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Current U.S. Grid Planning Processes are too Siloed

71 These solely reliability-driven

Local TO Reliability

Projects
Upgrades to meet local

standards

Generator Interconnection

(Gl) Projects
Reliability upgrades for Gl

requests

Long Term Transmission processes account for > 90% of all
Service Projects . . .
Reliability upgrades for Tx transmission investments
Service Requests « None involve any assessments of
| — economic benefits (i.e., cost savings

heqglonal Rellap

Addre =

Regional Economic & Public
Policy Projects

Often addresses only a narrow
set of remaining needs

Joint RTO Interregional Planning
Processes

View of remaining needs is often
narrow, resulting in few to no
projects

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 largely ineffective
* Essentially no major interregional transmission projects have
been planned by grid operators in the last decade
* Regional focus on meeting reliability needs leaves no “need” for
interregional transmission, even if more cost effective
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Barriers to Interregional Transmission Planning

1. Insufficient leadership from RTOs and federal & state policy makers to prioritize
interregional planning

A. Leadership,

. 2. Limited trust amongst states, RTOs, utilities, & customers
Alignment and . : L : :
Understandi 3. Limited understanding of transmission issues, benefits & proposed solutions
nderstandin L . :
& 4. Misaligned interests of RTOs, TOs, generators & policymakers
5. States prioritize local interests, such as development of in-state renewables
. 6. Benefit analyses are too narrow, and often not consistent between regions
B. Planning . . :
7. Lack of proactive planning for a full range of future scenarios
Process and ) : : : .
Analvtics 8. Sequencing of local, regional, and interregional planning
Y 9. Cost allocation (too contentious or overly formulaic)
C. Regulatory 10. Overly-prescriptive tariffs and joint operating agreements
Constraints 11. State need certification, permitting, and siting

Source: Appendix A of A Roadmap to Improved Interregional Transmission Planning, November 30, 2021. Based on interviews
with 18 organizations representing state and federal policy makers, state and federal regulators, transmission planners,
transmission developers, industry groups, environmental groups, and large customers. brattle.com | 2



https://www.brattle.com/insights-events/publications/brattle-economists-author-report-on-the-benefits-of-expanding-interregional-transmission/

Example: Prioritizing Regional over Interregional Solutions

e MISO’s new Renewable Integration
Impact Assessment (RIIA) improves on
many other planning studies by:

— Establishing the need to study both policy
goals and reliability goals simultaneously

— Considering diverse future scenarios

— Recommends a “least-regret” transmission
plan (but one that does not address
possibility of regret from inadequate T)

* By design, the scope of study does not
address any interregional opportunities:

— Despite modeling five regions in addition to
MISO, the study mostly did not consider
interregional transmission (see figures)

— Even if “optimal” for MISO, it likely
preempts more cost-effective
interregional solutions

How would SPP-MISO-PJM
wide planning results differ?

MISQO’s projected scope of transmission expansion needs

Voltage ot Voltage

Level (kV) ST =\ Level (kV)

—_—35 : -—345
500 : 500

o 765 S o W i 765

«==D( Line - w==DC Line

Future 1 Futures 1, 2,3

Source: MISO LRTP Roadmap March 2021 ] brattle.com | 3



https://cdn.misoenergy.org/20210317%20PAC%20Item%2003a%20Long%20Range%20Transmission%20Plan%20Initial%20Roadmap531009.pdf

Understanding Transmission-Related Benefits

Wide-spread nature of benefits creates challenges in estimating them and how
they accrue to different users, which also complicates cost allocation

= Broad in scope, providing |- Increased reliability and operational flexibility

many different types of  Reduced congestion, dispatch costs, and losses Economic benefit
benefits * Lower capacity needs and generation costs . .
* Increased competition and market liquidity of transmission =
* Renewables integration and environmental benefits
* Insurance and risk mitigation benefits + Cost savings that
* Diversification benefits (e.g., reduced uncertainty and variability)
* Economic development from G&T investments reduce overall
= Wide-spread * Multiple transmissions service areas system-wide
geographically » Multiple states and regions costs faced by
= Diverse in their effects on | ° Customers, generators, transmission owners in regulated
market | participants and/or deregulated markets customers
+ Individual market participants may capture one set of benefits but
not others + Economic value
= Occur and Mgg over » Several decades (50+ years), typically increasing over time Of added
Iong periods of time » Changing with system conditions and future generation and
transmission additions reliability

* Individual market participants may capture different
types of benefits at different times brattle.com | 4




Quantifying Benefits Beyond “Production Cost” Savings

Relying solely on traditionally-quantified Adjusted Production Cost (APC) Savings
results in the rejection of beneficial transmission projects — particularly for
interregional planning efforts that consider an even smaller subset of benefits

FIGURE 5. BENEFIT-COST RATIOS OF TRANSMISSION PROJECTS WITH AND WITHOUT A BROAD SCOPE

OF BENEFITS
2.50
All Benefits Across All Sub-

2.00 Regions
o Other Quantified
% 150 Benefits
=
8
- 100 -~ o - - - e - i - - - = . — — — — - - - - R - — — - _  Project Costs
g
& I I Standard Production

I Cost Benefits
- I
NYISO AISO MISO Benefits considered in

AC Upgrades Paddo f ockdale D (Low) RCAR | RCAR

Inter-regional Planning

Source: Transmission Planning for the 21st Century: Proven Practices that Increase Value and Reduce Costs
A Roadmap to Improved Interregional Transmission Planning.
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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/

The High Value of and Large Need for

nterregional Transmission

Mg
66 19 188
. 183

5 120 =y
26 212

56 120

CAISO 45 110 188

38

West (non-ISO)

