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Topics discussed today

1. The need for more proactive, scenario-based
economic transmission planning

2. The challenge of planning interregional or
international transmission

3. Transmission policies to support a more cost-
effective and affordable clean-energy transition

brattle.com | 1




Need: to double or triple transmission capability in North America! '
Question: How can we do so quickly and cost-effectively? N

1. Advanced, 3. New transmission
grld enhanC|ng * Highway/railroad corridors
:  ROW-efficient AC designs
tEChnOIOgIeS * HVDC transmission
e Dynamic line ratings * Submarine/undergound
* Flow control devices * New greenfield overhead
* Topology optimization
 Grid-optimized DER/storage Examples:
* Remedial action schemes Priority order required by
e Grid-forming inverters the German “NOVA
Principle”
2. Upgrades of existing lines  MA CETWG Report: Loading
Order and ATT/GETs

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

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

Today’s reliability-focused transmission planning is too siloed
to identify cost-effective or interregional solutions

Local TO Reliability

Projects
Upgrades to meet local

standards

Generator Interconnection

(Gl) Projects
Reliability upgrades for Gl

requests

Long Term Transmission
Service Projects
Reliability upgrades for Tx
Service Requests

More
comprehensive
and proactive
multi-driver
planning is
needed to
achieve cost-
effective
planning
outcomes

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
U.S. 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 results in
less than 10% of all U.S. transmission investments

Interregional planning processes are large ineffective
* Essentially no major interregional transmission projects have
been planned and built in the last decade
* Numerous national studies show that more interregional
transmission is needed to reduce total system costs
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https://www.brattle.com/insights-events/publications/regulation-of-access-pricing-and-planning-of-high-voltage-transmission-in-the-us/

. R

Proactive, holistic, scenario-based, long-term planning is neede

The benefits (overall cost savings) of proactive planning increase for transmission
planning processes that:
1. Holistically consider all transmission needs over longer time frames (i.e., consolidate two decades of

already- known or likely needs for generator interconnection, local and regional reliability, economic
benefits, and public policies, as opposed to need at a time)

2. Use proactive, multi-value planning processes to address both urgent near-term needs and long-term
needs, utilizing scenario-based planning to address long-term uncertainties

3. Reduce the scope of network upgrades triggered by generator interconnection through the proactive,
holistic planning process (and improve generator interconnection study criteria)

4. Look beyond regional seams to identify more cost-effective interregional solutions to the range of
identified transmission needs

5. Rely on advanced transmission technologies and flexible solutions to address identified needs and
enhance the grid

6. Utilize pragmatic cost allocations that are roughly commensurate with (but not formulaically based
on) benefits received
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Example: SPP’s proposed Consolidated Planning Process (CPP)

The Southwest Power Pool (SPP) is working on consolidating its several siloed ‘
planning processes (e.g., for generator interconnection, integrated regional

transmission, transmission service requests, and interregional planning) into a

single holistic process:

Current Planning Process Proposed Consolidated Planning Process
DISIS I " | :
= : L h | |
i | G e ot it SPP’s |
ITP2020 | Transmission | T P Transmission l
1P 2021 ITP 2022 EXpa nSion Plan I Transmi;sion Service:s | EXpaﬂSIOn Plan I
(STEP) (STEP) |
I I |
| | |
| | |
— | R

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



https://www.spp.org/spp-documents-filings/?id=297513

What is proactive, scenario-based, long-term planning?

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

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 Scenario Planning-A Review of the Literature.PDF (mit.edu)
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https://hbr.org/2013/05/living-in-the-futures
https://scienceimpact.mit.edu/sites/default/files/documents/Scenario%20PlanningA%20Review%20of%20the%20Literature.PDF

