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Preface

This report was prepared by ScottMadden, Inc. for WIRES." The study includes a comprehensive overview of the current state of play of the electric industry and
conducts a region-by-region examination of the challenges posed by changing energy resources, increasing electrification, and a greater need and preference for
location-constrained renewables integration, in addition to addressing growing concerns about and risks to the resilience of the North American electric power system.
The study also explores how these issues should be considered from an interregional transmission development perspective.

One of the clear takeaways from the report is that transmission can, and should, play a significant role in addressing the challenges raised by these factors. In particular,
as more states, utilities, and other companies are mandating or committing to clean energy targets and agendas, it will not be possible to meet those goals without
additional transmission to connect desired resources to load. Similarly, the current transmission system will need further expansion and hardening beyond the traditional
focus on meeting reliability needs if the system is to be adequately designed and constructed to withstand and timely recover from disruptive or low probability, high-
impact events affecting the resilience of the bulk power system.

To the extent all of these signs point toward a need for more transmission, time is of the essence. In the current environment, transmission is increasingly more difficult
to build and operate. With transmission projects taking ten years or longer to be built and put into service, decisions regarding any transmission projects required to
meet renewables integration and resilience concerns must be made with sufficient lead time if they are to play a role in meeting needs existing today, much less in the
future. WIRES offers this report to facilitate a comprehensive review and discussion by planners, policy makers, regulators, and all those who are interested in the
development of a robust transmission grid that is adequate to meet environmental and resilience goals.

WIRES solicits and looks forward to comments and questions regarding the study, which can be submitted to www.wiresgroup.com.?

T WIRES is an international non-profit trade association of investor-, member-, and publicly-owned entities dedicated to promoting investment in a strong, well-planned, and environmentally beneficial
high voltage electric transmission grid. WIRES members include integrated utilities, regional transmission organizations, renewable energy developers, and engineering, environmental, and economic
policy consulting firms. WIRES’ principles, its studies, and all public comments are available at www.wiresgroup.com.

2 WIRES would like to acknowledge and thank the team of experts at ScottMadden, Inc., led by Cristin Lyons and Greg Litra, for their industry knowledge and insightful analysis as reflected in this
study. In addition, we express our appreciation to former WIRES Counsel and Advisor James J. Hoecker for his leadership in initiating this study.
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Executive Summary

Objectives of This Study

® Much has been written discussing the role of and need for transmission for integration of renewables and grid resiliency issues in the wake of heightened
cybersecurity awareness (given global geopolitics) and other natural events (e.g., superstorms and hurricanes, bomb cyclones, extreme cold snaps, and wildfires).

" Many examinations of these topics have been conceptual, addressing policy issues with broad recommendations. Other treatments have been more technical,
looking at specific physical insufficiencies in infrastructure.

" The challenge of these issues, and previous discussions of them, is the desire for a “universal solvent” that will remedy transmission infrastructure gaps across the
nation; however, many of these issues are inherently regional. Each location has its endowment of existing infrastructure (including power generation and
transmission), load sinks, renewable resource potential, and potential risks from widespread resilience events. Moreover, states have a meaningful role in siting
and permitting electric facilities, mandating renewables procurement, and cost recovery. Indeed, different states are forcing the issue on renewables integration as
they announce aggressive clean energy standards.

" This study focuses, region-by-region, on the key issues of renewables integration and resilience challenges. It reviews the current transmission landscape,
renewable integration issues, recent resilience concerns, what regional transmission planners have done to address these, and what they believe ought to be done
going forward to ensure reliability and resilient accommodation of growing amounts of renewable resources.

" |t also examines some of the interregional needs and barriers to transmission development, summarizing key interregional issues in integrating renewables,
identifying how regional organizations and others are dealing with these issues, and gleaning any lessons learned.

The goal of this study is to inform policymakers and the public of region-specific needs, issues, and challenges including

the integration of location-constrained renewable resources and resilience. This review is done with a view of where and
how transmission can and should play a role in addressing these needs.
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Industry Backdrop

The electric industry has undergone a tremendous amount of growth and change over the past two decades, and it continues to evolve as policy and
customer preferences, improving technology costs, and increasing focus on reducing greenhouse gas emissions (GHG) drive shifts in energy resources
and consumption patterns. This transformation is driven by four key developments:

Deployment of Distributed Energy

Changing Energy Mix

Resources (DERs) and Energy

Storage

Aspirations for Beneficial
Electrification

Strong Interest in Renewable and
Greenhouse Gas Emissions-Free

Resources

" Abundant and inexpensive natural .
gas making gas-fired power
generation attractive

® Continued retirement of
conventional fossil power plants
nearer to load, as well as some
nuclear plants

® Growing amounts of utility-scale -
wind and solar generation being
proposed, but highly location- "
specific

Growth in smaller DERs on the
distribution system, both behind-
the-meter and in larger-scale
applications like microgrids, spurred
by policy support and declining
costs, and subject to favorable
benefit-cost analysis

Potential for support of local
reliability and resilience
However, lack of visibility and
control, and uncertain impacts on
demand behavior

Customer, select policy interest in
“‘deep decarbonization” and utility
interest in increasing system load
Electric industry and stakeholders
looking at beneficial electrification
to displace some traditional non-
electric applications (e.g., light- and
heavy-duty vehicles, space heating)
GHG emissions “exchange” with
electrification highly dependent
upon power supply fuel mix

Renewable portfolio standards
(RPS), in place for years,
increasing in scale

States announcing ambitious clean
energy (i.e., non-GHG-emitting
energy resources) goals

Large corporate buyers looking for
renewable energy supply for
national and global operations, for
value and brand equity

Latest trend: clean energy and net-
zero emissions targets announced
by some electric utilities

The developments noted above warrant consideration of impacts on the bulk power system and transmission in particular.

RSN
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Regional Transmission Summary — ISO-New England

ISO-New England

RSN

WIRES

Ambitious clean energy goals in all six states: Ranging from
25.2% by 2025 in New Hampshire at the low end to 100% by
2050 in Maine at the high end, with demand expected to
exceed supply in 2030, opening opportunity for more imports
from Canada.

Large offshore wind development target requires related
offshore grid build-out, and onshore wind development in
Northern Maine requires capacity to move wind to load
Retiring nuclear and other thermal generation and significant
reliance on natural gas generation creates fuel and energy
availability risk.

Resilience concerns, including extreme cold weather gas
constraints for generation fuel, opens possible need for
increased capacity at interfaces — “gas by wire” from PJM
(via NYISO), hydropower from Canada (Quebec, in
particular).

Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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Regional Transmission Summary — New York ISO

New York ISO
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Ambitious clean energy goals: 70% by 2040 and possibly
inadequate in-state renewables supply opens opportunity for
imports from Canada, west.

Large offshore wind development target requires related
offshore grid build-out.

Ongoing “de-bottlenecking” of upstate renewables for
deliverability to downstate load centers.

Retiring nuclear and other thermal generation and significant
reliance on natural gas generation downstate creates fuel
and energy availability risk.

Resilience concerns, including extreme cold weather gas
constraints for generation fuel, opens possible need for
increased transmission capacity at interfaces — “gas by wire”
from PJM, hydropower from Canada.

Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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Regional Transmission Summary — PJM Interconnection
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\ PJM

Interconnection

Disparate clean energy goals among the states within the
region has led to a contentious capacity market ruling by
Federal Energy Regulatory Commission (FERC), issued in
December 2019 and likely to generate more debate when
PJM makes it compliance filing.

New wind and gas generation development has driven
interconnection needs in recent years, but new solar
represents the majority of capacity currently in the queue.
More renewable resources than policy demand in region,
and more gas capacity than needed; opportunity for export.
Transmission investment has trended toward more local and
lower voltage “Supplemental Projects” recently, driven by
asset performance, condition, and risk, as congestion in the
region has been reduced.

Retiring nuclear and other thermal generation and significant
reliance on natural gas generation creates fuel and energy
availability risk.

Resilience concerns, including extreme cold weather gas
constraints for generation fuel, opens possible need for
increased capacity at interfaces with MISO and NYISO.
Complications to expansion in region: Public policy
differences among states, low to negative load growth
expectation for the planning horizon.

Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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Regional Transmission Summary — Midcontinent ISO
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Midcontinent
— |SO

Diverse region with three distinct areas: wind-heavy west; thermal
baseload-heavy central (with growing retirements); and gas-fired
generation-heavy south.

While wind development, especially in the west northwest of
region is a big part of resource development, increasing amount
of solar across region, potentially creating some different and
more localized transmission needs.

Significantly more renewable resources than policy demand in
region; opportunity for export.

Potential for targeted transmission needs in Midcontinent ISO
(MISO) West as region contemplates potential for long-term
“tipping point” of 30% to 40% wind penetration.

