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Building Tomorrow’s Energy System

A Smarter, Stronger, Cleaner,
More Equitable Energy Future

A network that supports the Commonwealth's
climate, clean energy, and equity goals and delivers
the fair, affordable, and clean energy transition for
all our customers and communities.

Provide customers with information, products,
and services to enable clean energy, efficiency,
and demand management options so they can
make the energy choices that work for them,
when they want them.

Technology and Platforms

Create a smart, flexible, and dynamic grid that
can manage the future supply mix, energy
needs, and leverages distributed resources
with real-time communications to solve grid
problems and provide grid resiliency.

Network Investments

Build a strong network that is one step
ahead of customer needs, ready to respond
to developer requests, and is reliable,
resilient, and secure, regardless of weather
or evolving threats.

Connecting our
Customers to Renewables

Enable and connect our customers

to the increased renewable generation
on the grid — wind, solar, hydro,
geothermal, and storage.




The investments proposed in this Future Grid Plan will empower our customers
and communities throughout Massachusetts by building a smarter, stronger,
cleaner, and more equitable energy future.

Increased system capacity
to support 1.1 million
more personal passenger
vehicles, and easy, smart

charging options by 2035

Information, products
Electrification of and services to leverage

transit, and public : . ,: smart building technology
and private fleets, N .: !=:, to help manage costs and
improving local air N Ny :‘ s reduce emissions
quality and driving NS
down climate . :i ﬂ=!'
pollution : .. "¢=
e
’
3 a::: A ready and reliable
’!' grid to enable the

connection and
efficient operation
of an additional
750,000 electric
heat pumps by 2035

Vi i v
AL Irrrs

Enabling the connection
Investment and siting ‘ of 2x the amount of
decisions made with y solar and storage to the
communities network by 2035, providing
opportunities for more
customer control and
community resilience

Enhanced reliability and 11,000 more jobs by 2030,

resilience, through a
stronger, more flexible,
and more secure network

with a focus on increasing
the diversity of the energy
workforce and generating
$1.4 billion in economic
activity
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A message from our leadership

Every day at National Grid, our more than
6,500 team members work together to
build a smarter, stronger, cleaner, and more
equitable energy future for our customers
and communities in more than 240 towns
and cities across 5,900 square miles.'

Steve Woerner Nicola Medalova .
NE President Chief Operating We know what we do matters immensely,
Officer, NE Electric and how we do it matters even more.

A smarter and more intelligent system can provide customers with more options and the ability to make
clean energy decisions that work for them. A stronger system will be one that is more robust, better able to
withstand the impacts of climate change, and protect against evolving threats. And, a cleaner system can
connect more renewable resources, energy storage, and electrified transportation and heating more quickly
at all levels and leverage these resources to create value for the grid and customers.

We are at an inflection point. To meet the Commonwealth’s ambitious climate change and clean energy
goals — goals that we share — we must begin building this future now. And, we know that we cannot

pbuild it alone and that we don’t have all the answers. Massachusetts is a state known for solving big
problems and delivering big results. It is a state with an innovation ecosystem and is focused on equity that
drives collaboration, partnership, and new ways of thinking. We will need to harness this innovative and
collaborative spirit to achieve the energy future that works for all.

By developing and submitting this Future Grid proposal as our Electric Sector Modernization Plan, we are
taking a first step toward defining the scope and scale of what we collectively must do over the next 25 years
to combat climate change and enable a more electrified future. We are doing this by identifying the system
investments and changes needed in the electric distribution system, engaging broadly to stimulate ideas, and
encouraging input to ensure this proposal is responsive to and supportive of the needs and expectations of
our all customers and communities.

We have an opportunity to make real and lasting change. And, while we are building and preparing the
grid and our broader energy system for the future, we remain focused on what is right in front of us. Our
customers expect and deserve great service and safe, reliable and affordable energy today, which we will
continue to deliver.

We are committed to empowering Massachusetts by building a smarter, stronger, cleaner, and more
equitable energy future. And we are excited to share our Plan to do that and truly look forward to being a
partner for progress in all our communities across the Commonwealth.

G e el B

Steve Woerner Nicola Medalova
NE President Chief Operating Officer, NE Electric

"Refers to both National Grid’s Massachusetts’ electricity and gas services.



About us

We’re taking action to achieve net zero and to deliver a fair,

affordable and clean energy future to 2.3 million customers
in more than 240 towns and cities...

I Electric
I Gas
I Electric and Gas

...by our teams...
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5, ~6,500
@U@ Employees ﬂv\ | Employees
m represented by

15 unions

...while supporting our communities...
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hours of employee in charitable b
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Serving our 1.3M electric customers via our networks...

18K

Miles of electric
distribution lines

AdH
Y

178

Distribution
substations

¥

720K

Poles

...and by making customer connections.

200 MW

Total DER
connected in 2022

2GW

DER connected
to our network

~1,800

EV Chargers
enabled to date

~32K

Additional EV Chargers
to be enabled via
Phase 3 EV programs

18K+

Households that installed
heat pumps in 2022
through the Mass Save
program, with 10k+
supported by National Grid

45K +

Planned additional
households for heat pump
installation through
Mass Save by 2024, with
21k+ targeted for support
by National Grid



1.0 Executive Summary

Overview
Pathways to accomplishing the
Massachusetts’ ambitious 2050 Clean Energy and Climate Commonwealth’s net zero greenhouse
Plan (CECP) establishes nation-leading goals and supports gas emissions goals by 20507
pathways to reduce climate pollution and reach net zero
greenhouse gas emissions by 2050 — goals we share at Transportation
National Grid. The CECP is an equity-centered plan rooted
in decarbonizing the electricity consumed by all customers. 97% 93%
i ; f light-dut of medium- and
Today, the natural gas network in Massachusetts carries %’% weles (6 llery A el
three times as much energy at peak as the electric network, electrified (over 350,000)
mostly to meet heating needs, with delivered fuels, such ﬁfﬁf‘g‘;ﬁ?ﬂ%
as heating oil, also playing a critical role. At the same time,
internal combustion vehicles represent almost all vehicles on
the road and rely on an established and ubiquitous fueling
. . . ()
network that took more than 100 years to build. Making this 80 /0 87%
shift from a multi-fuel energy system to one primarily reliant oo ©f homes (over of commercial
. ) , ) . . . BB18| 2.8 milion) heated  space heated
on electricity will require a major grid build-out, which must T 8| and cooled by by either
start now. a electric heat electricity or
pumps (including alternative fuels
Achieving the Commonwealth’s climate, clean energy, and those with on-site

. . . fuel back
equity goals requires a comprehensive, thoughtful, and uel backups)

flexible plan to expand and upgrade today’s electric grid at a
significant pace and scale to enable increased electrification

Electric Power

N )
tar?dfmtove att\r/]vay lfrotnj a fg;sn bissd fcznomy.tTclyl suppitrt 2. 5'f0|d 97 A)

is future, the electric grid must be fundamentally smarter, , , , .

, 9 y increase in electric of electricity
stronger, and cleaner in order to: load compared consumed is
to 2020 from clean and
» Deliver necessary and timely emission reductions renewable sources
» Be ready when customers need it, and be reliable and Non-Energy and Industrial

resilient, regardless of changing weather
52%
EIM = of industrial energy

» Enable the deployment and optimized use of new, Ij
use electrified

electrified end-use technologies like heat pumps
and electric vehicles and quickly connect distributed

technologies like solar and battery storage
Jobs and Health Benefits

» Provide a more equitable, individualized, and seamless

up to
experience for all customers C{?\ 65K $ 4 7B

o ) ) ) JOBs additional full-time .
» Drive innovation, economic opportunity, and growth, jobs created from  in health benefits
prioritizing communities that have historically been the C!tean energy
ransition

burdened and left behind by the fossil-based economy

2 These are statewide goals from the Clean Energy and Climate Plan (CECP).
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MECO’s peak demand will more than double,

and shift to the winter
To meet Massachusetts’ statewide goals by 2050,

the grid of tomorrow must meet peak customer
demand more than twice as high as today’s, with

the peak occurring in the winter as opposed to 12000
summer. It must also connect at least twice the 11000
amount of energy storage, 10 times the amount of 10000
renewable energy, 75 times the number of EVs, 0000
and 100 times the number of heat pumps than 8000
we see today. §
7000
The Company’s Future Grid proposal will transform 6000 SUMMER
the distribution grid of the past into a smarter, more 5000
resilient two-way electricity superhighway that
. . . 4000
powers sustainable communities today and into the
future and provides all customers the opportunity SPAlR
to participate in and benefit from the clean energy 00 28 Zm Lo Z5
transition.
The Commonwealth’s Power Grid— Yesterday and Tomorrow
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Massachusetts is a clean energy leader

The Commonwealth has already made significant strides towards enabling this clean energy future. Over
the past decade, Massachusetts has achieved electric energy savings of more than 2% of total sales per
year, saving customers billions of dollars, and avoiding thousands of tons of greenhouse gas emissions.
We have gained over 4 gigawatts (GW) of solar power, enough to power 700,000 homes, more than any
other state in New England. The Commonwealth has supported investments in local distribution grids,
which has resulted in National Grid maintaining systemwide reliability at 99.9% for our customers and
supported steps to modernize and prepare the grid for the impacts of climate change. And it did all this
while also advancing energy equity and climate justice through policy, programs, and practice.

Much of this progress has been driven by legislation, including An Act Driving Clean Energy and
Offshore Wind (Act), which was enacted in 2022. This Act directed each Massachusetts electric
distribution company (EDC) to file an Electric Sector Modernization Plan (ESMP) that identifies “upgrades
to the distribution system — and where applicable transmission system — needed to meet the
Commonwealth’s climate and clean energy goals over three planning horizons: 1) a 5-year forecast,

2) a 10-year forecast and 3) a demand assessment through 2050.”

The Company’s Future Grid proposal builds on the Commonwealth’s earlier work

This Future Grid Plan (Plan) proposal serves as the Company’s ESMP submission: it provides a roadmap
for how the electric system will operate in the future while outlining the supporting investments needed
over the next 25 years. This proposal builds on investments already underway to modernize the grid and
complements the investments the Company continues to make to provide safe and reliable service to
our 1.3 million electric customers throughout the Commonwealth, as adjudicated and approved in our
periodic base rate reviews at the Department of Public Utilities (DPU).

The additional Plan investments, beyond those approved
and planned today as part of our core investments, will be
across all aspects of our distribution business — network The Future Grid Plan is
infrastructure, technology and communications platforms, and rooted in a strategy that:
customer programs — and all regions of the Commonwealth.
To be successful, the Plan requires ongoing coordination with
the Commonwealth, the state’s other EDCs, and local gas
distribution companies (LDCs) to integrate our energy planning

» Empowers customers to act
by having more choice and
more control

efficiently and cost-effectively transition to a more electrified » Creates a ready, robust, and

economy. It will also require policy changes to accelerate resilient energy system

the build-out needed to support this clean energy future and

ensure a just transition. » Leverages innovation, drives
efficiency, and enables

The Company’s proposed Plan aligns with what we heard greater system flexibility

from customers and communities as part of our extensive
engagement process, which included outreach to our
National Grid Customer Council composed of residential and
commercial customers, and to public officials, businesses,
clean energy groups, nonprofits and community groups
representing Environmental Justice Communities (EJCs).

» Results in a more just and
equitable energy future

National Grid Future Grid Plan 9/23 - Section 1 | 10



The Company’s Future Grid Plan achieves the Commonwealth’s goals through investments to
make the grid smarter, stronger, and cleaner

Over the next five years, the Company proposes to invest more than $2 billion through the Future

Grid Plan to meet the Commonwealth’s electric-based approach to achieving net zero emissions and
enabling the just transition. This future is reliant on a grid that is smarter, stronger, and cleaner to enable
expanded energy efficiency and demand response programs through, for example, Mass Save®,
advance the smart electrification of transportation and heating, and connect and integrate renewables
and storage, at all levels and in all communities.

In developing our proposed Plan, we established five key outcomes to ensure that these incremental
investments were carefully scoped to meet specific needs, based on forecasted demand, known and
anticipated system capacity and operational needs, and customer expectations and requirements.

We are proposing to move away from a planning and investment approach that lags customer need

and impedes technology deployment to one that anticipates and enables it. It takes a smarter, forward-
looking view of system capacity and operational needs, on both a systemwide and a localized basis, to
build sufficient capacity and resiliency and avoid the need for future investment. For example, to meet the
Commonwealth’s goals in the timeframes contemplated requires the accelerated adoption of electrified
end use technologies powered by clean electricity. The grid therefore needs to be ready and the capacity
available when customers choose to act and clean energy developers choose to invest — eliminating

the lag they currently experience, which delays or deters this investment. This forward-looking, smarter
approach to distribution system investment, on both a systemwide and localized basis, will create
efficiencies in planning and capital deployment, provide opportunity for proactive community engagement
and involvement, and ensure that no customer is left unserved as we move to a more electricity-reliant
future.

We reviewed investments across three key areas:

» Network Infrastructure, such as new and upgraded power lines, transformers and substations
to make them stronger, more resilient, and ready to connect and accommodate more clean and
distributed energy and electric growth;

» Technology and Platforms, such as new planning tools, systems, and processes to drive smarter
decision-making and customer action. This includes installing state-of- the-art data and monitoring
systems to provide greater visibility into how the grid and interconnected devices are operating to
ensure system safety and stability, and upgrading IT systems and communications networks to
accommodate two-way information flows, and provide greater system flexibility and more timely
information to support new customer tools and options; and

» Customer Programs, such as new programs and pilots to help customers better manage costs,
drive smart energy use, and build community resilience and agency.
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Proposed National Grid ESMP Investments 2025-2029
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While the investments necessary to deliver this system will be significant, they are critical to meeting the
Commonwealth’s bold climate goals. Throughout the transition, the Company will continue to identify
and pursue ways to efficiently deliver this clean, fair, and affordable future, including through the use of,
for example, time-variable rates (TVR), energy efficiency, demand response and other forms of non-
wires alternatives, so that we build only what is needed, where it's needed.

Achieving the just transition will require working together to make change

The Company recognizes that there are challenges associated with delivering the Commonwealth’s
ambitious climate and electrification goals, particularly within the time frames and pathway established
by the CECP. These challenges include securing a trained and skilled workforce, maintaining an
affordable and timely supply chain, and making changes to underlying regulatory policies, mechanisms
and processes needed to execute this future. To manage the associated deliverability risks, the

Future Grid proposed Plan prioritizes investment based on current system performance, distribution
engineering planning needs, and execution strategy.
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Meeting CECP goals requires policy action in four key areas to enable needed investments

» Anticipatory Planning and Investment
Policies that enable and encourage utilities to build out the network so that the capacity is available,
and the system is ready when customers need it. This shift will also allow utilities to plan for and
train the necessary workforce and secure the necessary supply chain in what is an extremely
competitive marketplace.

» Permitting Reform
Policies that improve transparency and accessibility, provide greater agency to potential host
communities, and create a more predictable and timely applicant process are needed. This includes
establishing a one-stop shop approach to permitting, with clear and understandable standards and
engagement practices that project applicants must meet to enable the more rapid delivery of critical
infrastructure investments.

» Environmental Justice
Policies must address both procedural and distributional equity, including expanded assistance
programs to improve affordability of energy bills, and improved intergovernmental coordination to
better serve impacted communities’ total needs, while ensuring they have the resources to fully
participate in the clean energy transition.

» Demand Flexibility and DERs
Regulatory and tariff changes that enable time-varying rates and recognize the shift toward greater
electrification are required to support more impactful offerings to offset peak demand growth with
increasingly flexible loads and expanded deployment of distributed resources.

Given the scope and scale of the investment, continued stakeholder participation and input are vital
to ensuring a collaborative approach. Our collective efforts must address the needs of all customers
and end the cycle of overburdening EJCs and instead use this moment as an opportunity to take
restorative action. The Company recognizes that we cannot succeed unless every community across
the Commonwealth is engaged and included in the process, is empowered by the clean energy
transition, and fully understands the investments and actions necessary to make it a reality. This public
engagement effort is already well underway and will continue.

The Company also sees significant opportunities to create real customer value and economic,
societal and community benefits, particularly for EJCs, through job growth, increased tax revenue

for local communities, and economic expansion by building a clean energy ecosystem that drives
competitiveness and growth and reduces climate pollution. Taken together with the Company’s earlier
investments in grid modernization, energy efficiency and transportation electrification, we believe that
total benefits will well exceed costs in meeting the Commonwealth’s energy and climate goals.

13 | National Grid Future Grid Plan 9/23 - Section 1



The Company’s Future Grid Plan will deliver a stream of customer and community benefits

By 2030, jobs and 11K 1.4B
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other economic JOBS part-time economic

benefits, including: jobs = output
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By 2035, 4 GW of ) 1.1M ~=_ T50K
new system capacity, é EVs Heat
enabling: | : = PY"PS

We recognize that we are foundational to achieving this new energy future, and
that we cannot do it alone. We are committed to working collaboratively with
policymakers, regulators, customers, communities, technology providers, and
others to deliver a just energy transition for Massachusetts.

Together, we can make it happen.
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1.1 Vision: Enabling a just transition to a reliable and resilient
clean energy future

National Grid’s vision is to be at the heart of a clean, fair, and affordable energy future for all our
customers and communities.

At its core, the clean energy transition in Massachusetts is about re-imagining the future of the electric
system, its relationship to customers and communities, its capabilities and opportunities, and the
corresponding regulatory paradigms necessary to ensure we are proactively building the smarter,
stronger, cleaner network needed to achieve desired outcomes, which include:

» Empowering customers to make the smart clean energy choices that work for them;

» Creating a ready, reliable and more resilient grid capable of withstanding more extreme weather;
» Leveraging innovation, driving efficiency, and enabling greater system flexibility; and

» Enabling a more just and equitable energy future to ensure benefits for all.