T~

LBNL, Empirical Estimates of
Transmission Value, Slide 16

44

51

120

55
® 121

112

81
spp_ 108
82
133

g3

7l
67

>
45

a0

>
ERCOT
57 235

59
98

MISO
155

148
L]

140

s 37 =
74% 75 /86

58

a4

2012-2021

181
& 2

189

128
137

oy o

l71

NYiso 58 i

1457

100
27

98 pym 2a B4

107 -

2012-2021 Annual
Value: Million §
per 1000 MW

I =600

Southeast
(non-1S0)

500
400
300
200
100

k74

2022, Million $ per 1000 MW

h
115
119
/ \"?}?7 NYISO
" A 167 49 "45 127% o 76202 504
25%{1%3 175 193 - 155
MISO
. 188 39— o 74 19
59 = 5212 .
. 162 4
124
CAISO 133 136 56
. g y oS
29 e West (non-1S0) 0 122
L ]
\ \5 Southeast

LBNL, 2022 Update,
February, 2023 at 2.

\f

o4 ERCOT

> (non-I1S0)

105

{1
kﬂ

2022 Annual
Value: Million $
per 1000 MW

I >600

500
400
300
200
100

DOE’s National Transmission Needs Study identified significant

interregional transmission needs based on 3 groups of scenarios:
1. Mod/Mod = status-quo with moderate load and clean-energy shares
2. Mod/High = moderate load growth but high clean-energy shares
3. High/High = high load and clean-energy shares

“Need” = optimal regional and interregional transmission expansion that
minimize total system-wide costs

® Based on six recent national studies, 26 scenarios, and numerous sensitivities

brattle.com | 6


https://eta-publications.lbl.gov/sites/default/files/lbnl-empirical_transmission_value_study-august_2022.pdf
https://eta-publications.lbl.gov/sites/default/files/lbnl-transmissionvalue-fact_sheet-2022update-20230203.pdf
https://www.energy.gov/sites/default/files/2023-02/022423-DRAFTNeedsStudyforPublicComment.pdf

DOE’s 2023 Transmission Needs Study: Interregional Needs

New in 2040 Scenario

Group 9% Growth % Growth

Scenario

Group % Growth

| | Mod/Mod | | 22 | | Mod/Mod | 1.10 5.1% 2.39 | 11.0% ‘ 2.65 ‘ 12.2%
| Delta - Texas | 000 | Mod/migh | | as3 | Mid-Atlantic - Midwest | 21.7 | Mod/High | 9.87 45.5% 33.8 | 156% ‘ 21.9 ‘ 101%
High/High 106.7 | High/High | 42.4 196% 103 | 475% ‘ 119 ‘ 550%
Mod/Mod | 0.36 39.1% 0.94 102% 1.40 152% Mod/Mod | 0.00 0.0% 0.29 14.7% 0.81 40.6%
Mountain - Plains 0.92 Med/High 0.79 85.4% 2.64 287% 11.9 1290% Mid-Atlantic— New York 2.00 Mod/High 0.00 0.0% 243 122% 14.8 742%
High/High 6.10 663% 19.3 2100% 29.2 3170% | High/High 2.03 102% 8.24 412% 12.7 634%
‘ ‘ Mod/Mod | 0.69 172% 116 | 290% ‘ 1.48 | 370% \ | Mod/Mod | 0.19 2.6% 0.51 | 7.3% \ 1.50 \ 21.3%
‘ Plains - Southwest ‘ 040 | Mod/High | 2.53 631% 366 | 914% ‘ 131 | 3280% ‘ Mid-Atlantic - Southeast | 7.07 | Mod/High | 2.78 39.3% 6.86 | 97.1% ‘ 125 ‘ 177%
‘ ‘ High/High | 5.54 1380% 13.0 | 3240% ‘ 14.4 | 3600% High/High | 4.36 61.7% 9.88 140% 12.2 173%
Mod/Mod 0.02 3.0% 0.49 60.0% 0.91 111% Mod/Mod 1.35 11.2% 3.14 26.0% 3.62 30.1%
Plains — Texas 082 | ModHigh | 115 140% 9.8 1200% 146 1780% < Midwest - Plains 12.1 | Mod/High | 7.9 66.3% 211 175% 23.0 191%
High/High | 14.3 1750% 28.9 3520% 34.9 4260% High/High | 24.6 204% 88.0 731% 98.7 819%
‘ ‘ Mod/Mod | 0.00 0.0% 0.00 | 0.0% ‘ 0.00 | 0.0% ‘ | Mod/Mod |  0.00 0.0% 0.00 | 0.0% \ 0.00 \ 0.0%
‘ Delta - Midwest ‘ 300 | Mod/High | 0.00 0.0% 0.00 | 0.0% ‘ 0.00 | 0.0% ‘ Midwest - Southeast | 827 | Mod/High | 1.28 15.4% 4.46 | 53.9% ‘ 6.23 ‘ 75.3%
| | High/High | 0.10 3.2% 091 | 30a% | 132 | 242% | | High/High | 10.3 125% 344 | w16% | 309 | 483%
Mod/Mod | 0.00 0.0% 0.35 7.4% 0.73 15.3% ‘ | Mod/Mod | 0.00 0.0% 0.00 ‘ 0.0% ‘ 0.00 ‘ 0.0%
Delta - Plains 476 | Mod/High | 4.89 103% 19.7 414% 0.00 0.0% ‘ Delta - Southeast | 592 | Mod/High | 0.92 15.6% 5.10 ‘ 86.2% ‘ 10.7 ‘ 181%
High/Migh | 207 434% 485 1020% 55.3 1160% ‘ | High/High | 10.1 171% 339 ‘ 572% ‘ 37.7 ‘ 637%