Reducing congestion has been a goal, and multi-value projects
completed since 2011 have lowered congestion and allowed for
lower marginal cost wind greater market access and has removed
need for $300M in baseline reliability upgrades.

Market-to-market payments indicate potential for east-west
interregional enhanced transfer capability with PJM and load
centers to the east.

Resilience challenges different within region, largely seasonal
extreme weather; potential for transmission capacity between
north and south to diversify resources, energy transfers during
times of system stress.

Potential for expansion of transfer capacity on north-south
constraint between MISO North/Central and MISO South — off-
peak wind moving south, low cost gas, solar power moving north.
Complications to expansion in region: 2015 settlement agreement
upon addition of MISO South; public policy differences between
MISO South states and MISO North/Central states.

Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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Regional Transmission Summary — Southeast

Southeast
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Vertically integrated, rate-of-return market area, with generation
and transmission considered mostly using traditional integrated
resource planning — transmission “built to suit.”

Growing renewable resources in region (especially utility-scale
solar), more than policy-generated demand in region, but still
small in comparison to thermal resources, including growing
gas-fired and new nuclear generation units.

Long-term potential for offshore wind, but limited activity to date.
Limited renewable integration issues to date; region is now
studying potential impacts, including effect of increased solar in
increasingly winter-peaking region.

Some resilience challenges driven by tropical cyclones and ice
storms; opportunity for grid hardening.

Increasingly winter-peaking with exposure to extreme cold
weather (cold snaps); increased gas dependence raises issues
around single point of disruption (pipeline interruption or reduced
gas availability).

Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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Regional Transmission Summary — Southwest Power Pool
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- Southwest
Power Pool

“Tale of two grids” with high wind penetration in north and
west approaching levels that typically cause integration
issues, with population centers south and east.

Large wind potential in region, in north and south, with large
(51 GWs) interconnection queue, with growing interest in
solar (28+ GWs in queue) in south.

Significantly more renewable resources than policy demand
in region; opportunity for export.

The region has developed a high-voltage backbone, which
has been well-utilized as renewable resources have come
online.

Potential west-to-east transmission for relief of “pinch points”
in central Kansas/southwest Missouri to accommodate
northeast-to-southwest Southwest Power Pool (SPP) flows.
Potential for increased integration with Western
Interconnection for broader footprint for renewable resource
optimization; being tested with SPP’s Western Energy
Imbalance Service and reliability coordinator role.

Potential for increased integration with MISO for west-to-east
flows of increasing wind and solar resources to load centers,
resilience support.

Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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Regional Transmission Summary — Western U.S. (Excl. California ISO)

WECC
— (Excluding

&

WIRES

*Western Electric Coordinating Council
**Electric Reliability Council of Texas

California ISO)

Diverse and expansive region with varying climate and
weather patterns, including access to some of the richest
wind (east central portion) and solar (southern portion)
resource areas in the United States; New Mexico and
Wyoming are hot spots for wind development due to
prevalence of low-cost and temporally uncorrelated wind,
and the Southwest is seeing strong buildout of solar,
including utility scale and DERSs.

Heterogeneity of state policies related to renewables creates
challenges for multi-state backbone projects; Colorado, New
Mexico, Nevada, Oregon, and Washington have targets of
50% or higher; Idaho and Wyoming have no standard.
Abundant hydro resources in the Northwest could play a role
in balancing increasing amounts of variable generation
across the Western Interconnection if there is sufficient long-
haul transmission capacity to other parts of the region.
Majority of transmission projects in recent years have been
executed within the four discrete planning areas in WECC*,
though six interregional projects are currently being
developed across seams.

Opportunities to increase transfer capacity across seams
with Canada, SPP, ERCOT**, and California ISO for broader
footprint for renewable resource optimization, particularly to
accommodate growing demand for renewables within
California, as well as the need to reduce curtailments at
times of excess generation within California.

Developing long-distance, high-voltage transmission through
remotely populated Western areas poses unique challenges:
terrain, distance, and impacts on federal, native lands.

Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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Regional Transmission Summary — California ISO
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California ISO

Ambitious clean energy goals: 50% by 2030 and potential for
in-state demand to vastly exceed in-state renewables supply
suggests opportunity for more imports from adjacent regions,
particularly increasing transfer capacity with the Northwest.
Increasing curtailments of in-state renewables at times of
oversupply could create opportunities to move power to
areas where it can be used.

Expansion of the Western Energy Imbalance Market, which
includes almost three-fourths of the load in the Western
Interconnection, continues; introduction of a day-ahead
market may create opportunities to streamline intraregional
and interregional transmission planning.

New wind and gas generation development has driven
interconnection needs in recent years, but new solar
represents the majority of capacity currently in the queue.
Resilience concerns, including wildfires and gas-power
interdependence, points to potential need for increased
capacity at interfaces with other regions in WECC.
Complications to expansion in region: Preference for non-
wires alternatives, siting and permitting.

Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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Interregional Considerations

Regional to interregional: Generally, the regional view takes into account grid characteristics and resources. Policy across the country has evolved and been
implemented based upon this regional view. However, as the need for integration of renewables and access to low cost energy resources grows, the need for
interregional transmission is increasing. Renewables are not evenly distributed; they are concentrated in various regions which don’t necessarily align with where
the greatest needs are emerging.

Benefits of a larger grid footprint: A larger grid footprint or balancing area provides advantages for both integration of all types of generation and resilience. A
number of studies have pointed to the benefits of increased interregional transmission to accommodate higher penetrations of renewable resources:

— A study of the Western Interconnection found that increasing balancing area coordination with more transmission connecting larger geographic areas helped
diversify the variability of both load and resources and created cost savings due to increased reserve sharing.

— Asimilar study of the Eastern Interconnection found that with increased (up to 30% with a significant portion being wind) renewable resources, greater levels
of interconnection through transmission led to increased interregional power flows and illustrates that interregional transmission is one way to potentially
reduce operational impacts of increasing RPS requirements.

— More recently, the National Renewable Energy Laboratory has been conducting an Interconnection Seams Study, still to be completed. But it has identified
opportunities for increased integration among the U.S. interconnections as providing opportunities for cost savings and possibly resilience, by bringing low
cost resources, including remote renewables, to market.

Case studies: Additional case studies point to benefits of interregional transmission capacity. The Western Energy Imbalance Market leverages excess
transmission capacity to move excess midday solar energy from California to other areas of the West, as well as allowing for support for late-day ramping needs in
California and elsewhere, leading to cost savings for all participants. Moreover, Europe has been expanding its transmission grid to aid in integrating hydro,
offshore wind, and onshore wind as it seeks to meet European Union power sector emissions targets.

Renewable portfolio standard (RPS) supply vs. demand: Finally, as RPS’s become more ambitious and clean energy goals advance at the state and utility
level, and renewables development is mixed and geographically diverse, RPS supply-demand “imbalances” are potential indicators of increased needs for import
and export capability across regions

RSN
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Interregional Considerations (Cont’d)

2030 Estimated Renewable Energy (RPS) Demand vs.

Solar/Wind Supply Forecast Comparison by Region (in TWh) (as of July 2019)
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(latter is ~17% of U.S. retail sales)

Key Takeaways

As shown here, by 2030, many
regions are projected to have
adequate or excess renewable
supply compared with
“headline” clean energy
demand.

The West (including
California), New England, and
New York appear to have
opportunities for additional
supply, perhaps through
imports from other regions.

This analysis does not include
corporate, utility, or state clean
energy “goals” that do not have
regulatory or legislative force;
thus, additional potential
regional demand for
renewables may be higher.
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Resilience

FERC definition: FERC defines resilience as the ability [of the electric system] to withstand
and reduce the magnitude and/or duration of disruptive events, which includes the capability
to anticipate, absorb, adapt to, and/or rapidly recover from such an event.

NERC'’s framework: The North American Electric Reliability Corporation (NERC), the
designated electric reliability organization, has proposed a framework envisions four
elements, reflecting different parts of an event occurrence:

— Robustness — the ability to absorb shocks and continue operating
— Resourcefulness — the ability to detect and manage a crisis as it unfolds

— Rapid Recovery — the ability to get services back as quickly as possible in a
coordinated and controlled manner, taking into consideration the extent of the damage

— Adaptability — the ability to incorporate lessons learned from past events to improve
resilience

Regional variations: Resilience issues vary between regions and even within large
regions. Some resilience issues are common because they are global in nature. Many
threats vary because of location and vulnerability of infrastructure, proximity to resources
(including fuel), weather patterns, climatic trends, and seismic conditions. Many regions are
concerned about extreme weather as reliability, and often termed as resilience, risks. In
particular, extreme cold weather and its impact on an increasingly natural gas-dependent
fleet as well as very high penetration of variable energy resources, are being studied.

