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	Issue
	Electric Vehicle Market Penetration

	Key Reliability Question
	Do high market penetration levels (e.g., 10%, 25%, 50%) of electric vehicles create potential reliability risks or potential reliability enhancements for the Western Interconnection in year 2028 and in year 2038?
Would it be necessary to develop and implement retail rate schedules that provide incentives/disincentives to charge at particular times on particular days (e.g., to charge between 10:00 am and 2:00 pm on weekends)?
Is there an opportunity for distributed electric vehicles to provide retail and/or wholesale services at the transmission and/or distribution levels, (e.g., customer demand charge management, distribution deferral services, wholesale energy supply, wholesale ancillary services)?
What would be the impacts on load and in which portions of the WECC would these impacts be most significant?
How would this affect power factors?
Is the existing composite load model capable of capturing the dynamic effects of large scale electric vehicle charging and discharging?
What regulatory issues could arise, e.g., TOU rates?
How would these levels of penetration affect transmission system utilization?
What forms of congestion relief would be available?

	Relationship to WECC Near-Term Priorities (NTP)
	NTP #2: Impacts of the Changing Resource Mix:
“The interface between the transmission and distribution systems due to DER, with a focus on modeling techniques that can be used as DER penetration increases”

	Relationship to WECC Scenarios
	Scenario 2: Market-based policy with a high degree of market freedom and customers seeking more energy service options.

	Potential Partners
	[bookmark: _GoBack]National Renewable Energy Laboratory (NREL), Alliance for Transportation Electrification




	Issue
	High Penetration of Renewable Energy to Achieve GHG Reduction Goals

	Key Reliability Question
	Will higher penetration levels of renewable energy to attain GHG reductions goals create reliability issues in the Western Interconnection by 2028 and in 2038? 
How would the reliability issues change if GHG reduction goals apply to the entire Western Interconnection under a federal policy versus a portion of states covering about half of the Western Interconnection? 
What CO2 price would be needed to attain the GHG policy goal throughout the Western Interconnection, e.g., additional state/provincial carbon prices or a federal carbon price?
What additional resources can be used to enhance Essential Reliability Services with high penetration levels of renewables (e.g., storage, synchronous condensors, 
Which renewable technologies (utility-scale or DER) would be most effective in reducing GHG emissions in the electric sector?
Are there GHG reduction strategies in the non-electric sectors that are more cost-effective than GHG reduction in the electric sector (e.g., carbon tax on gasoline and diesel fuel sales, transportation electrification)?
How would system inertia be impacted by this assessment?
Are there other technologies (e.g., small-scale nuclear, carbon capture and sequestration) that could achieve CO2 level reductions as effectively as increased renewable penetration?
Given existing retirement plans, what is the minimum amount of dispatchable generation in the WECC needed to ensure all reliability standards are met in years 2028 and 2038?

	Relationship to WECC Near-Term Priorities (NTP)
	NTP #2: Impacts of the Changing Resource Mix 
Resource adequacy; 
Interface of BPS and distribution system; 
Essential reliability services specific to the Western Interconnection.”

	Relationship to WECC Scenarios
	Scenario 2: Market-based policy with a high degree of market freedom and customers seeking more energy service options and Scenario 3: policy-directed regulation with a low degree of market freedom and customers seeking more energy service options:

	Potential Partners
	



	Issue
	Significant Increase in Demand

	Key Reliability Question
	What reliability risks could result from a significant increase in demand, e.g., demand doubling in 10-20 years?  How would reliability risk be affected by various combinations of resource additions/retirements (define specific study cases)?
What would be the likely resource mix (quantities and types) to meet increased demand?
What would be the impacts on transmission utilization?
At what demand increase level could stability issues create a reliability risk?
Assuming current plans for resource retirements and additions are realized, at what level of average annual demand growth (%/year) would adverse reliability impacts appear in years 2028 and 2038?

	Relationship to WECC Near-Term Priorities (NTP)
	NTP #2: Impacts of the Changing Resource Mix 
“Resource adequacy…”  
“…analysis must be performed to assure that reliability is preserved under a variety of system conditions.”

	Relationship to WECC Scenarios
	To be determined

	Potential Partners
	



	Issue
	Resilience

	Key Reliability Question
	What are the reliability impacts of a major disruption in years 2020, 2028 and 2038, e.g., the short-term impacts of natural events (e.g., large fires which could simultaneously force the Pacific AC and Pacific DC interties out of service or earthquakes which could disable large sections of the electric grid in the Portland (e.g., Marion sub.) San Francisco (e.g., Vaca Dixon and Tesla subs.) or Los Angeles/Imperial Valley (e.g., Sylmar, Vincent, Rinaldi, Mira Loma, Imperial Valley subs.) areas) for a number of weeks?
What natural events could cause a major disruption of the electric system?
What corresponding impacts to gas, water, and communication systems could exacerbate effects on the electric system?
Identify areas/systems in WECC which are more susceptible to result in large-scale/interconnection wide outages
What cyber-related events could cause a major disruption?
How would a major event affect electric supply and electric demand as well as gas, water, and communication systems which could, in turn, exacerbate effects on the electric system?  
What scope, schedule and costs would be involved in restoration?