Source: DOE National Transmission Needs Study, Draft February 2023, Table VI-4, p. 96
https://www.energy.gov/sites/default/files/2023-02/022423-DRAFTNeedsStudyforPublicComment.pdf brattle.com | 7



https://www.energy.gov/sites/default/files/2023-02/022423-DRAFTNeedsStudyforPublicComment.pdf

MIT Study: Cost Reductions Enabled by Interregional Transmission
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Key Result: A more robust national grid would
reduce the total cost of decarbonizing the grid ...
but (higher-cost) regional and more local
solutions may also be feasible

Optimal Transmission Build:
With and Without National Transmission Coordination

A USA-AC-DC

-

USA + AC + DC

Morthwest

Mouniain B Midwesll

Calfornia Fliensls

Camiral Marsmieasl Louthoass
B Taxas B Midddantic @ Flonda

10 20 30 40 50 GW

P. R. Brown and A. Botterud, The Value of Inter-Regional Coordination and Transmission
in Decarbonizing the US Electricity System, Joule, December 11, 2020.

brattle.com | 8



https://www.cell.com/joule/fulltext/S2542-4351(20)30557-2?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2542435120305572%3Fshowall%3Dtrue

Options for Improving Interregional Planning Processes

. . . Reliability & Resilience Only QRRERTTVANEYY R Multi-Value Approach
While national studies show there are Interregional Tx

benefits of interregional transmission, - .
. . stablis
these studies do not create an actionable [ R J
“ ” . . Requirement L
need” for approving projects

!

Local &
Regional
Reliability

Four paths can be pursued Nationally SSSSTRVATSMNN Regionally
. . . o . Implement?
simultaneously, identifying actionable
o o Federal or Central g Regional Individual ﬁ:eg."ona.'
transmission needs through: D iy planning_ SR Planning
Plan and Approve Tx Cost Allocation
1. New Interregional Tx requirements?
Implement new standards Implement new standards
: for interregional planning and expand scope across
2. New Federal planning? S Seans
3- Improve jOint RTO planning Jointly Identify Least Identify interregional
Regrets and Maximum Net projects and incorporate
4 Expand p|anning by individual RTOs Benefit Projects into joint regional planning

v

Agree on interregional
| projects, include them

| inregional plans, and
allocate costs brattle.com | 9

Source: A Roadmap to Improved Interregional Transmission Planning, November 30, 2021.



https://www.brattle.com/insights-events/publications/brattle-economists-author-report-on-the-benefits-of-expanding-interregional-transmission/

Value Consideration for Interregional Transmission

To be able to plan interregional transmission that reduces costs and improves
reliability compared to regional or local solutions requires that we:

e Fully and efficiently utilize interregional transmission in energy markets and for resource adequacy
* Improve planning models:

— Improve representation of neighboring regions in model footprint to capture diversity

— Capture impacts of challenging conditions and extreme events, such as heat waves or cold snaps
» Simultaneous spikes in loads, fuel prices, generation and transmission outages, resilience challenges
» LBNL study: 40-80% of annual transmission value is concentrated in top 5% of all hours

— Integrate/combine all benefit metrics of neighboring regions in economic analyses

— Recognize the full resource adeguacy value of interregional transfer capability (even if non-firm or
not committed to capacity imports) to reflect load and resource diversity

* Proactively evaluate (including in regional planning processes) if interregional solutions exist that are
more effective than regional or local solutions

— Recognize regional/interregional benefits, including avoided cost of regional/local solutions

brattle.com | 10


https://eta-publications.lbl.gov/sites/default/files/lbnl-empirical_transmission_value_study-august_2022.pdf

First Step: More Efficiently Utilize Interregional Transmission

The time is ripe to consider “intertie optimization” to reduce seam-related inefficiencies & barriers
to interregional transmission development, including for merchant lines that provide regional market
benefits without regulated cost recovery from all customers

e NYISO, ISO-NE, and Potomac Economics have called for intertie optimization in 2010-2011 to address seam-
related inefficiencies, but only “coordinated transaction scheduling”(CTS) was implemented at the time

e A decade later, market monitors continue to document seams-related inefficiencies, noting that CTS has not been
effective, and recommending intertie optimization

e The Western energy imbalance markets and European “market coupling” experiences have shown that intertie
optimization between BAAs offers substantial benefits, reducing costs, improving reliability and renewable
integration—dramatically improving efficient utilization of interregional transmission

— The Extended Day-Ahead Market (EDAM) and Markets+ will further enhance the value of intertie optimization
across BAA seams in the West

e CAISQO’s new “Subscriber PTO” proposal integrates available capacity on merchant transmission projects into the
regional and interregional energy market optimization

ESIG Webinar (Monday, Oct 2): The Need for Intertie Optimization — Reducing Customer Costs,
Improving Grid Resilience, and Encouraging Interregional Transmission

brattle.com | 11


https://www.esig.energy/event/webinar-the-need-for-intertie-optimization-reducing-customer-costs-improving-grid-resilience-and-encouraging-interregional-transmission/

Thank Youl!

Comments and Questions?

Additional Slides

brattle.com | 12



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
experience in wholesale power market design, renewable energy, electricity
storage, and transmission. He also is a Visiting Scholar at MIT’s Center for Energy

and Environmental Policy Research (CEEPR), a Senior Fellow at Boston University’s
Institute of Sustainable Energy (BU-ISE), a IEEE Senior Member, and currently
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 transmission matters in SPP, MISO, PJM, New York, New England, ERCOT,
CAISO, WECC, and Canada and has analyzed offshore-wind transmission challenges
in New York, New England, and New Jersey.