Transmission as potentially enhancing resilience: Transmission is a component of a
more resilient system in providing access to reserves and energy during extreme conditions,
leveraging weather diversity. Moreover, as facilities in an aging U.S. transmission system
are replaced, they are being upgraded with capabilities that improve resilience, such as
technologies for situational awareness and hardened structures.

‘ g Sources: ScottMadden analysis; 2019 State of Reliability

WIRES

There remains a planning gap between reliability and resilience.
Transmission planners, operators, and owners continue to focus
on reliability, including weather and fuel dependency, as those are
most clearly actionable and related to electric infrastructure

investment. Resilience has broader societal implications involving
more stakeholders with government as a key facilitator. And its
costs are more properly a societal decision. While transmission
has an important role to play, it is only one piece of resilience
preparation.

Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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Challenges

® Siting and permitting: The issues with siting and permitting across multiple jurisdictions have long been highlighted as challenges to building both intra- and
interregional transmission.

" Policy evolution needed: The fact that transmission is needed across the country to support both reliability and integration of renewable resources is well-
documented; the evolution of policy has not supported this basic understanding. Incentive policy, which drove significant investments through the 2000s is
changing, and returns on equity and adders are being reduced.

" Legacy of Order 1000: Order 1000 interregional processes have not materialized to facilitate broader integration across markets. The same cost-allocation
challenges, which we once discussed at the regional level, have now moved to the interregional level, identifying beneficiaries and allocating costs appropriately,
particularly across regions with different methodologies is challenging.

" Need for forcing function: Until a forcing function requires these regions to develop a methodology that facilitates largely public policy projects, the hope of
interregional transmission meeting national needs for transmission (to serve any purpose, let alone clean energy) will remain elusive.

— State and local policy continues to stymie transmission development through siting and permitting processes that are poorly aligned.

— Environmental interests stack up on both sides of the transmission development debate. Some organizations acknowledge the degree to which transmission
is needed to facilitate renewables integration. Others focus on the environmental impacts of specific corridors, slowing or stopping permitting and
construction. There is also a view that DERs can offset the need for central station (utility-scale) generation and transmission.

— Economic development always points to local resources serving local load; states are focusing on in-state resources to meet RPS and clean energy targets,
making the case for interregional collaboration more difficult.

What has changed in the last two years or so is the degree to which states, utilities, and other companies are committing to

100% carbon free portfolios. It is not possible to meet these goals without intraregional, and in some cases interregional,
transmission connecting these resources to load.

RSN
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Policy Implications

" Targeted federal policy: Significant transmission development followed the Energy Policy Act of 2005 and FERC incentives policy that followed; similar national
policy could be beneficial in creating a framework for transmission development that would be supported by myriad stakeholders.

" Fostering interregional transmission: In the absence of a national framework, the following should be considered to spur interregional transmission
development:

— FERC should step forward and begin to assess more proactive approaches to creating the framework for interregional collaboration in light of company, state,
and regional goals related to clean energy.

— There is an opportunity to reconsider the current trend in transmission incentives if there is a desire to have companies undertake these large interregional
projects.

— Stakeholders focused on clean energy need to further articulate the critical role of transmission in facilitating company, state, and regional goals for clean
energy.

— As utilities (and others) put forward clean energy and carbon free goals, they should also highlight the role that transmission plays in facilitating this transition.
" Education: The network and other positive effects of transmission need to be more broadly understood and communicated.

" Role of transmission: As regions and states develop and communicate clean energy goals, they should work with the RTO/ISO to understand the degree to
which these goals must be facilitated by transmission (both intra- and interregional).

There is the potential to align myriad stakeholders in support of transmission development. The benefits to these divergent

groups need to be clearly communicated to garner support for this infrastructure.
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Structure of the Report

This report is structured in sections.

Section 1 is this Executive Summary, which highlights key points of the report including a snapshot of the regions profiled herein.

Section 2, titled Industry Backdrop, describes four important trends in the electric industry in North America and how electric transmission plays a role or
complements these trends.

Section 3, titled Regional Discussions, and further divided into regional subsections, provides an overview of the regions reviewed in this study (and
summarized earlier in this executive summary) consisting of key statistics, a view of the region’s transmission topography and investment, trends and drivers
of renewables development, resilience issues, and a summary of issues for transmission in the region.

Section 4, titled Interregional Considerations, examines studies, case studies, and drivers for interregional transmission, considering grid needs driven by
renewables supply and demand as well as resilience considerations.

Section 5, titled Resilience, examines non-region-specific resilience issues, including the industry’s evolving resilience framework, selected events and how
the grid enabled a robust response, and potential investment in grid capabilities to support resilience.

Section 6, titled Challenges and Policy Implications, looks at some of the issues regarding interregional planning, cost allocation, resilience planning, and
local siting and permitting of transmission, and considerations for policymakers and stakeholders.

RSN
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Notes and Acknowledgments

Notes

" This report uses publicly available sources and is dependent upon accuracy and completeness of these resources. Data and information provided in this report is
valid to the best of our knowledge as of October 2019.

" The energy industry, and the power transmission sector in particular, is a dynamic, changing business, legal, and regulatory environment. Any changes and
developments, including commission or agency findings and decisions, updated planning documents, and other resources relied upon herein occurring or released

after October 2019 are not necessarily reflected in this report.
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Industry Backdrop
Major Trends in the Electric Industry

" The electric industry has undergone a tremendous amount of growth and change over the past [20] years, and it continues to evolve as policy and customer preferences,
improving technology costs, and increasing focus on reducing greenhouse gas emissions (GHG) drive shifts in energy resources and consumption patterns.

® In particular, the electric industry is undergoing a gradual transformation driven by four key developments:

A changing energy mix: Abundant and inexpensive natural gas, in large part enabled by hydraulic fracturing, has increased the attractiveness of development of gas-fired
power generation. The economics of gas generation has also worked to displace and force retirement of older coal-fired and, in some areas, emissions-free nuclear
generation. In addition, growing amounts of utility-scale wind and solar generation are being proposed across the country, but their output capability and economic viability
is highly location-dependent.

Deployment of distributed energy resources (DERs) and energy storage: The Midcontinent ISO (MISO) terms this trend as decentralization. The growth in smaller
energy resources on the distribution system, whether behind-the-meter (rooftop solar, storage, and demand response) or larger distributed generation and storage
interconnected at the distribution level (including microgrids), continues; as interest grows, costs for those resources decline, and policy support and favorable benefit-cost
analysis warrants their consideration. While these resources may support local reliability and resiliency, the bulk power system may lack visibility and control of these
resources, creating planning and operating challenges.

Aspirations for beneficial electrification: Consumers are interested in emissions reduction and decarbonization, and utilities are interested in growing load (to improve
load factor) and displacing carbon-intensive applications with energy from a less carbon-intensive resource mix. As a result, utilities and policymakers are investigating
electrification of a number of activities that traditionally use other fuels, such as space heating and particularly light- and heavy-duty vehicles. While this can provide some
incremental load growth, absent price and other incentives, electrification may affect the level, growth, and patterns of electricity demand in ways we cannot yet determine.

Strong interest in renewable and other GHG emissions-free resources: While renewable portfolio standards (RPS) have been in place in a number of jurisdictions for
years, more states and utilities have established or increased clean energy goals on an ambitious pace, acting in the absence of federal policy. Supplementing this is
continued interest by large corporate buyers in renewable energy. All of this may provide tailwinds for further development of renewable resources to meet this demand.

® Overlaying these trends is concern, in some minds urgent, about the resilience of the U.S. electric system to cyber security and physical threats, as well as extreme weather-
related threats to power infrastructure from direct damage, fuel availability issues, and grid flexibility during times of system stress.
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Trend: A Changing Energy Mix

Conventional Capacity Retiring and New Gas-Fired Capacity Coming Online

Shift to gas: The electric system has long relied on large, dispatchable units located relatively
near load centers. However, as those units have aged and natural gas prices have made it
more attractive as a fuel, they are being replaced with gas-fired units, not necessarily close to
load. Many of those units have an advantage of being flexible for ramping duties, an important
characteristic with more variable energy (discussed later).

Conventional capacity retirements: NERC estimates that approximately 39 GWs of coal-fired,
13 GWs of natural gas-fired, and 1.1 GWs of nuclear power capacity have retired since 2013. It
also notes the announced retirement of nearly 27 GWs (9 GWs coal-fired, 7 GWs of nuclear,
and 10.9 GWs of gas-fired generation) through 2028. Another estimate by Bloomberg totaled 35
GWs of announced coal capacity to retire between 2019 and 2025.