Create value and mitigate risk through more flexible solutions

N

Planning processes need to develop flexible transmission solutions that create
valuable options, given high long-term uncertainties:
e Example 1 —rebuild 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) ultimately 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 Phase 2: DC Conversion Phase 3: Expanded Plan (Option B)
(1,607 MW) (3,100 — 3,300 MW?) (8,045 MW)
Round
Rmndl el Norte:
ew Humbaldt re=f
SOONW:SHIBM'I)" 500 kV AC line F ey Hh— ~180 mi . - Fern Road i 1
~140mi = e—— | b e mm e mmmm——————— HVDC | Round
500/115 kv *<I::\ ---------- 4 i-w - : - f:wm Meuntia
Transformer T \ \ umboidt I | mboltt
- " 115 &V ] H £ _______l‘l;n: _______ : Fern Road
:; = A X : e mm——— t I -
Existing Humboldt \\ - \ : - P — un\“\‘ 115 kv '
115kV Substation . Table ‘\ ) Ol Mendocina', ' !
Two new % Mountsin | Ohens - g - e k! .
. . New HVDClineinitialy '\ e : Add a second i !
which one is el RORACH \ stations to each ' . gl ;
llHVDc_ d ” \\ il | F— ks : HVDC ['ne S sl __:. S EUE]
ready \ end of the line —— V22 D80 coneete | T
11‘_ N e el e
Collinsville B L .- ]
= sl oo F e : ﬂ -
]
1

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



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

Risk mitigation through proactive “least-regrets” planning

Proactive planning needs to consider both (1) the high risk of delaying infrastructure
investment and (2) the risk-mitigation offered by alternative transmission solutions:

e Given that it can take a decade to develop new transmission, delaying investment can easily
limit future options and result in a higher-cost, higher-risk overall outcomes
— “Wait and see” approaches can limit options, so can be more costly in the long term

— The industry needs to plan for both short- and long-term uncertainties more proactively — and
develop solutions that comprehensively and flexibly address uncertain future needs

e “Least regrets” planning to minimize the risk of both under - and overinvesting
Use full set of scenarios in planning to identify solutions that minimize both sources of possible regrets:
1. Avoid oversized projects that “regrettably” end up too costly and under-utilized; and also
2. Avoid many “regrettable” high-cost outcomes caused by undersized transmission solutions

* Focusing on just one scenario cannot distinguish solutions with higher/lower costs and risk

e Taking probability-weighted averages across scenarios is insufficient as it (a) assumes risk
neutrality and (b) does not quantify the value of flexibility and risk mitigation
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Example: Australian Integrated System Plan (ISP)

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

® Clearly-specified 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)

— Plans distinguish: (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

— 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)

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

We welcome your
feedback

Source: 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

Need: Expand and more efficiently utilize interregional transmission

Significant seams-related inefficiencies exist between RTO markets, which make it
difficult to capture the full value of both existing and new interregional transmission:

1. Interregional transmission planning is mostly not existing or ineffective (beyond merchant T)

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

3. Resource adequacy value of interties (often not considered in RTO’s resource adequacy
evaluations) and barriers to capacity trades (often created by RTOs’ restrictive capacity import
requirements and incompatible resource accreditations)

4. Loop flow management through market-to-market coordinated flowgates (with shares of
firm flow entitlements) under the existing JOAs

5. Inefficient trading across contract-path market seams and the need for intertie optimization
(see link)
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https://www.brattle.com/insights-events/publications/brattle-consultants-discuss-the-need-for-intertie-optimization-in-new-report/

Additional transmission between the US and Canada would
reduce costs and maintain reliability

As more weather-dependent renewable resources are added to the grid, the geographic scope of ‘
the grid needs to expand beyond the size of large weather systems!

This will make expanding inter-provincial and international transmission increasingly beneficial!

Example: Cost-effective US-Canadian Transmission Expansion for moderate renewable
generation and load growth scenarios (2040)

Alberta — Mountain I
Brnitish Columbia — Northwest |
Chihuahua — Southwest I

Coahuila — Texas [
Manitoba — Midwest [
Mid-atlantic — Ontario [ Source: US DOE, National
Transmission Needs Study
(Draft), Feb 2023, Table 8,
Figure VI-7.

