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The Challenge: How to Achieve an Affordable Energy Transition

The challenge to achieving an affordable clean-energy transition is formidable:

1. Much of the (aging) existing generating resources will need to be replaced over the next two decades

2. Electrification and data center load growth will double the amount of generation supply needed (even with EE)

3. Local, regional, and interregional transmission capacity will need to double or triple to achieve a cost-effective
outcome (as numerous studies have already shown)

More investment will be needed than can easily be provided and recovered

Unless done efficiently and cost-effectively, the size of investments and customer rate
impacts will quickly exceed feasible and acceptable levels!

Nobody will be “happy” if rates start to exceed certain levels
— Unaffordable rates will undermine or delay policy goals

— High fixed costs will create uneconomic bypass of existing facilities, which will further increase total costs
— Unhappy customers and regulators create risk and challenges for regulated companies and their investors
— Utility credit ratings will deteriorate and limit the amount of investments that can be financed

brattle.com | 1



FERC-approved transmission infrastructure costs in New England increased
in 2025, pushing retail prices higher (as did a change in ancillary services)

- Many New England states saw retail
price increases in 2025: ME (2.5 Estimated Transmission Price Impact in ISOs: 2010-2025
¢/kWh) Rl (Og) MA (09) CT (05) Average wholesale cost of transmission in 2025 cents/kWh, inflation adjusted to 2025$

I1SO-NE
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- One key reason is that transmission
infrastructure costs substantially
increased, up 0.6 ¢/kWh on average CAISO

2.6

- Costs in ISO-NE increased in recent PIM

years due to reliability needs, aging / __.;:.sa
infrastructure, and inflation; the —— N . MISO

. . —4 1.2
increase in 2025 was also due to .spp
under-collection of previous costs

1.1

ERCOT
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- Costs also increased in some other
regions, but less so than ISO-NE

Note: ISO-NE made changes to its day-ahead ancillary
services market in March 2025, via “Forecast Energy
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15035, market monitors, regulatory filings « Created with Datawrapper

p ,, . . : Note: ISO-NE data shown in figure are dominated by trends in regional network
ff?:_equrre;;?egf. Grif;ts Acﬁcordmg ;D g?g n}gﬁg t mZ%I;léon service (transmission OpEx and CapEx paid for by all customers in ISO-NE, given
this resulted in additional costs of ~0.5 ¢ mn . the shared nature of the assets) but also include estimates of local network service

Source: LBNL-Brattle, Electricity Price Trends, 2026 Update (smaller lines, the OpEx and CapEx of which vary by utility). brattle.com | 2



https://www.iso-ne.com/static-assets/documents/100032/2026_02-imm-memo-with-daas-recommendations.pdf
https://www.brattle.com/insights-events/publications/electricity-price-trends-2026-update-to-the-lawrence-berkeley-brattle-study/
https://www.brattle.com/insights-events/publications/electricity-price-trends-2026-update-to-the-lawrence-berkeley-brattle-study/
https://www.brattle.com/insights-events/publications/electricity-price-trends-2026-update-to-the-lawrence-berkeley-brattle-study/

Transmission: options for achieving more affordable outcomes

Achieving more cost-effective outcomes requires a multi-faceted approach to
transmission:

1. More proactive and holistic transmission planning
— Multi-driver/value planning (incl. for generator interconnection) to find lower-total-cost solutions

— Least regrets planning to mitigate risk and costs of both overbuilding and undersizing

2. “Loading order” for transmission planning that prioritizes lower cost/impact options
— Optimize existing grid - upsize existing lines - add new lines

3. Cost control incentives
— Broad-based PBR, targeted incentives, soft/hard caps, shared savings/overruns

4. Competitive solicitations
— With focus on more holistic solutions and added cost-control incentives

5. Efficiency and demand flexibility
— To reduce transmission, distribution, generation, and resource-adequacy costs
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Order 1920 and LTTP does not address inefficient siloed planning

Local TO Reliability

Projects
Upgrades to meet local

standards

Generator Interconnection

Long Term Transmission

(Gl) Projects Service Projects
Reliability upgrades for Gl Reliability upgrades for Tx
requests Service Requests

Consolidation of
siloed existing
(near- and long-
term) processes
with new Order
1920 process will
be needed to
achieve effective
proactive
planning

See: Delosa, Pfeifenberger, Joskow, Regulation of Access, Pricing, and Planning of High Voltage Transmission in the US, MIT-CEEPR, March 7, 2024.

Regional Reliability

Projects
Addresses remaining

reliability needs

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

These solely reliability-driven
processes account for > 90% of all US
transmission investments

* None involve any assessments of economic
benefits (i.e., cost savings offered by the
new transmission)

Incremental generation
interconnection has become the
primary tool (and efficiency barrier)
to support public policy goals

Planning for economic & public-policy needs will be

enhanced by Order 1920 minimum requirements
* At least 7 distinct benefits (cost savings and reliability) considered

Interregional planning processes are large ineffective
* Numerous national studies show more interregional
transmission can reduce total system costs

e Order 1920 only addresses interregional coordination
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Example: SPP’s Consolidated Planning Process (CPP)

The Southwest Power Pool (SPP) is consolidating its siloed planning processes
(e.g., for generator interconnection, integrated regional transmission, transmission
service requests, and interregional planning) into a single (FERC-approved) process:

Current Planning Process New Consolidated Planning Process
]
DIsIs I | |
“ W L
Integi::’latedl;-lgagsortl.'gdon I Integrated Transmission ~ High Strategically and creatively S 1 I
S0l pﬁ’an (ITP) Process priog_ity re-engineeredA integrated PP S |
ITP2020 | Transmission | S e Transmission
P20z ITP 2022 EXpa nSion Plan I Transmi;sion Service; | Expa ﬂSIOn Plan I
(STEP) | | (STEP) ]
—— fe= .