National Grid’s approach to the clean energy transition starts with the customer—understanding their
evolving energy needs, giving them more information and more choices, and supporting their side of
the clean energy effort through programs, rates and other offerings. It then establishes the investment
pathway necessary to meet these needs, using specific criteria to assess and develop the required
investments in network infrastructure, technology platforms, and customer programs. The resulting
investments will make the grid smarter, stronger, and cleaner, and will empower all customers to adopt
clean energy technologies at the pace and scale needed to meet CECP goals. The graphic below
summarizes our Future Grid vision.

15 | National Grid Future Grid Plan 9/23 - Section 1



National Grid’s Customer-Driven Future Grid Plan

Customer Empowerment
for a Cleaner Future

Investments and programs that empower all
customers to accelerate clean energy
adoption and take more control of their
energy choices and costs.

Just Transition
for a More
Equitable Future

Investments in engagement

strategies and targeted

programs that address
both procedural and

distributional inequities

in today's energy system and

create more agency,
understanding, and trust.

Flexibility, Innovation

and Efficiency for
a Smarter Future

Reliable, Resilient,
and Ready Grid for
a Stronger Future

Investments that expand
system capacity to enable
electrification-driven load
growth, more renewable
energy connections, and
greater levels of resilience

and reliability to
withstand a changing
climate and evolving
threats.

Investments that enhance digital and
communications capabilities to make the
grid more flexible, dynamic, and responsive
to changing conditions in electric flows both
from and to the grid to optimize the value
of clean and distributed resources, electric
vehicles, and customer end-use technologies.
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1.2 Plan overview and alignment with the Clean Energy and
Climate Plan

The 2050 CECP is the Commonwealth’s plan to achieve economy-wide net zero greenhouse gas
emissions by 2050. Future Grid is National Grid’s plan to deliver an electric network that meets the
goals of and is consistent with the CECP. The graphic below illustrates at a high level the CECP’s
sectoral emissions reduction goals, and how our proposed Plan’s elements map to those goals.

How The Company’s Future Grid Plan Elements Map to CECP Goals

CECP Targets

30 30 30
25 25 296 25 28
§ 20 238 § 20 23 § 20
= 15 19 = 15 = 15
210 £10 210 12,
5 5 5
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1990 2020 2050 1990 2020 2050 1990 2020 2050
Buildings Transportation Electric Power Sector
Our Plan Outcomes
Expand network capacity for EV charging @
Expand network capacity to electrify homes and businesses @
Multi-value network expansion increases hosting O—
Network capacity for renewables Smart, Decarbonized
Infrastructure and Electrified Buildings
I Network management, data, and communication tools s
\\ ', to enable more flexible grid and EV management » 4
/@\ Enhanced data and portals to accelerate electric heat ® ék
oiatt J pump and energy efficiency programs p——
atforms an -
e T Customer-facing portals and internal tools to support faster g laspopaton
interconnection of renewables
O
o o O EV make ready programs & managed charging @ ‘ s vt
G_ q_p B EHP and building weatherization EE incentives O— E
g:‘:;?;nr:; Scale flexible connections for renewables, storage, and EVs @ Clean Power
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Meeting these ambitious targets requires building an electric system that can support increasing
amounts of intermittent renewable generation capacity and significantly increased electricity
consumption in the transportation and buildings sectors resulting from policies that drive electrification.
The graphic below provides selected growth projections by technology through 2035 that the grid must
be able to accommodate on the path to 2050.

Solar, storage, EVs, and heat pump adoption is expected to soar by 2035 and the grid must be ready*

MW Capacity: MW Capacity: EV Adoption Heat Pump
Solar Storage Adoption
1.1M
4,000 330K

2,000

500
200 50K 10K

2022 2035 2022 2035 2022 2035 2022 2035

*These are approximate values

=
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How National Grid Will Meet the CECP Targets

National Grid will help Massachusetts deliver on its CECP targets for the transportation, buildings, and
electric power sectors by investing in three key areas:

» Network Infrastructure, such as new and upgraded power lines, transformers and substations
to make them stronger, more resilient, and ready to connect and accommodate more clean and
distributed energy and electric growth;

» Technology and Platforms, such as new planning tools, systems, and processes to drive smarter
decision-making and customer action. This includes installing state-of-the-art data and monitoring
systems to provide greater visibility into how the grid and interconnected devices are operating to
ensure system safety and stability, and upgrading IT systems and communications networks to
accommodate two-way information flows, and provide greater system flexibility and more timely
information to support new customer tools and options; and

» Customer Programs, such as new programs and pilots to help customers better manage costs,
drive smart energy use, and build community resilience and agency.

These investments will support expanded energy efficiency and demand response programs, smart
electrification and the connection of renewable energy and energy storage at all levels.

Accordingly, the Company’s Future Grid Plan outlines the steps we need to take over the next five,10
and 25 years to achieve our collective goals. Because the Company took a long-term view of the
investments required, it was able to anticipate the system needs for electrification forecast to occur
beyond a typical 10-15-year study horizon. The investments included in this Plan are prioritized based
on forecasted demand, known and anticipated system capacity and operational needs, and customer
expectations and requirements. Absent this long-term vision, the Company in many instances would
have needed to make successive investments in an asset or area, to react to electrification load growth
and clean energy deployment, as it materialized. This approach would result in less cohesive solutions,
and delays in meeting customer and community needs. Instead, through this Plan, the Company is
proposing a smarter, more efficient approach with more anticipatory investments scaled to the needs of
an electrified and decarbonized Commonwealth.
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1.3 Service area overview (customers, load, transmission,
distribution, generation)

Our customers and communities are at the foundation of what we do and why we do it, and they are
critical to the success of the Commonwealth’s decarbonization plans and achieving the CECP goals.

Customer Characteristics

Today, National Grid provides safe and reliable electric service to more than 1.3 million customers in

168 towns and cities, across a service area that spans nearly 3,870 square miles — from the Berkshires
to Brockton and Cape Ann to Cohasset. We are the electric provider in many of the Commonwealth’s
Gateway Cities and we serve many environmental justice communities, representing customers in
towns such as Adams, Worcester, Somerset, Lowell, Lawrence, Lynn, and others. We serve rural,
suburban, and urban areas — including coastal and mountainous communities. Our customers live

in single-family homes, multi-family homes, and apartment buildings. They run farms, small retail
businesses, restaurants, grocery stores, food processing facilities, and more. They include municipalities
and schools, ports and transportation hubs, academic institutions, manufacturing facilities, hospitals,
healthcare, and life sciences. The graphic below summarizes our customers by major type and
percentage of total load served.

National Grid Customers

[EEER) N
EHE : g%

Residential Commercial Industrial
88% 12% 0.3%
of Customers of Customers of Customers

Share of load Share of load Share of load

43% 44% 13%

National Grid Future Grid Plan 9/23 - Section 1 | 20



While 88% of our customer base is comprised of residential customers, nearly 60% of the electric
demand is driven by commercial and industrial (C&l) customers. Each customer segment has unique
needs; and they are evolving. While residential customers’ demand is lower than C&l, their needs are
growing and the complexity and breadth of services and offerings they are asking for is following suit.
For example, as more customers adopt behind-the-meter solar and storage, even though their overall
electricity supply needs may decline, their use of and interaction with the grid and related services will
increase. Similarly, as more C&I customers electrify fleets, their system use patterns and demand profile
are changing, as well.

System Characteristics

To serve our diverse customer base, National Grid operates and maintains an electric system that
consists of more than 2,500 miles of electric transmission lines. These transmission lines carry electricity
long distances at high voltage levels to 149 transmission substations that serve a critical function of
stepping down this power to a lower voltage and make it safe to carry it across 18,500 miles of smaller
electric distribution lines, which are supported by hundreds of thousands of poles and 178 strategically
located distribution substations in our six sub-regions. As the power flow of the network increases, the
capacity of the substations must also increase to accommodate this growth. Substations play a pivotal
role in stabilizing the entire electric network and maintaining safe and reliable service. Lower voltage
electricity is distributed from the substation across a series of lower voltage circuits or wires, which can
run overhead or underground. This power is then stepped down again at smaller transformers close to
homes and businesses so that it can be safely delivered to customers. This extensive network will need
to nearly double in size and capacity over the next twenty years, including adding a substantial number
of new substations and expanding others, to meet our customers’ future needs, and achieve the CECP
goals.

In 2022, the Company’s system carried electricity
generated by solar, wind, hydro, nuclear, biomass
and fossil fuels to meet 19,000 GWh of electric
demand (1/3 of the state’s total electric demand)
and supported a maximum hourly demand of

4.7 GW. Our electric network also enabled the
interconnection of 150 MW of solar and 50 MW

of storage and supported a broader total of
approximately 2 GW of DERs, including behind the
meter resources like storage and solar on homes

eteser-to its-destination

o @ ¢ @ O 3

and businesses — more than any other EDC in C||Ck here for an

the state and second most per square mile in the .

country. explanation of how the
arid works.

For those customers that do not receive generation
service from a third-party supplier or municipal
aggregator, we purchase it on their behalf via the
competitive wholesale power market and pass it along without profit or markup. The mix of generation
we procure from these suppliers to deliver to customers will change as more and more of the power
we purchase comes from renewable sources, such as offshore wind, hydro, and solar, enabling the
Commonwealth to meet its goal of 97% of all electricity delivered coming from clean energy sources.
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National Grid Summary Statistics
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Our interconnected network is kept in balance by our operations control centers which monitor and
manage the network 24/7/365. The control center is the “orchestrator” of the network with real-time
visibility into network conditions and is responsible for dispatching assets and field operations crews as
needed in response to grid conditions. The role of our control center, and the teams that operate it, is
changing with the accelerated adoption of DER and electrification across the network.

We are equipping our control centers and team members, accordingly with new tools, processes,

and resources to operate a more dynamic and reliable network that leverages DERs as providers of
grid services both at the distribution level and to the Independent System Operator of New England
(ISO-NE) wholesale markets via Federal Energy Regulatory Commission (FERC) Order 2222, which will
create additional value streams for resources like distributed solar, behind-the-meter storage, managed
charging, and demand response.

Our community characteristics drive today’s system and tomorrow’s investments

The diverse communities we serve have unique physical, economic, and historical characteristics that
informed the Company’s previous planning criteria and impact our operation in those areas today. For
example, some communities previously supported the Commonwealth’s textile and manufacturing
economy, while others had limited economic activity. Some rural areas are now becoming suburban,
and urban areas that once thrived may have experienced limited growth for a long time. The results
of these varied and uneven economic development and settlement patterns across our service area
means that existing infrastructure and system capacity are varied and uneven, as well.

This foundation shapes and informs the investments needed to enable the clean energy transition and
build resilience in each community. As we developed our Future Grid Plan, we took both a granular

and high-level view of our system breaking it down into different distribution regions. These groupings
are based on both geographic proximity and electrical system characteristics which facilitate effective
system planning and engineering analysis. The map on the following page provides an overview of these
SiX regions.
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National Grid’s Six Major Service Sub-regions
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The Company analyzed the current demand, future needs, and existing system capacity in each of
these regions. The maps below show that without system upgrades, by 2035 every region in our
system will see forecasted demand exceed current capacity. We therefore need to invest in expanding
and upgrading our electric delivery infrastructure in every region over the next 5, 10, and 25 years.

The scale, scope, timing and exact locations of these investments will be driven by a combination of
factors, including 1) the physical and operational needs and the condition of the infrastructure used to
serve these regions, 2) the available capacity on the local electric network to meet future electric needs
and enable local, distributed energy resources like solar and storage, and 3) the current performance of
the local energy network as it relates to reliability and resilience.

The map below illustrates the contrast between today’s current loads vs. system capacity across our
service area and sub-regions, and the projected gap between forecasted loads and current capacity

in 2035. The 2035 projections show no system expansion investments; this provides a baseline for
examining alternatives as we worked through the planning process applying our ESMP driven outcomes
of ready, reliable, resilient, flexible, and efficient. Section 4 provides more detailed information.
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Substation load as a percentage of capacity across the Company’s system, 2023 vs. 2035 forecast,
assuming no capacity expansion
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Without system upgrades, by 2035 every sub-region in our system will see forecasted demand
exceed current capacity.

1.4 How our customers will experience the clean energy
transition

The future electric system will power not only the appliances, electronics, lighting, and cooling systems
it serves today, but also the cooking of food, the heating of buildings, and the transporting of goods and
people. Today, our customers rely on and use electric, gas, and delivered fuel networks to meet their
home and building energy needs, and a vast network of fueling stations for their cars, buses, and trucks.
In the future, customers will become much more reliant on the electric network to power all aspects

of their lives and work. They will experience a future electric network that is more decarbonized, more
distributed, more digitized, more decentralized, and even more necessary to them.

National Grid customers are increasingly aware of this future and engaged in their energy experience
and the role energy plays in their day-to-day lives. As a result, they have high expectations for levels of
service and options. They want immediate solutions when problems arise, when outages occur and
when opportunities emerge. Rising prices, supply security concerns and climate change are front of
mind. There are more active energy consumers seeking more interaction, driving a greater need for
change in the customer experience. Each customer has their own unique needs, depending on a variety
of factors, including customer type, electric use patterns, geography, income, and access to technology
and capital.

National Grid Future Grid Plan 9/23 - Section 1 | 24



We also know that affordability and equity mean different
things to different customers. For some business
customers, for example, electric costs may be a significant
share of their overall operating costs, impacting profitability.
For some residential customers, paying their monthly
electric bill may require hard choices, such as choosing
between heating or eating, because their energy burden is
so significant. We are aware of these key differences and
are re-envisioning how we approach, interact with, and
serve each set of customers. This deeper understanding
of our customers’ diverse needs helps us define the
investments needed to: improve operational efficiency;
optimize our plans and programs to build only what is
needed to meet reliability, resilience, and growth goals;
and enable rate designs, energy efficiency, access to clean
transportation, and customer and community- facing
programs for bill management and other support.

Our customers’ and communities’ actions will determine the
pace and scale of decarbonization in the Commonwealth.
National Grid maintains a Customer Council comprised

of all customer classes, service area communities, and
impacted populations, including EJCs. In anticipation of our
ESMP filing, we reached out and asked customers through
the Customer Council about their expectations for the future
energy system, what they want from the energy transition,
and how they want to experience it. This customer
feedback is summarized the box to the right and informed
our Future Grid proposal.
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Key takeaways from our
Customer Council input:

Build a Grid that
Serves Everyone

v
Strengthen our system

Create clean energy
solutions, fewer outages,
and thousands of jobs.

v
Keep Costs Down

Make smart investments that
improve operational efficiency
and enable customers to
optimize and create value from
energy systems.

v
Put Customers in Control

Deliver products and services

that put customers in control

of their energy future to meet
their priorities, not ours.

v

Create a Seamless
Experience
Continuously modernize our
system so all customers can-self
serve and more seamlessly access
and sign up for products, services,
and programs, with particular
focus on our low- and
moderate-income customers.
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For McSwiggan’s Pub in Weymouth, building renovations and staffing changes
in their 2,400 square foot pub meant that costs were becoming an issue. The
owners leveraged free energy assessments and the Company’s small business
rebate program to save them 73% of the total cost of removing its old HVAC
system and upgrading to three new electric heat pumps. They were able to
install equipment and connect to our system immediately, meeting their needs
in their time frame.

1.5 Demand assessment and investment drivers

National Grid’s system demand forecast is fundamental to meeting the Commonwealth’s climate goals.
The substantial beneficial electrification of heating and transportation needed to achieve the CECP
goals impact the electric demand forecast dramatically, including peak demand and when it occurs,
driving the need for infrastructure investment.

National Grid, like Eversource, uses an econometric forecast model to first project a base load estimate,
and then incorporates adjustments for policy changes, technology innovation and adoption, customer
behavior, and historical load and weather data with other factors to develop a predictive load forecast
model. National Grid uses this model and data to run 2000 different scenarios of future electric load
growth, including system-level and substation-level peak demand. Both Eversource and National Grid
produce system- and substation-level peak 90/10 forecasts, taking the 90th percentile forecast load

as the primary planning case. The graphic on the following page illustrates the inputs to our system
analysis and modeling process.

How is electric demand expected to change in the future?

We are at an inflection point on our path to net zero emissions in terms of how customers use electricity.
National Grid’s electric demand is forecasted to grow at a rate that exceeds historical averages of the
past 15 years and outpaces offsetting actions such as energy efficiency, demand response, and solar
PV, as electrification in the transportation and buildings sectors creates significant new end-use demand
for devices and at times that are different from historical patterns. For example, aggregate demand has
remained relatively flat over the last 15 years despite increases in base load.
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Principal inputs to the Company’s system analysis and modeling process.
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Over the next 10 years, however, customer usage is projected to increase, on net, at an average
annual rate of 1.3% per year through 2029 and then increase to an average annual growth rate of 2.1%
through 2034. In the post 2034 period, our total sales assessments anticipate electric demand growing
at an annual average rate of 3%. These results of future electric demand are consistent with demand

projections of Eversource, ISO-NE and the Commonwealth.

The Company’s peak demand is forecast to more than double

by 2050, and shift to winter around 2036
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How is peak demand expected to change in the future?

Annual peak load, which is the maximum demand on the system in a given year, is expected to grow
across our network 7% by 2029 and 21% by 2034 relative to 2022 levels, and more than double

by 2050, driven by the electrification of transportation, heating, and industrial processes, as well as
increasing air conditioning loads. And, while both summer and winter peak load are expected to grow,
the graphic above shows that by 2036 winter peak load will exceed summer peak load, which has
implications for system operations and the time of day when peaks occur. The graphic below provides
a breakdown of the components of forecast load growth, including the potential impacts of efficiency,
DERs, and other factors. See Section 8 for more detailed discussion of the demand assessment.

