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1. Generation Interconnection Processes
• 2021 capacity additions
• ERCOT and the UK’s “Connect and Manage”

2. PJM’s 75 GW Renewable Interconnection Study

3. Determination of ELCC for Variable Resources
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Generation Interconnection: 2021 Capacity Additions
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PJM, NYISO, and ISO-NE have interconnected significantly less renewable generation 
despite the regions’ significant renewable development gap

Source: Galen Barbose, “U.S. Renewables Portfolio Standards: 2021 Status 
Update (Early Release),” Lawrence Berkeley National Lab, Feb 2021. 
rps.lbl.gov
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Substantial Differences in Generation Interconnection Processes

Generation interconnection processes and study criteria differ substantially across 
the regions:
 ERCOT’s generation interconnection process is generally seen as more effective

– Efficient handoff of study roles by ERCOT and Transmission Owners limits restudy needs
– Projects can be developed and interconnected within 2-3 years; in other regions, the interconnection 

study process itself takes longer than that
– Upgrades focused more on local needs (similar to ERIS) and are recovered through postage stamp
– Network constraints managed through market dispatch – which imposes higher congestion and 

curtailment risks on interconnecting generators but yields more efficient outcomes and risk sharing
– See working-paper.pdf (enelgreenpower.com) [Note: Brattle was not involved]

 Attractive: UK “Connect and Manage” (replaced prior “Invest and Connect”) 
– Similar to ERIS; reduced lead times by 5 years; network constraints addressed later (e.g., with congestion 

management) https://www.gov.uk/guidance/electricity-network-delivery-and-access#connect-and-manage

 Generation interconnection study criteria matter, yet differ substantially across RTOs
– PJM’s stringent study criteria tend to trigger more “deep network” upgrades, which increases churn and 

restudy requirements; will often be less cost effective than congestion management
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https://www.enelgreenpower.com/content/dam/enel-egp/documenti/share/working-paper.pdf
https://www.gov.uk/guidance/electricity-network-delivery-and-access#connect-and-manage


PJM’s 75 GW Renewable Generation Interconnection Study
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– For example:  A review of PJM generation interconnection studies for 15.5 GW of individual offshore wind plants 
identified $6.4 billion in onshore transmission upgrades ($400/kW)

– In contrast:  the recent PJM Offshore Wind Transmission Study that proactive evaluated all existing state public policy 
needs identified only $3.2 billion in onshore upgrades for over 75 GW of renewable resources (up to 17 GW of 
offshore wind, 14.5 GW of onshore wind, 45.6 GW of solar, and 7.2 GW of storage) ($40/kW)

– Upgrades also provide substantial PJM-wide economic benefits: reduced congestion, curtailments, emissions (App B)

Generation interconnection processes, studying one generator at a time, are ineffective in 
determining the most cost-effective transmission solutions.  Pro-active planning is needed:

https://gridprogress.files.wordpress.com/2020/11/business-network-osw-transmission-white-paper-final.pdf
https://www.pjm.com/-/media/library/reports-notices/special-reports/2021/20211019-offshore-wind-transmission-study-phase-1-results.ashx


ELCC for Variable Resources
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 Several RTOs (MISO, PJM) are exploring how to determine the 
UCAP (capacity credits) of variable resources when only a portion 
of the transmission injection rights are “firm”

 It is reasonable that UCAP cannot exceed firm rights
– But: by how much does energy delivered over non-firm transmission 

contribute to (or reduce) the ELCC of the resources?

 ELCC is a “probabilistic” concept; the availability of firm and non-
firm transmission rights affects energy actually delivered
– Firm transmission/injection rights tend to be 99.9% deliverable
– Non-firm depend on location but may be >95% deliverable; can be 

determined easily based on historical or projected renewable energy 
curtailments

 It is not reasonable to assume zero energy will be delivered 
over non-firm rights
– In PJM, curtailments on non-firm rights are rare (and small); and PJM’s 

energy-only interconnection study criteria are very stringent 
(requiring significant transmission upgrades)

How to determine ELCC for energy delivered over non-firm/energy-only injection rights?