Source: SPP, Strategic and Creative Re-Engineering of Integrated Planning Team (SCRIPT), CPP Task Force, Dec 13, 2021 brattle.com | 5



https://www.linkedin.com/posts/johannespfeifenberger_congratulations-to-southwest-power-pool-for-activity-7439440806865727488-73aP?utm_source=share&utm_medium=member_desktop&rcm=ACoAAAIc5s4BApVZWBP7JuTtjRq8xzUOp97gVnY
https://www.linkedin.com/posts/johannespfeifenberger_congratulations-to-southwest-power-pool-for-activity-7439440806865727488-73aP?utm_source=share&utm_medium=member_desktop&rcm=ACoAAAIc5s4BApVZWBP7JuTtjRq8xzUOp97gVnY
https://www.linkedin.com/posts/johannespfeifenberger_congratulations-to-southwest-power-pool-for-activity-7439440806865727488-73aP?utm_source=share&utm_medium=member_desktop&rcm=ACoAAAIc5s4BApVZWBP7JuTtjRq8xzUOp97gVnY
https://www.spp.org/spp-documents-filings/?id=297513

FERC’s Order 1920 leaves room for improvements

Order 1920 compliance offers opportunities to improve transmission planning
processes beyond the Order’s mandated minimum requirements:

1. Better deal with long-term uncertainties through proactive,

scenario-based planning Key planning
. . _ _ tools for an
2. Use best-practice experience for comprehensive benefit uncertain future

quantification (beyond 7 benefits and understated quantification) Toevend e merssions

3. Consolidate siloed (near- and long-term) planning processes e Scenario based

4. Employ least-regrets planning criteria to minimize the risk of * Flexible, least-
both over-building and under-sizing regrets solutions

5. Develop more flexible solutions

P . . For more detail, see Integrated
6. Get more out of the existing grid, focus on cost effectiveness, and System Planning under Uncertainty,

include cost-control incentives September 23, 2025.

7. Explicitly consider interregional solutions to regional needs
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Options for interconnecting resources more quickly and efficiently

VL'

With FERC Order 2023 guidance and emerging best practices from other regions,
the following measures can add resources more quickly and cost-effectively:

1.

. ldentify existing “headroom” at possible POls

Implement fast-track process for better sharing and transfers of existing POls

. Fast-track new POls for “first-ready” projects

Allow for GETs and (simple) RAS/SPS to address interconnection needs

. Simplify ERIS (energy-only) interconnections with option to upgrade to NRIS

(capacity) later

6. Proactively and holistically plan for long-term transmission needs

. Speed up state & local permitting for projects (particularly any with signed

interconnection service agreements)

For more detail see How Resources Can Be Added More Quickly and Effectively to PJIM’s Grid, OPSI Annual Meeting, Oct 17, 2023.
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A “Loading Order” is needed to double transmission capacity
more quickly and cost-effectively (with lower rate impacts)

1. Advanced,
grid enhancing
technologies

* Dynamic line ratings

* Flow control devices

* Topology optimization
 Grid-optimized DER/storage
* Remedial action schemes

e Grid-forming inverters

2. Upgrades of existing lines

* Advanced conductors
* Rebuild aging lines at higher voltage
* Conversions to HVDC

3. New transmission

 Highway/railroad corridors
* ROW-efficient AC designs
* HVDC transmission

* Submarine/undergound

* New greenfield overhead

Examples:

Priority order required by the
German “NOVA Principle”

MA CETWG Report: Loading
Order and ATT/GETs
recommendations

UK NESO, Beyond 2030 Report,
2024, p. 26 (optimize existing
grid before new infrastructure)



https://www.transnetbw.com/en/world-of-energy/nova-principle
https://www.youtube.com/watch?v=sjDOtn7LWVc
https://www.mass.gov/doc/clean-energy-transmission-working-group-final-report/download
https://www.neso.energy/publications/beyond-2030

RAS and Advanced Grid Technologies: Fast and cost-effective

Unlike grid operators in the Western US, eastern grid operators underutilize “remedial action
schemes” (RAS) that can quickly and reliably enable increased grid utilization

e Example: CAISO identified 21 GW of energy-only (16 GW of deliverable capacity) generator interconnection
headroom that could be created quickly, inexpensively, and reliably with RAS

Advanced and grid-enhancing transmission technologies (ATTs/GETs) can (1) significantly and quickly
increase the capability of the existing grid, (2) offer low-cost solutions to address near-term reliability
needs, and (3) also make new transmission more valuable and cost effective in the long-term

* Increasingly well-tested and commercially-available technologies include: dynamic line rating, smart wires and
flow control devices, grid-optimized storage, topology optimization, advanced conductors

e See: MA CETWG report, CurrENT’s report, topology optimization case studies, EPRI on GETs and TTO report

Consideration of RAS and GETs needs to be expanded beyond addressing operational and congestion
needs — they should be part of the standard set of available solutions to address generation
interconnection and both short- and long-term transmission planning needs

* As low-cost solutions to address reliability needs identified in generation interconnection and near-term planning

* In long-term multi-value planning to make new transmission more cost effective and valuable, reducing system-
wide costs
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http://www.caiso.com/Documents/Briefing-ResourcesAvailable-NearTermInterconnection.pdf
https://www.mass.gov/doc/clean-energy-transmission-working-group-final-report/download
https://www.currenteurope.eu/currents-new-analysis-helping-member-states-achieve-their-necp-goals-through-innovative-grid-technologies/
https://www.currenteurope.eu/currents-new-analysis-helping-member-states-achieve-their-necp-goals-through-innovative-grid-technologies/
https://www.brattle.com/insights-events/publications/topology-optimization-case-studies/
https://www.epri.com/research/products/000000003002034122
https://www.epri.com/research/sectors/technology/results/3002031445

Improve incentives to control project costs and deploy
lower-cost solutions

Expanded use of cost-control incentives is advisable. Examples include:

® Broad-based performance-based ratemaking (PBR),
» UK incentives for transmission providers (for both investments and operations) under “RI110”

» Australian incentive schemes for networks: efficiency benefits sharing scheme (EBSS), capital expenditure
sharing scheme (CESS), and service target performance incentive scheme (STPIS)