Annual peak load growth through 2050 by components
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Our network investments and operational planning both need to change to accommodate these
shifts. Enabling and accommodating the growth in electricity consumption from electric transport and
heating will need the timely delivery of expanded electric system capacity on both the distribution

and transmission networks. Without the necessary investment, accelerated rates of electric end-use
technology adoption will outpace the grid’s ability to keep up with demand in a manner that preserves
reliability.
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1.6 Equity focused stakeholder engagement and feedback

Seeking feedback, proactively engaging, and building understanding and trust with stakeholders is
critical to achieving the Commonwealth’s climate and clean energy goals. These include customers,
communities, policymakers, public officials, non-governmental organizations, and technology providers,
among others, who are both impacted by and important contributors to a fair, affordable, and clean
energy transition Stakeholder engagement is also paramount to National Grid’s ability to successfully
develop and execute its Future Grid Plan, given the scope and scale of infrastructure investment needs,
which includes the proposed upgrade and expansion of 17 existing substations, and building of 28 new
substations more than 30 towns over the next 10 years.

To ensure we are gaining the necessary perspectives to inform our plans and siting decisions, we are
taking steps to identify, map and innovate the best ways to engage and communicate with stakeholders
on an individual and collective basis and provide more agency in the process. This includes leveraging
available resources and forums, starting with the Grid Modernization Advisory Council (GMAC),
members of the public, and experts who have participated in the process thus far.

Our approach to stakeholder engagement is rooted in the following:
Building a shared understanding amongst stakeholders regarding the electric grid,

the goals of electric sector modernization plans, and how these investments will help
the Commonwealth meet its climate and clean energy goals.

Developing collaboration by engaging stakeholders and establishing conversations
to discuss the insights and initiatives required to deliver a smarter, stronger, and cleaner
energy future and just transition, in ways that are relevant to them and meet community
needs.

Tailoring outreach and stakeholder engagement plans to support local ESMP
projects, elicit and incorporate customer feedback, and identify community concerns
and needs. This will include a community-centric, culturally competent, and respectful
approach to educate community members about the upgrades being made to the grid
and the outcomes and tangible benefits they will deliver, and impacts.

We recognize that as we go about our outreach, solicit feedback, and seek to build trust, we must
pursue engagement in a way that keeps communications simple, relevant, and timely, and that is also
inclusive, accessible, open, and collaborative. To do this, we are holding direct dialogues and meetings
in both facilitated forum and one-on-one settings, leveraging multiple and diverse communication
channels through earned and paid media platforms, developing facts sheets and videos translated

in multiple languages, and building digital tools such as websites and social content to provide all
customers access to information about the ESMP process, National Grid’s plans, and ways to provide
input.
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We are also conducting direct outreach with a focus on customers and communities that traditionally
are not fully or formally represented in proceedings at the DPU or in processes like these, including
environmental justice and LMI communities and constituencies, municipalities, small businesses, and
labor.

In addition, we are leveraging existing data and customer research to better understand the outcomes
our customers want and concerns they have as we make the energy transition, including through our
Customer Council.

To date, we have met with more than 20 municipalities, 12 business and economic development
organizations, including individual members, energy assistance providers, academic institutions,
organizations representing generators, renewables, DER providers, EV providers and other
technology providers, state officials, housing developers, and members at the EJ Table, which is a
statewide coalition formed to inform and support environmental justice legislation and policy in the
Commonwealth. (See list included in the Appendices.)

Procedural equity Distributional equity

To ensure that stakeholders and communities To ensure that the clean energy transition is
impacted by energy projects and programs implemented in a way that drives the more
have the necessary information and equitable realization of the benefits and
opportunity to participate in and inform project burdens associated with the clean energy
development and implementation. transition

To advance and operationalize these tenets as we continue to evolve and implement this Future Grid
Plan, National Grid has developed a draft Equity and Environmental Justice Policy and Stakeholder
Engagement Framework, which is included in the appendices. We are seeking feedback to this
framework from the GMAC and Equity Working Group, among others, and will submit a final framework
with our January 2024 filing at the DPU.

Feedback to date has focused on the following principal issues:

» The importance of a deliberate transition, with the need to start engagement and planning
with impacted communities and customers early in the process. This early engagement is
needed to ensure that we are capturing and addressing concerns and providing agency in siting
decisions, coordinating work with municipalities, and identifying avenues for partnership and shared
benefits, particularly for those communities that will either continue to host significant energy
infrastructure or will need new investment. This includes working with trusted community partners
throughout the process. Additionally, several municipalities viewed the transition as an opportunity
to meet multiple goals for clean energy and economic development, by leveraging the process to
create clean, electric-ready new business zones in their communities.
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» The need to maintain an affordable and reliable energy system, with the recognition that
affordability and reliability means different things — and have different implications — depending on
customer segment and economic circumstance. The need to focus on the costs of the energy
transition to EJCs, more holistically address overall energy burden and raise enrollment in existing
affordability and assistance programs was raised several times. Many stakeholders focused on the
need to ensure the system was resilient and able to respond quickly to any event, particularly as the
economy becomes more electrified. For businesses for which electricity is a critical input, such as
life sciences and biotech, power quality was also top-of-mind.

» The challenges customers and technology providers have today to interconnect to our
system quickly and affordably, and the need to make it easier to do business with us. This issue
was particularly acute for housing, commercial real-estate developers, and DER providers. There
is a recognition that National Grid is working to shorten and simplify processes and secure the
necessary supply chain, but that more needs to be done, particularly as the pace of electrification
and clean energy deployment accelerates.

» The benefits of Mass Save and other programs that provide financial and technical
support to pursue clean energy and energy efficient solutions, and the need to expand
those programs, such as Community First, and make them more tailored and targeted to individual
customer segments and circumstances. Many municipalities are concerned about the costs of
the energy transition and ability to participate fully, not only for their own facilities, but also for their
constituents.

Going forward, we plan to conduct additional and extensive outreach in advance of our final submission
of our Future Grid Plan to the Department of Public Utilities (DPU) in January, including conducting

joint outreach sessions with Eversource and Unitil. National Grid and the other EDCs are committed

to hosting two stakeholder workshops in the fall of 2023 as part of the ESMP filing process. The fall
workshops will be conducted in consultation with the GMAC, be professionally facilitated, hosted
virtually, and conducted at times recommended by the GMAC or Equity Working Group, with language
translation services. The EDCs will also use these workshops as an opportunity to further educate
stakeholders and gain feedback from the voices of the community. We will track and share all
recommendations and develop a formalized feedback loop for increased transparency.

Proposed new Community Engagement Stakeholder Advisory Group

We are proposing jointly with the other EDCs the development of a new Community
Engagement Stakeholder Advisory Group (CESAG) to address historical obstacles to
stakeholder engagement and agency and ensure the widest possible level of community
participation as we advance substantial investment plans that have a direct impact on and
associated benefits to individual communities. Additional detail on the proposed CESAG is
provided in Section 3.
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1.7 5-year Electric Sector Modernization Plan investment
summary and outcomes achieved

Over the next five years, National Grid proposes to invest more than $2 billion to meet the
Commonwealth’s electric-based approach to meeting its climate and clean energy goals and enable the
just transition. As proposed in our Future Grid Plan these incremental investments focus on 1) network
infrastructure, 2) technology and platforms and 3) customer programs. They have been carefully scoped
to meet specific needs based on forecasted demand and identified system capacity and operational
challenges. The graphic below summarizes our proposed investments by investment type.

Proposed National Grid ESMP Investments 2025-2029
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These network investments include the upgrade and expansion of 10 existing substations, and building
of 3 new substations over the next 5 years, and 18 existing and 28 new substations by 2034. They

are driven primarily by adoption of electric transportation and building heating, which, as described in
Section 5, are expected to increase the peak load across our network by 7% by 2029 and 21% by
2034 relative to 2022 levels. Absent making these system investments in advance of these new peak
demand levels, the expected load growth will result in overloads of existing equipment, which would
impact the safety and reliability of our network operation. In Sections 6 and 7, we provide details on the
planning process and proposed investments across our network to proactively address these expected
overloads and other needs; it explains the key factors driving these investment needs, including
unacceptable asset condition and reliability performance concerns and the outcomes we established
for the ESMP to assess each investment — reliable, ready, resilient, flexible, efficient. The graphic below
provides a summarized view of our detailed planning process.
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The Company’s system planning process

Planning Inputs

Historical

Forecasts Systems Customer Interpal SUETE] Planning | Climate and
. : Operational Stakeholder o "
(state policy) | Performance | Requirements . . Criteria Resiliency
Data Consultation | Consultation
Planning Analysis
Annual Capacity Area Customer Ad hoc 2050 Demand
Reviews Studies Studies Analyses Assessment

¥

Plan Development

Infrastructure Upgrades \ Non-Wires Alternatives \

Recommended Plan

These proposed investments will ensure that over the next five years we can deliver more than 1 GW of
capacity to support our customers’ adoption of electric transportation and building heating and enable
more DER on the system. But to achieve these results the proposed network investments need to be
made proactively, not reactively.

How energy efficiency, load flexibility, and other non-wires alternatives fit into the
Future Grid Plan

Through the Commonwealth’s investment in its nation-leading energy efficiency and demand response
programs, the Company has avoided significant demand growth over the last decade, keeping annual
load growth under 0.2% per year on average. By comparison, our forecasts show load growth starting
at 1.3% per year, ramping to more 3% annual average load growth over the 2025-2050.

The Company will continue to advance significant energy efficiency savings through Mass Save,
though more funding is expected to be targeted toward beneficial electrification. Concurrent with

these investments, we will increase load flexibility from demand response and EV managed charging
programs, though peak load impacts are forecast to be small in the next five years and will not have a
material impact on overall system capacity and operational needs. In the next investment period — six-
to-10-years—we anticipate more flexible load solutions to be available and more programmatic options
to emerge, particularly as investments in the underlying communications and technology integration
platforms materialize, allowing us to better manage and orchestrate these opportunities.
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We also recognize that on a localized basis, flexible load solutions could provide opportunities to defer
investments from the six-to-10-year time horizon to the following five-year period as well as meet more
immediate needs, where we will not be able to build or expand traditional network infrastructure quickly
enough to meet growing demand. To better understand the ability of these “bridge to wires” solutions
to deliver required localized capacity and operational needs, National Grid is proposing both near term
investments and pilots to advance these solutions through localized NWAs, including using distributed
solar and batteries to create “Virtual Power Plants,” and applying newly deployed AMI infrastructure to
advance TVRs and managed charging. A broader discussion on this topic is included in Section 6.

The Company’s investments will realize multiple outcomes for customers and the system

» Enabling an additional 4 gigawatts of capacity by 2035, enough to support an additional
1.1 million electric vehicles, 750,000 electric heat pumps;

» Upgrading hundreds of feeders to enable the connection of more clean distributed energy
resources; and

» Improving local air quality as more cars, buses and trucks are electrified.

The Future Grid plan investments will make the Company’s grid smarter, cleaner, and stronger

., Technology and Platforms

_’,c_ » Customer tools, data and information

Smarter » Telecommunications

P System automation

Network Infrastructure » Intelligence
Key Objectives
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» Hardening and select undergrounding R .
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Cleaner

Programs and incentives to
enable clean energy adoption

» Product and rate offerings to

manage customer costs
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As customers become more aware of and more educated on the emerging clean energy future,

they are developing new expectations on accessing energy use data, monitoring their consumption,
becoming more efficient, and participating more actively in energy markets. We anticipate customer
participation in energy markets will continue to grow, particularly with the launch of FERC Order 2222.

Our Future Grid Plan recognizes these evolving expectations as opportunities. The Plan meets

them through an integrated set of programs and investments that leverage communications and IT
technology upgrades, like Advanced Distribution Management Systems (ADMS) and Distributed Energy
Resource Management Systems (DERMS), which are currently being implemented. These IT platforms
better enable and optimize smart devices, EVs, and demand response, which will be incentivized both
in this Plan as well as through Mass Save energy efficiency and electrification programs.
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Proposed additional clean energy offerings to support ESMP objectives

Climate Ratepayer

Reliability RE / DER Storage Electrification
Impacts Impact

Scale and evolve clean energy
programs for Energy Efficiency,
Heat Pumps, and Demand Response ‘/ J

(through future separate filing)

\}
<

Scale and evolve Clean
Transportation Programs

<

Flexible Connections for EVs — Offer
commercial and fleet EV charging
customers to connect fleets in \/
advance of system upgrades in

constrained areas by allowing NG to
actively manage charging

Targeted Energy Efficiency and
Demand Response as Non-wire
Alternatives — Offer additional EE \/ \/ \/ \/ \/
and DR incentives to customers to
reduce peak load based on targeted
distribution network constraint

Virtual Power Plant as Non-Wires
Alternative — Aggregate BTM solar,

connected batteries and thermostats to J J J J J
deliver grid services based on targeted
distribution network constraint

Leverage Flexibility Market Platform for

Non-Wires Alternatives — Run auctions \/ \/ \/ \/ \/

for flexibility service products based on
targeted distribution network needs

Resilient Neighborhoods Program

— Develop and build solar + storage \/ \/ \/ \/

projects in EJCs to deliver resiliency
benefits (through future separate filing)

Time-Varying Rates — Offer customers
AMI-enabled rates that support smart
use of the grid and reduce the overall

costs of the clean energy transition J J J
(through future separate filing)

Acronyms - See Glossary in Appendix 14.0
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1.8 Climate impacts and building resilience

Climate change is already affecting the Commonwealth’s weather in dramatic ways. Historically, National
Grid’s system could expect four major storm events with significant outage impacts each year; now

the expectation has risen to ten storms per year. These storms can also be more intense and localized,
creating wind and flood damage. Higher summer temperatures and humidity levels are generating
multiple effects, from increased customer cooling saturation rates, higher cooling usage, higher summer
peaks, and de-rating transformer capacity. Winters, while milder overall, are also subject to ‘polar
vortex’ conditions that bring intense cold and snow, with corresponding outage risks and peak demand
impacts. While National Grid has maintained reliability at levels exceeding 99.9% of system-wide
availability, we recognize that such climate impacts present risks to sustaining our high levels of system
reliability.

At the same time, the Commonwealth’s climate and clean energy goals add potential system reliability
risks as we work to integrate grid-level renewable generation and storage, DERs, and new loads from
beneficial electrification. Distribution system resilience and reliability must address these among other
contributing factors, and National Grid has developed robust processes to respond to impacts on
distribution system performance. Accordingly, preparing for and responding to the potential impacts

of climate change is embedded in the way we plan, construct, and operate our system. As our
understanding of the magnitude, scope, and breadth of climate-related challenges matures, the flexibility
and robustness of the Company’s processes will allow additional measures to be developed and
implemented. Our approach to system reliability and resilience is summarized below.

The Company’s distribution system reliability and resilience initiatives

Regular reviews and updates of distribution construction standards
to address environmental change and its impact on system reliability
performance.

Distribution Construction
Standards

Developing long-term strategy, planning, budgeting, and delivery of the
vegetation management work plan to address vegetation impacts on safe
and reliable service.

Vegetation
Management

Practices and studies to identify existing and projected future system
performance concerns and the infrastructure development required to
address them.

Asset Management Practices
and Distribution System Planning

Infrastructure
Development
Programs

Programs designed to address the addition, replacement, and/or modification
of specific assets.

A Resiliency Strategy which establishes an approach to identify, prioritize,

Distribution Resiliency and mitigate Company circuits that have demonstrated historical resiliency
Hardening Programs challenges. The strategy focuses specifically on hardening the investments

that are anticipated to increase the resiliency of the distribution system.

Consider the impacts of climate change over the next several decades to
Asset Climate Vulnerability determine future risk to our built and future electric infrastructure. Identifying

Assessments climate hazards including flooding, heat waves and high temperature,
extreme wind, ice accretion, and wildfires.
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To identify climate hazard risk, the Company developed the Climate Change Risk Tool (CCRT). “Climate
hazard risk” relates to the physical and operational impact of changing climate hazards to our electric
assets due to increasing chronic hazards and intensifying extreme acute hazards because of climate
change. Climate hazard risk consists of three components:

I - I <

The CCRT is the first of its kind in the energy sector and will help our business accurately map how our
electric infrastructure may be impacted by climate hazards — such as floods or heatwaves — and to take
early preventative and adaptive measures to significantly lower the risk of disruption to power networks,
equipment, and communities, decades into the future.

Section 10 provides an overview of the approach the Company is taking to climate risk mitigation,
shows how we applied the CCRT in this Plan, and includes specifics actions we intend to take over the
next five years to make our system more resilient. For example, the Plan proposes a new demonstration
program targeting distribution circuits which have experienced large numbers of tree-related outages
over the last three years and increasing minimum clearances between vegetation and power lines.

We have also identified 13 substations as being at a high risk of flooding, which could damage critical
equipment such as transformers, circuit breakers, and relays, and we have included investments to
mitigate these impacts.

1.9 Workforce and societal benefits of a just transition

The investments made in the distribution network and customer programs through the ESMP will
enable a variety of environmental, climate, and health benefits. Benefits will be realized at local and state
levels through emissions reductions, improvements in air quality, and greater resilience.

In addition to energy and local environmental benefits, our Future Grid proposal is projected to increase
economic activity on the order of $1.4 billion and create an additional 11,000 jobs by 2030 throughout
the Commonwealth, because of the labor resources required in construction labor, engineering, and
planning and support functions to execute the Plan. These roles will include a mix of shorter duration
work to support the build out of the network in the first five to 10 years of the Plan, and operational
support function employment to support the network in operation. They will also include employees
operating and managing grid performance and communications and IT platforms, as well as in the
design and implementation of customer programs that support the electrification of heating and
transportation, DER deployment, and other programs envisioned by the ESMP.

In addition to the direct expenditures associated with the proposed network investments, increased
construction activities and infrastructure build-out will have positive tax and revenue impacts for some
communities that host the planned infrastructure. For example, today, National Grid pays nearly $240
million in state and local property taxes.
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National Grid recognizes these changes as an opportunity to provide opportunities to local communities
— particularly those that have not historically benefited from — or have been burdened by — such
investment. To enable this, National Grid has launched a multi-pronged workforce development pilot
program, focused on EJCs to provide the foundational training and education to create a talent pipeline
from these communities.

The Company’s workforce development strategy is built around 4 strategic pillars:

» Work-ready adults ready to reenter the workforce;
» College/university graduates starting their career;

» Traditional and vocational technical high school student passionate about learning in-demand skills;
and

» Middle schools that promote STEM awareness of the Commonwealth’s climate and clean energy
goals.