Watching potential resilience and reliability impacts: Increased reliance on natural gas may
have reliability and resilience effects. Some regions currently have significant penetration of
natural gas capacity as a percentage of total capacity. More than 50% of capacity in California,
Texas, Florida, New England, and the Desert Southwest, for example, is natural gas-fired.
Industry and regulators continue to examine fuel assurance and the impact of potential gas
disruptions.

Reconfiguring the grid: NERC has noted that capacity retirements near large load centers
with limited transmission import capability pose the greatest potential risk to reliability, unless
replaced with plants in the same vicinity. Voltage issues could arise with increased imports, and
reliability coordinators and system operators are analyzing these potential impacts as units
retire.

More variable energy resources are entering the mix, and many of the dispatchable
resources historically located near load are being retired and, in some cases, being
replaced by gas-fired capacity.

U.S. Power Plant Additions and Planned Additions

(in Net Summer MWs)
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Council for Sustainable Energy, 2019 Sustainable Energy in America Factbook (Feb. 2019).
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Trend: A Changing Energy Mix (Cont’d)

Growing Renewable Resources

= Utility-scale growing: There are significant amounts of renewable resources—principally utility-scale wind and solar generation—expected to be built over the next several
years and beyond. In addition to customer and policy preferences (discussed elsewhere), improving installed and levelized costs have made these resources more attractive.

" Wind additions: Cumulative wind capacity is more than 96 GWs in the United States. According to the Department of Energy (DOE), wind comprised 28% of all U.S. capacity
additions over the last decade and an even larger fraction of new capacity in the Interior (56%) and Great Lakes (40%) regions. Its contribution to generation capacity growth over
the last decade is somewhat smaller in the West (18%) and Northeast (13%) and considerably less in the Southeast (1%). A key uncertainty for wind power is whether the federal
production tax credit is extended beyond its current final “under construction” year of 2019, as shown in the spike in expected additions in 2019-2020 (below left). As stated by
the DOE, “expectations for continued low natural gas prices and modest growth in electricity demand also put a damper on [wind capacity] growth expectations, as do limited
transmission infrastructure and competition from other resources (natural gas and—increasingly—solar, in particular) in certain regions of the country.”

Wind Power Capacity Additions: Generation-Weighted Average Wind Levelized Cost of Energy (1998-2018):
Historical Installations and Projected Growth National and Regional
Expected capacity additions Avera ;
) . ge LCOE for projects
increased from 9-12 GWs in built in 2018 was an all-time
2019 to 11-15 GWs in 2020. low of $36/MWh.
Source: DOE Source: DOE

‘ @ Source: DOE, 2018 Wind Technologies Report (Aug. 2019)
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Trend: A Changing Energy Mix (Cont’d)

Growing Renewable Resources (Cont’d)

® Solar’s recent gains: Solar has recently emerged as the second-largest increment of new generation capacity, behind gas and ahead of utility-scale wind. Wind capacity,
however, totaled about 98 GWs in 2018, roughly equal to nuclear power in terms of carbon emissions-free generating capacity. As of year end 2018, installed solar capacity
totaled 65 GWs, with utility-scale solar photovoltaic (PV) capacity comprising about 39 GWdc (about 33 GWac).

® More solar coming: According to Wood Mackenzie and the Solar Energy Industries Association, there is nearly 2.5 times the existing utility-scale PV capacity in the
development pipeline, with nearly 38 GWdc contracted (8.6 GWdc of that under construction) and more than 56 GWdc announced.

Solar Capacity Additions: Reduction in Solar Levelized Cost of Energy:
Historical Installations and Projected Growth Down 88% Since 2009

Crystalline Utility-Scale Solar LCOE Mean

Source: LBNL

Source: ACORE (citing Lazard)

Sources: Bloomberg New Energy Finance/Business Council for Sustainable Energy, 2019 Sustainable Energy in America Factbook
& (Feb. 2019); American Council on Renewable Energy, Renewable Energy: U.S. Trends and Drivers (Apr. 11, 2019);

SEIA/Wood Mackenzie, Solar Market Insight Report 2019 Q3 (Sept. 2019); Lawrence Berkeley Nat'l Lab, Utility-Scale

‘ Solar: Empirical Trends in Project Technology, Cost, Performance, and PPA Pricing in the United States (Sept. 2018)
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Trend: A Changing Energy Mix (Cont’d)

Location Matters

" Resources dictate location: Wind and solar potential is dependent upon the available resource potential. Thus, wind speeds and solar irradiance dictate, in large part, the
location for development of these resources. In some cases, there is an overlap of the resources (e.g., the Texas Panhandle), but as the maps below show, recent development
of these respective resources is concentrated in different regions.

® Solar vs. wind: Solar has been concentrated in California, the Southwest, Texas, and increasingly in the Southeast. Wind has historically been concentrated in the Plains, upper
Midwest (including around the Great Lakes), and Texas, although increasing development is occurring in the Mountain West, New York, and New England.

Location Of Wind Power Development in the United States (2018) Global Horizontal Irradiance (GHI) and Utility-Scale PV Projects (2018)

Source: NREL Source: DOE

Source: DOE, 2018 Wind Technologies Report (Aug. 2019); Lawrence Berkeley Nat'l Lab, Utility-Scale Solar:
Empirical Trends in Project Technology, Cost, Performance, and PPA Pricing in the United States (Sept.
WIRES 2018); AWEA, U.S. Wind Industry Annual Market Report 2018 (Aug. 2019)
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Trend: A Changing Energy Mix (Cont’d)

Different Operating Profile

New issues: With the introduction of growing amounts of renewable resources,
policymakers and grid operators and planners are interested in how those lllustrative Solar and Wind Output and Net Load
resources perform and what modification needs to be considered to system at Growing Penetration Levels in the Midwest
resources and incentives for both grid reliability and resilience.

. . . . . . Winter Summer
Performance profiles: For example, while solar is typically coincident with peak Solar and Wind Output Solar and Wind Output

load, high levels of penetration can create a spike in net load (demand less solar

and wind output), increasing the need for always available resources to meet late ncreasing
afternoon load (see below). There is some complementarity between solar and renewable
wind, since onshore wind is most productive from evening until morning and penetration
during winter, when there are fewer daylight hours. But late afternoon/early

evening power needs during summer may require conventional thermal

generation to be available. Winter Summer

Net Load Net Load

Smoothing variability: Some of the variability in these resources can be ncreasing
smoothed through geographic dispersion (diversifying cloud and wind patterns). renewable
Further, there are a growing number of solar installations paired with storage penetration
systems to help balance these shortfalls, but so far they constitute a small

percentage of projects.

Intermittency: Solar and wind resources, while providing low-marginal cost
energy, are by nature intermittent. Onshore wind typically operates at a 38% to
55% capacity factor, while large-scale solar PV can range from 21% to 34%.
Performance also depends upon the type of system (e.g., tracking solar) and
region.

Source: MISO

Sources: National Renewable Energy Laboratory, 2018 Wind Technologies Report (Aug. 2019); Lawrence Berkeley Nat’l Lab, Utility-Scale Solar:
Empirical Trends in Project Technology, Cost, Performance, and PPA Pricing in the United States (Sept. 2018); Midcontinent ISO,
Renewable Integration Impact Assessment, Presentation to Planning Advisory Committee (Apr. 18, 2018, updated June 18, 2018);

‘ WIRES Lazard, Lazard’s Levelized Cost of Energy Analysis — Version 13.0 (Nov. 2019) (capacity factor assumptions).
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Trend: DERs and Energy Storage

Growing DERs, Particularly Solar PV

Declining installed costs: As installed costs have declined, more distributed
resources, particularly small-scale residential and commercial solar systems are
being installed. Policies, such as net metering, mandates (such as California’s
mandate that new residential construction be equipped with rooftop solar), more
aggressive RPS, and tax credits continue to encourage development of those
systems. Development is also growing in areas with high-solar irradiance (e.g.,
Arizona, Florida, and Texas). However, distributed solar remains relatively costly
compared with utility-scale resources, with unsubsidized levelized cost of energy
(without subsidies) ranging from $73 to $267 per MWh, depending upon whether it is
community solar, commercial, or residential installation.

Expected growth, albeit uneven: DERs are expected to continue growing in
selected regions. Wood Mackenzie projects growth ranging from 2% to 19% for
residential rooftop solar systems because of resource fundamentals as well as policy
developments. The federal investment tax credit step down for customer-owned
systems in 2022 may briefly slow growth, but its effect is expected to be temporary.

Note: *Largely MW-ac, but includes some MW-dc.