* Project-specific cost-control and targeted cost-sharing incentives
— Hard or soft cost caps (with adjustments for some uncontrollable factors)
» Examples: NJ SAA Evaluation Report, Appendix E
— Shared savings incentives for project cost (and schedule) under/overruns
» Australian 70/30 sharing scheme (for realized vs. forecast costs) under CESS
» NY PPTN: at least 80/20 sharing strongly encouraged (NYISO tariff at 31.4.5.1.8.3, FERC order, recent award)
» Proposed shared savings incentives for GETs (e.g., link1, link2)
— The project-specific “baselines” of expected costs can be: (1) competitive bids, (2) independent cost
estimates, or (3) menu-based “revealed expectations” mechanisms
e Cost reviews of significant overruns
» Australian targeted ex-post review process

brattle.com | 10


https://www.nationalgrid.com/electricity-transmission/who-we-are/riio-t2-performance
https://www.aer.gov.au/industry/registers/resources/reviews/review-incentive-schemes-regulated-networks/final-decision
https://www.brattle.com/insights-events/publications/new-jersey-state-agreement-approach-for-offshore-wind-transmission-evaluation-report/
https://www.aer.gov.au/system/files/AER%20-%20Transgrid%202023-28%20-%20Final%20Decision%20-%20Attachment%209%20Capital%20expenditure%20sharing%20scheme%20-%20April%202023.pdf
https://www.nyiso.com/documents/20142/34647738/10%2031.4%20OATT%20Att.%20Y%20RL%20v.%20e_tariff.pdf/d304a5c9-9bcb-9653-1e10-68dba052ff31
https://nyisoviewer.etariff.biz/ViewerDocLibrary/FercOrders/0200214%20Ordr%20Accpt%20Cst%20Cntnmnt%20PPTPP%20Rvsns%20ER20-617-000_24698.pdf
https://www.nyiso.com/documents/20142/38388768/Long-Island-Offshore-Wind-Export-Public-Policy-Transmission-Planning-Plan-2023-6-13.pdf
https://www.utilitydive.com/news/ferc-shared-savings-incentive-grid-enhancing-technologies-gets-welch-king-great-river/709706/
https://www.brattle.com/wp-content/uploads/2021/05/16634_improving_transmission_operating_with_advanced_technologies.pdf
https://www.sciencedirect.com/science/article/abs/pii/S1040619001002445
https://www.aemc.gov.au/rule-changes/managing-isp-project-uncertainty-through-targeted-ex-post-reviews
https://www.aemc.gov.au/rule-changes/managing-isp-project-uncertainty-through-targeted-ex-post-reviews
https://www.aemc.gov.au/rule-changes/managing-isp-project-uncertainty-through-targeted-ex-post-reviews

Better outcomes through ISO-NE LTTP competitive procurements

NESCOE initiated the first competitive procurements
of transmission needs under ISO-NE’s promising new
Long-Term Transmission Planning (LTTP) process

e Received 6 proposal to address the 2 transmission interfaces in Maine

e Several “expanded scope” proposals (encouraged by NESCOE, but
possibly disqualified by ISO-NE) offer additional transfer capabilities
and upgrades to other constraints already identified as 2035-40 needs

Our review of ISO-NE evaluation process found:

e Quantitative benefit metrics used will understate customer savings,
particularly for expanded-scope proposals
— Example: avoided major 2035-40 transmission upgrades to N-S interface and
Boston import constraint are not captured in quantitative evaluation metrics

e Risks selection bias toward lowest-cost, lower benefit proposals that
will require more piecemeal additional upgrades at higher total costs

Recommendations:

e Sensitivity analysis to estimate value of benefits not captured so
sufficient weight can be given to specified (qualitative) additional
evaluation factors’

Considerations for Selecting the Most
Beneficial Proposal in ISO-NE’s 2025
LTTP Request for Proposal

Johannes P. Pfeifenberger National Grid Ventures (NGV)

1. Michael Hagerty Massachusetts Municipal Wholesale
Peter Heller Electric Company (MMWEC)

Linquan Bai Energy New England
Transmission (ENE-T)

MAY 13, 2026

nationalgrid
Brattle ventLires

brattle.com | 11
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Efficiency and demand flexibility to reduce G+T+D costs

Electrification is quickly increasing electricity demand and system peak loads ...

N

and offers substantial opportunities to more cost-effectively meet system needs

* Most electrification demand is flexible (suitable for Virtual Power Plants or VPPs)
- Examples: Electric vehicles (including V2G), building HVAC, thermal storage, solar+storage, data centers, H2

* Many electrification loads and distributed energy resources (DERs) are highly controllable
- RMI: 60 GW of dispatchable VPPs can be developed by 2030 to provide RA and flexibility/operational reliability

Example: VPPs offer resource adequacy at (1) significantly lower cost and (2) without delays in
generator interconnection. Need planning/interconnection/operations to take advantage of it!

Annualized Net Cost of Providing 400 MW of Resource Adegquacy

$2022

million/yr

$80
$70
S60
S50
S40
$30
S20
S10

5_

Costs

Gas

Benefits

Net Costs

Costs

Benefits

Net Costs

Costs

Benefits

Net Costs

Transmission

. Ancillary Services
- Energy

CapEx, Fuel, O&M,

Program Costs

Source: Hledik and Peters, Real
Reliability: The Value of Virtual
Power (Brattle, May 2023)
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Conclusions and main opportunities

Relative to its size, New England has invested more in transmission than any
other U.S. region, creating a grid that is almost congestion free. This means:

1. There should be disproportionate opportunities to get more out of the existing grid
— Further improve generator interconnection and surplus/replacement process

— Grid planning and operations to take advantage of RAS, GETs, ATTs

2. New transmission should be planned more proactively and holistically

— Focus on robust (less incremental) transmission solutions that more cost-effectively address
a broader range of near-and long-term transmission needs (less focused on just reliability)

— Always evaluate if refurbishments of aging infrastructure can be upsized to address future
needs

Taking advantage of these opportunities will require active collaboration
between ISO-NE, utilities, policymakers, regulators, and market participants
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Thank You!

