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Five Sources of Inefficiencies Created by Market Seams

Seams between RTOs will generally be more efficient than seams between nonmarket
regions that rely entirely on bilateral trades!

Nevertheless, significant seams-related inefficiencies exist between RTO markets:

1.
2.

Interregional transmission planning is generally ineffective (mostly pursued by merchant developers)

Generator interconnection delays and cost uncertainty created by affected system impact studies (and
effectiveness coordination through means such as the SPP-MISO JTIQ, reducing costs by 50%)

Loop flow management through market-to-market coordinated flowgates (with shares of firm flow
entitlements) under the existing JOAs is necessary (but still plagued by design inefficiencies)

Inefficient trading across contract-path market seams

— Intertie bidding to improve energy trading (particularly in day-ahead)

— Intertie optimization for real-time optimization (after all bilateral trading is closed)

Resource adequacy value of interties (often not considered in RTO’s resource adequacy evaluations)
and barriers to capacity trades (often created by RTOs’ restrictive capacity import requirements and
incompatible resource accreditations)
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Interregional planning is needed to fill in gaps between EHV systems

Let’s not forget:
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North American RTOs/ISOs and their intertwined seams

Intertwined seams of US regional grid operators
create complex operational, market, and planning
challenges

e Challenge first arose in late 1990s/early 2000 when
MISO was formed and some midwestern utilities (such
as ComEd and AEP) chose to join PIM

R — To address inefficiencies, FERC required MISO and PIM
R o N to “depancake” their seam and address planning and
' congestion management challenges

e Entergy joining MISO in 2013 (to create MISO-South)
created additional seams challenges

— MISO loop flows over SPP and TVA highlighted the
limitations of seams-management tools developed by
MISO and PIM

New Western Markets
EDAM

WECC can take advantage of experience gained

SPP West in the East!

. See RTO Market Seams: Impacts on Operations, Planning, and
(Committed or leaning) Pricing, April 16, 2026.
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Indications of seams-related inefficiencies

NREL's 2024 Interregional Transmission Barriers Report documents and analyzes seams-
related inefficiencies

e Uneconomic Flows: Frequently power flows from higher-price areas to lower-price areas.

e High Price Differentials: Significant spreads in power prices between regions when
transmission is not constrained indicates opportunities to reduce customer costs

e Underutilized Transmission Capacity: in combination with persistent price differences, means
that transmission assets are not being used efficiently to bring lower-priced power to higher-
priced regions.

e Lack of Transparency on Inefficiencies: lack of transparency in interchange transactions is an
obstacle to identifying inefficiencies—and opaqueness is more likely to occur in areas
without regional organized markets (e.g., lack of market monitoring)

Seams-related inefficiencies also relate to loop flows imposed by one region’s market-dispatch
on its neighboring regions, causing both reliability concerns and congestion management
challenges
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Intertie Bidding: A tool to improve bilateral trading efficiency

The experience with intertie bidding at CAISO and eastern RTO seams shows that it
would likely be an effective tool to increase the efficiency of bilateral trades at both
EDAM and Markets+ seams

e Intertie bidding: Imports and exports clear contingent on bid price (and available transmission rights),
which reduces the likelihood of inefficient (unprofitable) transactions

o Effective in day-ahead market where prices and price differences can be anticipated reasonably well
Price differences between eastern markets change sign only 3-4 times a day

Trades across market-to-market seams in the east are about 90% efficient (earning profits)

Remaining inefficiencies often related to loop flow and associated congestion management challenges

Has not led to real-time reliability challenges that operators could not address

« Intertie bidding is not efficient in real-time where prices are too volatile for bilateral trades
- Real-time price differences between eastern markets change 50-60 times a day (2-3 times each hour)

- 45-50% of all real-time transactions flow the wrong way (from high to low prices), creating over $500 million
annual losses (e.g., LBNL paper: Interregional ... Savings and Opportunities for Increased Value, 2014-2023, April 2025)

