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Transmission Investment is at Historically High Levels

N

Annual Transmission Investment

As reported to FERC by Region (1996 — 2019) 520_25 billion in annual U.S

$25 —-—

transmission investment, but:

CAISO
l ® More than 90% of it justified solely
based on reliability needs without
benefit-cost analysis

— About 50% solely based on “local”
utility criteria (without going through
regional planning processes)

$20

MISO

Eleciric Refiability "% i
“oRcon " Mt NYISO

$15

Does not include transmission
investments of non-jurisdictional

Annual Transmission Investment ($SBillions)

»10 entities (e.g., BPA, TVA, WAPA, ...) I — The rest justified by regional reliability
" I l I I and generation interconnection needs
i O : .

s T i 1 ERCOT ® While significant experience with

i -1 i I I I I Southeast transmission benefit-cost analyses

_ =" g B I I I . . g

- ] .

EElpanls f 11 I exists, very few projects are justified

based on economics and overall cost
savings

Source: FERC Form 1 Data, EEI "Historical and Projected Transmission Investment" most recent accessed here:
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Current U.S. Grid Planning Processes are 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 large ineffective
* Essentially no major interregional transmission projects have
been planned and built in the last decade
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Barriers to Regional and 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 | 4



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

Example (B8): 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 | 5



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 or 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 | 6




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
-0 All Benefits Across All Sub-
Regions
a Other Quantified
% 1.50 Benefits «
= . / ’ . .
% Benefits / \ Benefits
S PR S B Considered
2 100 = -~~~z —~ . Project Costs
.
2 Standard Production

I I I Cost Benefits
0.50
0.00 - I Benefits considered in

NYISO AISO MISO PP Inter-regional Planning
les Paddo [:I- ale : st Link MVP (Low) R( CAR

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/

We have a Decade of Experience with Identifying and
Quantifying a Broad Range of Transmission Benefits

SPP 2016 RCAR, 2013 MTF MISO MVP Analysis CAISO TEAM Analysis NYISO PPTN Analysis
Quantified Quantified (DPV2 example) (AC Upgrades)
1. production cost savings* 1. production cost savings * Quantified Quantified

- value of reduced emissions reduced operating reserves 1. production cost savings™ and 1. production cost savings*™

- reduced ancillary service costs

2

3. reduced planning reserves

4. reduced transmission losses*
5

reduced energy prices from

(includes savings not captured by

2. avoided transmission project costs both a societal and customer normalized simulations)

3. reduced transmission losses* reduced renewable generation perspective 2. capacity resource cost savings
- capacity benefit investment costs 2. mitigation of market power 3. reduced refurbishment costs for
- energy cost benefit 6. reduced future transmission 3. insurance value for high- aging transmission

4. lower transmission outage costs investment costs impact low-probability events 4. reduced costs of achieving

2. value of reIiabiIitY proj(_acts Not quantified 4. capacity benefits_ due to renewable and climate policy

. value of mtg public policy goals - h q . i reduced generation goals
7. Increased wheeling revenues - énhanced generation policy investment costs

flexibility

Not quantified

Not quantified 8. increased system robustness >. operational ben.eﬂjts (RMR) « 5. protection against extreme
: 6. reduced transmission losses >

8. reduced cost of extreme events 9. decreased natural gas price . : market conditions

: . 7. emissions benefit . .
9. reduced reserve margin risk N 6. increased competition and
10. reduced loss of load probability 10. decreased CO, emissions Not quantified liquidity
11.increased competition/liquidity output 8. facilitation of the retirement 7. storm hardening and resilience
12. improved congestion hedging 11. decreased wind generation of aging power plants 8. expandability benefits
13. mitigation of uncertainty volatility 9. encouraging fuel diversity (Newell, et al., Benefit-Cost Analysis of Proposed

12.increased local investment and
job creation
(Proposed Multi Value Project Portfolio,

Technical Study Task Force and Business Case
Workshop August 22, 2011)

14. reduced plant cycling costs
15. societal economic benefits

New York AC Transmission Upgrades, September

10. improved reserve sharing
15, 2015)

11. increased voltage support

(CPUC Decision 07-01-040, January 25, 2007,
Opinion Granting a Certificate of Public
Convenience and Necessity)

(SPP Regional Cost Allocation Review Report for RCAR
I, July 11, 2016. SPP Metrics Task Force, Benefits for
the 2013 Regional Cost Allocation Review, July, 5
2012.)