WIRES

RSN

Combustion Turbine

Installed GWs
O =~ N WD ool N ©®O O

Installed U.S. Distributed Generation
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Sources: Lazard, Lazard’s Levelized Cost of Energy Analysis — Ver. 12.0 (Nov. 2018); SEIA/Wood Mackenzie Power & Renewables, Executive
Summary (Public Version), U.S. Solar Market Insight Report 2019 Q3 (Sept. 2019), available at https://www.seia.org/research-

resources/solar-market-insight-report-2019-q3; EIA Form ; EIA, Electric Power Monthly (Sept. 2019); ScottMadden analysis
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Trend: DERs and Energy Storage (Cont’d)

Growing DERs, Particularly Solar PV (Cont’d)

= System impacts: As DERSs proliferate in some regions, large concentrations can affect the bulk power system in a number of ways. They can contribute to operational issues
because of duck curve effects—lower net load conditions (load less solar and wind) followed by significant ramping needs in late afternoon during certain times of the year. In
addition, DERs create variability in load (from self-supply) and potential backflows from the distribution system to the sub-transmission system, and they are not always visible to
system operators. Transmission and distribution (T&D) system operators will have to manage increasing instances of control area energy imbalances and voltage fluctuations.

" Megawatts in context: With U.S. installed residential and commercial distributed solar totaling about 21 GWs, compared with installed utility-scale generation of nearly 1,100
GWs, DERs remain a small portion of total energy resources.

Duck Curve Effects from Utility-Scale Renewables Projected U.S. Distributed Solar PV Installations by Year
and Lower Load (from Rooftop Solar Self-Supply) (Residential and Non-Residential) (MWs-dc)

‘ WIRES
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Annual Installed MWs

Sources: CAISO; ScottMadden analysis . . . .
Y mResidential PV = Non-Residential

Source: SEIA/Wood Mackenzie

Sources: Lazard, Lazard’s Levelized Cost of Energy Analysis — Ver. 12.0 (Nov. 2018); SEIA/Wood Mackenzie Power &
Renewables, Executive Summary (Public Version), U.S. Solar Market Insight Report 2019 Q3 (Sept. 2019),
available at https://www.seia.org/research-resources/solar-market-insight-report-2019-93
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Trend: DERs and Energy Storage (Cont’d)

U.S. Storage Installations by Type

Source: BloombergNEF/BCSE

Actual and Projected Annual U.S. Battery Storage Installations
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Energy Storage Developments

Broad category: Storage is a broad category of technologies that can store electric
energy for later use. Pumped storage hydropower, a mature technology, accounts for
95% of installed storage capacity in the United States. Most new storage installations
since 2011 have been lithium-ion (Li-ion) batteries. While typically not considered
energy storage in policy discussions, reservoir hydropower has storage-like
characteristics.

Drivers of storage: Key drivers of energy storage include:

Technology: Advances in battery storage technology, in particular, battery
chemistry, battery duration, and efficiency.

Variable resource penetration: Increasing penetration of renewable
generation and DERs and the resultant need to integrate increasing numbers of
variable resources into the grid.

Declining cost: Rapidly declining cost of energy storage systems, especially
Li-ion driven by electric vehicle demand, is causing energy storage costs to fall
sharply enhancing its cost competitiveness.

State mandates and incentives: For example, California (1,300 MWs by
2020), Massachusetts (200 MWhs by 2020), New York (3,000 MWs by 2030),
and New Jersey (600 MWs by 2021; 2,000 MWs by 2030) have mandated
storage procurement requirements.

Federal policy: FERC Order 841, issued in early 2018, is expected to
encourage energy storage development. The rule mandates that organized
power markets establish a participation model for electric storage resources,
which consist of market rules that properly recognize the physical and
operational characteristics of those resources.

Sources: Wood Mackenzie Power & Renewables/Energy Storage Ass’n, Executive Summary (Public Version), U.S. Energy Storage Monitor Q3

2019 (Sept. 2019), available at https://www.woodmac.com/research/products/power-and-renewables/us-energy-storage-monitor;

‘ WIRES

Bloomberg New Energy Finance/Business Council for Sustainable Energy, 2019 Sustainable Energy in America Factbook (Feb. 2019)
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Trend: DERs and Energy Storage (Cont’d)

Energy Storage Developments (Cont’d)

® Multiple services: Energy storage can perform a variety of applications across the power system, whether as a customer resource, a grid resource, or as a bulk electric system
resource, both behind- and front-of-the-meter. Depending upon its size and discharge duration, storage can be treated as a distributed resource or a bulk power (wholesale)
resource. This enhances the value of storage, as it can perform multiple roles (e.g., peak reduction, ancillary services, capacity or T&D upgrade deferral) (see graphic below).

Storage Technology Characteristics and Potential Grid Applications

Sources: Bloomberg New Energy Finance/Business Council for Sustainable Energy, 2019 Sustainable Energy in America
Factbook (Feb. 2019); NREL, Energy Storage: Possibilities for Expanding Electric Grid Flexibility (Feb. 2016); AWEA,
‘ Grid Vision: The Electric Highway to a 21st Century Economy (May 2019)
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Trend: DERs and Energy Storage (Cont’d)

Energy Storage Developments (Cont’d)

= Grid ally, with limits: Storage can help provide frequency and voltage support from

grid perturbations as well as from variability from renewable resources. It can also
serve as a sink for excess variable resource output and support output for evening

U.S. Storage Applications (% of MWs) ramps. A growing amount of solar plus battery storage installations reflects this grid
support function. This can also support microgrid and other grid isolation applications
to increase resilience in the event of short-term events. But while batteries provide
good short-term (up to four hours duration) output, they are not currently well-
equipped to provide longer-term duration (i.e., eight hours plus) of output and which,
at current cost and scaled to gigawatts, could be prohibitively expensive. Some
observers contend that high penetrations of wind and solar resources in a low-carbon
grid will require energy storage of greater duration than hours, perhaps monthly or
seasonal.

" While storage holds promise to add value across various parts of the power
system, the benefits are typically focused locally. Pumped storage hydro, the
largest installed storage resource, is dependent upon geography and geology,
making it location-specific and dependent upon transmission. For large-scale,
long-distance, high-efficiency movement of energy, current and foreseeable
energy storage technology can complement, but not replace, power
transmission’s capabilities.

Factbook (Feb. 2019); NREL, Energy Storage: Possibilities for Expanding Electric Grid Flexibility (Feb. 2016); AWEA,

@ Sources: Bloomberg New Energy Finance/Business Council for Sustainable Energy, 2019 Sustainable Energy in America

‘ Grid Vision: The Electric Highway to a 21st Century Economy (May 2019)
WIRES Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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Trend: Electrification

After flat load growth, electrification potential: A combination of efficiency and
structural changes in the economy (less energy intensity) has reduced electricity
demand. However, environmental and climate change advocates, as well as some
electric utilities, see environmental benefits from increased electrification (termed
beneficial or efficient electrification), with a less carbon-intensive generation mix,
as a key component for cost-effective reduction in global emissions.

Transportation is key: Transportation is now the largest source of U.S. carbon
emissions, and it has the highest and most immediate potential for electrification
(especially light-duty vehicles), while electricity could continue to displace natural
gas in the buildings sector, particularly for space and water heating.

Growth potential of about 1% per year: In a national electrification assessment,
the Electric Power Research Institute (EPRI) examined scenarios for increased
electric use in current non-electric applications. It estimated 32% electricity growth
between 2015 and 2050 (0.8%/year), and a higher 1.2%/year growth for a more
aggressive electrification scenario (with a significant carbon price). The National
Renewable Energy Laboratory (NREL) performed a similar analysis, finding
increased use and a potentially higher load factor (see charts on next page).

Laboratory, Electrification Futures Study: Scenarios of Electric Technology Adoption and Power Consumption for the United

@ Sources: Electric Power Research Institute, U.S. National Electrification Assessment (April 2018); National Renewable Energy

States (July 2018); WIRES/The Brattle Group, The Coming Electrification of the North American Economy (Mar. 2019)

‘ WIRES

Source: NREL
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Trend: Electrification (Cont’d)

Cost challenges and key assumptions: High upfront costs, low natural gas prices, incumbency technology advantages, and technological challenges may prevent the
widespread electrification of some applications. For example, location matters for some “electrified” applications, such as heat pumps, which have historically not performed as
well in very cold climates (although there have been some efficiency improvements) and often require a supplemental heat source. To achieve EPRI’s scenarios, the share of
electrification of transportation and building space-heating by 2050 is significant (40% and 50%, respectively). The required investment and policy incentives to achieve these
levels of penetration are as yet undetermined.

Uncertainty and transmission impacts: As noted by The Brattle Group, increased vehicle electrification could require reconfiguration or at least increased transmission
capacity that would supply fast-charger facilities along highway corridors and in urban areas. Increased electrification of space-heating may increase winter-peak loads, a
phenomenon being observed in the Southeast. To achieve emissions reductions, cost-effective renewable generation will likely have to be connected to load to meet at least a
portion of incremental electrification demand.