Hannes.pfeifenberger@brattle.com

He received an M.A. in Economics and Finance from Brandeis University’s

+1.617.234.5624 International Business School and an M.S. and B.S. (“Diplom Ingenieur”) in Power
Engineering and Energy Economics from the University of Technology in Vienna,
Austria.
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Transmission Investments is at Historically High Levels

Annual Transmission Investment ‘
as Reported to FERC by Region eei2021  $20-25 billion in annual U.S.

EEI 2020 .. .
transmission investment, but:

CAISO ® More than 90% of it justified solely
based on reliability needs without

benefit-cost analysis
I I I MISO — About 50% solely based on “local”
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Examples of Brattle Reports on Regional and Interregional
Transmission Planning and Benefit-Cost Analyses

Well-Planned Electric Transmission

Saves Customer Costs:

Improved Transmission Planning is Key to
the Transition to a Carbon-Constrained

Future

FREFARED FOR

@ Link: Well-

WIRES
Planned

Transmission

b

A Roadmap to Improved
Interregional Transmission
Planning

FREEFARED BY
Judy W. Chang
Jonannes P, Fleifenpenger

May 2014

THE Bratl:le GROUP

Toward More Effective Transmission
Planning:

Addressing the Costs and Risks of an Insufficiently
Flexible Electricity Grid

Link: Effective
Transmission

Planning

WIRES

Johannes P. Pfeitenberger
Judy W. Chang
Akarsh Sheilendranath

1he Brattle Group

Link: Transmission
Benefits

The Benefits of Electric
Transmission: Identifying
and Analyzing the Value of
Investments

July 2013

Judy W. Chang
Johannes P. Pfeifenberger
J. Michael Hagerty

% \
‘ ‘Al} _ ;;v g

Link: Diversity Value Link:

Boston University Institute for Sustainable Energy

Johannes P. Pfeifenberger
Kasparas Spokas

J. Michael Hagerty

John Tsoukalis

The Value of Diversifying Uncertain
Renewable Generation through the

Transmission System
November 30, 2021

September ¢ 2020
& -

i\

\ | Transmission Planning for the 21st
M Century: Proven Practices that
Increase Value and Reduce Costs

Link:

The Brattle Group:
Johannes Pfeifenberger
Kasparas Spokas

Grid Strategies:
Rob Gramlich
Michael Goggin

\

Summarizes proven
approaches to quantifying
various benefits

J. Michael Hagerty
John Tsoukalis

Jay Caspary
Jesse Schneider

OCTOBER 2021

/

¢
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https://wiresgroup.com/wp-content/uploads/2020/06/2016-06-Brattle-Group-Well-Planned-Electrical-Transmission-Saves-Customers-Costs.pdf
https://wiresgroup.com/wp-content/uploads/2020/12/The-Benefits-of-Electric-Transmission-July-2013.pdf
https://wiresgroup.com/wp-content/uploads/2020/12/The-Benefits-of-Electric-Transmission-July-2013.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/insights-events/publications/brattle-economists-identify-transmission-needs-and-discuss-solutions-to-improve-transmission-planning-in-a-new-report-coauthored-with-grid-strategies/
https://www.brattle.com/insights-events/publications/brattle-economists-author-report-on-the-benefits-of-expanding-interregional-transmission/

The Need for and Value Proposition of Interregional Transmission

Existing studies highlight how interregional transmission can provide significant benefits
as the grid transitions to clean resources

¢ The value proposition (increased reliability, reduced costs, risk mitigation) of interregional transmission defines the
“need” for the approval these projects

* In the last ten years, numerous studies have looked at a wide range of grid transition scenarios—including a
“continuation of recent trend” view in which coal is gradually being replaced by renewables to reduce emissions
— Inallinstances, building new interregional transmission reduces overall system costs and reduces emissions while reducing risk
and helping to maintain or increase reliability
e The need for interregional transmission has evolved as renewable costs have declined and state clean-energy and
decarbonization policies have become more ambitious. It has shifted from transporting (mostly) low-cost wind to load

centers to include a broader set of benefits: interregional transmission improves reliability and protects customers
from high-cost outcomes

e While there is some substitutability between solar, storage, and transmission, the declining cost of solar and storage
has not changed the conclusion that interregional transmission reduces costs

e The development of interregional transmission and lower electricity rates also create jobs; potentially more than
many local-only renewables policies

e Particularly as shares of weather-correlated renewable generation increases, robust interregional transmission is

needed to ensure that the geographic scale of the grid exceeds the size of typical weather systems bratle.com | 16



National Studies Show Large Benefit of Interregional Transmission

NREL North American Renewable U.S., Canada, Mexico
Integration Study (2021)

MIT Value of Interregional Nation-Wide
Coordination (2021)

Princeton Net Zero America Study Nation-Wide
(2021)

U.C. Berkeley 90% by 2035 (2020) Nation-Wide

Vibrant Clean Energy Eastern Interconnect
Interconnection Study (2020)

Wind Energy Foundation Study ERCOT, MISO, PJM,

(2018) and SPP

NREL Seams Study (2017) Eastern and Western
Interconnects

Source: A Roadmap to Improved Interregional Transmission Planning,

4

Increasing trade between countries can provide $10-30 billion in net benefits
Interregional transmission expansion achieves up to $180 billion in net benefits

National coordination of reduces the cost of decarbonizing by almost 50% compared to no coordination
between states

The lowest-cost scenario builds almost 400 TW-km of transmission; including roughly 100 TW-km of DC
capacity between the interconnections and over 200 TW-km of interregional AC capacity

No individual state is better off implementing decarbonization alone compared to national coordination
of generation and transmission investment

Low storage and solar costs still result in significant cost effective interregional transmission

Achieving net-zero emissions by 2050 requires 700-1,400 TW-km of new transmission
Investment in transmission needed ranges $2-4 trillion dollars by 2050

The only national study that suggest relatively little interregional transmission would be needed to achieve
90% clean electricity. However, the study’s simulation approach does not utilize more granular and well-
established methods to properly value interregional transmission.