Additional Slides
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About the Speakers

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 former 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, PJIM, 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
(webbio and publications) Engineering and Energy Economics from the University of Technology in Vienna,
Austria.
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ISO-NE LTTP competitive bids received (Brattle Report)

FIGURE ES-1. MINIMUM REQUIREMENTS AND.

Minimum Requirements

EXPANDED-SCOPE PROPOSALS

Additional Transfer Offered by
Expanded-Scope Proposals
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TABLE 1. SUMMARY OF 2025 LTTP PROPOSALS RECEIVED

ID Type ShortDesc Cost* ISD

Al AC ME/NHAC#1 $2.20B Q4 2032
A2 AC ME/NHAC#2 S2.14B Q4 2032
Bl DC Maine-Mass DC S4.04B Q2 2035
Cl1 AC ME/NHAC#3 S0.96B Q2 2035
D1 DC Wiscasset-Wakefield DC $2.60B Q3 2035
D2 BE Wiscasset-Everett DC S2.55B Q3 2035

Source: 2025 LTTP RFP Longer-Term Proposal Summary, p. 7.
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FIGURE 3. DEFAULT LTTP TRANSMISSION COST ALLOCATIONS
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Considerations for Selecting the Most
Beneficial Proposal in ISO-NE’s 2025
LTTP Request for Proposal

Johannes P. Pfeifenberger

1. Michael Hagerty
Peter Heller
Linquan Bai

MAY 13, 2026

Brattle

National Grid Ventures (NGV)

Massachusetts Municipal Wholesale
Electric Company (MMWEC)

Energy New England
Transmission (ENE-T)

& TRANSMISSION
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Public Energy Partners
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https://www.brattle.com/insights-events/publications/brattle-experts-issue-whitepaper-reviewing-iso-nes-evaluation-framework-for-transmission-proposals/
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https://www.iso-ne.com/static-assets/documents/100030/2025_lttp_rfp_proposal_summaries_rev1_clean.pdf
https://www.iso-ne.com/static-assets/documents/100030/2025_lttp_rfp_proposal_summaries_rev1_clean.pdf
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Major Grid Challenges Looking Forward

The US electric power system is entering a period of rapid and
transformational change due to:

Accelerating electrification of buildings and transportation
® Re-shoring of industrial activity
e Unprecedented surge in demand from data centers

e Aging grid and generation infrastructure

Meeting this demand will require significant investments grid
infrastructure, which can be costly and take a long time:

* Many new large customers are prepared to pay a premium or invest in
this infrastructure themselves to avoid interconnection delays

e C(Capital needs likely exceed the financial capabilities of many utilities

e Affordability challenges and impacts on existing customers create
challenges and regulatory risks

Key question: How can utilities, system planners, policymakers, and
regulators collaborate to serve new loads more quickly and cost-
effectively, while still meeting state and corporate energy goals
reliably and affordably?

Optimizing Grid Infrastructure
and Proactive Planning to
Support Load Growth and Public
Policy Goals

Jlohannes Pfeifenberger
Long Lam

Kailin Graham

Natalie Northrup

Ryan Hledik

July 2025

-

Brattle

Clean Air Task Force

CA CLEAN AIR
Bl TASK FORCE

Report link
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How to Support Load Growth and Policy Goals Quickly and Efficiently

E" |. Maximize the Value of
Existing Power System

Q. I Cost-Effectively Accelerate e IV. Introduce Targeted

New Grid Connections Affordability Measures

For each of these key areas, the full report offers case studies, cross references to industry
experience and commercially-available technologies, and a discussion of best practices.
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Success Will Require Coordination & Collaboration among
Key Stakeholders

GRID PLANNERS | GOVERNORS
SOLUTION REGULATORS UTILITIES /OPERATORS LEGISLATORS OTHERS

I. Maximize the Value of Third-party DER aggregators

Existing Power System

Il. Cost-!Effectlver .Accelerate v v v v Energy park developers

New Grid Connections

ll. Im!olement Proactive v v v v Power procurement authorities;
Planning & Procurement state energy offices

IV. Introduce Targeted v v v State energy offices

Affordability Measures

(See more detailed table in Executive Summary of our July 2025 report.)
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Annual U.S. Transmission Investments 1996-2024

Annual Transmission Investment
as Reported to FERC by Region
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Sources: The Brattle Group analysis of FERC Form 1 Data; EEI "Historical and Projected Transmission Investment" most recent accessed here
https://www.eei.org/-/media/Project/EEI/Documents/Resources-and-Media/bar_actual_and_projected_trans_investment.pdf

Total US transmission investment
has increased from $3 to $30
billion in the last 30 years!

® About 90% of it is justified solely

based on reliability needs (without
benefit-cost analysis)

About 50% based on “local” utility
criteria (aging assets; without going
through regional planning processes)
Other than in MISO, only a few

projects are justified based on multi-
driver planning in other regions

Essentially no interregional
transmission is being planned (other
than by merchant developers)

brattle.com



Proactive, Multi-Driver, Scenario-based Planning

Experience with proven transmission planning practices show they reduce total costs
and mitigate risks by comprehensively addressing both near- and long-term needs:
1. Proactively plan for all future generation- and load-serving needs by incorporating realistic

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

2. Use multi-driver planning and account for the full range of transmission projects’ benefits and 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 under a single-driver, 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.

See: Brattle and GridStrategies, 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

Examples of Proactive, Scenario-based Planning Processes

Although still rarely used, significant experience exists with proactive, multi-driver
(multi-benefit), scenario- and portfolio-based transmission planning:

Proactive Multi- Scenario- Portfolio- Interregional

Planning Benefit Based Based Transmission

CAISO TEAM (2004) 146 J v v

ATC Paddock-Rockdale (2007)%7 v v v

ERCOT CREZ (2008)148 v v

MISO RGOS (2010)4° v v v

EIPC (2010-2013)™° v v v v (See specific
PJM renewable integration study v v v examples for
(2014)™ SPP, MISO,
NYISO PPTPP (2019)1°2 v v v v CAISO. AEMO
ERCOT LTSA (2020)°2 N4 N4 ’ !
SPP ITP Process (2020)%4 v v fmd EI\_'TSO'E
PJM Offshore Tx Study (2021)155 v 7 W, in additional
MISO RIIA (2021)156 v v v v slides)
Australian Examples:

- AEMO ISP (2020)%%7 v v v v v

- Transgrid Energy Vision (2021)%°2 v v v v v

Source: Transmission Planning for the 21st Century: Proven Practices that Increase Value and Reduce Costs (brattle.com) brattle.com | 22



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

Scenario-based planning: Explicitly recognize an uncertain future .