* Fairly consistent across RTOs

brattle.com | 8



https://www.spp.org/documents/46235/rcar%202%20report%20final.pdf
https://www.spp.org/documents/18175/20120913%20mtf%20report_approved.pdf
https://brattlefiles.blob.core.windows.net/files/5721_benefit-cost_analysis_of_proposed_new_york_ac_transmission_upgrades.pdf

Interregional Reliability Benefits: 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).

MISO LMPs on Feb 15th, 2021 at 7:45-7:55 S"‘“"T‘gs per 1000 Mw of Electricity Price Differences Between
Lht BN oc se Additional Interregional . . .
. .. . Regions During Uri
Transmission Capability $/MWh
(S millions) 3000 1
§8,000 — > =
ERCOT - TVA $993 & 4
§7,000 — MISO South Entergy
SPP South - PIM §129 S 000 - :‘:iﬂ Ilinois
8 PIM
SPP South - MISO IL i

§4,000

SPP South - TVA

SPPS - MISO S (Entergy Texas)
MISO S-N (Entergy Texas - IL)
MISO S (Entergy Texas) - TVA

$3,000

§2,000

[_:.,_

HOUR OF EVENT, FEBRUARY 12-20 2021
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https://acore.org/wp-content/uploads/2021/07/GS_Resilient-Transmission_proof.pdf

Brattle Reports on Transmission Benefit-Cost Analyses and
Interregional Planning Summarize the Available Experience

Well-Planned Electric Transmission

Saves Customer Costs:

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

b

A Roadmap to Improved
Interregional Transmission
Planning

The Brattle Group

Future

FREFARED FOR

@ Link: Well-

WIRES
Planned
Transmission

FREFARED BY
Judy W. Chang
Jonannes P, Fleifenberger

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. Pfeifenberger
Judy W.Chang
Akarsh Sheilendranath

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

Link: Diversity Value Link:

Johannes P. Pfeifenberger
Kasparas Spokas

J. Michael Hagerty

John Tsoukalis

The Value of Diversifying Uncertain
Renewable Generation through the

Transmission System
September » 2020 November 30, 2021

4

\

Summarizes proven
approaches to quantifying
various benefits

| Transmission Planning for the 21st

Century: Proven Practices that

| Increase Value and Reduce Costs

Link:

The Brattle Group: Grid Strategies:
Johannes Pfeifenberger Rob Gramlich
Kasparas Spokas Michael Goggin
J. Michael Hagerty Jay Caspary
John Tsoukalis Jesse Schneider

OCTOBER 2021

brattle.com | 10
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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/

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,

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

prattle.com | 11
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https://www.brattle.com/insights-events/publications/brattle-economists-author-report-on-the-benefits-of-expanding-interregional-transmission/

System electricity cost [S/MWh]

Example: MIT Value of Interregional Coordination (2021)

TOTAL COST TRANSMISSION Key Result: A more robust national grid would
wp—————  ANT—————

e mw,i reduce the total cost of decarbonizing the grid ...

|7 dmerasen but (higher-cost) regional and more local

.E
|
|
|

solutions may also be feasible

E
=
2
=
2 [H] e ﬁ
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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

e 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 | 13



Options for Improving Interregional Planning Processes

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

benefits of interregional transmission, these
studies do not create an actionable “need”
for approving projects

Multiple paths to establish the need for and
planning of interregional transmission
projects based on:

— the value they provide to the electricity system;
and

— planning process implementation by federal and
regional planning authorities

These paths can be pursued simultaneously,
identifying transmission needs through:

— New Interregional Tx requirements?

— New Federal planning?

— Improved joint RTO planning

— Expanded planning by individual RTOs

Y

State Policy

Establish
Interregional Tx

Requirement

Local &
Regional
Reliability

Economic

Federal or Central
Planning Authority to
Plan and Approve Tx

Nationally

How To Regionally

Implement?

Individual Regional
Planning

Regional
Planning and
Cost Allocation

Planning

Implement new standards
and expand scope across
seams

Implement new standards
for interregional planning
and cost allocation

lointly Identify Least
Regrets and Maximum Net
Benefit Projects

Identify interregional
projects and incorporate
into joint regional planning

v

Agree on interregional
| projects, include them

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

| inregional plans, and
allocate costs

brattle.com | 14



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

Proposal: Transmission Planning for the 215t Century*

Available experience points to proven planning practices that reduce total

system costs and risks:
1. Proactively plan for future generation and load by incorporating realistic projections of the

anticipated generation mix, public policy mandates, load levels, and load profiles over the lifespan
of the transmission investment

2. Account for the full range of transmission projects’ benefits 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 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 | 15



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