Workforce development pilot program academies

Energy Infrastructure
Academy

+ For Work Ready Adults
+ Up to 15 participants
+ ~200 hours of training

Academy Focus:

v Immersive upskilling

v' Training in high-demand,
high-value energy and utilities
skills

v' Enabling participants to apply
for full-time, competitive union
roles

Clean Energy
Careers Academy

« For College and University

« Up to 30 students
* 8-weeks

Academy Focus:

v’ Engage students about the energy
and utilities sectors

v’ Provide professional development

v Create connections that can lead
to future internships, Co-ops, and
full-time employment
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Clean Energy Tech

Academy

« For High School and VocTech
« Up to 50 students
« 3to 5-day engagement

Academy Focus:

v’ Explore energy and utility sector
careers

v Discuss different career
pathways at National Grid

v' Provide professional development

Clean Energy
STEM Academy
« For Middle School

« Up to 30 students
« 3to 5-day engagement

-

Academy Focus:

v Introduce students to National
Grid and energy career options

v Interactive / hands on sessions
about energy and utilities sectors

v' Discuss energy concepts (e.g.,
electricity, gas, renewable energy,
sustainability, etc.)



National Grid launched this pilot program in spring 2023, and and we have already hired 15 graduates
from our Work Ready Adults program. In our Future Grid Plan, we are proposing to expand our
Workforce Development Program to increase the number of individuals we put through this program.

The Company’s Future Grid Plan will deliver a stream of customer and community benefits

By 2030, jobs and &, 11K \ 1.4B

other economic g N Full- and 7 =] Incremental
oo - OBS part-time economic

benefits, including: jobs S S S

By 2035, 4 GW of 0O 1-1M ~=. 750K

new system capacity, é EVs Heat

enabling: : : — PUmes

1.10 Conclusion and next steps

The Commonwealth’s CECP is an equity-centered plan rooted in decarbonizing the electricity
consumed by EDC customers and using this clean electricity to power all aspects of the economy,
including homes, businesses, and transportation by 2050. Meeting the CECP goals requires all the
Commonwealth’s EDCs to develop comprehensive, thoughtful, and flexible plans that transform today’s
electric distribution grid, giving it new capabilities and expanding it at pace and scale to support this
future, which will result in a doubling of electric demand over the next 25 years and the need connect
and integrate at least 10 times the amount of renewable energy, 75 times the number of EVs, 150 times
the number of heat pumps, and 2 times the amount of energy storage than today.

By developing and submitting this Future Grid Plan as our ESMP to the GMAC, the Company is

taking a first step to defining the scope and scale of what we collectively must do over the next five,

10, and 25 years to combat climate change and enable a more electrified future. We are doing this

by identifying the system investments and changes needed in the electric distribution system to meet
growing demand, engaging broadly to stimulate ideas, and seeking input to ensure our investments are
responsive to and supportive of the needs and expectations of our all customers and communities and
make it easy to adopt the clean energy choices that work for them.
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As a next step, the Company will work with Until and Eversource to conduct joint, professional
facilitated technical sessions and other outreach to share our proposed plans, solicit feedback and
educate customers throughout the state about the ESMP process and what it means for their energy
future. We will take this feedback and incorporate it into our final submission to the DPU in January
2024,

Going forward, it will also be important to establish robust, consistent metrics to make our progress
transparent and hold us accountable to ourselves, our customers, and to the Commonwealth for the
proposed outcomes. Working with the Commonwealths’ other EDCs, we have identified the following
metrics to be further developed and ultimately tracked with specific indicators and reporting methods.

Metric Category Metric Description

Implementation Delivery of ESMP investments relative to established milestones

Customers benefitting from resiliency investment and improvements in relevant

Resiliency outage statistics

Electrification and DER

) i Amount of Electrification and DER capacity enabled on the distribution system
Hosting Capacity

Use of DER as a Grid Asset Amount of capacity enabling Grid Services and Flexible Load

Specific engagements with stakeholders including those in EJ, disadvantaged or

Stakeholder Outreach under-served communities

Together, we can make lasting changes that build a smarter, stronger,
cleaner and more equitable energy future that empowers all who call
Massachusetts home.
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Section 2
Compliance with the EDC requirements

outlined in the 2022 Climate Act

This section summarizes the statutory requirements and objectives for the ESMPs
outlined in the 2022 Climate Act and explains how the Future Grid Plan addresses them.




2.0 Compliance with the EDC Requirements Outlined in the 2022 Climate Act

The Company’s ESMP, this Future Grid Plan, has been developed to make meaningful contributions
to advancing state climate and energy policy goals articulated in Section 53 of Chapter 179 of the
Acts of 2022 (An Act Driving Clean Energy and Offshore Wind; the “2022 Climate Act”), as codified
in G.L. c. 164, §§ 92B and 92C. Massachusetts has been at the forefront of policy initiatives that
support the advancement of clean energy resources, electrification, reliability and resiliency,
decarbonization, and climate-driven economic transition. However, absent more accelerated
investments in the distribution system and the transmission system, where applicable, it will be
increasingly challenging to support these state climate and energy policy goals and increased
customer demand for electricity. The Company has been an active partner in achieving the
Commonwealth’s goals, including past efforts focused on grid modernization and distributed energy
resource (DER) penetration. Prior investments alone are not sufficient to achieve a comprehensive
and holistic transition to a decarbonized and electrified economy as envisioned through the
Commonwealth’s statutes and planning documents including the Clean Energy and Climate Plan for
2050. Accordingly, the Company’s ESMP is designed to address all elements of Section 53 of the
2022 Climate Act and propose specific investments and alternatives to investments that will advance
the intended purpose of enabling a just transition to a reliable and resilient clean energy future.

Purpose

In accordance with G.L. c. 164, § 92B(a), the Company’s ESMP has been developed to proactively
upgrade the distribution system (and, where applicable, the associated transmission system) to:

(i) improve grid reliability, communications and resiliency to all sub-regions (Sections 4.0, 6.0, 9.0,
and 10.0 on reliability and resiliency, and Sections 6.3 and 9.8 on communications); (ii) enable
increased, timely adoption of renewable energy and DERs (Sections 5.0, 6.0, 7.1, 8.0, and 9.0); (iii)
promote energy storage and electrification technologies necessary to decarbonize the environment
and economy (Sections 5.0, 6.0, 7.0, 8.0, and 9.0); (iv) prepare for future climate-driven impacts on
the transmission and distribution systems (Section 10.0); (v) accommodate increased transportation
electrification, increased building electrification and other potential future demands on distribution
and, where applicable, the transmission system (Sections 5.0, 6.0, 8.0 and 9.0); and (vi) minimize
or mitigate impacts on the ratepayers of the Commonwealth, thereby helping the Commonwealth
realize its statewide GHG emissions limits and sub-limits under chapter 21N (Sections 7.1

and 9.0).

The Company’s ESMP considers various information in order to propose investments and alternative
approaches that improve the electric distribution system in a manner designed to achieve a reliable
and resilient clean energy future. These proposed investments and alternatives aim beyond
traditional utility maintenance and upgrades, instead focusing on beneficial solutions for future
electrification, renewable and DER integration, decarbonization-driven economic and environmental
transitions, and customer empowerment.

Information Considered

The Company’s ESMP describes in detail each of the following elements, as required by G.L. c. 164,
§ 92B(b): (i) improvements to the electric distribution system to increase reliability and strengthen
system resiliency to address potential weather-related and disaster-related risks (Sections 4.0 and
10.0); (ii) the availability and suitability of new technologies including, but not limited to, smart
inverters, advanced metering and telemetry and energy storage technology for meeting forecasted
reliability and resiliency needs, as applicable (Sections 6.11 and 9.0); (iii) patterns and forecasts of
DER adoption in the Company’s territory and upgrades that might facilitate or inhibit increased
adoption of such technologies (Section 5.0 and 8.0); (iv) improvements to the distribution system
that will enable customers to express preferences for access to renewable energy resources
(Section 9.0); (v) improvements to the distribution system that will facilitate transportation or building
electrification (Sections 5.0, 6.0, 8.0, and 9.0); (vi) improvements to the transmission or distribution
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system to facilitate achievement of the statewide GHG limits under chapter 21N (Sections 5.0, 6.0,
7.1, 8.0, and 9.0); (vii) opportunities to deploy energy storage technologies to improve renewable
energy utilization and avoid curtailment (Sections 4.3.5, 4.4.5,4.5.5,4.6.5,4.7.5, 4.8.5, 5.2.5, 9.1.4,
and 9.6.2); (viii) alternatives to proposed investments, including changes in rate design, load
management and other methods for reducing demand, enabling flexible demand and supporting
dispatchable demand response (Sections 7.1.1, 9.1 and 9.5); and (ix) alternative approaches to
financing proposed investments, including, but not limited to, cost allocation arrangements between
developers and ratepayers and, with respect to any proposed investments in transmission systems,
cost allocation arrangements and methods that allow for the equitable allocation of costs to, and the
equitable sharing of costs with, other states and populations and interests within other states that are
likely to benefit from said investments (Sections 7.1.2 and 9.6). Additionally, the Company’s ESMP
identifies customer benefits associated with the investments and alternative approaches including,
but not limited to, safety, grid reliability and resiliency, facilitation of the electrification of buildings and
transportation, integration of DERs, avoided renewable energy curtailment, reduced GHG and air
pollutants, avoided land use impacts and minimization or mitigation of impacts on the ratepayers of
the commonwealth (Sections 6.3.1, 7.1.3, and 12.0).

Further, in this plan the Company complied with the requirement to prepare and use three planning
horizons for electric demand, including a 5-year forecast (Section 5.0), a 10-year forecast (Section
5.0) and a demand assessment through 2050 to account for future trends, including, but not limited
to, future trends in the adoption of renewable energy, DERs and energy storage and electrification
technologies necessary to achieve the statewide GHG limits and sub-limits under chapter 21N
(Section 8.0). G.L. c. 164, § 92B(c)(i) The Company also considered and includes a summary of all
proposed and related investments (Section 7.1), alternatives to these investments and alternative
approaches to financing these investments (Sections 7.1.1 and 7.1.2) that have been reviewed, are
under consideration or have been approved by the department previously. G.L. c. 164, § 92B(c)(ii).

Finally, the Company has submitted this plan and solicited input, such as planning scenarios and
modeling, from the GMAC established in section 92C, responded to information and document
requests from said council and conducted technical conferences and a minimum of two stakeholder
meetings to inform the public, appropriate state and federal agencies and companies engaged in the
development and installation of distributed generation, energy storage, vehicle electrification
systems and building electrification systems (Section 3.0). G.L. c. 164, § 92B(c)(iii).

Proposed Investments

The Company’s ESMP proposes discrete, specific, enumerated investments and alternatives to
meet the statewide GHG limits and sub-limits under chapter21N through enabling a just transition

to a reliable and resilient clean energy future. The proposal focuses on the 5-year and 10-year
horizon, while also discussing the policy drivers and groundwork needed for future investments

and alternatives in 2035-2050. While many of the proposals in the 5- to 10-year timeframe focus on
utility assets that are specifically needed for near-term increases in demand, the Company envisions
the 2035-2050 solutions set will integrate significant incentive design scenarios that will incorporate
significant developments in DR, load management, and other aggregated or system-wide
approaches. For all proposed investments and alternative approaches, the Company has identified
customer benefits associated with the investments and alternatives including, but not limited to,
safety, grid reliability and resiliency, facilitation of the electrification of buildings and transportation,
integration of DERs, avoided renewable energy curtailment, reduced GHG and air pollutants,
avoided land use impacts and minimization or mitigation of impacts on the Company’s customers.
The Company also considers how the proposed investments will impact the workforce, the economy
overall, and the population’s health.
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Section 3
Stakeholder Engagement

This section describes the Company’s stakeholder engagement process to develop
the Future Grid Plan, as well as the plan for future stakeholder engagement as the
Company transitions from planning to implementation.

Key Take-Aways

e The Company is here to serve the communities where it operates the electric
network, and it recognizes that building understanding and trust with all stakeholders
(customers, communities, policymakers, public officials, and non-governmental organizations)
is critical to a successful clean, fair, and affordable energy transition.

e Throughout the planning process the Company has engaged broadly and deeply —
the Future Grid Plan reflects that engagement and involvement.

¢ |n conjunction with the other EDCS, the Company has robust plans to continue this
engagement so that it can make the investments and choices that its communities
want and need.

e The Company is focused on ensuring that the clean energy transition benefits all,
especially those communities which have historically experienced a disproportionate
impact from the fossil-based economy.




3.0 Stakeholder Engagement

Engaging and building understanding and trust with stakeholders is critical to achieving the
Commonwealth’s climate and clean energy goals. This includes engagement with customers,
communities, policymakers, public officials, non-governmental organizations, and technology
providers, among others; all of whom are both impacted by and important contributors to the fair,
affordable, and clean energy transition.

Stakeholder engagement is also paramount to the Company’s ability to successfully develop and
execute its Future Grid Plan. To ensure the necessary perspectives are gained to inform Future Grid
investment plans, the Company is taking steps to identify, map, and understand the best ways to
engage and communicate with stakeholders on an individual and collective basis. This includes
leveraging available resources and forums, beginning with the GMAC, members of the public, and
experts who have participated in the ESMP process thus far.

Additionally, the Company has conducted direct outreach to multiple stakeholders across the service
area and throughout the Commonwealth. Plans are underway to do more, including conducting the
technical stakeholder sessions required by An Act to Drive Clean Energy and Offshore Wind jointly
with Eversource and Unitil. The technical sessions will be professionally facilitated by a

third-party that will develop a report documenting stakeholder feedback to be submitted with the
EDC'’s final ESMP submissions to the Department in January 2024.

Consistent with Eversource and Unitil, the Company’s approach to stakeholder engagement is rooted
in the following:

v b Building a shared understanding among stakeholders regarding the electric grid,
?' ?: ? the goals of electric sector modernization plans, and how these investments will help the
.I"J-L'-F_rl-"l. Commonwealth meet its climate and clean energy goals.

Developing collaboration by engaging stakeholders and establishing conversations to
discuss the insights and initiatives required to deliver a smarter, stronger, and cleaner
energy future and just transition, in ways that are relevant to them and meet community
needs.

Tailoring outreach and stakeholder engagement plans to support local ESMP projects,

elicit and incorporate customer feedback, and identify community concerns and needs.
((( ))) This will include a community-centric, culturally competent, and respectful approach to

educate community members about the upgrades being made to the grid and the
A outcomes and tangible benefits they will deliver, and impacts.

The Company recognizes that as outreach is conducted, feedback received, and trust is
sought, the Company must pursue engagement in ways that keep communications simple, relevant,
and timely, and that are also inclusive, accessible, open, and collaborative.

To do this, direct dialogues and meetings are being held in both facilitated forums and one-on-one
settings. Multiple and diverse communication channels are being leveraged through earned and paid
media platforms, translating facts sheets and videos into multiple languages, and building digital tools
such as websites and social content to provide all customers access to information about the ESMP
process, the Company’s plans, and ways to provide input.
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Exhibit 3.1: Example of Future Grid Plan Stakeholder Materials
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While the Company is broadly reaching out to multiple stakeholders, engagement is being
emphasized with customers and communities that traditionally have not been fully or formally
represented in proceedings at the Department or in processes like these (e.g., EJ and LMI
communities and constituencies, municipalities, small businesses, labor).

In addition, the Company is leveraging existing data and customer research to better understand,
across various customer segments, the outcomes Company customers want and concerns they have
regarding the energy transition. This includes engaging with the Company's Customer Council
(NGCC), which provides insights into customer needs and expectations that are helping the Company
to make data-driven decisions.

In advance of this filing, to ensure that the submission being developed was taking into consideration
the expectations, concerns, and needs of the Company’s various stakeholders, extensive stakeholder
outreach was conducted to build understanding of what the ESMP is, why it is being filed, and how
stakeholders can engage in the process. To date, the Company has met with more than 20
municipalities, 10 business organizations and dozens of their members, representatives of EJCs,
energy assistance providers, organizations representing generators, renewables, DER providers,

EV providers and other technology providers, state officials, and housing developers.

A list of the stakeholders the Company has engaged is included in the Appendix.

As projects described in this ESMP move forward, the Company will work to ensure that there are
significant energy and environmental benefits, with particular emphasis on electric service reliability,
advancing clean energy, and reducing emissions, particularly in EJCs. Today, many EJCs in the
Company’s urban areas experience higher levels of reliability than other communities, resulting from
underground distribution feeders and sufficient capacity at substations. However, other EJCs require
investment to upgrade or expand electric infrastructure to increase grid reliability and increase hosting
capacity, which will enable the connection and integration of more renewables and electrification in
these areas. EJCs may particularly benefit from transportation electrification, which will have local air
quality and health benefits. Proactively soliciting feedback and engaging communities in the
decision-making process on ESMP projects will be paramount in ensuring successful outcomes.

As we work to advance a clean energy transition that centers around equity and EJ, the Company is
focused on two key tenets when engaging with stakeholders and advancing investments and
initiatives:
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Procedural equity Distributional equity

To ensure that stakeholders and communities To ensure that the clean energy transition is
impacted by energy projects and programs are implemented in a way that drives equitable
provided the necessary information and a outcomes including the equitable realization
meaningful opportunity to participate in and of the benefits and burdens.

inform project development and implementation.

The Company has included in the Appendix a Draft Equity and Environmental Justice

Policy and Stakeholder Engagement Framework to operationalize these tenets. This draft
framework is intended to articulate the Company’s commitments to centering equity and
environmental justice. The Framework builds on the Company’s existing formalized outreach
and engagement practices, and incorporates input received from EJ stakeholders to date and
recommendations included in recent studies and reports published by EEA and the Attorney
General’s Office (AGO). This draft framework is being included with the Company's Future
Grid Plan submission to the GMAC to solicit additional feedback prior to submitting with the
final Future Grid Plan filing to the Department in January. The Company will also be engaging
directly during this period with representatives of EJCs.