Scenario-based planning is a process first developed in the 1940s and 1950s as a
tool for integrating uncertainties into long-term strategic planning:
« Used by Shell with great success since the 1970s for long-term planning under large uncertainties

o Allows planners to think, in advance, about the many ways the future may unfold and how to
respond effectively and flexibly as uncertain future outcomes become reality

« Ranks among the top-ten management tools in the world today*
« Scenario = one fully-defined, plausible view of what the future may look like

This type of scenario-based planning is a multi-step process:

1. Define scenarios of plausible futures by scanning the current reality, trends and forecasts,
uncertainties, and important internal and external drivers

2. Develop a series of plans (initiatives, projects, policies, tactics) that work well across multiple
scenarios (e.g., by developing solutions that are flexible and robust across all plausible futures)

3. Implement preferred plan and define indicators to alert planners that a certain future is likely to
occur, so they can take action (e.g., exercise options to address the new developments)

*See Living in the Futures (hbr.org) and Using Scenario Planning to Reshape Strategy (MIT Sloan Management Reivew)

brattle.com | 23


https://hbr.org/2013/05/living-in-the-futures
https://sloanreview.mit.edu/article/using-scenario-planning-to-reshape-strategy/

Least-regrets Planning: How can risks be mitigated?

The concept of “least-regrets” planning is widely popular but poorly understood.
What is it?
Should least-regrets planning identify resource and grid plans that offer:

1.

2
3
4.
5

on

The lowest transmission cost for the chosen “reference/base-case” scenario (least-cost planning)?
The lowest total system costs (G+T+reliability costs) for the reference/base-case scenario?
Investments needed only for the least challenging scenario (to avoid building too much)?
Sufficient capacity to handle even the most challenging scenario (to avoid being “caught short”)?

The lowest average cost (highest average benefits) across all scenarios (i.e., best probability-
weighted outcome)?

The lowest “cost of being wrong” across all scenarios (i.e., minimize risk)?

The best combination of (5) and (6)?

This is what least-regrets planning should focus on!
Example: AEMO least-regrets framework used in its Integrated System Plan (ISP)
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https://aemo.com.au/-/media/files/stakeholder_consultation/consultations/nem-consultations/2023/isp-methodology-2023/isp-methodology_june-2023.pdf?la=en
https://aemo.com.au/-/media/files/stakeholder_consultation/consultations/nem-consultations/2023/isp-methodology-2023/isp-methodology_june-2023.pdf?la=en
https://aemo.com.au/-/media/files/stakeholder_consultation/consultations/nem-consultations/2023/isp-methodology-2023/isp-methodology_june-2023.pdf?la=en

Example: Australian Integrated System Plan (ISP)

The Australian Energy Market Operator (AEMO)
integrated planning process is “best in class” for
proactive, scenario-based, least-regrets planning:

® Clearly-specified but flexible methodology (link) produces
updated plans every two years with extensive stakeholder
consultations (see Draft 2024 ISP)

— Scenario-based analysis explicitly considers long-term
uncertainties and risk mitigation over next 30 years (link)

— Least regrets planning values optionality that can be exercised
if/when needed (e.g., projects that can be built/expanded in
stages; or undertaking “early works” to develop shovel-ready
projects that can be constructed quickly in the future)

— Both near- and longer-term needs: (1) actionable projects for
which the need is certain enough now to move forward; and
(2) future projects that are likely needed at some point

® Guidelines for cost-benefit framework, forecasting, and
“investment tests” from the Australian Energy Regulator
(AER) make AEMO plans actionable (link)

We welcome your

AEMO | Draft 2024 ISP Consultation
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https://aemo.com.au/energy-systems/major-publications/integrated-system-plan-isp/2024-integrated-system-plan-isp/isp-methodology
https://aemo.com.au/consultations/current-and-closed-consultations/draft-2024-isp-consultation
https://aemo.com.au/energy-systems/major-publications/integrated-system-plan-isp/2024-integrated-system-plan-isp/current-inputs-assumptions-and-scenarios
https://www.aer.gov.au/industry/registers/resources/guidelines/guidelines-make-integrated-system-plan-actionable
https://aemo.com.au/consultations/current-and-closed-consultations/draft-2024-isp-consultation

California’s Transmission Planning Process (TPP)

California’s TPP combines (1) scenario-based, zonal resource development
outlooks prepared by state agencies with (2) the planning and procurement of
transmiSSion Solutions by the California ISO 2045 SCENARIO PORTFOLIO BY INTERCONNECTION AREA

P——

NORTHERN CA

PG&E NORTH

1 OFFSHORE WIND
— See overview and board-approved 2022-2023 Plan OFFSHORE WIND OF GREATER BAY
+ Total— 14,600 MW /-Total— 6.649 MW
M H H NORTHERN NEVADA GEOTHERMAL
— Improved generator interconnection process (link) /
— 0 * north of GB — 40 MW
. * East of Pisgah— 405 MW
offers substantial headroom | Northof Lugo— 13 M
~\ -5
*Resource planning ] sTransmission

led by CPUC setting planning 1 SCE NORTH OF LUGO

out resource-rich identifying s Total— 5654 MW {,";’ ?DT,:";’ m":é

areas and upgrades and PG&E GREATER BAY o ' e
quantities enabling zones « Total— 6,638 MW \ P \ + Total— 6,671 MW