40 to 90 TW-km of transmission is built by 2050 to meet climate goals

Transmission development can create 1-2 million jobs in the coming decades, more than wind, storage, or
distributed solar development

Transmission reduces electricity bills by $60-90 per MWh

Transmission planners are not incorporating this rising tide of voluntary corporate renewable energy
demand into plans to build new transmission

Major new ties between interconnections saves $4.5-529 billion over a 35 year period

brattie.com | 1/
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https://www.brattle.com/insights-events/publications/brattle-economists-author-report-on-the-benefits-of-expanding-interregional-transmission/

Limitations of National Studies

Although existing studies demonstrate the benefits of interregional transmission, they have not been
successful in motivating improved interregional planning or actual transmission project developments.
The reasons include some or all of the following:

e Many studies tend to analyze aspirational clean energy targets (e.g., 90% by 2035 or 100% by 2050) not the actual
policies and mandates applicable for the next 10-15 years

— By not modeling actual state or federal policies, clean-energy mandates, and renewable technology preferences,
the studies cannot demonstrate a compelling “need” to policy makers, regulators, and permitting agencies

e The studies are not transmission planning studies that produce specific transmission projects that can be
developed to deliver the identified benefits and they do not support an actionable need for specific
projects
— The results of these studies do not connect with RTO planning processes and needs identification

e Studies do not to identify how benefits and costs are distributed across utility service areas, states, or RTO/ISO
under different scenarios, as would be necessary to gain support and develop feasible cost recovery options

— The studies typically do not consider or propose how to recover (“allocate”) transmission costs

e There has not been an analysis of the state-by-state economic impact and job creation from interregional
transmission development, reduced electricity prices, and shifts in the locations of clean-energy investment

* Most studies do not propose actionable solutions to address the many barriers to planning processes and to the
development of new interregional transmission projects brattle.com | 18




National Studies are Not a Substitute for Transmission Planning

While national studies indicate the economic benefits of new regional and interregional
transmission, they do not analyze the transmission grid in sufficient detail to yield actionable
interregional transmission plans (and cannot substitute for interregional transmission planning)

® Various “macro grid” studies show how much transmission capacity might be cost effective between
certain regions, but they fail to:

— Consider existing transmission planning criteria (e.g., reliability, stability, size of largest contingencies)

— Pinpoint specific locations on the power system where transmission projects could interconnect to achieve
cost reductions (studies typically only indicate which regions would benefit from more transfer capacity)

— Identify a list of actionable individual transmission projects (or manageable portfolios of projects) and
guantify project-specific benefits needed by regional planning authorities and transmission developers to
obtain approvals for individual projects

— “Connect” to RTO/ISO and TO planning processes that can approve actual projects for development

— Consider actual project costs and cost allocations (including the costs of necessary local upgrades)

Detailed interregional transmission studies that include RTOs/ISOs are needed to identify specific
projects that meet all planning criteria and are cost-effective overall and to the individual regions
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Case Study: Winter Storm Uri

Transmission constraints led to substantial price separations. Anadditional GW of transmission into
Texas would have fully paid for itself over the course of the four-day event (Goggin, 2021).

LMPs on Feb 15th, 2021 at 7:45-7:55 .
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https://acore.org/wp-content/uploads/2021/07/GS_Resilient-Transmission_proof.pdf

Framework for More Proactive Transmission Planning™

FERC NOPR efforts and available experience point to proven planning practices
that can reduce total system costs and risks, but are rarely used today:

1. Proactively and holistically plan for future generation and load by incorporating realistic projections of
all needs: the anticipated generation mix, public policy mandates, load levels, and load profiles over
the lifespan of the transmission investments. Avoid siloed, incremental planning processes.

2. Account for the full range of transmission needs and use multi-value planning to comprehensively
identify investments that cost-effectively address all categories of needs and benefits

3. Address uncertainties and high-stress grid conditions explicitly through scenario-based planning
that takes into account all transmission needs for a broad range of plausible long-term futures as well
as real-world system conditions, including challenging and extreme events

4. Use comprehensive transmission network portfolios to address system needs and cost allocation
more efficiently and less contentiously than a project-by-project approach

5. Jointly plan inter-regionally across neighboring systems to recognize regional interdependence,
increase system resilience, and take full advantage of interregional scale economics and geographic
diversification benefits

* Brattle & Grid Strategies Report: Transmission Planning for the 21st Century: Proven Practices that Increase Value and Reduce Costs, October 2021. brattle.com | 21



https://www.brattle.com/wp-content/uploads/2021/10/2021-10-12-Brattle-GridStrategies-Transmission-Planning-Report_v2.pdf

Intertie Optimization: The poor utilization of interregional
transmission interties has long been documented

Potomac Economics has documented inefficient utilization of interregional transmission
interties since 2003.

e David Patton, Coordinated Interchange Recommendations, March 13, 2003 (Presentation to New England
RTO Working Group).