Midwest — Ontarno I
Midwest — Saskatchewan ||
Mew Brunswick — Mew England I
Mew England — Quebec |
Mewd York Ontario I
MNew York — Quebec r

Tamaulipas — Texas I
2040

0 0.5 1 1.5 2 2.3 : |

Mew transfer capacity (GW) relative to 2020 brattle.com | 11


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

Additional transmission between the US and Canada will be
beneficial ... and increasingly be used bi-directionally

. L =
Example: MA Decarbonization Cost effective new 5 g . § . 2 s |33
" = O _— — w
Pathway Study shows additional transmission by 2050: z |& 2|3 2 3 g g e % FE-L g 3
transmission to Quebec is needed and S |22(/83/ 28 8|8 & |53
. e . . . o - o -~ n g = M
bidirectional used starting in 2030: Zone from Zone to > S 5 g 9
“the Quebec hydro system in effect acts as a Quebec Maine 2 1.2 1.1 09| 06| 06| 06| 09
exported to Quebec during many hours to serve | Quebec New Brunswick 0 0 0 0, 0] 0] © 0
Quebec loads, and with imports from Quebec in | Quebec New York 47 44| 42| 56| 38
other hours to serve loads in New England and | Quebec vermont o8| 07| o8| o8] 08| 08| 08| 0.8
New York all options no thermal
2030 2040 2050 2050
10 1 Imports to New England L e —

transmission
import

0 O 10 15 20 0 5
hour

10 15 20
hour

Source: MIA Decarbonization Pathways Study, Dec 2020, Table 8, Figure 27.

B S 10 15 20 0 5
hour

< -10 Exports from New England pr— _ i s .

10

hour

15 2
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https://www.mass.gov/doc/energy-pathways-for-deep-decarbonization-report/download

Significant barriers to planning new interregional transmission

N

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

A. Leadership,

. 2. Limited trust amongst states, RTOs, utilities, & customers
Alignment and . : L : :
Understandi 3. Limited understanding of transmission issues, benefits & proposed solutions
nderstandin . . :
& 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 | 13



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

Four pathways for planning interregional transmission

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

benefits of interregional transmission,
these studies do not create an actionable

|

Establish Local &
Interregional Tx

Requirement

Regional
Reliability

“need” for approving projects

Four paths can be pursued
simultaneously, identifying actionable
transmission needs through:

1. New Interregional Tx requirements?
2. New Federal planning?

3. Improve joint RTO planning

4. Expand planning by individual RTOs

Source: A Roadmap to Improved Interregional Transmission Planning,

. |

Nationally Regionally

How To
Implement?

Individual Regional

Federal or Central )
Planning

Planning Authority to
Plan and Approve Tx

Regional
Planning and
Cost Allocation

Planning

Implement new standards
and expand scope across
seams

Implement new standards
for interregional planning
and cost allocation

Identify interregional
projects and incorporate
into joint regional planning

lointly Identify Least
Regrets and Maximum Net
Benefit Projects

v

Agree on interregional
| projects, include them

'L in regional plans, and

allocate costs brattle.com | 14
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https://www.brattle.com/insights-events/publications/brattle-economists-author-report-on-the-benefits-of-expanding-interregional-transmission/

Example: Continent-wide proactive, multi-value planning.

The European 10-year Network Development Plan (TYNDP)

ENTSO-E: Standardized Multi-value Benefit-Cost Analysis
Framework for EU-wide Transmission Planning (incl. HVDC)

Emissions cost savings | m
B O Oiion |
Entso-E Planning and CBA framework
e B4.non-CO, emiss * Association of European Grid Operators
* 10 year investment plan

} System adequacy

e Scenario-based looking out 10-30 years
» Standardized benefit-cost analysis

B7.1 Balancingenergy exchange

) SR I e e * Specifically addresses HVDC benefits:
- - syetemsecunty  COSt S@Vings achievable from optimized
] _B80 Qualitative indicator dispatch of HVDC lines; transient, voltage,

——— B8.1 Frequency Stability

and frequency stability benefits of HVDC
lines; blackstart services; voltage and reactive
power support

— B8.2 Blackstart Services

—— B8.3 Voltage/reactive power services

Source: ENTSO-e, 4th ENTSO-e Guideline for Cost Benefit Analysis of Grid Development Projects,
Oct 18, 2023, Figure 8; TYNDP 2024 Implementation Guidelines, Mar 4, 2024.
For a summary of the ENSTO-e framework, incl. HVDC, see pp. 77-80 here.