S Resource Transmission S— PG&E FRESNO P
Planning Planning + Total— 27,697 MW EAST OF PISGAH
& 1 + Total— 11,246 MW
S \ / NEW MEXICO WIND
* Total— 13,520 MW
4 \ + Total— 5,329 MW
Interconnection Resource \-.-;:::_._ )
Process Procurement — QS::H°Oi2*W,ND X

« Total— 5,400 MW SCE EASTERN

=Interconnection “Load-serving " Total— 18164 MW

process efforts are entities focus on o
e 2 SCE NORTHERN SDG&E
prioritized in the zones where —_— O
preferred zones capacity exists or is *Total— 24,286 MW SCEMETRO 0 - B Tolal—12,266 MW
L being developed * Total— 2,201 MW o
Source: CEERT summary of CA transmission planning + Total— 4,001 MW



https://www.caiso.com/Documents/Transmission-Planning-Process-Overview.pdf
https://www.caiso.com/planning/Pages/TransmissionPlanning/Default.aspx
https://www.caiso.com/planning/Pages/TransmissionPlanning/Default.aspx
https://www.caiso.com/planning/Pages/TransmissionPlanning/Default.aspx
https://stakeholdercenter.caiso.com/StakeholderInitiatives/Interconnection-process-enhancements-2023
http://www.caiso.com/Documents/Briefing-ResourcesAvailable-NearTermInterconnection.pdf
https://ceert.org/wp-content/uploads/2023/pdf/231207_CA-progress-in-advancing-transmission-planning-permitting.pdf

Examples: Flexible solutions to reduce costs and minimize regrets

Planning processes need to develop more flexible (lower-regret) generation and grid N
solutions that create valuable options, given high long-term uncertainties:

e Example 1 —rebuild aging single-circuit 230kV line as 345kV-ready with double-circuit towers to create
option to: (1) initially operate circuit at 230kV, (2) later add 1 GW of transfer capability by stepping it
up to 345kV (with transformation), and (3) if needed, expand the capacity by adding a second circuit

e Example 2 — CAISO’s expandable offshore-wind integration solution with HVDC-ready 500kV line:

Phase 1: Base Case Plan Bhaca 2¢ DC Convarsian Phase 3: Expanded Plan (Option B)
(1,607 MW) (3,100 — 3,300 MW?) (8,045 MW)
ﬂomdl Round
ew Humbald wrm
500 KV AC Substat 500KV Al —— Humboldt i 1
500/115kV ‘L‘I::---..:‘E“i----J i- ------- i :,:" ------- : Fem o cae || 70w Moumiain
TraMh::]T g 2 7Lumaoa' : Humboldt o Zmm
PST R N \ s : -----------——Eft—f"'1 ............
Exsting Humboldt % ' : - - W e
lllllllllll \ Table \ Cable - Mr‘:d:m“
Two new \ Mountin - P . - sl :
500KV lines, of om Y\ L ... i N ™ g
which one is Mookt setpor LY Add DC convertﬁr '\ ! Add a second Y :
\ stations to eac \ ! : - i
MHVDC_readyn vt | vaca ion . : ! HVDC line om V) B
17-_ end of the line . by V33 Dl0 W | 1
Collinsville \ Colimitie : e ! g
W= N | 19 0

Source: CAISO-2023-2024-transmission-plan, May 23, 2024.



https://www.caiso.com/documents/iso-board-approved-2023-2024-transmission-plan.pdf
https://www.caiso.com/documents/iso-board-approved-2023-2024-transmission-plan.pdf
https://www.caiso.com/documents/iso-board-approved-2023-2024-transmission-plan.pdf
https://www.caiso.com/documents/iso-board-approved-2023-2024-transmission-plan.pdf
https://www.caiso.com/documents/iso-board-approved-2023-2024-transmission-plan.pdf
https://www.caiso.com/documents/iso-board-approved-2023-2024-transmission-plan.pdf
https://www.caiso.com/documents/iso-board-approved-2023-2024-transmission-plan.pdf
https://www.caiso.com/documents/iso-board-approved-2023-2024-transmission-plan.pdf
https://www.caiso.com/documents/iso-board-approved-2023-2024-transmission-plan.pdf

Options for interconnecting resources more quickly and efficiently

1. Fast-track Sharing and Transfers of Existing POls

Implement new fast-track process for sharing and transferring existing POls to
bypass long interconnection queue for new POls

e Fast-track sharing of existing POls (both surplus interconnection capacity & sharing of energy)

e Fast-track the transfers of existing POls (e.g., POls of retiring plants; POls build through SAA)
Why?

— PJM has 40+ GW of existing POls (with CIRs) at retiring plants! ... most of which are in attractive locations for
new storage, renewables (e.g., as noted in the ICC draft REAP report), and natural gas plants
(Example: client rejected new solar+storage bid at retiring fossil plant because getting ISA would take 5-6 years)

— More quickly assign POls built under State Agreement Approach to generators procured by states (e.g., NJ)
— Sharing POls is attractive: many aging resources are rarely dispatched when renewable generation is high

Examples:

— Separate MISO and SPP processes for existing POls (unlike in PJM, presumes no material impact)

— MISO “energy displacement agreements” (between existing and new resources to ensure that the total amount
of shared interconnection service at the POl remains the same)
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https://www.brattle.com/insights-events/publications/illinois-renewable-energy-access-second-draft-plan/
https://www.pjm.com/-/media/committees-groups/subcommittees/ips/2023/20230731/20230731-item-11---pjm-ips-transfer-of-cirs-education---miso_spp_pacificorp_pjm-ver-7-31-2023.ashx
https://docs.misoenergy.org/legalcontent/Attachment_X_-_Generator_Interconnection_Procedures_%28GIP%29.pdf

Options for interconnecting resources more quickly and efficiently

2+3+4+5. Existing Headroom / First-ready / GETs & RAS / ERIS

e |dentify “headroom” (hosting capacity, Order 2023 “heat map” requirement)