EPRI Reference Electrification Scenario: Load Factor Estimates for NREL Electrification
Electricity Demand (TWh) by Sector Scenarios (Current and in 2050)

6000

5000 +32%
- 2015~ 2050
s VEHICLES
£ 4000
8 BUILDINGS

INDUSTRY

g 3000
g
k]
2 2000
2

1000

2015 2020 2025 2030 2035 2040 2045 2050

Source: EPRI Source: NREL

Sources: Electric Power Research Institute, U.S. National Electrification Assessment (April 2018); National Renewable Energy Laboratory,
Electrification Futures Study: Scenarios of Electric Technology Adoption and Power Consumption for the United States (July 2018);
WIRES/The Brattle Group, The Coming Electrification of the North American Economy (Mar. 2019); American Gas Association,
Implications of Policy-Driven Residential Electrification (July 2018)
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Trend: Increasing Clean Energy Goals and Preferences

State Renewable and Clean Energy Goals (as of June 2019)

Source: DSIRE

. Renewable portfolio standard . Clean energy standard " Extra credit for solar or customer-sited renewables

. Renewable portfolio goal I:I Clean energy goal t Includes non-renewable alternative resources

Sources: S&P Global Market Intelligence, “US states face uneven paths in movement for 100% 'clean energy” (Aug. 21,

2019); S&P Global Market Intelligence, “Renewables, distributed energy make a splash at regulators’' summer

‘ WIRES meetings” (Aug. 5, 2019); Database of State Incentives for Renewables & Efficiency (DSIRE)

States ratchet up goals and standards: Driven by
citizen interest and customer preferences, states are
increasing their renewable targets and/or establishing
clean energy standards. Those targets are typically
tied to retail sales, although some states express
them as a percentage of generation. Twenty-nine
states plus the District of Columbia have RPS, while
three have clean energy standards.

Different approaches: Clean energy standards are
typically one of three types: (1) carbon-neutral (net-
zero carbon), which doesn’t require full
decarbonization of the sector but allows for carbon-
offsetting or capturing applications; (2) carbon-free,
which can include both renewable and non-carbon-
emitting technologies like nuclear power; and (3)
renewables-only, which typically target a percentage
of generation or load to be served with non-hydro
renewables.

Longer-term goals: Some states have set long-term
aspirations for 100% clean or carbon-free energy by
dates ranging from 2040 to 2050.

Declarations-only for some states: A few states
(e.g., Virginia and Colorado) have had
pronouncements by their respective governors setting
targets and charging regulators with advancing them,
but the goals have not been codified in legislation.
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Trend: Increasing Clean Energy Goals and Preferences (Cont’d)

® Utilities moving even without state action: Some utilities have committed to clean energy goals, even in the absence of state mandates. Xcel Energy, Duke Energy, and DTE
Energy are the largest utilities (in retail sales) to date that have committed to 100% clean energy or net-zero carbon emission by 2050, and others have made similar

commitments (see charts below).

® Corporate buyers remain active: Even as states and utilities increase commitments to renewable and clean energy, large corporate purchasers are establishing targets for
purchase of renewable energy. According to Bloomberg New Energy Finance (NEF), through 2018, 158 companies have pledged to source 100% of their energy consumption
from renewables by signing onto the “RE100” initiative; 32% of these firms are domiciled in the United States. Further, renewable power purchase agreements between
generators and corporate purchasers surged to 8.6 GWs in 2018; 2.5 GWs of that amount were contracted by Facebook (see next page).

100% Clean Energy Commitments and RPS Requirements 100% Clean Energy Commitments by State and Utility
(as Percentage of 2018 Retail Electricity Sales) (Based on 2018 Retail Electricity Sales)

Note: Only the state commitment is counted if both the state
and an electric utility have 100% clean energy commitments.
Sources: Industry news; EIA data; ScottMadden analysis

Sources: Industry news; EIA data; ScottMadden analysis

Sources: Bloomberg New Energy Finance/Business Council for Sustainable Energy, 2019 Sustainable
Energy in America Factbook (Feb. 2019); industry news; EIA data; ScottMadden analysis
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Trend: Increasing Clean Energy Goals and Preferences (Cont’d)

U.S. Renewable Capacity Contracted by Corporations by Largest U.S. Corporate Renewable Offtakers
Technology (2008-2018) (GWs) (2018) (MWs)
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" With the anticipated demand for renewable and non-emitting generation created by these standards and goals, there is widespread expectation of continued renewable
generation development and the capability to deliver clean power to jurisdictions that mandate it.

Sources: Bloomberg New Energy Finance/Business Council for Sustainable Energy, 2019 Sustainable
Energy in America Factbook (Feb. 2019); industry news; EIA data; ScottMadden analysis
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Considering Transmission — Why It Matters

" Transmission investment has continued apace in recent years (see top right). However, only about Historical & Projected Transmission Investment*

1,300 miles of transmission was completed in 2018 versus a recent peak in 2013 (see bottom right). (% Billions) (as of Oct. 2018)
That peak was largely due to the completion of Texas’ Competitive Renewable Energy Zones, which
established a “build it and they will come” approach to transmission development to accommodate

$23.7
renewable integration. 5177 $197 $20.6 $20.6 $21.9 $22.4 $21.7 g20.9

® Based upon the foregoing, there are some significant potential impacts of these trends on our nation’s $15.6
transmission system, which warrant revisiting the need for transmission investment. Those impacts
are described further below:
— Transmission expansion and changing energy mix: With the anticipated growth in
renewable resources, power flows will be more intermittent and time-varying. While gas-fired

capacity and storage can help mitigate some variability, transmission can provide flexibility to 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
balance the system with diverse resources, provide long-distance, efficient backbone to move mActual mProjected R
renewable resources, and provide congestion relief to better utilize zero-marginal cost '
resources.

Miles of Transmission Projects Completed by Year and Voltage
— DERs and energy storage introduce benefits and some complexity: The introduction of

DERs can provide the ability to serve, or reduce, load in a dispersed manner. This can provide
some resilience benefits during extreme weather events when distribution facilities are
temporarily compromised.

o Demand-side variability: However, these resources introduce demand-side variability
and can tax the transmission system with potential backflow issues. Massachusetts is
already examining these issues, requiring transmission planners to look at system
impacts and the potential need for upgrades.

Source: DOE; FERC

Note: *By investor-owned electric companies and stand-alone transmission companies

‘ WIRES Sources: DOE; FERC; Edison Electric Institute (EEI), at www.eei.org/issuesandpolicy/transmission/Pages/default.aspx
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Considering Transmission — Why It Matters (Cont’d)

— DERSs and energy storage introduce benefits and some complexity (cont’d)

O

Storage pros and cons: Energy storage can be a partner with transmission in supporting the grid with ramping capability, ancillary services, and absorbing excess
low or negative cost energy during off-peak hours. In some regions, these facilities are being teamed with variable resources (both solar and wind) to provide some
temporal smoothing of energy output as intra-day solar generation increases and declines and to moderate temporary reductions in wind output when wind abates.
But even the best battery storage is limited in duration, from four hours to eight hours, and longer durations will require a significant scaling of storage capacity. And
scaling that capacity will require a level of investment that is not yet contemplated in development forecasts.

Reservoir hydropower: As mentioned earlier, reservoir hydropower has storage-like characteristics and is abundant in Canada, adjacent to U.S. markets. Canada
has 81 GWs of installed hydro (including pumped storage) (over 40 GWs in Quebec alone) and the technical potential for development of an additional 155 GWs.

Transmission’s role: Transmission capacity can provide flexibility to move, at an aggregated level, avoided energy and to optimize cost of energy for all customers,
providing option value in moving resources where needed factoring in congestion, grid needs, economics, and customer preferences. It can also provide broader
market access for storage resources, including reservoir hydropower as noted above. In addition, investment in increased visibility into DERs and flexibility and
control systems to accommodate non-traditional, more granular resources, such as storage, may be needed as these resources continue to come online. However, a
one-size-fits-all approach will be ill-suited to considering transmission, as policies and resource potential (e.g., solar irradiance) varies among regions and states.

— Electrification-driven demand may change locational needs of grid: It is unclear whether efforts to electrify the grid will result in substantial growth in demand. But the
potential for conversion of primarily transportation and building electrification and the possible impacts on demand—and hence incremental deliverability of new
resources—must be considered, given the roughly 10 or more years timeline for development of U.S. transmission projects.

O

O

Impacts of electrification: A recent study by The Brattle Group and WIRES noted that electrification may have two impacts: higher secular demand for electricity
and increased need to access renewable energy supply—wherever it has the greatest technical and economic potential—to provide marginal energy resources that
have the “beneficial”’ clean characteristics either demanded by customers or reducing “social costs” in the form of lower emissions.