Finally, the GMAC and its members have helped inform the Company’s approach to stakeholder
outreach and engagement and provided feedback on the Company’s proposed approach and best
practices from around the country.

Going forward, the Company will continue to leverage established communications channels, pursue
direct engagement, and supplement this engagement with larger dialogues and meetings in both
facilitated forums and one-on-one settings.

The Company is committed to doing things differently to make decisions collaboratively.
The remainder of this section provides additional detail on its outreach, education, and engagement
strategies by stakeholder segment, key takeaways to date, and next steps.

National Grid Environmental Justice Policy and Engagement Framework

The Company’s commitment to Company customers and communities begins by providing safe,
reliable energy while transitioning to a cleaner energy future. To ensure reliable service, the Company
invests in targeted infrastructure projects. The Company’s public engagement team is committed to
two-way communication in sharing information and addressing stakeholder concerns from the initial
planning phases through construction and restoration. The Company is transparent throughout the
lifecycle of projects by providing opportunities for stakeholders to connect with project teams, receive
timely communication, and engage in the development and approval process.

The Company is developing an Equity and Environmental Justice Policy and Framework to ensure
members of these communities are given a voice and agency with respect to the siting and other
construction details of major infrastructure projects necessary to facilitate an equitable clean energy
transition that is proposed in the Future Grid Plan. The Company’s engagement with EJCs around
major infrastructure projects that are part of the Future Grid Plan will also include consideration of the
Company’s workforce development programs. The Policy and Framework is informed by input from
EJ organizations, which have provided valuable guidance on how best to communicate with
historically marginalized communities. The Company will continue soliciting feedback as the Policy
and Framework is refined and finalized, including from the GMAC and Equity Working Group.
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The Company’s stakeholder engagement efforts are guided by the following principles:

e Collaboration. Working with communities to build understanding of the investment options
available. Without working together across all channels, success cannot be realized.

¢ Communication. Every day, the Company is building new avenues of outreach utilizing
available tools — from traditional media, email alerts and in-bill messages, to door hangers,
advertisements, texts and more — the goal is to reach every stakeholder where they are and
in the language in which they are most comfortable communicating.

¢ Incorporation of Feedback. The Company is committed to not only soliciting input from
stakeholders and customers but using that information to inform Company policies and
projects, by bringing customers and communities in at the front end of decision making. The
Company must be flexible enough to modify the approach as new information and feedback is
available. It is critical that community members understand and have agency in the process,
have avenues to make their opinions known, and — most importantly — see their input realized
in Company policies and projects

e Obtaining Equitable Outcomes. Every community across the Commonwealth will require
infrastructure investment in order to fully benefit from the clean energy transition. The
Company is committed to ensuring that affected communities realize the benefit of Company
projects, including health, equity, and economic benefits.
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3.1 Customer Outreach

The Company’s customers are extremely diverse and have varying levels of interest in and
understanding of the clean energy transition, how they can participate in it, and what the
benefits will be.

Exhibit 3.2: Customer demographics, including spoken language,
household income and ethnicity/race

Bennngion
Brtlkeborn

whillima ntic

Flairfield
% of Households Speaking Non-English
Languages in Massachusetts across all EDCs

v v v b 4 ~
0 401%-763%  251%-40% 101%-25% 51%-10% 1%-5%

New Haven

National Grid Electric Households by Income

National Grid Electric Customer Population by Ethnicity/Race

>$200K
® 677% White
SHENCAZ008 @ 13.72% Hispanic or Latino
$50K-$100K @ 6.40% Asian
$15K-$50K @ 5.93% Black or African American
@ 4.71% Two or More Races

<$15,000 1.54% Other

30% 25% 20% 15% 10% 5%

Company customers are also diverse in how they receive and consume information, and their
channels of choice. Multiple methods are used to engage various customer segments, including
earned and paid media, and using a diversity of media outlets, including those that target specific
communities. The Company leverages social media and online platforms — including the website
www.nationalgrid.com/ — weekly and daily newspapers, and radio. The Company’s communications
team has created a robust media plan that includes a mixture of paid placements and earned
opportunities in a variety of online and traditional channels — including The Boston Globe;
CommonWealth Magazine; the Worcester Telegram; and ethnic media, including, but not limited
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to El Mundo; La Voz; the Bay State Banner; and Telemundo/NBC Boston. The Company's goal is to
reach the broadest possible audience to ensure they are educated, informed, and engaged in the
state’s clean energy transition and the Company’s plan to help facilitate it.

In addition to general communications, the Company is working with business and community
organizations and local chambers of commerce to connect with and engage with specific customer
segments, such as retail, restaurants, academic institutions, non-profits, housing and commercial
developers, and tailoring materials to make them relevant to these groups and their members to
better elicit feedback. Finally, in-person events are being held to solicit input from Company
customers. Feedback is also solicited through focus groups, customer satisfaction surveys, and
targeted research to create a holistic perspective.

The Company also receives valuable input from the NGCC, which provides customer-driven insights
that allow the Company to keep its finger on the pulse of customer needs and expectations. Members
provide feedback on new product innovations, projects, and rate changes. The Company has been
engaging with NGCC members to solicit important customer insights and concerns related to the
investments needed to successfully reach the State's ambitious clean energy goals. Below are some
examples of responses received:

o “Outage prevention would help everyone in the community significantly — especially during the
winter months and extremely hot summer days.”

o “All electric sounds great. However, the infrastructure must be there to support this. For
example, we have an electric car. We also have a gas-powered car because we cannot rely
on access to EV stations.”

e “Robust and sustainable are two excellent worlds for what our power grid should look like.
With a reliable power grid, we can all feel safer in our homes and workplaces. Progress (of
the sustainable kind) will depend on a secure and available electrical supply.”

3.2 Municipal Outreach

Engaging and deepening relationships with local leaders is a critical part of the ESMP process and
essential for collaboratively and successfully executing the Company’s Future Grid Plan. Local
communities want to be a part of the decision-making process when choosing infrastructure locations.
They want to understand the ‘why’ and ‘what’ and then be involved in the determination

of the ‘where’ and ‘how’.

The Company provides electric service to 168 of the 351 towns and cities in the Commonwealth.

The infrastructure investment needed to reach clean energy goals will occur at the local level, which
requires close coordination with local municipalities on community outreach and engagement around
specific projects, obtaining local permits and permissions to do work in municipal rights of way and
streets, and ensuring that construction timelines are such that they do not interfere with or complicate
major municipal priorities, including the municipalities’ own infrastructure work.

These same municipalities are also Company customers. Many have their own climate and clean
energy goals, some of which have stated greenhouse gas reduction targets or detailed
decarbonization plans. In addition to clean energy, local towns and cities have economic
development goals and housing needs.

To better engage with and understand the interests of each town and city and their constituents,
the Company is in direct dialogue with municipal leaders, including individual mayors and energy
managers. The Company also engages with municipalities through organizations such as the
Massachusetts Mayors Association and Massachusetts Municipal Association. In addition, direct
outreach was conducted in advance of this filing to the towns and cities identified as having
substantial infrastructure investment needs (e.g., expanded or new substations) included in the
first 10 years of the Company’s Future Grid Plan.
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3.2.1 State Agency and Stakeholder Outreach

In recognition of the scale and importance of the State’s clean energy goals, as well as the inaugural
nature of the ESMP process, the Company has been assiduous throughout this effort in reaching out
to pertinent state-level agencies, decision makers, and elected officials. The goal has been to ensure
that the Company is on the right track with both its investment planning and outreach framework, with
an eye toward minimizing customer impact while maximizing customers’ ability to benefit from and
participate in the clean energy transition. Meetings have taken place with the following:

e State AGO

e Massachusetts Department of Transportation (MassDOT)
e Executive Office of Economic Development

o Executive Office of Energy and Environment

o Office of Climate Change and Resilience

e Massachusetts Department of Labor

In addition to the above, the Company has engaged with the Department of Energy Resources
(DOER) Commissioner’s office, and with the chairs of legislative committees that oversee energy-
related issues, who have interest in the ESMP filing and/or will take an active role in implementing
and/or overseeing the clean energy transition.

This outreach is built upon the existing feedback and comments received via the members of the
GMAC and the process for collecting public comments in these sessions. As of August 2023, the
GMAC topics have included distribution planning, load forecasting, review of active EDC dockets,
stakeholder engagement, equity, DER integration, and cost allocation.

3.3 Environmental Justice Community Outreach

The Company serves many gateway cities and communities throughout the Commonwealth,
including Brockton, Quincy, Worcester, Lynn, Lowell, Lawrence, Haverhill, and North Adams. These
towns and cities have large EJCs, as defined by the Commonwealth and identified in census data.
The Company recognizes that a significant portion of Company customers live in EJCs, which are
disbursed throughout the Company’s service area, as shown in Exhibit 3.3 below.
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Exhibit 3.3: Environmental Justice Areas

Environmental
Justice Areas

Earlier this year, the Company participated in a dialogue with a broad group of environmental and
social justice stakeholders focused on energy equity and justice. Participants included those from
labor, government, direct service and environmental organizations, energy advocates, technology
providers, and representatives of academic institutions, among others. While this engagement was
not specific to the Plan or ESMP process, it informed Company efforts to drive equity and address
energy burden through current outreach and engagement efforts, elements of this Plan, and other
actions the Company will be proposing as part of its rate review to be filed in November with the
Department. In addition, the Company has also met with members of the EJ Table, both collectively
and individually, the Office of Assistant Secretary for Environmental Justice at EEA, and municipal
leaders that represent large EJ constituencies, and had an opportunity to participate in a recent
Advanced Energy Group convening on equity and public health vis-a-vis grid modernization. The
Company has also reviewed and considered feedback and recommendations included in both the
Executive Office of Energy and Environmental Affairs, December 2022, Clean Energy and Climate
Plan for 2050 (CECP) and the Office of the Attorney General, May 4, 2023, Group Convened by
AG’s Office Releases Recommendations to Improve Public Participation in Energy Proceedings.

Within EJCs, there are customers that are low- and moderate-income, non-English speaking, new
immigrants, and/or from minority populations. EJCs are not monolithic and the Company’s approach
to EJCs both as a whole and related to individual customer segments is intentional, tailored, and
relevant.

LMI Communities: Low- and moderate-income energy customers in the Commonwealth face among
the highest household energy burdens in the country, given the region’s climate and energy prices.
Today, approximately 475,000 Company customers qualify for some form of energy assistance.

A wide range of assistance programs are available, but two key problems are apparent:
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e Low Enrollment: Enrollment levels in programs vary widely, with the most well-subscribed
programs reaching about one-third of eligible customers.

e Inequitable Assistance: The largest assistance program — the R-2 low-income rate structure —
provides significant assistance but was not designed to equitably reduce energy burden.

In early 2022, the Company engaged E-Source, a research, consulting, and data science firm, to
conduct an ethnography study to help develop a deeper understanding of the Company's LMI
customers and to create a forward-thinking, multi-faceted customer experience strategy (see graphic
below). Four customer cohorts emerged from the ethnography study. The study results provide
important insights into the LMI customer segment. The Company learned that LMI customers both
worry about their ability to pay their bills and are interested in making EE improvements, with overall
bill affordability as their biggest driver.

Exhibit 3.4: The Company’s Customer Experience Strategy

Regulatory &
Stakeholder
Engagement

Clean Energy
Solutions

Customer Program
Experience Administration

The Company also reached out to AARP as part of its ESMP stakeholder engagement process to
gain insights into the unique needs and circumstances of the energy burdened senior population.

Broad alignment and collaboration are needed to continue to advance and modify existing programs
to increase enrollment and reduce energy burden, particularly for moderate income customers, that
may not qualify under today’s income-eligibility guidelines. The Company will be filing a proposal in
the upcoming rate review filing to help address both energy burden and low enroliment, but more
needs to be done both from a regulatory and policy change perspective.

While these proposals are pending, to reach eligible customers and raise awareness of available
assistance and elicit feedback from these same communities on the energy transition, the Company
will continue to work in partnership with energy assistance organizations including Community Action
Program (CAP) partners, Community First partners, the AGO, and trusted nonprofits that reach these
same populations, such as food banks and pantries and organizations that provide family support
services. The Company will also continue direct engagement with municipalities that have high

EJ populations including partnering to hold in-person Customer Energy Savings Events throughout
the Commonwealth and use these events to educate these communities on the Company’s Future
Grid Plan.
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Non-English-Speaking Communities: Roughly 23% of residents speak a language other than
English at home. In the Company’s service area, the communities with the highest representation of
non-English speaking communities include Lawrence, Lynn, Revere, Southbridge, Everett, Methuen,
Worcester, and Haverhill. Many non-English speakers are new immigrants, and thus have cultural
norms and practices that may vary from the prevailing culture in the broader community, requiring
different and culturally sensitive methods of engagement and outreach. A particular community’s
culture and background will influence the nature of the relationship both with the Company and to a
particular project or program. Therefore, educational outreach and engagement must be language-
friendly and mindful of cultural nuances. The Company will translate all pertinent publications —
particularly related to affordability, energy conservation, and bill management - and identify and work
with community members, leaders and third-party partners who are trusted organizations within these
communities as the Company conducts its outreach.

g inimm e weaeecsn2tonalgrid - For example, for the Geothermal Demonstration Program in
Lowell, the Company recognized the importance of both using
g S trusted voices and in-language communication to engage
customers. Lowell is a diverse community with a large
Cambodian population. To reach customers in the Geothermal
Demonstration Program area, the Company partnered with the
City of Lowell to conduct initial outreach and followed with a
postcard mailing translated into four languages.

The postcard mailing was intentional, eliminating the need for an envelope, as concern was
expressed that an envelope with a Company banner could be mistaken as collection activity.

Minority Populations: Approximately one-third of the State’s residents are minorities. And,

while some minorities are non-English speakers and/or new immigrants, many come from
multi-generational families and have deep roots in their communities but may nonetheless receive
information and respond to outreach via a defined subset of trusted voices and media outlets.
Company outreach and engagement plans will be intentional in this respect, relying on trusted
community partners, faith-based groups, individuals and targeted outlets, such as social media
outlets, Google search & advertising, YouTube, targeted print media, and other media channels
to reach individual customer segments and groups.

The Company recognizes that historically EJCs have borne the highest energy burdens and been
disproportionately impacted by the fossil-based economy. As the Company prioritizes stakeholder
engagement efforts, building relationships with EJCs will help ensure the equitable and successful
implementation of the Future Grid Plan. As outlined earlier, a formal Equity and Environmental Justice
Policy and Engagement Framework is being developed, as well as a complementary policy and
framework focused on Indigenous Peoples. The Company will seek feedback from those
communities prior to finalizing.

The Company’s intent is to include these policies in the formal filing of this plan with the Department
in January 2024. This is a top priority, and in recognition of the need to build and maintain these
relationships, the Company plans to engage with these and other key stakeholders throughout the
clean energy transition to ensure the Company remains responsive to challenges, needs, and
concerns as they develop.
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3.4 Stakeholder Meetings and Information Exchange

To date, the Company has held dozens of meetings specific to the ESMP process, touching hundreds
of different stakeholders directly. These meetings have previewed the overall approach and elements
of the Company’s Future Grid Plan to elicit feedback on plan elements, overall areas and issues of
need and concern related to the just energy transition, and to ask for assistance and ideas as to how
to better reach and engage with customers, communities, and other stakeholders important to this
process. The Company has also engaged with and received feedback on various plan elements,
including stakeholder outreach and engagement, from members of the GMAC and public participants
through that process. These meetings have been conducted both in person and virtually.

Going forward, meetings the Company has planned specific to the ESMP include:

e Two technical conferences to review the Company’s proposed Future Grid Plan, held in
coordination with Eversource and Unitil and professionally facilitated by a third party. These
technical sessions will be targeted for November, recorded, and made available on the
Company's website. The Company will also work with Eversource and Unitil to ensure the
availability of translation services. (Please see Section 3.10 for additional details on these
sessions.)

e Live and pre-recorded webinars that provide opportunities for the public and all stakeholders
to submit questions and feedback.

e Sponsored forums, including those hosted by business organizations, local chambers, and
news services.

e Legislative, agency, and municipal briefings.

e Participation in relevant conferences focused on clean energy and climate change.

e Hosted tables at local, in-person Customer Energy Savings Events, which are held in
coordination with agencies and organizations that support the Company’s LMI customers and
communities, with a focus on EJCs. A listing can be found at www.ngrid.com/heretohelp.

3.5 Stakeholder Input and Tracking

The Company continues to identify and meet with stakeholders and track each engagement in a
spreadsheet that enables us to capture feedback in real time. The spreadsheet is maintained by
Company team members and shared with the broader team that has worked to develop the Future
Grid Plan. As more engagements occur, including those specific to the Company’s proposed Plan
elements and projects, the tracking tool will be modified to classify comments and target areas of
specific interest/concern by each stakeholder so areas of commonality and differences can be clearly
identified across all stakeholders, by stakeholder grouping, and by geography. An online option

for stakeholders to directly provide Plan feedback to the Company will also be available on the
Company’s website. Information collected through this portal will also be tracked in the tracking
document.

Finally, as the Company transitions to implementing and executing the Future Grid Plan, broad
engagement and direct outreach will occur to communities that the Company has identified as
needing system upgrades in the next 10 years. The Company has a dedicated team that focuses on
community and municipal outreach and engagement surrounding lager capital infrastructure projects.
This team has an established process for education and engagement that aligns with the
requirements of MEPA and which will be enhanced by the Equity and Environmental Justice Policy
and Stakeholder Engagement Framework, once finalized and operationalized.
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The Company is undergoing a review of that engagement process now and with the intent of making
it more proactive, robust, and inclusive. The Company is also looking at best practice engagements,
including the Company’s approach to projects for which Infrastructure Investment and Jobs Act grants
are being pursued. This includes Brayton Point and Twin States Clean Energy Link, and the
Company’s work on the Geothermal Demonstration Program in Lowell, and taking lessons learned
from those engagements to better inform the stakeholder process going forward, with a particular
focus on EJCs and how to develop community benefit plans collaboratively.