— Example: CAISO identified interconnection requests for which 31 GW of energy-only headroom (23 GW of which
are firmly deliverable) already exists without any additional network upgrades

e Fast-track generation resources that can be developed quickly (e.g., “first-ready” projects with
minimal POl upgrades ... beyond Order 2023 “first-ready, first-served” requirement)
— Like PIM’s “fast-lane” transition process for projects with minimal upgrades, but could be made permanent
— CAISO’s 2023 Interconnection Process Enhancements

e Allow interconnection needs to be addressed by grid-enhancing technologies (GETs) and
“simple” remedial action schemes (RAS or system protection schemes, SPS)
— GETs, such as power flow control devices, only need to be “considered” (but not used) per FERC Order 2023

— RAS example: CAISO identified 21 GW of energy-only (16 GW of deliverable capacity) interconnection headroom
that can be created quickly and inexpensively with RAS

e Simplify ERIS (energy-only) interconnection criteria for new POIs with option to upgrade to
NRIS (capacity) later
— Consider in interconnection studies the ability to manage (e.g., dispatch down) energy resources in nodal market

— Examples: SPP ERIS, Enel working paper (speeds up energy-only interconnections to slim down the
interconnection queue for firm (capacity) interconnections
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http://www.caiso.com/Documents/Briefing-ResourcesAvailable-NearTermInterconnection.pdf
https://www.caiso.com/InitiativeDocuments/Straw-Proposal-Interconnecton-Process-Enhancements-2023-Sep212023.pdf
http://www.caiso.com/Documents/Briefing-ResourcesAvailable-NearTermInterconnection.pdf
https://www.enelgreenpower.com/content/dam/enel-egp/documenti/share/working-paper.pdf

Options for interconnecting resources more quickly and efficiently
6. Proactive, Holistic Long-term Transmission Planning

Proactively and holistically planning for long-term transmission needs can reduce
total customer electricity costs and speed up interconnection of new resources

® Experience shows that simultaneously addressing all transmission needs (for generation
interconnection, reliability, economic, public policy, and interregional needs) reduces costs:
— CAISO TPP and European ENTSO-E planning and CBA framework, which includes interregional needs
— MISO LRTP and Australian ISP (which do not consider interregional needs)

— 2021 PJM study: $3.2b in transmission for 75 GW of clean energy resources -- shows that holistic planning for
even just the next decade of generation interconnection needs would offer substantial cost reductions

e Concept: consider all near-term and long-term transmission needs (including public-policy
needs through 2040-50) in approving the next decade of transmission upgrades

e Important: immediately reflect approved transmission upgrades in the “base case” for
generation interconnection studies (e.g., as MISO did with approved MVPs)

¢ Include interregional solutions
— Jointly plan for interconnection needs near seam (e.g., SPP-MISO JTIQ offering documented cost reductions)

— Additionally: replace ineffective Coordinated Transaction Scheduling (CTS) with intertie optimization to
improve utilization of interregional transmission and dispatch efficiency near seams, as recommended by IMM
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https://stakeholdercenter.caiso.com/RecurringStakeholderProcesses/2022-2023-Transmission-planning-process
https://stakeholdercenter.caiso.com/RecurringStakeholderProcesses/2022-2023-Transmission-planning-process
https://tyndp.entsoe.eu/
https://tyndp.entsoe.eu/
https://tyndp.entsoe.eu/
https://consultations.entsoe.eu/system-development/methodology-for-a-energy-system-wide-cost-benefit/
https://cdn.misoenergy.org/20210317%20PAC%20Item%2003a%20Long%20Range%20Transmission%20Plan%20Initial%20Roadmap531009.pdf
https://cdn.misoenergy.org/20210317%20PAC%20Item%2003a%20Long%20Range%20Transmission%20Plan%20Initial%20Roadmap531009.pdf
https://aemo.com.au/-/media/files/major-publications/isp/2022/2022-documents/2022-integrated-system-plan-isp.pdf
https://www.pjm.com/-/media/library/reports-notices/special-reports/2021/20211019-offshore-wind-transmission-study-phase-1-results.ashx
https://www.misoenergy.org/stakeholder-engagement/committees/miso-spp-joint-targeted-interconnection-queue-study/
https://www.misoenergy.org/stakeholder-engagement/committees/miso-spp-joint-targeted-interconnection-queue-study/
https://www.misoenergy.org/stakeholder-engagement/committees/miso-spp-joint-targeted-interconnection-queue-study/
https://www.esig.energy/resources/proactive-planning-for-generator-interconnection-a-case-study-of-spp-and-miso-bruce-tsuchida-august-2022/
https://www.brattle.com/insights-events/publications/brattle-consultants-discuss-the-need-for-intertie-optimization-in-new-report/

Order 1920’s enhances “Interregional Transmission Coordination”

b 4

As FERC’s Explainer states: “Order No. 1920 requires transmission providers in neighboring transmission planning
regions to modify their existing interregional transmission coordination procedures to align with long-term regional
transmission planning reforms. Order No. 1920 established the following requirements to adapt existing procedures
with this requirement.

1. Require transmission providers to share information regarding long-term transmission needs and identify and jointly
evaluate interregional transmission facilities to address those needs

2. Allow entities to propose interregional transmission facilities as more efficient or cost-effective solutions to long-term
transmission needs

Transmission providers are mandated to make the following information publicly available through their website or
e-mail list to enhance transparency and information sharing.

1. Long-term transmission needs discussed in interregional transmission coordination meetings

N

Interregional transmission facilities proposed or identified as part of long-term regional transmission planning
Details such as voltage level, estimated cost, and estimated in-service date of proposed interregional transmission facilities

w

Results of cost-benefit evaluations for such interregional transmission facilities, including overall benefits and region-specific
benefits

5. Selection of interregional transmission facilities to meet long-term transmission needs, if any

P

These reforms aim to ensure that identified long-term transmission needs are considered in interregional
coordination and cost allocation processes, thereby promoting fair rates.”
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https://www.ferc.gov/explainer-transmission-planning-and-cost-allocation-final-rule#:%7E:text=1920%20states%20that%20transmission%20providers,facilities%20to%20meet%20those%20needs.

Why interregional transmission and what’s holding us back?