10-Year Network Development Plan (TYNDP) to
Evaluate 176 Transmission, 33 Storage Projects

TYNDP 2024 Project
Collection (entsoe.eu)

Dublin

Sweden
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https://eepublicdownloads.blob.core.windows.net/public-cdn-container/tyndp-documents/TYNDP2024/CBA%204%20Guideline_v%202.0_for_EC_Approval_clean.pdf
https://eepublicdownloads.blob.core.windows.net/public-cdn-container/tyndp-documents/TYNDP2024/TYNDP%202024%20IG_intermediate_version.pdf
https://www.brattle.com/wp-content/uploads/2023/09/The-Operational-and-Market-Benefits-of-HVDC-to-System-Operators-Full-Report.pdf
https://2024.entsos-tyndp-scenarios.eu/
https://eepublicdownloads.blob.core.windows.net/public-cdn-container/tyndp-documents/TYNDP2024/CBA%204%20Guideline_v%202.0_for_EC_Approval_clean.pdf
https://tyndp2024.entsoe.eu/projects-map
https://tyndp2024.entsoe.eu/projects-map

The Challenge: How to keep the energy transition affordable

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
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Options for achieving a more affordable energy transition

Achieving cost-effective transmission-related outcomes requires a multi-faceted
approach:
1. More proactive and holistic transmission planning

— Multi-driver/value planning (incl. for generator interconnection) to find lowest-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
— Soft/hard cost caps, broad-based PBR, or targeted incentives (such as shared savings/overruns)

4. Competitive solicitations
— Where possible and practical; with added cost-control incentives

5. End-use efficiency and demand flexibility
— To reduce transmission, distribution, generation, and resource-adequacy costs
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Competitive procurements: innovation and reduced costs

N

In the U.S., FERC’s Order No. 1000 was intended to promote “more efficient or
cost-effective transmission development” through competitive procurements

Developers compete to provide, finance,
build, own, and operate innovative

Solutions-Based Procurements Project-Based Procurements
\\ \ \

Solutions Solicited,
Proposed and

Transmission
Needs Assessment

Selected

A\

Projects Solicited,
Offered and Selected

Developers compete to finance, build, own,

and operate pre-specified projects

solutions to meet specified needs R

Planning entities identify needs and solicit

innovative solutions

Planning entities select preferred
solution; selected developers finance,
build, own, and operate projects .

Examples: PJM, NYISO, UK

Planning entities identify need and specify
solution; solicit bids for the specified project

Planning entities select developer to finance,
construct, and own the projects based on

factors including bid prices

Examples: CAISO, MISO, SPP, Brazil, Alberta,

Ontario

Several studies of
competitive
procurements in the
U.S., Canada, U.K.,
and Brazil show that
competitive
solicitations yield
more innovative
solutions and cost
savings of 20-30%,
yet less than 5% of
projects are subject
to competitive
procurements
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https://www.brattle.com/insights-events/publications/brattle-economists-respond-to-critique-of-prior-report-on-value-of-competitive-transmission/

The Bottom Line: Necessary Improvements

Holistic and proactive transmission planning

* More cost-effective solutions (that integrate generator interconnection, asset refurbishment, and all other
transmission needs) can be identified

* The costs and time required to address future transmission needs (and interconnect the large number of
resources necessary to meet clean-energy goals) can be reduced dramatically

e More flexible plans can be developed to address the wide range of uncertain long-term needs
The benefits of holistic, proactive planning increase for processes that:

1. Consider both near- and long-term transmission needs (i.e., at least a decade of already known resource needs, as
opposed to addressing only near-term needs without considering long-term needs)

2. Simultaneously considers multiple needs (generator interconnection, local and regional reliability, economic
benefits, and public policy needs)

3. Reduce the scope of network upgrades triggered by generator interconnection proactive and holistic planning

4. Look beyond regional seams to identify more cost-effective interregional solutions to the range of identified
transmission needs

5. Rely on advanced transmission technologies and upsizing of existing lines to address some of the identified needs

6. Utilize pragmatic cost allocations that are roughly commensurate with (not formulaically based on) benefits
received
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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, 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
twebbio and publications) Engineering and Energy Economics from the University of Technology in Vienna,
Austria.
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Annual U.S. Transmission Investments 1996-2023

N

Annual Transmission Investment $25+ billion in annual U.S.
as Reported to FERC by Region

T EEI2024 » transmission investments, but:

() ! oy o o[

= ® More than 90% of it justified solely

fﬁs CAISO based on reliability needs without

- $25 . .

