validation WG load model data tool.
Load behavior dominates system response.  Under heavy summer load conditions, the frequency response to the loss of 2 Palo Verde units is about 30 mHz better with the composite load model, compared to the standard load model.  Conversely, system response to a 3-phase Midway-Vincent fault was stable with the standard load model and unstable with the composite load model.  

                           Model Structure                                                                          Dynamic Model
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While the composite load model does not include time delays for tripping, it was used for a sensitivity analysis of the potential impact of IEEE 1547 voltage tripping of significant levels of distributed generation in response to large disturbances.  This is a pessimistic approximation to the worst case 1547 under voltage tripping.  TRC review and comment on the final report will be needed to ensure these simulations are in the appropriate context. 
Additional information on both the load model and the distributed generation sensitivity cases was requested, including status of motors (e.g. trip vs. stall), the potential for combined voltage and frequency tripping, location and magnitude of distributed generation that trips, etc.  While extensive analysis of both the impact of load modeling and distributed generation on system stability is outside the scope of the current study, these results suggest the need for further analysis.  In the interim, GE will perform further deep dives into these existing simulation results to answer the above questions.
Another suggestion was to simulate system response to a large distributed generation outage alone, and compare that to an equivalent but more localized outage of a conventional generation plant.  This and other sensitivity suggestions are collected further below.
The TRC requested color and y-axis scale consistency in the plots of simulation results.  Future presentations and reports will be consistent. 
Local Stability Issues
Faults at Broadview and Laramie River were discussed.  The acceleration of Colstrip (for the Broadview fault) is less in the high renewables case.
Now that the power flow cases are developed, it is possible to perform additional simulations for generation and/or transmission faults of interest to the TRC.  Please contact NREL/GE with specific requests.
Extreme Renewable Scenario
At previous meetings, the TRC requested the development of a light spring case with extremely high levels of renewable generation.  Where the standard high renewable light spring case has 52.8GW of wind and solar generation, this extreme high renewable light spring case has 64.8GW of wind and solar generation. 
Local transmission reinforcements were required across the Western Interconnection to achieve the extreme high levels of renewable generation.  Primarily coal and combined cycle units were selected for redispatch and decommitment.  When short of redispatch room on those units, some redispatch of hydro was performed.
	WECC-wide Summary
	Light Spring Reference
	Light Spring High Renewables
	Light Spring
Extreme High
Renewables
	Heavy Summer Reference
	Heavy Summer High Renewables

	Wind (GW)
	20.9
	27.2
	32.6
	5.6
	14.3

	Utility scale PV (GW)
	3.9
	10.2
	13.5
	1.2
	11.2

	CSP (GW)
	0.9
	8.4
	8.3
	0.4
	6.6

	Distributed PV (GW)
	0
	7.0
	10.4
	0
	9.4

	Total =
	25.7
	52.8
	64.8
	7.2
	41.5



There was a lively discussion of the reality of hydro operation and the limits imposed on it, including such topics as how hydro was modeled in the WWSIS 2 PLEXOS runs, how hydro is modeled in PSLF simulations, whether the hydro turbine limits (i.e., mwcap) change between the light spring and heavy summer cases, any differences between the simulated dispatch scenario and one that would respect BAL standards, etc.  The final report will include additional discussion and sufficient caveats to put the analysis in appropriate context.  The TRC will have an opportunity to review and comment before the report becomes final.  In the interim, additional information in the form of a hydro summary (e.g., total MW dispatch and capacity by area) will be provided by GE.  
The frequency response simulations showed sufficient FR in WECC as a whole, but most individual areas had a negative FR margin.  It was suggested that one of the sensitivity cases could look into what it would take to have a positive FR margin for all areas.  This and other sensitivity suggestions are collected further below.
CSP Sensitivity
The CSP sensitivity analysis investigated the impact of a reduced number of CSP plants on system performance.  Since CSP is synchronous generation, there was a concern that the light spring high renewable simulation results were optimistic with 8.4GW of CSP.  The sensitivity case kept 11 CSP sites that best represented 5 CSP projects that were either under construction or fully financed (about 1.2GW).  The remaining CSP sites were replaced with utility scale PV.  
There was little difference in frequency response with the reduced level of synchronous generation in terms of nadir and settling frequencies.  There was some difference observed in the initial rate of change of frequency due to the reduced inertia.
Another CSP sensitivity looked into the impact of adding governor response capability.  Governor response improved the nadir frequency by 13mHz.  It also improved system stability in response to the loss of PDCI – making an unstable case stable.  Location is believed to be a large part of the impact – the CSP plants with governor response are overwhelmingly in the southwest, which has a generation deficit after the loss of PDCI.
Headroom Depletion
Discussion centered on the overall concept of the commitment/dispatch with high solar leaving a system short of responsive resources in the evening when solar drops off and before the wind picks up.  The particular concern is that FRO will not be met.  No simulations were discussed.  Rather, this is a topic for the sensitivity analysis.
Next Steps
The main part of the frequency response and transient stability analysis, which focused on the four light spring and heavy summer study scenarios, is nearing completion.  The remaining work will focus on further analysis of the simulations run to-date, and additional sensitivity cases.  Please keep in mind that WWSIS 3 is an applied research study, rather than a comprehensive transmission planning study. Therefore, the objective of the sensitivity analysis is to define a band of potential responses, indicate general impact (e.g., better or worse), and provide insight into specific dynamic performance questions raised by the TRC.  The further investigation of cases and new sensitivities under consideration are:
· Headroom depletion as described in the TRC meeting.
· Evaluate system response to a large distributed generation outage alone, and compare that to an equivalent but more localized outage of a conventional generation plant.
· Illustrate impact of changes to dispatch and/or commitment (e.g. replace non responsive units with governor responsive units, replace 1000MW wind with hydro). 
· Investigate possible relay impacts/issues.
· Discuss/analyze retirements.  Any coal plants de-committed in a snap shot power flow could be considered retired.  Explore impact on system performance.  
· Additional fault scenarios, e.g. Grizzly transfer trip.  Please provide detailed description of fault and any associated RAS.
· Apply frequency controls to wind plants 
· Apply frequency controls to solar plants
· Investigate non-generation alternatives to improve FR, such as load acting as a responsive reserve, and energy storage.  
Please contact NREL/GE with any additional requests.  A more refined list of proposed sensitivities will be sent to the TRC in March.
The schedule is for the final report to be delivered to the TRC and DOE for comment by the end of September.  We anticipate one more in-person TRC meeting to discuss the final report, and at least one TRC webinar/conference call to discuss the sensitivity results.
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