Q: Why interregional transmission? A: It is uniquely beneficial

» Larger geographic footprint offers more substantial diversity-related economic and reliability value
— Capturing full (load and resource) diversity value requires a grid that is larger than the weather

» Peak-load and resource availability diversity = reduced regional resource adequacy requirements
o Temporary lower-cost/surplus generation in a region can be be shared across larger footprint
e Larger scale of interregional solutions can be more cost effective than multiple regional solutions

Q: Why don’t we see much of it getting planned? A: Many barriers (slide 21)
* No defined interregional reliability standards or planning requirements
» Each region prefers meeting its reliability needs on its own
» Largely ignored in RTOs’ regional multi-value planning processes

» Addressing local needs before regional, and regional needs before interregional, pre-empts
more cost-effective interregional opportunities

» |SOs prefer to avoid the added complexity of multi-regional coordination and cost allocation
o Result: only merchant transmission developers have been proposing major new interregional projects
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“Transmission Benefits” — what are they?

Multi-value transmission planning allows the selection of transmission solutions that offer the
greatest net benefits
e But what are these (often abstract) “transmission benefits”?

Transmission benefits = Cost savings (or better reliability) offered by the upgrade

Examples of savings from right-sized, multi-value transmission investments:
» Enable lower-cost generation to displace higher-cost generation = production cost savings
* Reduce need for reserve capacity through geographic diversification = investment cost savings
» Avoid costs of other transmission upgrades or refurbishments = investment cost savings
» Allow generation construction in lower-cost areas/regions = investment cost savings
(Note: this benefit is not in Order 1920’s list of seven required benefit metrics)
Bottom line: Sometimes you have to spend money to safe money!

New England ought to focus more on forward-looking “right-sizing” of aging asset refurbishments and
avoiding piecemeal incremental upgrades
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Well-documented: proven practices for quantifying a broad set of

transmission benefits

Take advantage of proven
practices (as referenced in
Order 1920)

® See our report with Grid Strategie
for a summary of quantification

ractices, incl. benefits beyond
| Order 1920’s mandated onesl
Most recent developments:

® Use weather-reflective (rather
than weather-normalized)
production cost and long-term
expansion planning simulations
(e.g., for 20-30 weather years)

® Production cost simulations with
both day-ahead and real-time
cycles to capture unpredictable
real-time challenges and
associated transmission value

Benefit Category

1. Traditional Production Cost
Savings

Transmission Benefit

Adjusted Production Cost (APC) savings as currently estimated in most planning
processes

2. Additional Production Cost
Savings

i. Impact of generation outages and A/S unit designations

ii. Reduced transmission energy losses

iii. Reduced congestion due to transmission outages

iv. Reduced production cost during extreme events and system contingencies

v. Mitigation of typical weather and load uncertainty, including the geographic
diversification of uncertain renewable generation variability

vi. Reduced cost due to imperfect foresight of real-time system conditions, including
renewable forecasting errors and intra-hour variability

vii. Reduced cost of cycling power plants

viii. Reduced amounts and costs of operating reserves and other ancillary services

ix. Mitigation of reliability-must-run (RMR) conditions

x. More realistic “Day 1” market representation

3. Reliability and Resource
Adequacy Benefits

i. Avoided/deferred cost of reliability projects (including aging infrastructure
replacements) otherwise necessary

ii. (a) Reduced loss of load probability or (b) reduced planning reserve margin

Savings

A ) . i. Capacity cost benefits from reduced peak energy losses /

ii. Deferred generation capacity investments

iii. Access to lower-cost generation resources

5. Market Facilitation Benefits

i. Increased competition

ii. Increased market liquidity

6. Environmental Benefits

i. Reduced expected cost of potential future emissions regulations

ii. Improved utilization of transmission corridors

7. Public Policy Benefits

Reduced cost of meeting public policy goals

8. Other Project-Specific Benefits

Examples: increased SWMM%EMM fuel diversity
and system flexibility \reduced cost of future transmission needs,lincreased wheeling

revenues, HVDC operational benefits



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/2024/07/Future-Energy-and-Resource-Needs-Study-FERNS-Preliminary-Update.pdf
https://www.brattle.com/wp-content/uploads/2024/07/Future-Energy-and-Resource-Needs-Study-FERNS-Preliminary-Update.pdf
https://www.brattle.com/wp-content/uploads/2024/07/Future-Energy-and-Resource-Needs-Study-FERNS-Preliminary-Update.pdf
https://www.brattle.com/wp-content/uploads/2021/05/20186_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/wp-content/uploads/2021/05/20186_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/wp-content/uploads/2021/05/20186_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/wp-content/uploads/2021/05/20186_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/wp-content/uploads/2021/05/20186_the_value_of_diversifying_uncertain_renewable_generation_through_the_transmission_system_-_cost_savings_associated_with_interconnecting_systems_with_high_renewables_generation.pdf

Examples of Brattle Reports on Regional and Interregional R
Transmission Planning and Benefit-Cost Analyses

A Roadmap to Improved
Interregional Transmission
Planning

Link: Diversity Value Link:

Boston University Institute for Sustainable Energy

Johannes P. Pfeifenberger
Kasparas Spokas

Well-Planned Electric Transmission T/ae B?‘dtl’ [3 G?‘O% TVl S Divesifine Uncertain . Michael Hagerty
Saves Customer Costs: P Renewable Generation through the John Tsoukalis
Improved Transmission Planning is Key to Transmission System
the Transition to a Carbon-Constrained Link: Transmission September 2020 November 30, 2021
Future . L. Benefits y 7
Toward More Effective Transmission
Planning:
PREFARED FOR Addressing the Costs and Risks of an Insufficiently | M NiTaR IS il R B D [SuAg Y \ Transmission Planning for the 21st
Flexible Electricity Grid Transmission: Identifying M i Century: Proven Practices that
Link: Well- and Analyzing the Value of =l = Increase Value and Reduce Costs
WIRES - . . Investments A1 | Al} l B Link:
Planned Link: Effective :
Tra n S m i SS i o n Tra n S m i SS i 0 n The Brattle Group: Grid Strategies:
WIRES Johannes Pfeifenberger Rob Gramlich
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