3.6 Key Takeaways from Stakeholder Engagement

The dialogue the Company has held with stakeholders to date has been robust and facilitated by a
discussion presentation. The purpose of the engagement to date was to build understanding and
begin to identify ways in which to develop collaboration channels going forward. Key takeaways from
the stakeholder engagement the Company has undertaken to date include:

e The importance of a deliberate transition. Stakeholders emphasize the need to start
engagement and planning with impacted communities and customers early in the process to
ensure that concerns are being captured and addressed, and that agency is provided in
siting decisions, coordinating work with municipalities and impacted customers, communities
and neighborhoods, and identifying opportunities and avenues for partnership and shared
benefits, particularly for those communities that will either continue to host significant energy
infrastructure and/or are identified as needing new energy infrastructure investment. This
includes working with trusted community partners throughout the process. Additionally,
several municipalities viewed the clean energy transition as an opportunity to meet many of
their own clean energy and economic development goals, by leveraging the proactive build
out of the Company system to support municipal needs. For example, some municipalities
are interested in creating electric-ready zones in their communities to attract new business.
Similarly, the need for a deliberate transition was front-of-mind for Company labor partners.
The Company works with 15 unions, both on the gas and electric side of its business. Issues
related to training, workforce availability, and the need to maintain the safe and reliable
operation of both systems were raised as paramount, with concern that these issues are not
at the fore of policy and implementation discussions.

e The need to maintain an affordable and reliable energy system. Affordability and
reliability are different goals, and each can mean different things depending on customer
segment and economic circumstances. However, both are top of mind for many engaged
stakeholders. The need to focus more holistically on overall energy burden and increase
enrollment in existing affordability and assistance programs was raised several times, as
well as the need for alternative rate structure and designs that can allow customers to better
manage energy use and costs. In addition, engaged stakeholders expressed support for
programs that provide value streams for various demand management and customer-owned
solar and storage." The vast majority of stakeholders focused on the need to ensure the
system was resilient and able to respond quickly to any event, particularly as the economy
becomes more electrified. Many stakeholders commented that current system reliability and
storm response was good and wanted to ensure it was maintained through the transition.
For businesses for which electricity is a critical input, such as healthcare and biotech, power
quality was top-of-mind and system resilience and redundancy was paramount, as the cost of
momentary outages, whether they are a few seconds or a few minutes, cause financial and
operational challenges and risk.

" The Company will be proposing program and process changes in its upcoming Massachusetts Electric Company rate review filing to
address this feedback as well as through the Mass Save 3-year program cycle review for 2025-2028.
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e The challenges customers and technology providers face challenges today to
interconnect to the Company system timely and affordably. Stakeholders emphasized
the need to make it easier to do business with the Company. This issue was particularly
acute with housing and commercial real-estate developers as well as DER providers. There
is a recognition that the Company is working to shorten time frames, secure the necessary
supply chain and make processes easier, but many stakeholders felt that more needs to be
done, particularly as the pace of electrification and clean energy deployment accelerates,
driven by policy and changes to building codes and standards, such as the Opt-In Municipal
Stretch Codes and the prohibition on the sale of internal combustion engine vehicles by
2035. DER providers, housing developers, large customers and economic development-
focused organizations want more timely and dynamic information on available grid capacity
to host their projects, building off existing hosting capacity maps provided by the Company.

¢ The benefits of Mass Save and the need for other programs that provide financial and
technical support to pursue clean energy and energy efficient solutions. Stakeholders
also raised the need to expand those programs and make them more bespoke and targeted
to individual customer segments and circumstances, including small business, commercial
real estate, academic institutions, LMI customers, and municipalities. For example, many
municipalities are concerned about the costs of the energy transition and ability to participate
fully, not only for their own facilities, but also on behalf of their constituents. They are
concerned about the challenges aging housing stock presents to weatherization and EE
efforts, including retrofitting to install electrification technologies like heat pumps. Every
municipality that is currently a participant in the Community First program raised the
importance of the Mass Save program and the need to expand and increase funding for
the program. Many municipalities also raised the need for additional support for fleet
electrification, including technical support and support identifying and securing available
state and federal grants to reduce the costs of the transition.

3.7 Future Stakeholder/Community Engagement Process (Forecasting, Solution
Alternatives, Community Impacts)

Making initial contact with key stakeholders and the public was the first step in an ongoing process.
The Company will continue to expand its connections throughout each community. As described in
Section 3.6, additional stakeholder meetings are planned for the coming months.

The Company will further educate communities and stakeholders about the nuances of the ESMP
and thought process regarding needs (e.g., new substations, miles of hardened distribution lines,
and a variety of interconnections required to incorporate DERs into the grid). Company efforts will
be informed by both its own Draft Equity and Environmental Justice Policy and Stakeholder
Engagement Framework, as well as the Community Engagement Framework that will be jointly
implemented with the other EDCs, per Section 3.10 below.

As the Company looks to how these investments will be made in the years ahead — to both fund
and implement them — the Company fully understands the value of continuing engagement with
customers and communities to ensure all residents understand how their energy system impacts
them, and that the Company understands how to better serve them. Conversations are lengthy
and substantive, and discussions are ongoing, but once the Company reaches a place of mutual
understanding, it will be best positioned to work together to achieve the State’s climate and clean
energy goals while preserving reliability and keeping costs in check.
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3.8 Ongoing and Newly Proposed Stakeholder Working Groups

The Company will continue to leverage existing groups and structures, including the Customer
Council and DER collaboration groups such as the Technical Standards Review Group, Energy
Storage Integration Review Group, and Interconnection Implementation Review Group and the EEAC
Equity Working Group, as well as direct outreach to engage stakeholders and communities impacted
by the clean energy transition, broadly, and the Future Grid Plan directly. The Company has several
engagement events planned in the coming months, both as the Company and in coordination with the
other EDCs.

For example, the Company and the other EDCs are committed to hosting two stakeholder workshops
in the fall of 2023 as part of the ESMP filing process. Stakeholder engagement should be robust and
proactively soliciting feedback is critical. The fall workshops will be conducted in the following
manner:

e Stakeholder attendees will be pre-determined in consultation with the GMAC.
(Note, members of the public will have the opportunity to provide public comment and
feedback as part of the GMAC’s two public comment listening sessions held in October, and
the Company will continue to conduct outreach directly with a broad set of stakeholders
throughout the service area.)

e Professionally facilitated

e  Workshops will be hosted virtually, at times recommended by the GMAC or Equity Working
Group, with language translation services

e Used as an opportunity to further educate stakeholders and gain feedback from the voices of
the community.

e The EDCs, working with the facilitator, will track all recommendations and develop a
formalized feedback loop for increased transparency

¢ All recommendations will be shared with the GMAC.

Proposed Community Engagement Stakeholder Advisory Group

In addition to the two fall stakeholder workshops, to further inform EDC engagement efforts around
proposed projects from Section 6, the EDCs are proposing the development of a new Community
Engagement Stakeholder Advisory Group (CESAG). The CESAG will allow for a structured
opportunity for the EDCs to develop a comprehensive community engagement and community
benefits agreement frameworks that will a) enable increased transparency and stakeholder
understanding of the complex electrical grid and EDC distribution planning process through
establishment of a repeatable community engagement platform and b) ensure communities that host
new substations and associated network infrastructure directly benefit from this clean energy
enablement infrastructure. The CESAG will help to ensure that historical obstacles to stakeholder
engagement such as language barriers or the location/time of engagement sessions are addressed to
ensure the widest possible level of community participation.

Members and Meeting Frequency:

e Composition of the CESAG members would be agreed upon by members of the GMAC but
would be led by the EDCs, a set number of GMAC members, and community-based
organizations.

o CESAG by-laws will be developed by the EDCs with input from the GMAC

e CESAG would begin meeting in February 2024 and meet two times per month for 4 months to
develop the Community Engagement and Community Benefits Frameworks, finalized by the
end of Q2 2024.

e Once the frameworks are established, periodic review of these frameworks would be
conducted
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e Frequency of future meetings would be determined by the CESAG as applicable
e Meetings will be professionally facilitated

Community Engagement Framework

To meet the objectives of the Commonwealth laid out in An Act Driving Clean Energy and Offshore
Wind, as proposed in this Future Grid Plan, it will be critical to build new distribution infrastructure

to accommodate higher penetrations of clean energy and electrification. This new infrastructure
needs to be built relatively quickly in order to meet the Commonwealth’s overall decarbonization
goals and the near-term interim CECP emission reduction targets. Given the need to execute all
Department-approved ESMP-related projects — the Company’s and those proposed by the other
EDCs — the first mandate of the proposed CESAG would be to develop a Community Engagement
Framework that can be used by the EDCs as an overall guide to working with all potentially impacted
communities and stakeholders prior to projects (from Section 6) going before the Energy Facilities
Siting Board. This framework will be co-developed and informed by a partnership between the EDCs
and key community-based organizations, and the Company’s broader Equity and Environmental
Justice Policy and Framework, as well as similar policies of Eversource and Unitil.

At their core, the EDCs are providers of safe and reliable energy. As the EDCs collectively continue to
build and enhance their community engagement efforts, it is important the EDCs remain informed by
the voices of their communities. This goal will be further supported by partnering with community-
based experts as part of this process. The best path towards successful and clear community
engagement is to have a governing framework co-developed by those stakeholders that live in and
engage with communities on a daily basis, and which can be used to help the EDCs in efforts beyond
ESMP-related projects.

The EDCs are not presuming the final outcome, but hope that the community engagement framework
would enable the following:

e Guide the EDCs on best ways to inform and educate communities about the electrical
distribution system

e Identify opportunities to support organizations that could help to further cultivate trust
and community engagement and/or participation.

e How input should be solicited and responded to

e Principles for EDC outreach and equitable engagement efforts during project development
including recommendations around producing non-technical abstracts about proposed
projects that can be disseminated to community members and other ways to provide critical
information about the impacts and benefits of projects to the public.

o Define key stakeholders, by categories and specific organizations in specific regions of the
Commonwealth.

The goal is for the EDCs to follow a framework co-developed with community partners to allow for
greater community understanding and engagement around projects in Section 6. This will help
advance critical projects necessary as part of the ESMP to accelerate decarbonization in the
Commonwealth. As the EDCs continue to learn and grow, the CESAG can continue to identify ways
the EDCs can adjust outreach and engagement strategies in response to feedback from partners,
allies, and communities.

Community Benefits Agreement Framework

To ensure that communities that host clean energy infrastructure directly benefit from the
infrastructure, collaboratively designing and developing community benefits agreements between the
EDCs and impacted communities is critical. Each community may have different needs and priorities,
so presupposing what these agreements will include is premature. At the same time, having a
framework and understanding the core elements to include will be helpful to ensure equity and
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consistency across the Commonwealth. Working with the CESAG stakeholders, such a community
benefits agreement framework can take shape to ensure EDCs continue to re-think and formulate

new methods and approaches to drive benefits from the just transition appropriate to each
community.
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Section 4
Current State of the Distribution System

This section provides a comprehensive overview of the state of the Company’s electric
distribution system today (i.e., the “starting point” upon which our proposed Future Grid
Plan is built), including detailed reviews of the current state of the system by subregion.

Key Take-Aways

e We are at an inflection point. The period when the offsetting effects of the Commonwealth’s
nation-leading energy efficiency and solar programs has kept peak load growth flat is coming
to an end. This period of stable peak load has limited the need to build out expanded system
capacity to address load growth.

e During the last ten years Massachusetts has seen a rapid expansion in distributed solar and
increasing energy storage deployment driven by the success of the Commonwealth policies.
The Company’s distribution network has become among the most densely DER-connected
systems in the country.

e To plan and build the network needed, the Company runs a robust process to understand the
localized conditions across the diverse parts of the Commonwealth that it serves, including
asset conditions, DER adoption trends, demand growth, and customer needs.

e Through effective asset management practice the Company has been able to maximize the
value from the existing assets, but the Company is now reaching a point where the existing
network’s capacity has been maximized. The Company must invest to provide more capacity
to meet the needs of the clean energy transition.




4.0 Current State of The Distribution System

The purpose of this section is to provide a foundational understanding of the State of the Company’s
electric distribution network today, upon which the Company’s proposed Future Grid Plan is built.
This section will:

e Provide an overview of how the electric distribution network is designed and works,

e Outline the historical context on how the electric distribution network has been evolved over time
to meet historical and current customer needs, and

o Explain how the electric distribution network is changing to address emerging customer needs.

This Section will also provide an in-depth review of specific aspects of the Company's electric distribution
network, including information about the communities and territories served in the six planning sub-
regions and the role the broader distribution utility plays in operating and maintaining the safety and
reliability of this network. Finally, this section will explain how the technology systems in place today
support the network and the Company’s customers today and what must change to enable the
Commonwealth’s climate and clean energy goals as established in the CECP, while continuing to
provide high levels of reliability and resilience as electrification and DER deployment accelerates and
more of the economy is reliant on electricity as its primary fuel source.

4.1 State of the Distribution System and Challenges to Address

What is the distribution system?

An electric distribution system refers to the network of power lines, poles, substations, and other
equipment that delivers electrical energy from the transmission system to end customers. It is the last
leg of the journey of delivering electricity to homes, businesses, and other establishments from where
it is produced to where it is consumed.

The distribution system differs from the transmission system in that it operates at lower voltages

than the high-voltage transmission system, which is responsible for carrying electricity over long
distances from power plants or generating stations, and typically carries this electricity shorter distances
and to more end points. The primary function of the distribution system is to divide electrical power into
smaller portions and distribute it efficiently to various consumers within a specific geographic area, such
as a neighborhood or city. To provide a metaphor to the roads system, the transmission system can be
thought of as the major highways of energy transport, whereas the distribution system is the network of
public local roads. Like an “exit (or entrance) ramp,” substations are where power steps down (or up)
from one voltage to another. Substations are a critical component of electrical generation, transmission,
and distribution systems. They are composed of an assortment of high voltage electrical equipment,
including the “backbone” of the substation: the power transformer. Transformers either transform
electrical energy from high to low voltage or from low to high voltage electricity. Transformers, and the
associated primary electrical equipment within the substation, must have sufficient capacity to enable the
two-way power flow from transmission and distribution (and vice versa). As the power flow of the network
increases, the capacity of the substations must also increase to accommodate this growth. Substations
also play a pivotal role stabilizing the network from abnormal events to improve reliability and safety. In
the case of the distribution network, lower voltage electricity is distributed from the substation across a
series of lower voltage circuits that lead to homes or businesses. These distribution circuits can run
overhead or underground through rural or urban areas and provide electricity to various capacities

of customers.
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The Company’s network has been built over the last 100 years primarily to facilitate the one-way flow of
energy from large power generators on the transmission system down to individual customers on the
Company’s distribution network. However, with the increase of DERs such as distributed solar and
energy storage over the last decade, the role of distribution is changing from one of strict delivery of
power from a bulk power source to a system that exchanges power between various consumers and
products on the distribution system. The structure typically involves multiple levels or components, each
serving a specific purpose in the distribution process. Exhibit 4.1 below is a breakdown of the typical
structure of the electric system. The section highlighted in grey shows the point from the transmission
system down to a single customer meter. This is the part of the electric system that is operated by the
Company and the focus of this Future Grid Plan.

Exhibit 4.1: Typical Structure of Electrical System
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A brief history of the Company’s distribution system

As the Company looks to plan the future electric distribution system to support the clean energy
transformation, it is important to take stock of how the system has developed to date in the context

of the regions and communities that the Company serves. The nature of electric service and the role of
the distribution system infrastructure has been evolving since the origin of the electric grid in the
Commonwealth in the early 1900s. Electric service was initially concentrated in industrial mill towns which
were served by multiple individual power and light companies — many of which began as gas utilities prior
to the invention of the light bulb and the displacement of gas lighting with electric lighting. Over time, the
grid evolved to transport hydroelectric power from Vermont, New Hampshire, and western parts of the
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State to serve industrial load centers, such as Millbury, Lawrence, and Worcester more efficiently. This
commonly involved 69kv transmission being transformed at a local substation to a lower voltage of 4kV to
support service to mills and surrounding communities.

In the early 1910s and 1920s, as electric lighting and industrial applications took hold and in the 1930s
residential refrigeration and other appliances became commonplace. Electrification expanded rapidly
through the 1940s. To support this growing demand, local electric companies typically overlayed their
lower 4kV lines with higher 13kV voltage distribution lines, commonly leaving existing 4kV on their lower
voltage lines given the cost of switching those customers. This “overlayed network” structure remains in
many of these communities.

In the 1950s and 1960s, the electric systems continued to expand rapidly, fueled by significant economic
growth. During this timeframe, many municipality-owned and small utilities consolidated into larger
utilities. In 1962, Massachusetts Electric Company was established out of the consolidation of nearly
100 small companies, each serving a few towns. It remained relatively stable in size until 2000 when it
grew once again with the merger of Eastern Utility Association.

This consolidation of separate utility systems means that today it is very common across the network to
have similar but not identical voltage levels (e.g., 13.2 kV vs 13.8 kV), as well as the pattern of overlayed
lines of differing voltages, as described above. A similar pattern occurred on the transmission system,
with 69KV lines of the early century being overlayed by 115kV lines in 1930s and 1940s, followed by
345KV in the 1950s and 1960s.

Today, many of these early mill towns and load centers are also populated with numerous substations
that emerged as the electric system evolved. Many of these communities that were the Company’s early
source of distribution network growth contain populations recognized as Environmental Justice
Communities (EJCs). Looking toward the future electric grid, the Company is mindful of the existing
network’s footprint in some of these communities, as well as the broader economic and environmental
challenges that these communities historically and continue to face. The Company is committed to giving
these communities a voice as energy infrastructure projects that impact them are developed, and to
addressing the challenges and barriers many of these same customers face when accessing clean
energy solutions and affording their energy bills. Additional details on the Company’s approach to
engagement and supporting EJCs is included in Section 3 and Section 9.