- Coordinated transaction scheduling (CTS), through which RTOs forecast real-time prices to facilitate bilateral
transactions close to real time, is not working (see Intertie Optimization, April 2025 and FAQs)
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The West is better positioned to avoid seams trading inefficiencies .
A

Trading between eastern market is limited to transactions -
over a single interface (contract path) between them

« Issue: single interface between all of MISO and PIM

PSEI

« Reason: Eastern markets are single, consolidated Balancing Areas

« Example: An export of MISO generation from MN to PJM is
scheduled and priced the same as generation from LA to PIM

Black Hills

PacifiCorp West Idaho Power
« Causes significant “interface pricing” inefficiencies, poor use of ’
interface capability, and loop flow management challenges AL

Continuation of Western BAAs and trading points will allow publi v o
for more granular bilateral trades and intertie bidding

« Trading (and bidding) on multiple interties will be more efficient
- Avoid defining a single market-wide interface!

Lower CO SRP

« Existing contract path ATCs, shared flowgates, and transmission (GG

rights in WECC facilitates better pricing (even if less than perfect) "E‘”Da,{',{ﬁt[j,;'f:"uiﬂ’, e

and more efficient loop flow management A
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Intertie Optimization: Efficiently Utilize Transmission Between Markets

The experience in the Eastern U.S. shows that “Intertie Optimization” will be
necessary to reduce seam-related trading inefficiencies in real-time markets!

* NYISO, ISO-NE, and Potomac Economics have called for intertie optimization in 2010-2011 to address
seam-related inefficiencies

e Only “coordinated transaction scheduling”(CTS) has been implemented between ISO-NE, NYISO, PJM,
and MISO. Yet, a decade later, market monitors continue to document seams-related inefficiencies,
noting that CTS has not been effective, recommending intertie optimization

* The Western energy imbalance markets and European “market coupling” experiences have shown
that optimizing interties between BAAs offers substantial benefits—reducing costs, improving
reliability and renewable integration

* For the seams between SPP, MISO, and PJM we estimated that, without intertie optimization,
approximately 20-30% of the total transmission value ($50-60 million per 1000 MW of intertie
capacity) is lost because bilateral trades cannot respond quickly enough to frequently-changing real-
time prices

* Intertie optimization is needed in WECC to partially restore benefits of reduced WEIM footprint

See: Intertie Optimization Report and FAQs, IEEE PES Intertie Optimization slides.
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Conclusion: Significant opportunities exist to address market seams

While an improvement relative to bilateral markets, the experience with seams
mitigation efforts by the eastern regional markets has highlighted significant
inefficiencies remain related to the intertwined seams between regions

These inefficiencies can and should be addressed:

1. Interregional planning requires new approaches and federal/state involvement

2. Coordinated inter-regional generator interconnection processes can reduce costs and
interconnection delays

3. Neighboring regions need to improve managing the operational, congestion, and market impacts of
the loop flows they impose on each other

4. Trading inefficiencies across market seams can be addressed through intertie bidding and intertie
optimization

5. The resource-adequacy and resilience benefit of (even uncommitted, non-firm) interregional
transmission needs to be recognized in installed capacity requirements and transmission planning

Some of these challenges can be addressed more easily in the WECC
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Thank You!

Comments and Questions?

(Additional Slides)
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About the Speaker

Johannes (Hannes) Pfeifenberger, a Principal at The Brattle Group, is an economist ‘
with a background in electrical engineering and over twenty-five years of
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storage, and transmission. He also is a Visiting Scholar at MIT’s Center for Energy

and Environmental Policy Research (CEEPR), a former Senior Fellow at Boston
University’s Institute of Sustainable Energy (BU-ISE), an IEEE Senior Member, and
serves as an advisor to research initiatives by the U.S. Department of Energy, the
National Labs, and the Energy Systems Integration Group (ESIG).

Hannes specializes in wholesale power markets and transmission. He has analyzed
transmission needs, transmission benefits and costs, transmission cost allocations,
and renewable generation interconnection challenges for independent system
operators, transmission companies, generation developers, public power
Johannes P. Pfeifenberger companies, industry groups, and regulatory agencies across North America. He has
worked on market and transmission matters in SPP, MISO, PIM, New York, New
England, ERCOT, CAISO, WECC, Alberta, Ontario, and Quebec.