Example: MISO

Source: PowerPoint Presentation (misoenergy.org)

https://cdn.misoenergy.org/20191009%20RASC%20Item%2004a%20Deliverable%20ICAP%20(IR065)389384.pdf
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The views expressed in this presentation are strictly those of the presenter(s) and do not necessarily state or reflect the views of   
The Brattle Group or its clients. 
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Current U.S. Transmission Planning Processes for…
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These solely reliability-driven 
processes account for > 90% of all 
transmission investments
• None involve any assessments of 

economic benefits (i.e., cost savings 
offered by the new transmission)

• Which also means these investments 
are not made with the objective to find 
the most cost-effective solutions 

• Will yield higher system-wide costs and 
electricity rates

Planning for economic and public-policy projects: 
less than 10% of all transmission investments

Interregional planning processes are large ineffective
• Essentially no major interregional transmission projects have 

been planned and built in the last decade



Current U.S. Transmission Planning = Higher Total Costs 
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Current planning processes do not yield the most valuable transmission 
infrastructure and result in higher overall costs:
 Reactive, reliability-driven planning results in piecemeal, higher-cost transmission solutions
 Failure to evaluate multiple benefits of most transmission projects: does not result in the selection of 

the highest-value projects that reduce system-wide costs
 Failure to evaluate the full range of plausible futures (to explicitly account for long-term 

uncertainties): results in higher-cost outcomes when the future deviates from base case planning 
assumptions, which usually are based on “business-as-usual” or “current-trends” forecast

 Failure to consider interregional transmission solutions: result in higher-cost regional and local 
transmission investments

More pro-active, multi-value, and scenario-based transmission planning processes are 
needed, as discussed in:

 21st Century Transmission Planning: Benefits Quantification and Cost Allocation (presentation)
 Transmission Planning for the 21st Century: Proven Practices that Increase Value and Reduce Costs (report)
 A Roadmap to Improved Interregional Transmission Planning (report)

https://www.brattle.com/insights-events/publications/21st-century-transmission-planning-benefits-quantification-and-cost-allocation/
https://www.brattle.com/wp-content/uploads/2021/10/2021-10-12-Brattle-GridStrategies-Transmission-Planning-Report_v2.pdf
https://www.brattle.com/insights-events/publications/brattle-economists-author-report-on-the-benefits-of-expanding-interregional-transmission/
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Pfeifenberger, 21st Century Transmission Planning: Benefits Quantification and Cost Allocation, Prepared for the NARUC members of the Joint Federal-State Task Force 
on Electric Transmission, January 19,2022.
Pfeifenberger, Spokas, Hagerty, Tsoukalis, A Roadmap to Improved Interregional Transmission Planning, November 30, 2021.
Pfeifenberger, Transmission–The Great Enabler: Recognizing Multiple Benefits in Transmission Planning, ESIG, October 28, 2021.
Pfeifenberger et al., Transmission Planning for the 21st Century: Proven Practices that Increase Value and Reduce Costs, Brattle-Grid Strategies, October 2021.
Pfeifenberger, Transmission Options for Offshore Wind Generation, NYSERDA webinar, May 12, 2021.
Pfeifenberger, Transmission Planning and Benefit-Cost Analyses, presentation to FERC Staff, April 29, 2021.
Pfeifenberger et al., Initial Report on the New York Power Grid Study, prepared for NYPSC, January 19, 2021.
Pfeifenberger, “Transmission Cost Allocation: Principles, Methodologies, and Recommendations,” prepared for OMS, Nov 16, 2020.
Pfeifenberger, Ruiz, Van Horn, “The Value of Diversifying Uncertain Renewable Generation through the Transmission System,” BU-ISE, October 14, 2020.
Pfeifenberger, Newell, Graf and Spokas, “Offshore Wind Transmission: An Analysis of Options for New York”, prepared for Anbaric, August 2020.
Pfeifenberger, Newell, and Graf, “Offshore Transmission in New England: The Benefits of a Better-Planned Grid,” prepared for Anbaric, May 2020.
Tsuchida and Ruiz, “Innovation in Transmission Operation with Advanced Technologies,” T&D World, December 19, 2019.
Pfeifenberger, “Cost Savings Offered by Competition in Electric Transmission,” Power Markets Today Webinar, December 11, 2019.
Pfeifenberger, “Improving Transmission Planning: Benefits, Risks, and Cost Allocation,” MGA-OMS Ninth Annual Transmission Summit, Nov 6, 2019.
Chang, Pfeifenberger, Sheilendranath, Hagerty, Levin, and Jiang, “Cost Savings Offered by Competition in Electric Transmission: Experience to Date and the Potential for Additional 
Customer Value,” April 2019.  “Response to Concentric Energy Advisors’ Report on Competitive Transmission,” August 2019.
Ruiz, “Transmission Topology Optimization: Application in Operations, Markets, and Planning Decision Making,” May 2019.
Chang and Pfeifenberger, “Well-Planned Electric Transmission Saves Customer Costs: Improved Transmission Planning is Key to the Transition to a Carbon-Constrained Future,” 
WIRES and The Brattle Group, June 2016.
Newell et al. “Benefit-Cost Analysis of Proposed New York AC Transmission Upgrades,” on behalf of NYISO and DPS Staff, September 15, 2015.
Pfeifenberger, Chang, and Sheilendranath, “Toward More Effective Transmission Planning: Addressing the Costs and Risks of an Insufficiently Flexible Electricity Grid,” WIRES and 
The Brattle Group, April 2015.
Chang, Pfeifenberger, Hagerty, “The Benefits of Electric Transmission:  Identifying and Analyzing the Value of Investments,” on behalf of WIRES, July 2013.
Chang, Pfeifenberger, Newell, Tsuchida, Hagerty, “Recommendations for Enhancing ERCOT’s Long-Term Transmission Planning Process,” October 2013.
Pfeifenberger and Hou, “Seams Cost Allocation: A Flexible Framework to Support Interregional Transmission Planning,” on behalf of SPP, April 2012.
Pfeifenberger, Hou, "Employment and Economic Benefits of Transmission Infrastructure Investment in the U.S. and Canada," on behalf of WIRES, May 2011.