The Company’s distribution system today

As the primary electric provider for more than 165 towns and 3,870 square miles across the
Commonwealth the Company provides service to approximately 1.3 million customer accounts, including
approximately 1,138,090 residential households and 126,250 commercial and industrial (C&l) customers?.
The Company’s network delivers nearly 4.7 GW of power to customers during the peak hour of the year.

The Company delivers safe and reliable service to customers through an integrated system that includes
178 substations and connects customers through a network of 1,146 circuits of both overhead and
underground construction that span more than 18,500 miles. The Company’s network primarily consists
of 4kV and 15kV? class distribution circuits. The distribution system also includes a modest amount of
higher voltage sub-transmission, including 156 overhead and underground circuits of 23kV and 46 kV
supply lines spanning more than 655 miles.

The Company has successfully interconnected approximately 2.2 GW of DERs across the State which
includes solar, batteries, wind, hydro and others, while interconnection requests continue to increase. For
example, today, there are more than 2 GW of applications in queue, of which 66% are standalone energy
storage facilities and 29% are solar generation — basically doubling the capacity of what is currently
connected to the Company’s distribution system. The Company’s distribution network also currently

' From the Rivers, the Origins and Growth of the New England Electric System, John T Landry and Jeffrey L Cuikshank,
page 172, 1996

2 There are many dual account customers (both residential & C&I) that conflate the number of customer accounts.

3 15kV class includes voltages such as 13.2kV and 13.8kV.
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supports the electrical load from more than 32,000 EVs and 10,000 EHPs, which represents ~1% of total
vehicles and less than 1% of customer heating systems. Connections of these end use technologies are
expected to increase considerably over the next decade as customers adopt electric transportation and
electric heating at a scale described in Section 5, per the Commonwealth’s goals.

The Company’s network is supported by nation-leading Energy Efficiency and Demand Response (DR)
programs through Mass Save, which saved customers billions of dollars and avoided the release of
thousands of tons of greenhouse gases to the atmosphere. These programs have also resulted in a
peak demand reduction of 30% or 1.3 GW, keeping load growth relatively flat over the past decade
and allowing the Company to avoid or defer some investments in system expansions and upgrades.

Harnessing the Power of Flexible Demand

Largely through the offsetting effects of the Commonwealth’s nation-leading EE programs,

for the last 15 years, the Company has kept peak demand relatively flat (see section 5) and
avoided investments in network capacity that would otherwise have been needed. In the period
of 2013-2022 alone, the Company estimates that its EE programs have saved customers over
$800m in distribution infrastructure costs. The Company believes that continued EE programs
and new approaches to flexible demand will continue to play a critical role in reducing the cost
of the energy transition.

What is flexible demand?

Beyond traditional EE, flexible demand includes measures such as DR programs and
time-varying rates (TVR) that can incentivize flexible loads like ESS, controllable thermostats,
and EV charging to shift load away from one time of the day (i.e., when the network is
constrained at peak) to another time of the day (i.e., when the network is not peaking).

The Company today offers several flexible demand programs including its ConnectedSolutions
DR programs and its EV off-peak charging rebate program.

Why is flexible demand important?

The Company plans its network to ensure safe and reliable operation in all hours of the year
with particular focus on the peak load. Flexible demand can help offset future peak load growth
(by smoothing out the use of electricity) and thereby reduce, defer and sometimes avoid the
need for some of the investment required in network infrastructure. Flexible demand is more
important than ever considering:

1. Growing demand. Electricity demand is expected to grow considerably over the next 5
and 10 years, primarily due to EVs and EHPs, which will require significant investment in
the electricity network.

2. More flexible devices. More and more flexible devices are connecting to the network,
meaning there is greater potential to leverage these devices to help manage the grid and
to compensate customers for offering their flexibility services.

continued on next page >
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How is the Company advancing EE and flexible demand capabilities over the
five-year investment period?

The Company sees tremendous opportunity to further leverage EE and flexible demand.

Over the five-year investment period the Company will scale existing initiatives, and propose
new programs, policies, and investments to increase the reliance on flexible demand as a
resource. A key theme will be scaling existing system-wide programs and developing new
capabilities to deploy more targeted programs based on specific network and customer needs.

Summary of Proposed Investments and Programs to Expand EE and Flexible Demand
over next Five Years

Deploy New (via ESMP

Scale Existing Deliver In-Flight or related filing)
e Targeted EE
oEE e Targeted DR
e System Peak DR ¢ TVR
(curtailment, ESS, ¢ ARI for solar e Virtual Power Plant
Customer .
Programs controllable (flexible (VPP)
thermostats, EVs) connections pilot) o Flexibility Market
¢ Off-peak managed ¢ Scale flexible
EV charging connections for EVs
and ESS
« AMI o ?EFMS (expanded
Enabling o ADMS ;’a “re:.) dat
Technology « DERMs * Supporting cata,
. security, and
(pre-authorized) o
communications

As the Company’s capabilities mature over time and the Company also learns about customer
adoption and behaviors, the Company will modify its forecasts to reflect the expanded role of
flexible demand, and the Company will integrate flexible load to offset network investments
and help address operational needs.

Further, as discussed in section 6, every effort will be made to ensure that all customers have
the ability to participate in flexible demand programs and enjoy the savings, including expansive
customer education and outreach and scaling of proven and tailored programs designed for

EJ and LMI customers.

The next phase of the distribution system’s evolution will be driven by the need to be ready to

enable and accommodate significant new load resulting from the electrification of transportation

and heating. A key element of enabling an affordable clean energy transition will be encouraging efficient
use of the network to avoid the need for excess new system capacity and customer costs. There is an
opportunity to reflect on lessons learned, while also utilizing technologies enabled by a Distributed Energy
Resource Management System (DERMS) such as active resource integration (ARI) to manage this new
load and ensure a more optimal and efficient expansion of the system. Technologies such as AMI, when
paired with more dynamic price signals will also help directly engage customers in managing demand to
encourage efficient use of system infrastructure and avoid unnecessary system growth. As these
technologies are integrated into the system, the Company recognizes the need for ongoing customer
outreach and support, particularly for LMI and EJC customers.
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The Company’s role as the distribution utility

As electric network operator and provider of electricity for the communities served, it is the Company’s
job to facilitate the planning, construction, operation, maintenance, and restoration of the electric network
to fulfill the Company’s mission and obligation to provide safe and reliable electric power to all customers.
The Company operates and is responsible for making prudent investments in the infrastructure network
that transmits energy from where it is generated to where it is consumed — the Company does not own
the actual power plants that produce this energy nor does the Company profit from the sale of this
electricity. The Company also provides direct customer services, such as metering, billing, and
administering various State-approved programs, including Energy Efficiency, EVs, and solar. A brief
description of a subset of these functions can be found below.

¢ Planning: The Company makes important decisions about how to most prudently serve its
customers safely and reliability while maintaining affordable service every day. The planning
function involves conducting the underlying analysis and making decisions about the best way
to meet the needs of customers either through maintaining existing equipment, investing in
new infrastructure or by adopting new and innovative non-infrastructure approaches (e.g.
non-wires alternative [NWA]). Deteriorating Equipment due to aging or weathering (i.e., “asset
condition”) may need to be replaced; broken equipment (l.e., “damage failure”) must be
repaired; new commercial facilities or solar projects (i.e., “customer work”) must be connected
to the network; emerging trends in customer outages within specific areas (i.e., “reliability”)
must be addressed, and expanding and/or upgrading the network to accommodate expected
growth in electrical load over time (i.e., “system capacity”) must occur.

e Project delivery: This is the function where the Company delivers the investments in the
plans. This can include conducting more-specific site engineering and design, acquiring
necessary real estate and permits, evaluating environmental conditions, securing materials,
resources, staffing and deploying construction crews to implement the work, and integrating
the site with the broader network. The Company delivers dozens of multi-million-dollar
projects each year. As an example, a new substation takes, on average, 5-7 years to build
from start to finish with 20+ project team members resourced.

e Operations: Field operations are responsible for the physical management of the electrical
grid, including onsite supervision and hands-on maintenance of electrical infrastructure (e.g.,
substations and power lines), and integration of new or updated infrastructure into the
network system. Field operations is also responsible for responding to storms to repair
damaged or broken equipment as quickly and safely as possible. Control center operations
monitors and manages the network 24/7/365 and has real-time visibility into network
conditions to dispatch assets and field operations crews as needed in response to grid
conditions. This includes coordinating outage response, implementing switching orders, and
scheduling any necessary system reconfigurations or outages to safely facilitate planned
maintenance. All operations work is done with a commitment to and responsibility for the
safety of the public and the Company’s employees.

e Metering and billing: As the distribution utility, the Company operates the network that
brings electricity down from the high voltage transmission system right to customers’ homes
and businesses. At each customer’s premises, the Company meters the amount of energy
delivered to (or exported by) customers so that they receive bills based on the energy that
they consume (and/or produce). This metering function is served for traditional load
customers and DERSs that export energy onto the grid (e.g., solar).

e Program administration: The Company is the program administrator for numerous statewide
incentive programs that deliver additional value to customers, including those related to
Energy Efficiency, DR, electric heat pumps, EVs, solar, and more. The Company is
committed to making participation in the clean energy transformation easy and effortless for
customers, and to help them enroll in opportunities to lower their electric bill.

National Grid Future Grid Plan 9/23 - Section 4 | 68



Emerging challenges on the Company’s distribution system
The role of the distribution utility and the challenges to the distribution network are changing considerably.

While investments to maintain the network to ensure the safe and reliable operation of the Company’s
existing assets continue to be made, the needs of customers are shifting, and the Company’s network
investment and operation is changing to reflect these shifts.

The Company continues to face challenges that are common across all large-scale utilities such as:

e Aging infrastructure: Aging equipment, such as transformers, switchgear, and power lines,
can lead to increased outage risks and decreased system efficiency as their condition
worsens. Upgrading and modernizing legacy and decades-old infrastructure
is a significant expense due to the cost and complexity involved.

¢ Voltage management/Power Quality: Maintaining appropriate voltage levels and power
quality is crucial for the distribution grid’s reliable and efficient operation. High load conditions
cause voltage to decrease, and high generation causes voltage to increase. Introducing
generation throughout the distribution system, particularly intermittent generation (e.g., solar,
wind), impacts the voltage profile often in unpredictable ways. Voltage fluctuations,
harmonics, and other power quality issues can lead to equipment malfunction, reduced
efficiency, and potential damage to consumer devices. This is particularly acute for customers
with sensitive advanced manufacturing equipment, life sciences and biomedical research
laboratories.

e Resiliency: Distribution grids are vulnerable to various disruptions, including extreme weather
events, natural disasters, and cyberattacks. These threats continue to evolve, and
consequences are impactful as electrification accelerates and new devices are added to the
system. Additionally, bad actors are becoming more sophisticated and weather unpredictable.
This involves increased levels of investment in software, hardware and infrastructure to
protect, isolate and restore systems.

These challenges are heightened, and their implications are amplified by the imminent clean energy
transformation and changing customer expectations and needs, including:

e Connecting renewables: In recent years, the Company has implemented significant
amounts of customer-driven network investment to support the connection of thousands of
distribution-connected renewable projects like solar and energy storage. The State has the
second largest amount of solar per square mile in the country (0.5 MW/mi?) and the Company
holds the largest share of solar in the State. Continued investment in the Company’s networks
is necessary to ensure that more renewables can sufficiently be accommodated and can
direct that energy from remote locations to the densely populated metropolitan regions where
electric load is concentrated. Innovative ways to accelerate the interconnection process will
continue to be developed so that timely network access is ensured, including investing in
smart grid solutions to accommodate renewable energy integration effectively and to manage
its variability.

¢ Increased load from electrifying heat and transport: As the Company will cover in more
detail in sections 5 and 8 and more broadly throughout this Future Grid Plan, the rapid
expected electric load growth due to the adoption of electric transportation and heating will
also drive a shift from the Company’s present summer peaking network to one that will be
winter peaking in the late 2030’s. The growth in electricity consumption from electric transport
and heating in particular will need to be met by timely delivery of expanded electric system
capacity on both the distribution and transmission networks. If timely investments are not
made, the existing infrastructure will become overloaded. This can result in:
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1. Asset damage and / or premature ageing. Equipment is assigned ratings that specify how
much load it can carry without accelerating loss of life, incurring damage, and/or creating
unsafe operating conditions. Exceeding these ratings by “overloading” equipment, even
for short periods of time, can result in premature asset failures. Load relief projects, like
those in this plan, are designed to add new or upgrade existing equipment in order to
create the system capacity required to meet projected demand without incurring
overloads.

2. Inability to manage contingencies. If multiple assets in a given area are heavily loaded
(even within their ratings), a failure of one asset can result in significant outages for
customers because the remaining operable equipment in the area does not have spare or
“contingency” capacity to serve the customers who would normally be served by the out of
service equipment.

There are standards and procedures to abate these technical issues, but as more load comes
onto the system, more infrastructure will be required. To meet the increased loading, areas of
the network where lower voltages were historically used, such as 4.16 kV, may need to be
converted to higher voltages such as 13.2kV or 13.8 kV. Similarly, substations will need to be
upgraded with additional or expanded transformer capacity to accommodate future load
growth. As the needs and interests of customers change, the Company will need to continue
adapt the design and capacity of the electric network.

o Accelerating timely adoption of customer clean energy technologies and delivering
customer-driven programs: In addition to building out the network capacity to support the
connection of renewables and adoption of EVs and electric heating, the Company has
increased emphasis on facilitating and administering programs that help customers adopt
clean energy technologies. To deliver on the State clean energy goals, the Company will
need to continue to implement and accelerate their various incentive programs and
information campaigns related to Energy Efficiency, EHPs, EVs, and DR.

Fast Charging — Fleets & Highways

Highway fast-charging and electrification of fleets are critical to meet the Commonwealth’s
transportation electrification goals. These two decarbonization solutions have unique
challenges that the Company is well positioned to address. Executing early on these
plans is critical to meet customers' needs as they arise rather than in a reactionary fashion.

1. Highway charging infrastructure

What is highway charging infrastructure and what challenges does it bring?
Highway service plazas, truck stops, and similar sites present specific challenges because
of their unique characteristics.

o Customers need fast charging at a time that suits them. Unlike home charging,
drivers at highway rest stops do not have the flexibility to change their charging behavior.

e Large “net new” electrical loads (see chart below). To provide fast charging at
these sites is comparable to the electrical load from a new sports stadium or a small
town, and often requires new grid infrastructure.

continued on next page >
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Projected charging capacity for 71 Northeastern highway sites
Megawatts of power to meet annual peak demand, over time

e

|
[T
Large

Industrial Plant 40
(40+ Megawatts)

Large Passenger /

30 Truck Stop

Gl

A Small Town 20
(20 Megawatts)

&,

A Stadium
(5 Megawatts)

Mixed Use Plaza

Passenger Plaza

Typical Distribution
Interconnection Limit

2025 2030 2035 2040 2045

Source: NG EV Highway Study*

The grid infrastructure for these sites can take years to design, permit, construct, and
energize which can be longer than delivering the chargers themselves, and typically
cannot start until a customer requests service. The Company needs to act now to make
sure the network is ready in time.

How is the Company accelerating deployment of Highway charging infrastructure?

a. EV Charging programs. The Company currently supports customers who wish to
build on-highway and highway-adjacent EV charging projects through its EV charging
programs, which include:

o Make-ready incentives to help defray costs to allow for more charging projects
and/or stretch customers’ budget further.

o Demand Charge Alternative for EV fast charging projects, including those on highways,
to reduce customers’ operating costs of EV chargers by providing discounts on their
demand charges in the early years when their stations see inconsistent or low utilization.

b. Industry-leading studies. The Company previously released its Electric Highways
Study, which provides key insight on the electric loading potential from highway
charging and suggests ways to best support highway charging infrastructure.

c. Expanding network infrastructure. Section 6 of this Future Grid Plan includes
three proposed substations to support EV highway charging located at various plazas
(Charlton, Bridgewater, and Westborough). All substations are projected to be in-service
by 2034.

d. Stakeholder Engagement

e The Company is engaging with stakeholders like MassDOT on other potential
projects, to develop an integrated plan on the optimal timing and locations to enable
highway charging.

continued on next page >

4 (httos.//www.nationalgrid.com/us/EVhighway
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e The Company was awarded a grant by the U.S. Department of Energy to study
freight corridor charging needs in more detail across the Northeast and develop
a regional plan for implementation.® This study will be completed in mid-2025.

2. Fleet electrification

What is fleet electrification and what are some of the challenges?

The Commonwealth’s ambitious transportation electrification policies mean that over time,
fleet owners will transition their fleets to EVs. Forecasting exactly where and when such large
spot loads from fleet charging will materialize is a new challenge. The Company is exploring
new methodologies to identify spot loads in demand forecasting to help prioritize network
capacity increases.

How is the Company accelerating deployment of fleet electrification?

a. EV Fleet Programs. The Company is collaborating with fleet owners through
several EV program offerings including:

i. EV charging make-ready support tailored to fleets, including providing
fleet advisory services to help fleet owners with their electrification plans.

ii. Managed charging programs to incentivize fleet operators to charge their
vehicles at off-peak times and reduce their charging costs.

iii. EV DR through the ConnectedSolutions program, to allow operators to
earn value for their flexibility, including Vehicle-to-Grid (V2G) services.

b. Flexible connections. As described in Section 6, the Company is developing a
flexible interconnection program for fleet customers so they can connect to the
grid before all network constraints are resolved.

c. Industry-leading studies. The Company partnered on a 2021 study with
Hitachi Energy to understand the impacts of fleet electrification on the network.®
A follow-up study with detailed system impacts, illustrative solutions, and
implications will be released Fall 2023.

d. Expanding network capacity. The Company’s forecast includes projected
demand from fleet electrification, and the incremental network infrastructure
investments proposed in the Future Grid plan will support this forecasted
demand. The Company will continue to explore ways to improve forecasting
methodologies, and early identification of potential fleet electrification spot
loads and refine its capital investment plan on those future forecasts.

e. EJC Programs. The Company will support electrification of fleets operating
in EJCs that historically have experienced a disproportionate share of environmental
impacts from the transportation sector, including local air
pollution. This includes school buses, public transit, and public or private
fleets operating in, or depoted in, those communities.