He received an M.A. in Economics and Finance from Brandeis University’s
International Business School and an M.S. and B.S. (“Diplom Ingenieur”) in Power
+1.617.234.5624 Engineering and Energy Economics from the University of Technology in Vienna,

(webbio and publications) Austria.

Hannes.pfeifenberger@brattle.com
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The need for intertie optimization

The Need for Intertie Optimization, prepared for ACORE,
Advanced Power Alliance, Grid United, Invenergy, MAREC, and
NRDC, October 2023

Intertie Optimization FAQs and Implementation Principles,
February 2024

Intertie Optimization: Efficient Use of Interregional
Transmission (Update), presented to OPSI, April 12, 2024

Market Benefits and Seams: Options and Implications,
presented to CREPC-WIRAB, April 24, 2024.

Intertie Optimization: Achieving Efficient Use of Interregional
Transmission, IEEE PES, Energy Policy Forum, April 16, 2025.

RTO market seams

RTO Market Seams: Impacts on Operations, Planning, and
Pricing, WPUI, April 16, 2026.

The Need for Intertie Optimization

Reducing Customer Costs, Improving Grid
Resilience, and Encouraging Interregional
Transmission
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Intertie Optimization: Avoids the inefficiencies of CTS

Coordinated Transaction Scheduling (CTS)

Intertie Optimization

75+min prescheduled 15-min transactions, based on -
forecasts, which often results in uneconomic trades

Based on CTS bids by traders, who need to reserve —
transmission (at a cost)

Transmission charges reduce CTS efficiency —

If transmission charges are eliminated, traders —
capture value of transactions (free rides)
Experience: -

= Low transaction volume due to costs and risk of
inefficient trades;

= Has not been able to improve inefficient use of
interregional transmission

Optimized in real time every 5 min, greatly reducing
the frequency of uneconomic trades

Optimized by RTOs using transmission that remains
available after bilateral markets have closed

Hurdle-free optimization increases market efficiency

Value of transactions shared by RTOs (i.e., their
transmission owners and, ultimately, customers)
Experience:

= High transaction volume with substantial benefits to
participating BAAs (e.g., Western EIM)

= Can greatly reduce inefficient use of interregional
transmission (e.g., European “market coupling”)

Bottom Line: CTS is not working — not for Traders, not for RTOs, not for TOs, and not for Customers

See |IEEE PES Intertie Optimization, April 2025 and Frequently Asked Questions
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Intertie Optimization: Implementation options

How would RTOs/ISOs determine and schedule optimal intertie transactions?

The RTOs would use their existing market optimization SCED engines to optimize intertie schedules
subject to available intertie capabilities after all bilateral transactions are closed

— As the PJM IMM explains, this would: “include an optimized, but limited, joint dispatch approach that
uses supply curves and treats seams between balancing authorities as constraints, similar to other
constraints within an LMP market” (2023 SOM Report at 478)

1. Contract-path option: treat the contract path across the interface like a single line with a generator
(representing the neighboring region) dispatched through SCED. & /MWh
RTO, RTO,

— The neighboring region would provide generation supply curve 1
(incremental/decremental cost of importing more or less) for RT intervals

— Simplest, will increase efficiency, but not optimally use full physical transmission MW

2.Flow-based option: represent interface physically with limiting flow gates
— The neighboring region provides binding flow gates and marginal generators RTO, RTO,
with shift factors on these flow gates (ISO-NE’s 2014 |EEE “Marginal Equivalent” proposal) \\§

— Will use full physical capability (ISO-NE simulations achieve 99% of full optimization)

3.Combined SCED option: used full, multi-regional SCED (similar to Western imbalance markets)
— Assures full optimization but likely impractical for existing market-based regions

See IEEE PES Intertie Optimization, April 2025 and Frequently Asked Questions brattle.com | 13
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