In 2010, Potomac Economics estimated that optimizing interties between MISO, PJM, NYISO,
ISO-NE, and Canadian system operators would conservatively yield between $160-300 million in
annual cost savings.

e See Analysis of the Broader Regional Markets Initiatives, pp. 10-13

In 2011, NYISO and ISO-NE proposed to address these seams-related inefficiencies through
intertie optimization

e See Interregional Interchange Scheduling (IRIS) Analysis and Options

Yet, little has changed and interregional interties continue to be utilized poorly (see next slides)
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https://www.nyiso.com/documents/20142/1394342/BRM_Analysis_Presentation_to_RTOs_9-27-10.pdf/a83ea814-22e3-c754-e90d-99ac0b967029
https://www.iso-ne.com/static-assets/documents/pubs/whtpprs/iris_white_paper.pdf

The 2011 Intertie Optimization proposal by NYISO and ISO-NE

In 2011, NYISO and ISO-NE proposed to implement intertie optimization to address the

inefficiencies from poor utilization of interregional transmission.

ISOs agreed with concerns raised by its Market Monitor since 2003

)

The ISOs’ analysis showed that “too little power is flowing in the correct direction more than 4000 hours per year.
“Nearly half of the time that New England has higher-cost generation on the margin than New York, the net
scheduled flow is westbound into New York”

“The price difference exceeds S5 per MWh (in absolute value) more than half of the year, and exceeds $10 per
MWh (in absolute value) nearly one-third of the year [when] there is transmission capacity available to schedule
additional transfers across the interface.” “[T]otal energy expenditures would be on the order of one to two
hundred million dollars lower annually—or perhaps half a million dollars per day lower—if the real-time
inter-regional interchange system produced efficient tie schedules.”

The three root causes are:

— 1. Latency Delay. The time delay between when the tie is scheduled and when power flows, during which time system
conditions and LMPs may change.

— 2. Non-economic Clearing. The ISOs make decisions about which tie schedule requests to accept without economic
coordination, producing inefficient schedules.

— 3. Transaction Costs. The fees and charges levied by each ISO on external transactions serve as a disincentive to engage in
trade, impeding price convergence and raising total system costs
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NYISO/ISO-NE Recommended Intertie Optimization,
but CTS was implemented instead

NYISO and ISO-NE offered designs for two possible solutions:

e Intertie Optimization: similar to the least-cost economic dispatch system used internally for each ISO’s
energy market, it relies on the bid-based supply offers from generators and demand resources to
determine real-time LMPs and transmission flows within and between the two ISOs’ networks.

e Coordinated Transaction Scheduling (CTS): facilities bilateral trading in real time through a simplified bid
format (called an interface bid) and coordinated acceptance of interface bids by the ISOs (using an

improved clearing rule).

The ISOs recommended the Intertie Optimization because:

* Intertie optimization is the more efficient solution
e The CTS system was not expected to produce as complete a price convergence between regions

Only CTS was implemented between NYISO and ISO-NE (and later PJM and MISO):
e Concerns were raised that intertie optimization may unnecessarily displace bilateral trading

* |t was hoped that CTS might be almost as efficient as intertie optimization
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MISO and NYISO Market Monitor: CTS has not been
successful in reducing seams-related inefficiencies

The Potomac Economics (the NYISO and MISO Independent Market Monitor) has documented

the ineffectiveness of CTS:

e For example, in the MIISO 2021 State of the Market Report, the IMM notes that CTS between MISO and PJM: “has
produced very little of the sizable savings it could generate” and that “more than 40 percent of the current CTS
transactions are ultimately unprofitable” (at xx and 90, emphasis added).

To address these continued inefficiency the IMMrecommends to modify CTS so it can better

approximate intertie optimization:

e “we recommend the RTOs consider modifying the CTS to clear transactions every five minutes through [the Unit
Dispatch System, UDS] based on the most recent five-minute prices in the neighboring RTO area.”

* Doing so was estimated to offer cost savings of $23m for transactions with PJM and $44m for transactions with SPP
Table 14: CTS with Five-Minute Clearing Versus Current CTS

2021
Percent of Production Percent
Intervals Adjusted  Cost Savings Profits Unprofitable
lez" tCTS 9. 7% $7.203,734 $199.456 39.4% potrceMiBO ZUELSTATE OF THE
urrent i A0 8] ]
o ’ MARKET REPORT
S5-Minute CTS 77.5% $23,207.329 511,765,360 13.8% .
(potomaceconomics.com)
SPP
S5-Minute CTS* 89.6% $44,089.866 $25,984,814 22.1%
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https://www.potomaceconomics.com/wp-content/uploads/2022/06/2021-MISO-SOM_Report_Body_Final.pdf
https://www.potomaceconomics.com/wp-content/uploads/2022/06/2021-MISO-SOM_Report_Body_Final.pdf

PJIM Market Monitor: has been recommending intertie
optimization because CTS has not been effective

The PJM Market Monitor has recommended to reconsider intertie optimization since 2014:

® Inthe 2022 PJM State of the Market Report (at 105), the PIM Market Monitoring Unit (MMU) repeats the
recommendation it has made since 2014: “The MMU recommends that PJM explore an interchange optimization
solution with its neighboring balancing authorities that would remove the need for market participants to schedule
physical transactions across seams. Such a solution 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.”