‘a:'; benefit-cost analysis

£ I MISO — About 50% solely based on “local”

m | } A s g eape . . . .

g »20 e et SR o utility criteria (without going through

i I I I regional planning processes)

.g ¢15 Does not include transmission investments I — The rest justified by regional reliability

k7! of non-jurisdictional entities (e.g., BPA, TVA, I d . . d

£ WAPA, ..) I and generation interconnection needs

(7]

S I ® While significant experience with

 $10 ] g P

S

'T'U i1l i ERCOT transmission benefit-cost analyses
| . . . .

=

2 ss _ Y il I S exists, very few prpjects :f\rejustlfled

< R RER " : I I I I based on economics to yield overall

so:EE::IIIII||II ! cost savings

Sources: The Brattle Group analysis of FERC Form 1 Data; EEI "Historical and Projected Transmission Investment" report. brattle.com | 22



2023 Transmission Investments by Driver

1,400

1,200

1,000
L7
Q
E 800
- — All of these drivers are reliability focused
S 600
5

N .

o — -
Non-RTO CAISO ERCOT MISO SPP NYISO ISO NE Non-RTO
West East
Il Reliability | Policy [ Load Growth Il Generation Aging Infrastructure [l Other

Source: FERC Staff Report: 2023 State of the Markets (March 21, 2024), Figure 15 (based on C3 Group data)

brattle.com | 23


https://www.ferc.gov/news-events/news/presentation-report-2023-state-markets

MIT Study: Additional transmission between the Northeastern US
and Canada will be cost effective and used bi-directionally

A

A

MIT similarly found that decarbonization of the electric grid in the Northeastern US
will increase the need for transmission capacity and bidirectional power flows.

80% decarbonization

90% decarbonization

")

S

O

Y— 4 d

S,-.. 2.5 2.5

g — =2.51 —-2.5

= —5.0 1 —5.0 1

= 0 5 10 15 20 0 5 10 15 20
Hour of day

“g" 80% decarbonization 90% decarbonization

i) 5.0

M

Eg 2.5

ag 00

E T -25

1))

5 —5.0

- Jan FebMar AprMay Jun Jul AugSep Oct NovDecan Jan FebMarAprMay Jun Jul AugSep Oct NovDec Jan

2050 20512050 2051

——  Current Transmission

- New Transmission

Source: Two-Way
Trade in Green
Electrons: Deep
Decarbonization
of the
Northeastern
U.S. and the Role
of Canadian
Hydropower,
MIT, Feb 2020.
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https://ceepr.mit.edu/wp-content/uploads/2021/09/2020-003.pdf
https://ceepr.mit.edu/wp-content/uploads/2021/09/2020-003.pdf
https://ceepr.mit.edu/wp-content/uploads/2021/09/2020-003.pdf
https://ceepr.mit.edu/wp-content/uploads/2021/09/2020-003.pdf
https://ceepr.mit.edu/wp-content/uploads/2021/09/2020-003.pdf
https://ceepr.mit.edu/wp-content/uploads/2021/09/2020-003.pdf
https://ceepr.mit.edu/wp-content/uploads/2021/09/2020-003.pdf
https://ceepr.mit.edu/wp-content/uploads/2021/09/2020-003.pdf
https://ceepr.mit.edu/wp-content/uploads/2021/09/2020-003.pdf

Example 4: 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

— See overview and board-approved 2022-2023 Plan
— Improved generator interconnection process (link)

offers substantial headroom

{ .

*Resource planning ]
led by CPUC setting
out resource-rich
areas and
quantities

—

Resource
Planning

Interconnection
Process

sInterconnection
process efforts are
prioritized in the
preferred zones

.