Vehicle electrification as key driver: Studies of electrification potential, notably including EPRI’s latest national electrification assessment, project the greatest
impact on demand from electrification as deriving from transportation electrification. Why does this matter? Widespread vehicle electrification is forecast to require
significant build-out of charging infrastructure, both in municipalities as well as along major highways and thoroughfares. The WIRES/Brattle report noted above
pointed to the potential need for DC fast-charging infrastructure in urban environments as well as along highways, which could drive demand for transmission assets
in new locations.

Northeast (Jul. 26, 2018); WIRES/The Brattle Group, The Coming Electrification of the North
WIRES American Economy (Mar. 2019)

& Sources: WaterPower Canada, at https://waterpowercanada.ca/learn/; Hydro-Quebec, Decarbonizing the

Copyright © 2020 by ScottMadden, Inc. All rights reserved.


https://waterpowercanada.ca/learn/

Industry Backdrop
Considering Transmission — Why It Matters (Cont’d)

— Electrification-driven demand may change locational needs of grid (cont’d)

O

Transmission potential: EPRI estimates that electrification could drive 1%+ annual growth
in electric demand growth. Brattle estimates a potential for near-term (through 2030)
demand growth of 5% to 15% per year and a potential need for $30 to $90 billion in
incremental transmission investment over the same period. That investment is principally to
connect renewable resources to serve total energy demand and to ensure system reliability
with increasing peak demands (see graph at right). Without ascertaining specific needs,
beneficial electrification will entail linking renewable supplies with changing demand
locations (e.g., highways) and patterns.

— Clean energy targets will drive the continued need to bring non-emitting resources to
market: Over the intermediate to long term, demand for renewable resources to meet ambitious
clean energy and net-zero carbon emissions targets will encourage continued development of
renewables, but particularly utility-scale wind and solar resources.

O

O

But this development is taking place in patchwork form, differing by region and even
adjacent states. For some states, the pace of development may be at a speed not
heretofore contemplated.

Transmission investment will be required to help states and utilities with clean power targets
meet their energy needs with the most cost-effective and abundant resources. The United
Nations Intergovernmental Panel on Climate Change (IPCC) recently acknowledged that
significant electricity transmission investment will be needed globally as part of a mitigation
pathway targeting a limit of global warming of 1.5°C above pre-industrial levels.

Frictions may occur, however, as the lack of policy alignment among states sharing a
market area or region can create conflict over who should pay for transmission investment,
despite potential overall market benefits including added resilience.

Note: *The historical average reflects transmission investments from 2006 to 2016 based on transmission capital

Warming of 1.5°C: An IPCC Special Report (2018)

expenditures reported on FERC Form 1.
‘ Sources: The Brattle Group/WIRES, The Coming Electrification of the North American Economy (Mar. 2019); U.N. IPCC, Global

WIRES

Annual Incremental Transmission Investment
Due to Electrification*

Source: The Brattle Group/WIRES
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Key Points

Clean energy goals are getting more common and ambitious, with potential transmission investment needs for the integration of new renewable resources.

With the growth in decentralization of resources, visibility and control at the transmission level will be critical and investment in technology to facilitating grid reliability and
efficiency.

A key unknown is the potential for load growth through beneficial electrification. With significant electric vehicle adoption, space-heating conversion, and other potential
electrification pathways, grid investment (including transmission) will be needed to accommodate new demand characteristics.

However, renewable integration and resilience issues can be regional in nature, as each has its own blend of existing generation and transmission assets, load profiles,
renewable resource potential, electrification potential, and risks from widespread resilience events. Due deference should be given to those regional differences, but broader
interregional and societal goals should be considered as well.

‘ WIRES Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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ISO New England Discussion

Overview

Introduction

® ISO New England Inc. (ISO-NE) is the regional transmission organization that serves Connecticut,
Maine, Massachusetts, New Hampshire, Rhode Island, and Vermont, created in 1997.

® The New England regional electric power system is comprised of 9,000 miles of transmission lines
over 68,000 square miles and serves approximately 14.5 million people.

" ISO-NE reports that roughly 7,000 MWs of generation have retired since 2013 or will retire in the
next few years, with another 5,000 MWs from coal- and oil-fired plants at risk of retirement in the
coming years, although it does not expect reliability impacts from retirements.

Key Regional Statistics

2019 Summer Capacity by Fuel Type

N\

= Natural Gas
= Oil
= Water

States Covered

CT, MA, ME, NH, RI, VT

Square Mi. Covered

~68,000

No. of Utilities

13 investor-owned utilities; 47 munis;
4 generation and transmission co-ops

No. of Customers/Pop. Served

14.5MM population

Installed Capacity

30,916 MWs

Transmission Line Miles

~9,000 miles

Peak Hour Demand (2018)t

23,868 MWs summer
(20,599 MWs winter)

Energy Production (2018)

103,702 GWhs

Forecast Growth (Annual)

-0.41% peak load growtht
-0.40% energy growth

= Nuclear
= Wind

= Biomass
= Solar

= Coal

Source: ISO-NE

2018 Net Energy by Fuel Type

= Natural Gas
= Nuclear

= Water

= Biomass

= Wind

= Coal

= Ol

m Solar

Source: ISO-NE

Sources: NERC 2018 LTRA; 2019 Regional Electricity Outlook; ISO-NE Stats

Notes: Non-coincident.
‘ WIRES T nel
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Overview (Cont’d)

Key Study Areas for Planning and Issue Resolution System Planning Subareas
" For ISO studies of the New England transmission system, the region is subdivided " The ISO has 13 planning subareas, which
into key study areas for practical work management reasons or for focus on a are depicted at right along with the three
particular technical issue. The ISO regularly conducts needs assessments and other neighboring power systems. System Planning Subareas

assessments in these key study areas pursuant to the Open Access Transmission = |SO-NE Svstern Planning A )
Tariff (Section Il of the ISO Tariff). The assessments and studies involve stakeholder -NE oystem Flanning Areas.

review and input, primarily by the Planning Advisory Committee, and form the

foundation for the Regional System Plan. BHE Northeastern Maine
ME Western and central Maine/Saco
Valley, New Hampshire
SME Southeastern Maine
Key Study Areas NH Northern, eastern, and central
New Hampshire/eastern Vermont
and SW Maine
VT Vermont/southwestern New
Hampshire
Boston Greater Boston, including the
North Shore

CMA/NEMA Central Massachusetts/
northeastern Massachusetts

WMA Western Massachusetts
SEMA Southeastern
Massachusetts/Newport, Rhode
Island
RI Rhode Island/bordering MA
CT Northern and eastern Connecticut
SWCT Southwestern Connecticut
NOR Norwalk/Stamford, Connecticut
NB, NY, and New Brunswick (Maritimes), New Source: ISO New England
HQ York, and Hydro-Québec external

Reliability Coordinator areas

Source: ISO New England

Source: ISO-NE (https://www.iso-ne.com/about/key-stats/maps-and-diagrams/)

‘ WIRES Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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ISO New England Discussion

Overview (Cont’d)

Evolving Resource Mix

®  The generation fleet in ISO-NE is shifting from resources with on-site fuel (coal, oil, and
nuclear) toward:

— Resources with just-in-time fuel delivery (natural gas)
— Weather dependent resources (wind, solar)
— Distributed resources at homes and businesses (distributed solar PV)

® Retirements: More than 5,200 MWs of generation have retired or announced plans for
retirement in coming years, and another 5,000 MWs of remaining coal and oil are at risk of
retirement.

" Proposed additions: With 13,455 MWs in the interconnection queue, wind makes up the
majority (65%) of total proposed additions. With 3,160 MWs, natural gas generation
represents 15% of the queue, and the remaining 3,958 MWs is comprised of a mix of other
fuels.

Peak Demand vs. Annual Energy Use

® Despite overall declines in grid energy use on an annual basis, spikes in electricity demand
still occur, and ISO-NE’s power system is planned and operated to meet those peaks even if
they aren’t historically high.

" Despite forecasts of declining load, ISO-NE must procure resources (i.e., generation,
demand resources, and import capacity) to provide the capacity needed to meet the regional
net installed capacity requirement (ICR), which is based on gross load and behind-the-meter
PV load reductions. The representative net ICR is expected to grow from 34,300 MWs in
2022 to 35,700 MWs in 2026.

‘ & Source: ISO-NE

WIRES

Proposed Generation in ISO-NE

Peak Demand vs. Annual Energy Use on New England Power System

Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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Transmission Topography and Investment

Local Control Centers (LCCs) Load Zones

® Pricing in the wholesale electricity marketplace is calculated at individual
generating units, about 900 load nodes (specific points on the transmission
system), eight load zones (aggregations of load nodes), and the Hub (a collection
of locations in central New England where little congestion is evident). This map

depicts the eight load zones.