The recommendation is supported by a finding of inefficient intertie schedules that are
inconsistent with seams-related price differences during almost half of all trading periods:

Table 9-27 Distribution of hourly flows that are

consistent and inconsistent with price differences Table 9-29 Distribution of hourly flows that are consistent and inconsistent with price differences between PJM and

between PJM and MISO: 2022 NYISO: 2022
Percent of Percent of Percent of Percent of
Price Difference Range Inconsistent Inconsistent  Consistent  Consistent Price Difference Range Inconsistent Inconsistent  Consistent  Consistent
(Greater Than or Equal To) Hours Hours Hours Hours (Greater Than or Equal To) Hours Hours Hours Hours
$0.00 4176 100.0% 4,584 100.0% $0.00 3,463 100.0%p 5,297 100.0%p
$1.00 3,773 90.3% 4,190 91.4% £1.00 3,193 92.2% 5,021 94.8%
$5.00 2,517 60.3% 2,737 59.7% £5.00 2,327 67.2% 3,834 72.4%p
$10.00 1,570 37.6% 1,612 35.2% £10.00 1,667 48.1% 2,511 47 4%
$15.00 989 23.7% 1056 23.0% £15.00 1,206 34.8% 1,664 31.4%
$20.00 673 16.1% 700 15.3% £20.00 912 26.3% 1,173 22.1%
$25.00 490 11.7% 531 11.6% §25.00 709 20.5% 881 16.6% Source: 2022 State of the Market Report
$50.00 150 3.6% 243 5.30% £50.00 360 10.45%, 360 6.8% . . H
7500 o e = o 00 0 o 200 o for PIM (monitoringanalytics.com)
$100.00 38 0.9% 94 2,100 £100.00 143 4.1% 133 2.5%
$200.00 26 0.6% 34 0.7% $200.00 49 1.4%p 54 1.0%0
$300.00 19 0.5% 15 0.3% $300.00 23 0.6% 28 0.5%
$400.00 17 0.4% 8 0.2% $400.00 14 D.4% 24 0.5% brattle.com | 26
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https://www.monitoringanalytics.com/reports/PJM_State_of_the_Market/2022/2022-som-pjm-sec2.pdf
https://www.monitoringanalytics.com/reports/PJM_State_of_the_Market/2022/2022-som-pjm-sec9.pdf

CAISO’s Subscriber-PTO (SPTO) Proposal: designed to optimizing
available capacity on interregional merchant transmission projects

CAISO developed a SPTO framework to integrate unutilized capacity on merchant transmission
lines into regional and interregional day-ahead and real-time energy markets
e Applies to interregional merchant transmission lines (such as TransWest Express, an HVDC line from Wyoming to Utah

and Southern California) whose costs are recovered from “subscribers” ... rather than from native load customers
through CAISO regulated transmission rates

e The SPTO proposal recognizes that fully integrating interregional merchant lines into DA and RT energy markets (and

compensating the holders of the transmission rights for market-based use) offers substantial benefits to CAISO, its
customers, and the larger western power market

Summary of the SPTO design (filed at FERC last week):
e The merchant SPTO facility is put under CAISO operational control

e Priority rights for subscriber schedules have priority (perfect congestion hedge)

e Unscheduled merchant transmission capacity (held by subscriber or project owner) is made available for regional and
interregional market utilization in both day-ahead and real-time

e CAISO will optimize the SPTO capacity made available in its markets, including inter-regionally in EIM and EDAM

e CAISO will pay a “Non-subscriber Usage Charge” to compensate the merchant facility for market transactions
— Paid from CAISQ’s transmission access charge to avoid rate pancaking
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https://stakeholdercenter.caiso.com/StakeholderInitiatives/Subscriber-participating-transmission-owner-model
http://www.caiso.com/InitiativeDocuments/Presentation-Subscriber-Participating-Owner-Status-Model-Feb152023.pdf

Experience with Intertie Optimization: Western EIM and EIS

The Western EIM and Western EIS have been created to optimize in real-time the available

transmission across the interregional seams of multiple Balancing Areas in the WECC

They represents the most relevant examples of the significant cost savings that intertie optimization
between BAs can offer ... along with reliability, resilience, and renewable integration benefits

WEIM and WEIS transactions are incremental to a baseline of bilateral trades

WEIM and WEIS transactions are scheduled on a 15-minute/ 5-minute basis after all bilateral trading
closes (approximately 20 minutes before each real-time operating period)

The available experience shows that real-time energy transactions optimized by neighboring system
operators offers significant value beyond what can be achieved through bilateral trades.

For example, as shown on next slide, WEIM has achieved:
— Between $170 million and $530 million in savings during each quarter of 2022,

— Cumulative savings of $3.5 billion since its inception

In response to WEIM and WEIM success, market operators are now developing the Extended Day Ahead
Market (EDAM) and Markets+ to optimize interregional transmission on a day-ahead basis as well

— Market-based congestion/transfer revenues accrue to entity contributing the transmission rights/capability
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https://www.westerneim.com/Pages/About/default.aspx
https://spp.org/documents/69127/2022%20weis%20benefit%20of%20market%20report.pdf
https://stakeholdercenter.caiso.com/StakeholderInitiatives/Extended-day-ahead-market
https://www.spp.org/documents/69346/spp%20markets%20plus%20proposal.pdf

Gross Benefits (Millions)

WEIM Benefits: the value of transmission optimization within and
across multiple Balancing Areas in RT energy markets
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https://www.westerneim.com/Pages/About/QuarterlyBenefits.aspx

Additional Reading on Transmission

Pfeifenberger, Plet, et al., The Operational and Market Benefits of HVDC to System Operators, for GridLab, ACORE, Clean Grid Alliance, Grid United, Pattern Energy, and Allete, September 2023.
Pfeifenberger, Delosa, et al., The Benefit and Urgency of Planned Offshore Transmission, for ACORE, ACP, CATF, GridLab, and NRDC, January 24, 2023.