OFFSHORE WIND

T )
( sTransmission
planning
identifying
upgrades and
enabling zones
Transmission S ——
Planning
Resource
Procurement —

sLoad-serving

zones where

entities focus on

capacity exists or is
being developed

2045 SCENARIO PORTFOLIO BY INTERCONNECTION AREA

P —

NORTHERMN CA PG&E NORTH

OF GREATER BAY

* Total— 14,600 MW L~ « Total— 6.649 MW

NORTHERN NEVADA GEOTHERMAL

* north of GB — 40 MW
« East of Pisgah— 405 MW
* North of Lugo— 13 MW

‘ 1 SCE MORTH OF LUGO

« Total— 5,994 MW
PG&E GREATER BAY 4
+ Total— 6,638 MW \ -
Q \
0

PG&E FRESNO

* Total— 27,697 MW

PG&E KERN
+ Total— 13,520 MW

MORRO BAY
OFFSHORE WIND

+ Total— 5,400 MW

SCE NORTHERN

« Total— 24,286 MW SCE METRO

WYOMING AND/
OR IDAHO WIND

+ Total— 6,671 MW

EAST OF PISGAH

1 + Total— 11,246 MW
/ NEW MEXICO WIND

* Total— 5,329 MW

SCE EASTERN

/ + Total— 18,164 MW

SDG&E
+ Total— 12,266 MW

+ Total— 2,201 MW

Source:; CEERT summary of CA transmission planning

I
* Total— 4,001 MW



https://www.caiso.com/Documents/Transmission-Planning-Process-Overview.pdf
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

Example: MISO Long-Term Transmission Planning (LRTP)

Scenario-based LRTP = Several tranches of “least regrets” portfolios of multi-
value transmission projects (MVPs)

MISO 2022 LRTP results

Tranche 1: $10 billion portfolio of proposed new
345 kV projects for its Midwestern footprint

Supports interconnection of 53,000 MW of
renewable resources

Reduces other costs by $37-70 billion

Portfolio of beneficial projects designed to benefit
each zone within MISO’s Midwest Subregion

Postage-stamp cost allocation within MISQO’s
Midwest Subregion

MISO is currently in the process of finalizing
$23 billion of Tranche 2 projects (link)

MISO 2022 LRTP, Tranche 1 Projects

SAmEs hown

'Columbin

s, N
B
Marshalltown sty /
Morngan “Hiple,

Sur G2 B Oak

Ruj.a: ONSOr
Tazewell [Gilinan Peynolds
" Ipava # Broky lpﬂm

}ﬂpﬁl Meredosia Sidray
@ Tranche 1 (345kV) “Thomas
@ Existing Transmission

Frejerts s of. SVOTNGT |

Dnmda[

. &
| -h-l‘.‘""h;-_ Skunk Frver Maple Leesburg

Helson Aoad

Duck Lake L

Source: 3-29-22 LRTP Presentation (misoenergy.org)
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https://cdn.misoenergy.org/20220329%20LRTP%20Workshop%20Item%2002%20Detailed%20Business%20Case623671.pdf
https://www.utilitydive.com/news/miso-midcontinent-tranche-2-lrtp-transmission-expansion/709576/
https://cdn.misoenergy.org/20220329%20LRTP%20Workshop%20Item%2002%20Detailed%20Business%20Case623671.pdf

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

9

Implement fast-track process for 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

Proactively and holistically plan for long-term transmission needs

Speed up state & local permitting for projects with signed interconnection service
agreements (PJM blog: 44+ GW with ISAs yet only 2 GW brought online in 2022)

More more detail see: Are Firm Capacity Requirements Outpacing Replacements?, January 25, 2024
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https://insidelines.pjm.com/new-interconnection-process-aims-to-ensure-reliability-enable-state-policies/
https://www.brattle.com/insights-events/publications/are-firm-capacity-requirements-outpacing-replacements/

Interregional Transmission Needs Are Addressed Mostly
Through Proposed Merchant HVDC Lines

North American HVDC Projects (Existing and Planned/Proposed)

o

‘:}L ~ | ’ AR Most U.S. interregional transmission
j | projects are HVDC lines proposed by

merchant and OSW developers (i.e,
not planned by system operators)