Additional Reading on Transmission

https://www.brattle.com/insights-events/publications/21st-century-transmission-planning-benefits-quantification-and-cost-allocation/
https://www.brattle.com/insights-events/publications/brattle-economists-author-report-on-the-benefits-of-expanding-interregional-transmission/
https://www.brattle.com/insights-events/publications/transmission-the-great-enabler-recognizing-multiple-benefits-in-transmission-planning/
https://www.brattle.com/wp-content/uploads/2021/10/2021-10-12-Brattle-GridStrategies-Transmission-Planning-Report_v2.pdf
https://www.brattle.com/wp-content/uploads/2021/08/Transmission-Options-for-Offshore-Wind-Generation.pdf
https://www.brattle.com/wp-content/uploads/2021/07/Transmission-Planning-and-Benefit-Cost-Analyses.pdf
https://brattlefiles.blob.core.windows.net/files/20842_initial_report_on_the_new_york_power_grid_study.pdf
https://brattlefiles.blob.core.windows.net/files/20508_transmission_cost_allocation_-_principles_methodologies_and_recommendations.pdf
https://brattlefiles.blob.core.windows.net/files/20186_the_value_of_diversifying_uncertain_renewable_generation_through_the_transmission_system_-_cost_savings_associated_with_interconnecting_systems_with_high_renewables_generation.pdf
https://www.brattle.com/news-and-knowledge/news/planned-offshore-wind-transmission-system-for-new-york-could-provide-cost-savings-of-over-500-million-according-to-study-by-brattle-economists
https://www.brattle.com/news-and-knowledge/events/johannes-pfeifenberger-and-walter-graf-to-join-webinar-to-discuss-a-new-era-of-offshore-wind
https://www.brattle.com/news-and-knowledge/news/brattle-economists-discuss-operational-improvements-to-address-new-transmission-needs
https://www.brattle.com/news-and-knowledge/events/johannes-pfeifenberger-to-participate-in-webinar-on-competitive-transmission
https://brattlefiles.blob.core.windows.net/files/17555_improving_transmission_planning_-_benefits_risks_and_cost_allocation.pdf
https://www.brattle.com/news-and-knowledge/news/report-by-brattle-economists-discusses-the-benefits-of-competitive-transmission
https://brattlefiles.blob.core.windows.net/files/16873_response_to_concentric_energy_advisors_report_on_competitive_transmission.pdf
https://brattlefiles.blob.core.windows.net/files/16192_transmission_topology_optimization.pdf
https://brattlefiles.blob.core.windows.net/system/publications/pdfs/000/005/295/original/well-planned_electric_transmission_saves_customer_costs_-_improved_transmission_planning_is_key_to_the_transition_to_a_carbon_constrained_future.pdf?1465246946
https://brattlefiles.blob.core.windows.net/files/5721_benefit-cost_analysis_of_proposed_new_york_ac_transmission_upgrades.pdf
https://brattlefiles.blob.core.windows.net/files/5950_toward_more_effective_transmission_planning_addressing_the_costs_and_risks_of_an_insufficiently_flexible_electricity_grid.pdf
https://cleanenergygrid.org/uploads/WIRES%20Brattle%20Rpt%20Benefits%20Transmission%20July%202013.pdf
https://brattlefiles.blob.core.windows.net/files/6112_recommendations_for_enhancing_ercot%e2%80%99s_long-term_transmission_planning_process.pdf
https://www.brattle.com/insights-events/publications/brattle-economists-recommend-framework-for-seams-cost-allocation-that-supports-interregional-transmission-planning-to-address-ferc-order-1000-requirements/
http://www.brattle.com/system/publications/pdfs/000/004/501/original/Employment_and_Economic_Benefits_of_Transmission_Infrastructure_Investmt_Pfeifenberger_Hou_May_2011_WIRES.pdf?1378772110
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