Brattle and ICC Staff, lllinois Renewable Energy Access Plan: Enabling an Equitable, Reliable, and Affordable Transition to 100% Clean Electricity for lllinois, December 2022.

Pfeifenberger et al., New Jersey State Agreement Approach for Offshore Wind Transmission: Evaluation Report, October 26, 2022.

Pfeifenberger, DeLosa lll, Transmission Planning for a Changing Generation Mix, OPSI 2022 Annual Meeting, October 18, 2022.

Pfeifenberger, Promoting Efficient Investment in Offshore Wind Transmission, DOE-BOEM Atlantic Offshore Wind Transmission Economics & Policy Workshop, August 16, 2022.

Pfeifenberger, Generation Interconnection and Transmission Planning, ESIG Joint Generation Interconnection Workshop, August 9, 2022.

Pfeifenberger and Delosa, Proactive, Scenario-Based, Multi-Value Transmission Planning, Presented at PJM Long-Term Transmission Planning Workshop, June 7, 2022.

Pfeifenberger, Planning for Generation Interconnection, Presented at ESIG Special Topic Webinar: Interconnection Study Criteria, May 31, 2022.

RENEW Northeast, A Transmission Blueprint for New England, Prepared with Borea and The Brattle Group, May 25, 2022.

Pfeifenberger, New York State and Regional Transmission Planning for Offshore Wind Generation, NYSERDA Offshore Wind Webinar, March 30, 2022.

Pfeifenberger, The Benefits of Interregional Transmission: Grid Planning for the 21st Century, US DOE National Transmission Planning Study Webinar, March 15, 2022.

Pfeifenberger, 21st Century Transmission Planning: Benefits Quantification and Cost Allocation, for 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, Tsoukalis, Newell, “The Benefit and Cost of Preserving the Option to Create a Meshed Offshore Grid for New York,” Prepared for NYSERDA with Siemens and Hatch, November 9, 2022.
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 et al., Initial Report on the New York Power Grid Study, prepared for NYPSC, January 19, 2021.

Van Horn, Pfeifenberger, Ruiz, “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.

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 and “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, Pfeifenberger, “Well-Planned Electric Transmission Saves Customer Costs: Improved Transmission Planning is Key to the Transition to a Carbon-Constrained Future,” WIRES&Brattle, 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 Brattle, 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.
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https://www.brattle.com/insights-events/publications/brattle-consultants-highlight-the-operational-and-market-benefits-of-hvdc-transmission-to-system-operators-in-new-report/
https://www.brattle.com/insights-events/publications/brattle-consultants-highlight-the-benefits-of-collaborative-planning-process-for-offshore-wind-transmission-in-new-report/
https://www.brattle.com/insights-events/publications/illinois-renewable-energy-access-second-draft-plan/
https://www.brattle.com/insights-events/publications/new-jersey-state-agreement-approach-for-offshore-wind-transmission-evaluation-report/
https://www.brattle.com/insights-events/publications/transmission-planning-for-a-changing-generation-mix/
https://www.brattle.com/insights-events/publications/promoting-efficient-investment-in-offshore-wind-transmission/
https://www.brattle.com/insights-events/publications/generation-interconnection-and-transmission-planning/
https://www.brattle.com/insights-events/publications/proactive-scenario-based-multi-value-transmission-planning/
https://www.brattle.com/insights-events/publications/planning-for-generation-interconnection/
https://www.brattle.com/insights-events/publications/a-transmission-blueprint-for-new-england/
https://www.brattle.com/insights-events/publications/new-york-state-and-regional-transmission-planning-for-offshore-wind-generation/
https://www.brattle.com/insights-events/publications/the-benefits-of-interregional-transmission-grid-planning-for-the-21st-century/
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/brattle-consultants-release-report-analyzing-the-costs-and-benefits-of-a-meshed-offshore-grid-for-new-york/
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.nyserda.ny.gov/About/Publications/New-York-Power-Grid-Study
https://www.brattle.com/insights-events/publications/leveraging-geographic-diversification-of-variable-renewables-through-the-transmission-grid-provides-higher-benefits-than-typically-quantified-according-to-study-coauthored-by-brattle-economists/
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/insights-events/publications/offshore-transmission-in-new-england-the-benefits-of-a-better-planned-grid/
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://www.brattle.com/news-and-knowledge/news/report-by-brattle-economists-discusses-the-benefits-of-competitive-transmission
https://www.brattle.com/insights-events/publications/brattle-economists-respond-to-critique-of-prior-report-on-value-of-competitive-transmission/
https://brattlefiles.blob.core.windows.net/files/16192_transmission_topology_optimization.pdf
https://wiresgroup.com/wp-content/uploads/2020/06/2016-06-Brattle-Group-Well-Planned-Electrical-Transmission-Saves-Customers-Costs.pdf
https://www.brattle.com/insights-events/publications/benefit-cost-analysis-of-proposed-new-york-ac-transmission-upgrades/
https://wiresgroup.com/wp-content/uploads/2020/06/2015-04-Brattle-Group-Toward-More-Effective-Transmission-Planning.pdf
https://wiresgroup.com/wp-content/uploads/2020/12/The-Benefits-of-Electric-Transmission-July-2013.pdf
https://www.brattle.com/insights-events/publications/brattle-consultants-assist-ercot-in-scenario-planning-and-improving-its-long-term-transmission-planning-process/
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/
https://www.brattle.com/insights-events/publications/brattle-study-estimates-u-s-and-canadian-transmission-investment-needs-and-associated-employment-and-economic-benefits/
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