% . Nelson River Bipole/
4

D¢ U : |
' P L A A\ * High capacity (1-5 GW), long-distance
il @ "i ' 3 o e Efficient right of way (including
. .!7 rorti , ﬁ V?rfous offsh.ore .
Wyg i s gy vindconnectons underground and submarine)

Back-to-back Stations: ) Controllable power fIOWS (fOI’

David A Hamel
Eddy County

Blackwater transmission access, economic dispatch
Miles City

Virginia Smith and during contingencies)

McNeill

Rapid City o Synchronous and aSynChmnOUS

Lamar
9. North

10. East applications
ﬂ 11. Railroad

Main HVDC advantages:

Pacific DCY

Trans Bay Cable
San Jose

NS AR WNR

BLUE: Existing Lines

R0 proponed = Meckinae * Grid-forming capability / weak AC grids

RED: Proposed .
<\ x = BN, - . ,
Source: Jim McCalley, lowa State University ® Grld Se rVICeS (tO Support AC net’WGF‘i@M 28




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?‘d - [3 G?‘OM P S Be Vol et Dieeeib e Ui i Mol ineriry
Saves Customer Costs: Renewable Generation through the John Tsoukalis
Improved Transmission Planning is Key to Transmission System
the Transition to a Carbon-Constrained Link: Transmission SEERliTOAE e
Future ) o Benefits i
Toward More Effective Transmission e
Planning:
PREFARED FOR Addressing the Costs and Risks of an Insufficiently | MNITeR IS 1S 110K 8 D[S iele \ Transmission Planning for the 21st
Flexible Electricity Grid Transmission: Identifying 0 i@ Century: Proven Practices that
Link: Well- and Analyzing the Value of =il : Increase Value and Reduce Costs
WIRES N . . Investments AT\ § Al} A Link:
Planned Link: Effective '
Tra nsm i SS i on Tra nsm i SS i on The Brattle Group: Grid Strategies:
WIRES Johannes Pfeifenberger Rob Gramlich
1 July 2013 Kasparas Spokas Michael Goggi
it P I a nnin J. Michael Hagerty Ja:/cC::par?/ggm
Judy W. CHG;:H John Tsoukalis Jesse Schneider
Johannes P. enberger
Johannes P. Pfeitenberger Judy W, Chung
May 2016 :fv :’sf“?nz h Johannes P. Pfeifenberger OCTOBER 2021
ay s hetendrang J. Michael Hagerty
e Brattle ou \ /
Summarizes proven

approaches to quantifying
various benefits

¢
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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/2020/06/2016-06-Brattle-Group-Well-Planned-Electrical-Transmission-Saves-Customers-Costs.pdf
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://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://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/
https://www.brattle.com/insights-events/publications/brattle-economists-author-report-on-the-benefits-of-expanding-interregional-transmission/

“Checklist” of Transmission Benefits With Proven Practices for

Quantifying Them | s

1. Traditional Production Cost Adjusted Production Cost (APC) savings as currently estimated in most planning
. Savings processes
We documented in our , , S
. 2. Additional Production Cost i. Impact of generation outages and A/S unit designations
renort proven pra Ctlces’ Savings ii. Reduced transmission energy losses

iii. Reduced congestion due to transmission outages
iv. Reduced production cost during extreme events and system contingencies

which were largely adopted

H . v. Mitigation of typical weather and load uncertainty, including the geographic
In F E Rc O rde r 1920 ' diversification of uncertain renewable generation variability
. . vi. Reduced cost due to imperfect foresight of real-time system conditions, including
1. Con5|der fOI" eaCh pl"OJeCt (Or renewable forecasting errors and intra-hour variability
syne rgiStiC po rtfolio of 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

projects) the full set of

benefits that transmission can x. More realistic “Day 1” market representation
. Uz i. Avoided/deferred cost of reliability projects (including aging infrastructure
provide (see table) 3. Reliability and Resource replacements) otherwise necessary