® From its master control center (MCC), ISO-NE is responsible for operating all
transmission facilities rated 115 kV and above. New England also has six LCCs,
which are run by transmission owners and are responsible for operating transmission
facilities rated 69 kV and below, with certain exceptions.

New England’s Six Load Control

Centers
Wholesale Load Zones

in New England

Source: ISO New England Source: ISO New England

Source: ISO-NE (https://www.iso-ne.com/about/key-stats/maps-and-diagrams/)

‘ WIRES Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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ISO New England Discussion

Transmission Topography and Investment (Cont’d)

Reserve Zones

®" The Forward Reserve Market procures reserve capacity for the region, which is
divided into four reserve zones:

Greater Connecticut
Greater Southwest Connecticut (SWCT)
Northeast Massachusetts and Boston area (NEMA/Boston)

Rest of the system (Rest-of-System, ROS), which excludes the other, local
reserve zones

® This diagram below illustrates the relationship between the reserve zones, load
zones, and interfaces.

Reserve Zones and Load Zones

Source: ISO New England

Source: ISO-NE (https://www.iso-ne.com/about/key-stats/maps-and-diagrams/)

‘ WIRES

Dispatch Zones

The region is divided into 19 dispatch zones for the purpose of administering active
demand resources. The zones, which are groups of pricing nodes, allow for a more
granular aggregation of active demand resources at the locations and quantities
needed to address potential system problems.

New England Dispatch Zones

Source: ISO New England

Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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ISO New England Discussion

Transmission Topography and Investment (Cont’d)

Ties to Neighboring Electric Power Grids Capacity Zones

" |SO- NE has 13 total interconnections to three different neighboring systems: ® Capacity zones are a key input into the Forward Capacity Auction (FCA) and
subsequent annual reconfiguration auctions because the amount of capacity
purchased is based on these boundaries. They are specific geographic subregions
— Hydro Québec (ties 10-11), which ties New England to the Québec (a combination of load zones) of the region’s electric power system that are

Interconnection through direct-current (DC) transmission designated before each FCA. The ISO establishes capacity zones on an annual
basis and evaluates all transmission interface transfer limits that could be relevant
to capacity zone modeling.

— New York (ties 1-9), which ties New England to the Eastern Interconnection

— New Brunswick (ties 12—13), which is tied to the Eastern Interconnection
through New England

Ties to Neighboring Capacity Zones

Grids

Source: ISO New England
Source: ISO New England

‘ Source: ISO-NE (https://www.iso-ne.com/about/key-stats/maps-and-diagrams/)
WIRES Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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ISO New England Discussion

Transmission Topography and Investment (Cont’d)

Transmission Planning

ISO-NE develops a regional system plan (RSP) every two years, and the regional system
planning process identifies the region’s needs and the plans for meeting those needs over a 10-
year time horizon. Each RSP updates the plan from two years earlier by discussing study
proposals, scopes of work, assumptions, draft and final study results, and other materials.

According to the latest version of the RSP, the overall need for major additional reliability-based
transmission projects is expected to decline over the planning horizon. The low growth of net
peak load means it no longer is a major driver of the need for new reliability-based transmission
projects, and the development of Forward Capacity Market (FCM) resources in favorable system
locations also defers the need for major new projects.

The latest RSP shows the continuing need for certain transmission system upgrades. Per the
2019 RSP, $10.9 billion was invested in the ISO-NE transmission system from 2002 to June
2019, and an additional $1.9 billion is planned over the planning horizon, many of which are in
siting or under construction. Looking ahead, integrating large-scale renewable energy resources,
addressing the dynamic characteristics of load and the expansion of distributed resources,
upgrading and refurbishing aging infrastructure, adding interchange capability with neighboring
systems, and complying with new NERC standards are potential drivers for transmission. Per
the 2019 RSP, “with these [planned] system upgrades in place, combined with the changes in
assumptions to needs assessments, the need for additional reliability-based transmission
upgrades may decline over the planning horizon, however additional needs may be driven by
generation retirement and the impact of increased energy efficiency and photovoltaic programs.”

Through the Northeastern ISO/RTO Planning Protocol, ISO-NE coordinates interregional
studies, including interconnection queue studies, and satisfies interregional planning
requirements under Order No. 1000. New England, the New York ISO (NYISO), and PJM
presented system needs to the Interregional Planning Stakeholder Advisory Committee, but the
ISO/RTOs and stakeholders have not identified the need for new ties with New England (as of
June 2019).

‘ @ Source: ISO-NE; 2017 Regional System Plan

WIRES

Planning for Energy Storage

In addition to the two large-scale pumped-hydro energy-storage
facilities in ISO-NE that can supply almost 2,000 MWs, several other
state initiatives led to the development of new battery energy
storage projects in the region.

Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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Transmission Topography and Investment (Cont’d)

Transmission Investments Decreasing Congestion Costs
" The ISO’s continuous study and analysis of the transmission system has helped " Transmission system upgrades have contributed to decreases in congestion costs
guide regional investment to fix weak spots and bottlenecks on the system that in the New England energy market and have, with the aid of low natural gas prices
greatly improved its economic performance and maintained reliability of service. and other factors, helped drive down and mitigate “uplift” payments to run specific

generators to meet local reliability needs.

Transmission Investment in New England to Maintain Reliability New England Costs for Congestion, Uplift, and Reliability Agreements

‘ Source: ISO-NE (https://www.iso-ne.com/about/key-stats/transmission/)
WIRES Copyright © 2020 by ScottMadden, Inc. All rights reserved.
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Transmission Topography and Investment (Cont’d)

FERC-Jurisdictional Investment Base

" In New England, transmission owners recover
transmission revenue requirements through a
combination of local and regional open access
transmission tariff (OATT) rates. The transmission
owners provide regional network service (RNS) over
their regional high-voltage lines pursuant to ISO-NE’s
OATT, and the rate for RNS is calculated annually using
a formula rate for all pool transmission facilities (PTF) in
New England. The RNS formula rate applies only to
PTFs, those assets that have been turned over to the
operational control of ISO-NE by transmission owners in
New England.

® According to data from formula rate updates filed with
FERC in 2018, year-on-year growth in aggregate
transmission investment base among 11 companies in
ISO-NE from rate year 2017-2018 to rate year 2018—
2019 was moderate, rising from $8.467 billion to $9.077
billion, an increase of 7.20%. This compares to
transmission rate base growth for those same 11
companies of 6.26% from rate year 2016-2017 to rate
year 2017-2018, 7.16% from rate year 2015-2016 to
rate year 2016-2017, and 4.64% from rate year 201—
2015 to rate year 2015-2016.

® The tables at right provide a summary of the operating
subsidiaries of each holding company in ISO-NE that
utilizes formula-based rates with FERC, including
authorized ROE incentives as applicable.

‘ WIRES

ISO-NE Transmission Formula Rate Summary

Trans. Trans.
investment investment
base 2017- base 2018-
2018 ($000) 2019 ($000)

Investment
subject to
incentive

ROE ($000)

Investment base

growth
2017-2018 to

2018-2019 (%)

Incent.
ROE (%)*

Ticker | Parent company

Filing entity

AGR AVANGRID Central Maine Power 1,143,917 1,104,754 (3.42) 11.07 968,238 11.74
AGR AVANGRID United llluminating 535,456 539,112 0.68 11.07 370,397 11.74
EMA Emera Inc. Emera Maine 247,793 228,831 (7.65) 11.07 None NA

ES Eversource Energy Connecticut Light & Power 2,274,460 2,456,226 7.99 11.07 1,273,540 11.74
ES Eversource Energy NSTAR Electric 1,228,858 1,293,099 .28 11.07 202,708 11.74
ES Eversource Energy Public Service Co. of New Hampshire 651,299 715,270 9.82 11.07 77,711 11.74
ES Eversource Energy Western Massachusetts Electric 615,517 687,987 11.77 11.07 370,442 11.74
NEE NextEra Energy New Hampshire Transmission 35,716 43,487 21.76 11.07 None NA

UTL Unitil Fitchburg Gas & Electric 3,011 2,795 (7.17) 11.07 None NA

NA National Grid USA  New England Power 1,030,976 1,186,573 15.09 11.07 253,206 11.74
NA NA Vermont Transco 699,917 818,484 16.94 11.07 179,121 11.74

* Inclusive of 50 basis point incentive adder for membership in ISO-NE. Total ROE capped at 11.74% inclusive of all incentive adders pursuant to FERC Opinions

531, 531-A and 531-B.
CAGR
2018- (2011