	Relationship to WECC Near-Term Priorities (NTP)
	NTP #2: Impacts of the Changing Resource Mix  
“…analysis must be performed to assure that reliability is preserved under a variety of system conditions.
NTP #4: Clarify roles in BPS Planning

	Relationship to WECC Scenarios
	To be determined

	Potential Partners
	



	Issue
	Water Availability Impacts

	Key Reliability Question
	How will limitations on water availability in the next 10-20 years impact reliability?
With projected increases in natural gas generation, will there be sufficient water to operate additional thermal resources?

	Relationship to WECC Near-Term Priorities (NTP)
	NPP #2: Impacts of the Changing Resource Mix 
“…analysis must be performed to assure that reliability is preserved under a variety of system conditions.

	Relationship to WECC Scenarios
	To be determined

	Potential Partners
	Sandia Laboratory



	Issue
	Utility Business Models

	Key Reliability Question
	Will alternate utility business models create reliability risks?
As individuals become prosumers, will individuals’ use and generation patterns create reliability issues that “trickle up” from distribution to transmission?
How would the development of “prosumagers,” consumers who can also produce and manage energy, impact grid reliability?
Could residential prosumager aggregators become “virtual utilities” that present challenges to grid reliability?
Is it likely that such reliability risks will manifest by year 2028?  by year 2038?

	Relationship to WECC Near-Term Priorities (NTP)
	NTP #2: Impacts of the Changing Resource Mix 
[bookmark: _Hlk520443198]“Essential reliability services specific to the Western Interconnection.”  
“The interface between the transmission and distribution systems due to DER, with a focus on modeling techniques that can be used as DER penetration increases.”  
Consumers acting as both end-users and suppliers at different times may place unexpected burdens on the electric system:  “…analysis must be performed to assure that reliability is preserved under a variety of system conditions.”

	Relationship to WECC Scenarios
	Scenario 2: Market-based policy with a high degree of market freedom and customers seeking more energy service options

	Potential Partners
	



	Issue
	WECC Scenarios (4)

	Key Reliability Question
	What potential reliability risks could arise in each of the WECC future scenarios?
What resource mix changes are likely to result from each of the WECC scenarios in the next ten years?  in the next twenty years?
How might each of the scenarios affect WECC’s ability to maintain reliability?

	Relationship to WECC Near-Term Priorities (NTP)
	NTP#2: Impacts of the Changing Resource Mix 
“Resource adequacy…”  
“…analysis must be performed to assure that reliability is preserved under a variety of system conditions.
”Essential reliability services specific to the Western Interconnection.”  
NTP #3: Expansion of RC and Market Service Providers

	Relationship to WECC Scenarios
	Subject to priorities and resource availability, all 4 WECC Scenarios will be evaluated.

	Potential Partners
	



	Issue
	Change in System Inertia

	Key Reliability Question
	What potential reliability risks could arise from changes to the resource mix in the Western Interconnection over the next ten and twenty years from the retirement of 90 to 100% of the coal fleet and an increase in renewable technologies?
What are the impacts of changes to system inertia [impacts on initial frequency response to a disturbance (attenuation and stabilization of the initial frequency decline) and impacts on primary frequency response to a disturbance (to reverse the initial frequency decline until Automatic Generation Control kicks-in)]?
Would the system be able to respond appropriately to disturbances with high solar penetration and some synthetic inertia?
Would the system be able to respond appropriately to disturbances with high solar penetration and no synthetic inertia?
What benefits could smart inverters offer for generation connected to the AC electric grid via inverters?
How would policy and market initiatives that promote expansion of energy storage impact system inertia and associated reliability risks?

	Relationship to WECC Near-Term Priorities (NTP)
	NTP #1: Representation of Inverter-Based Resources 
NTP #2: Impacts of the Changing Resource Mix
“The expansion of utility-scale energy storage devices.”  
“The interface between the transmission and distribution systems due to DER, with a focus on modeling techniques that can be used as DER penetration increases.”  
“…analysis must be performed to assure that reliability is preserved under a variety of system conditions.”  
“Essential reliability services specific to the Western Interconnection.”  

	Relationship to WECC Scenarios
	

	Potential Partners
	



	Issue
	Gas-Electric Interface Issues

	Key Reliability Question
	What additional reliability risks might the Western Interconnection experience if solar or other renewable resource penetration increased significantly in the next ten years? in the next twenty years.
What additional strains might there be on the natural gas transportation system?
Could there be increases in potential unserved load or unmet operating reserves?

	Relationship to WECC Near-Term Priorities (NTP)
	NTP #2: Impacts of the Changing Resource Mix
“…analysis must be performed to assure that reliability is preserved under a variety of system conditions.”  “Essential reliability services specific to the Western Interconnection.”  

	Relationship to WECC Scenarios
	To be determined

	Potential Partners
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