) Identify the beneﬁts that Adequacy Benefits ii. (a) Reduced loss of load probability or (b) reduced planning reserve margin

i. Capacity cost benefits from reduced peak energy losses

4. Generation Capacity Cost

pIausiny exist and may be ii. Deferred generation capacity investments

significa nt fOf' that pa rticuIa r Savings Fii. Access to Iower-q??st generation resources
) - ' e fits i. Increased competition
project or portfolio; then > MerkerEaciRation fnne i. Increased market liquidity
L . . i. Reduced expected cost of potential future emissions regulations
3- FOCUS on quantlfymg thOSE A . et ii. Improved utilization of transmission corridors
benefits 7. Public Policy Benefits Reduced cost of meeting public policy goals

. . . Examples: increased storm hardening and wild-fire resilience, increased fuel diversity
(See our report with Grid Strategies for a 8. Other Project-Specific Benefits | and system flexibility, reduced cost of future transmission needs, increased wheeling
summary of quantification practices) 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/2021/10/2021-10-12-Brattle-GridStrategies-Transmission-Planning-Report_v2.pdf

Examples of Significant U.S. Experience with Identifying and
Quantifying a Broad Range of Transmission-related 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(?cts 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

New York AC Transmission Upgrades, September
15, 2015)

14. reduced plant cycling costs
15. societal economic benefits

10. improved reserve sharing
11. increased voltage support

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

(Proposed Multi Value Project Portfolio,
Technical Study Task Force and Business Case
Workshop August 22, 2011)

(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
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https://www.spp.org/documents/46235/rcar%202%20report%20final.pdf
https://www.spp.org/documents/18175/20120913%20mtf%20report_approved.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

Brattle Group Publications on Transmission

Gramlich, Hagerty, et al., Unlocking America’s Energy: How to Efficiently Connect New Generation to the Grid, Grid Strategy and Brattle, August 2024.

Delosa, Pfeifenberger, Joskow, Regulation of Access, Pricing, and Planning of High Voltage Transmission in the US, MIT-CEEPR working paper, March 7, 2024.
Pfeifenberger, How Resources Can Be Added More Quickly and Effectively to PJM’s Grid, OPSI Annual Meeting, October 17, 2023.

Pfeifenberger, Bay, et al., The Need for Intertie Optimization: Reducing Customer Costs, Improving Grid Resilience, and Encourage Interregional Transmission, October 2023.
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. brattle.com | 32
Pfeifenberger, Hou, "Employment and Economic Benefits of Transmission Infrastructure Investment in the U.S. and Canada," on behalf of WIRES, May 2011.



https://www.brattle.com/insights-events/publications/unlocking-americas-energy-how-to-efficiently-connect-new-generation-to-the-grid/
https://www.brattle.com/insights-events/publications/regulation-of-access-pricing-and-planning-of-high-voltage-transmission-in-the-us/
https://www.brattle.com/insights-events/publications/how-resources-can-be-added-more-quickly-and-effectively-to-pjms-grid/
https://www.brattle.com/insights-events/publications/brattle-consultants-discuss-the-need-for-intertie-optimization-in-new-report/
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/

Brattle Group Practices and Industries

ENERGY & UTILITIES

Competition & Market
Manipulation

Distributed Energy
Resources

Electric Transmission

Electricity Market Modeling
& Resource Planning

Electrification & Growth
Opportunities

Energy Litigation

Energy Storage

Environmental Policy, Planning
and Compliance

Finance and Ratemaking

Gas/Electric Coordination

Market Design

Natural Gas & Petroleum

Nuclear

Renewable & Alternative
Energy

LITIGATION

Accounting
Analysis of Market
Manipulation
Antitrust/Competition
Bankruptcy & Restructuring
Big Data & Document Analytics
Commercial Damages
Environmental Litigation
& Regulation
Intellectual Property
International Arbitration
International Trade
Labor & Employment
Mergers & Acquisitions
Litigation
Product Liability
Securities & Finance
Tax Controversy
& Transfer Pricing
Valuation
White Collar Investigations
& Litigation

INDUSTRIES

Electric Power

Financial Institutions
Infrastructure

Natural Gas & Petroleum

Pharmaceuticals
& Medical Devices

Telecommunications,
Internet, and Media

Transportation
Water
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