5 https://www.energy.gov/articles/biden-harris-administration-announces-funding-zero-emission-medium-and-heavy-duty-
vehicle

6 https://www.nationalgridus.com/media/pdfs/microsites/ev-fleet-
program/understandinggridimpactsofelectricfleets.pdf
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¢ Increasing network resilience: Climate change can lead to more frequent and severe
weather, resulting in high winds, snowstorms, icing events, and river and coastal flooding, all
of which pose risks to grid infrastructure. As society electrifies, the economy and way of life
will be increasingly dependent upon the grid. As more customers adopt EVs, electric heating,
and embrace working from home, customers will need even more confidence that their
electric network access is secure and reliable. There has also been an increased threat from
“bad actors” who wish to disrupt the network, a risk that is increased by the need to develop a
more sophisticated and connected network with larger volumes of shared data. Ensuring grid
resilience involves hardening infrastructure, implementing redundant systems, enhancing
cybersecurity measures, and establishing robust emergency response plans.

¢ Improving flexibility of network Operations and Management (O&M): As DER adoption
and EVs, electric heat pumps become more widespread, the Company will need to plan and
operate a more complex network. For instance, solar variability can create power quality and
grid reliability issues. Battery storage can create fluctuation issues as it can rapidly shift from
acting as a load (charging the batteries) to acting as a generator (discharging the batteries).
Without direct utility management to integrate these DER facilities into the grid, utilities are left
with the challenge of managing unpredictable DER activity, and DER customers are left with
high grid expansion costs to accommodate all operating conditions. The Company is actively
investing in data capabilities and control system centralization including an Advanced
Distribution Management System (ADMS) and developing flexible connections solutions, such
as ARI, both of which will be discussed in section 6, to improve the ability to operate and
manage the network.

As will be discussed in the coming sections, addressing these challenges requires collaboration among
utilities, policymakers, technology providers, and other stakeholders, as well as continued investment in
grid modernization to make it ready and maintain reliability, improved data analytics, advanced monitoring
and control systems, and enhanced communication infrastructure to building more resilient, efficient, and
flexible distribution grids.

Promoting Energy Storage

The Company shares the Commonwealth’s vision that energy storage will play a critical role in
the clean energy transition.

What is energy storage?

Energy storage systems (ESS) refer to technologies that convert electrical energy from power
systems into a form that can be stored for converting back to electrical energy when needed.
Battery energy storage is a prominent ESS example. In recent years, the Company has seen a
sharp rise in distribution network interconnection requests for ESS, including those that are
designed as large standalone systems, co-located with other renewables, or configured BTM at
customer homes and businesses.

ESS are highly flexible, meaning they can operate as a load (drawing electricity from the grid

for storage, such as to charge a battery) or generator (exporting electricity onto the grid, such

as discharging a battery) at any given time, and can transition rapidly back and forth between

load and generation. This can present both opportunities and challenges.

What are some of the opportunities for energy storage?

ESS can function as a “Swiss army knife” for the network and customers when deployed

tactically and operated reliably. ESS can:

e Replace fossil-based peaking plants by shifting energy production from intermittent
renewables to be used to supply load at peak

continued on next page >
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e Defer or avoid network investment or reduce overloading risk on the transmission
or distribution networks by alleviating network constraints as NWAs

e Help individual customers save money on their bill via participation in DR programs,
or to help reduce demand charges for large commercial and industrial customers

e Provide backup power in the event of an outage
e Provide ancillary services helping to balance frequency and voltage

What are some of the challenges in integrating energy storage?

e Interconnection: For ESS to connect to the network via a standard, unconstrained
interconnection service agreement, there needs to be sufficient system capacity during
all hours for the storage to be either a load or a generator on the network at any time.
For large ESS in particular, this often results in a complicated study process and the
interconnection may require costly network upgrades similar to a large spot load.

e Siting and operations: Current ESS incentives are not necessarily resulting in storage
deploying in locations or operating in ways that would be most helpful to resolve
distribution network constraints.

How does the Company’s Future Grid Plan help to address energy storage?

The Company is actively addressing these challenges by offering new solutions as part
of this Future Grid Plan so that the system and the Company’s customers can more fully
leverage the benefits of energy storage.

e Scaling flexible connections”: Building from the ARI pilots, the DERMs phase |
investments will allow flexible connections to be deployed at scale for DER, including
ESS. This will help improve the costly and lengthy interconnection process via reliable
and secure implementation of utility-controlled curtailment to reduce the amount of new
headroom needed to support a storage interconnection.

e Create opportunities: New opportunities for storage developers to earn value are
being created by:

o Scaling the existing ConnectedSolutions DR programs, which already include storage
o Procuring grid services via new NWA demonstration projects

o Enabling new opportunities for ESS to earn value in the wholesale markets via FERC
Order 2222

In addition, the Company is also developing retail and wholesale tariffs for ESS.8°

4.2 Planning Sub-Regions

The Company’s territory spans the State, serving a diverse range of geographies including rural
communities in the mountainous western part of the State, densely populated urban communities

7 See: https://gridforce.my.site.com/s/article/ACTIVE-RESOURCE-INTEGRATION-ARI-FLEXIBLE-
INTERCONNECTIONS-PILOT

8 Qutside of this Future Grid Plan, the Company will file with the Department by October 31, 2023, an ESS electric
retail rate tariff which addresses operational parameters, in compliance with the 2022 Climate Act, Section 72

® The Company also will file with FERC by October 31, 2023, a notice of intent to promptly file with FERC a
wholesale distribution service rate schedule applicable to standalone ESS connected to the Company’s distribution
network but transacting in ISO-NE wholesale markets, in compliance with the 2022 Climate Act, Section 72.
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in Worcester and Brockton, suburban communities across the Merrimack valley, and coastal communities
along the North and South Shore. As discussed throughout this Future Grid Plan, each of these territories
have unique physical, economic, demographic and historical characteristics that impact each location’s
electrical network design and shape the challenges ahead associated with readying that section of the
network for the clean energy transition.

For purposes of this Future Grid Plan, the Company has organized the Commonwealth territory into six
operating sub-regions: Western, Central, Southeast, South Shore (including Nantucket Electric),
Merrimack Valley, and North Shore. These regions are summarized in Exhibit 4.3 below.

Exhibit 4.2: National Grid’s Six Major Service sub-regions

cester
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The sub-region groupings are based on both geographic proximity and electrical system characteristics,
including distribution design elements such as operating voltages and substations (e.g., two feeders
connected to the same substation would be in the same sub-regions). The Company has on-the-ground
support in each of the sub-regions including office locations, line crews, metering personnel, customer
and community managers, and distribution system engineers.

For planning and conducting underlying engineering analysis for the distribution system, the Company
further divides its distribution system into 46 study areas, which are defined based on electrical
interdependencies. Each of the sub-regions contains several study areas. The study areas are
summarized in Exhibit 4.3 below:
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Exhibit 4.3: Distribution Study Areas

Sub-regions and Towns

Central M%';'IT;;C'( North Shore | Southeast South Shore Western
Ayer Amesbury . )
Clinton Newburyport Beverly Attleboro Bridgewater Adams/Deerfield
_Gardner Billerica Cape Ann Fall River Brockton Barre-Athol
Winchendon
Leominster Chelmsford Everett Malden| Hopedale Brockton NW / | Monson-Palmer-
Westford Medford East Randolph Longmeadow
Millbury- Hopedale Northampton-S
Grafton Dracut Lynn West Hanover Berkshire
Pepperell Haverhill Melrose Marlboro Nantucket
Dunstable Saugus
Spencer- Revere .
Rutland Lawrence Winthrop Somerset Quincy
Webster Salem
Southbridge Lowell Scituate
Swampscott
Charlton
Worcester ) Weymouth
North Methuen Topsfield Holbrook
Worcester
South North Andover
North Lowell
Tewksbury

Exhibit 4.4 below summarizes key characteristics of each sub-region. Note that the below DER values
represent total nameplate capacity (i.e., maximum rated potential of total DER). These numbers do not

reflect firm power generation capabilities due to the intermittent nature of DER technologies which does
not provide a constant, reliable energy source comparable to the utility power source.

“Pending DER” in exhibit 4.4 below outlines the DER in the interconnection queue, which is dynamic.
Based on historical queue progression, only about 60% of the pending DER projects progress through to
interconnection into the system. The projects that do not end up getting built are limited by a variety of
factors some of which may be project financials, siting and permitting, or offtake roadblocks. The
Company does not forecast specific large load or large DER connections and does not proactively invest
in the network to connect these loads since they only invest when the DER signs an Interconnection
Service Agreement (ISA). What is included in the forecast, discussed in Section 5, is the expected
introduction of DER as part of the overall planning process.
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Exhibit 4.4: Key Characteristics of Each Sub-Region

Merrimack North South

Central Valley Shore Southeast Shore Western
Customers 241,061 263,871 255,067 231,799 239,140 121,606
Feeders 247 297 319 178 187 90
Substations 46 58 49 43 39 29
DER . . . . .
Penetration High Medium Low High Medium High
Connected
DER (MW) 631.5 266.6 152.2 425.6 218.6 521.2
Pending DER | 54, ¢ 256.2 775 4408 255.4 431.2
(Mw)
Peak Load
2023 (MW) 943 1,212 1,107 1,029 938 418

4.3 Central Sub-Region

The Central sub-region in brief:

Nature of the area: The Central sub-region is predominantly suburban, with regional urban centers in
Gardner, Leominster, Clinton, Southbridge, Webster, and Worcester. With a population of slightly more
than 200,000, Worcester is the largest city the Company’s electric business serves in the State.

The Company’s customers' energy needs, economic circumstances, and demographics in the Central
sub-region vary greatly, which is why targeted and culturally competent community engagement is at the
core of the Company’s plan to help the State achieve its goals.

Exhibit 4.5: Central sub-region customers by the numbers

% Business,
% Commercial, Benefits

Total
Customers
(Accounts)

Heat Pump Total NG
Adoption Charging Ports

Residential Municipal, or of EE (end of 2022) Installed

University
241,061 87% 13% 1,216,250 MWh 4,184 291 Ports

Exhibit 4.6: Central sub-region network by the numbers

Number of Number of Total Length Total Peak Square Miles of

Substations Feeders of Feeders Load Served Sub-region
46 247 3,750 miles 943 MW 875

Context of the region

The Central sub-region includes the Company’s largest cities, which have a highly integrated
network, as well as a substantial number of rural areas, which have a more radial network.

The Central sub-region has high levels of DER penetration relative to all other sub-regions due

to the large amount of open space coupled with a more robust distribution infrastructure as compared
to the western area of the Commonwealth. Due to the large population center of Worcester and
growing suburban areas, the Company anticipates load to grow by approximately 10.2% in the
Central sub-region in the next 5 years. Additional details can be found in Section 5.
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Below are some key characteristics of the Central sub-region which will drive future investment

needs.

Exhibit 4.7: Central Sub-Region Key Characteristics that will Drive Future Investment Needs

Network Characteristic

The majority of the distribution circuits are 15 kV
class circuits, which operate at voltages of 13.2
kV or 13.8 kV.

There are eighty circuits that operate at 4.16 kV
which primarily supply downtown Worcester and
are supplied from substations that step down the
voltage of 13 kV to supply customers. Lower
voltages such as 4.16 kV were used more
commonly in the past when loads were lower.

Consequence

Areas served by these lower voltages will
largely need to be converted to a higher voltage
such as 13.2 kV or 13.8 kV in order to meet the
significant load growth that is projected across
the State.

Voltage conversions can be costly and complex
projects, requiring widescale replacement or
upgrade of significant amounts of both
distribution line and substation facilities.

The 23 kV class subtransmission circuits act both
as supplies to substations and to serve mostly
larger load customers.

Subtransmission circuits have less capacity
than transmission circuits; therefore, load
growth on subtransmission-supplied
substations can sometimes be limited by the
subtransmission feeder supplying it.

As a result, the Company will need to invest in
both upgrading the substation and the
supplying feeder. These types of supply
considerations might be less concerning than if
the substation were supplied from a
transmission (i.e., 69 kV and higher) voltage.

A 1902 Worcester Bylaw prohibited overhead
wires within a 2-mile radius of Worcester City
Hall. The Company’s solution to this was to
install overhead facilities in customers’
“backyards,” with underground cable and
switches in the public way.

Feeders will need to be rerouted out of
customers’ backyards. The Underground Bylaw
means the Company must pursue underground
solutions for any infrastructure development in
this area.
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4.3.1 Maps

The Central sub-region consists of 33 towns and cities and comprises the study areas below.

Exhibit 4.8: Central Sub-Region Study Areas and Towns

Study Area Town

1 . Ayer, Berlin, Bolton, Clinton, Harvard, Lancaster,
Ayer/Clinton )

Shirley

2 Gardner/Winchendon Ggrdner, Hubbardston, Rutland, Westminster,
Winchendon

3 | Leominster Lancaster, Leominster

4 | Millbury/Grafton Auburn, Grafton, Millbury, Oxford, Sutton, Worcester

5 | Pepperell/Dunstable Dunstable, Pepperell

6 | Spencer/Rutland Auburn, Brookfield, Charlton, East Brookfield,

Leicester, north Brookfield, Oakham, Oxford,
Rutland, Spencer, West Brookfield

7 | Webster/Southbridge/Charlton

Auburn, Brookfield, Charlton, Dudley, Oxford,
Southbridge, Sturbridge, Webster

8 | Worcester North

Leicester, Worcester

9 | Worcester South

Auburn, Leicester, Worcester

Exhibit 4.9 below shows the substation locations within the Central sub-region's study areas, indicated
with a red dot. Not all study areas cleanly follow town lines because they are defined electrically instead
of geographically. Many of the locations of substations in the Central sub-region were driven by the need
provide electricity to the mills that existed in the early and mid- 20™ century, which were located along

the rivers.
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Exhibit 4.9: Central sub-region Substation Locations and Study Areas
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4.3.2 Customer Demographics

Exhibit 4.10: Central sub-region customer demographics summary

Residential Existing
. Benefits Connected
Number of Customers Population f EE Rooftop DER
Growth o oottop

(< 25kW)
Residential Residential — 5-year
Total Low Income Rate | Commercial Growth

— Total . N
Participants Projections
241,061 241,061 31,821 31,457 2% 1’2“18\’/5150 100 MW

The Company serves a total of 241,061 customers (defined by individual accounts, not the number
of people served) — in the Central sub-region. Approximately 87% (209,604) of these customers are
residential customers and the other 13% are comprised of commercial, municipal, or university
customers.

In addition to the Mass Save programs, which have benefited customers in the Central sub-region,

24 towns statewide have been identified for targeted outreach per the Massachusetts Energy Efficiency
Advisory Council (MA EEAC) Equity Working Group plans. Under these outreach plans, the Company
is specifically working to encourage more Energy Efficiency benefits in low-adoption zones. The
towns/cities included in the Central sub-region are Worcester, Southbridge, and Gardner.

The Company recognizes that a significant portion of the Company’s customers live in EJCs, which are
disbursed throughout the Company’s service area. Historically, EJCs have borne the highest energy
burdens and been disproportionately impacted by the fossil-based economy. As outlined earlier in
Section 3.3, the Company is developing a formal Equity and Environmental Justice Policy and
Engagement Framework, as well as complementary policy and framework focused on Indigenous
Peoples, which the Company will seek feedback on from those communities prior to finalizing, please
refer to the Appendix for those drafts.

Below please see Exhibit 4.11 below which overlays the Commonwealth Environmental Justice
Population map with the Company’s current substations.'°Exhibit 4.11 highlights the concentration of
substations in many load-dense areas — Worcester, town centers, and other major economic areas with
industry. Load density and electric capacity needs are the key drivers to substation density and location.
As the load increases, the need for more substations to serve these population centers and expanding
rural areas will increase too. Many EJCs have been identified as such by the Commonwealth because
they have been historically unduly burdened by infrastructure and related pollution. As discussed in
Section 3, the Company is committed to being a trusted partner with all the Company’s host communities,
including those which contain EJCs, as new infrastructure needs to be built throughout the
Commonwealth to reach decarbonization and electrification goals. Additional infrastructure that has

yet to be built per recommendations in this Future Grid Plan can be found in Section 6.

0 Multiple substations in close proximity with one another may appear to be overlapping or as one dot on this map
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Exhibit 4.11: Central sub-region substations with to the Commonwealth’s EJC map
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4.3.3 Economic Development

The development of the Company’s Plan was informed, in part, by the varying levels of readiness

within each sub-region. Within the Company’s study areas defined in the Future Grid Plan, 14
communities have completed decarbonization plans and 139 are designated as “green communities”
under M.G.L. c. 25A §10. In partnership with the Company, the following municipalities have completed a
Strategic Energy Management Plan (SEMP): Athol, Beverly, Everett, Lowell, Melrose, Newburyport, and
Salem. The Company anticipates one new SEMP to be signed before the end of the year, with an
additional five SEMPs in the development queue.

In the Central sub-region, two communities (Harvard and Worcester) have completed decarbonization
plans and 29 are designated as green communities. While economic development strategies vary within
the sub-region, the most recent Comprehensive Economic Development Strategies (CEDS) conducted
by the Worcester Regional Chamber of Commerce highlights the importance of continuously identifying
available and/or underutilized sites and buildings to promote development that increases access to
transportation and strengthens utility and telecommunication infrastructure capacity. The CEDS
conducted by North Central Massachusetts Chamber of Commerce identifies several industries for
retention and development, including advance manufacturing, health care, logistics and distribution,
and tourism and small business.

4.3.4 Electrification Growth

Heat Electrification - The Central sub-region has the highest heat pump adoption among the six
sub-regions. Approximately 3,000 units have been adopted as of the end of 2022, of which nearly
80% are hybrid.

Transport Electrification — There has been steady growth in the LDEV sales in the Central sub-region
with about 3,700 vehicles as of the end of 2022. However, the total number of MHDEVs is less than

10 indicating very low penetration at present. Since 2019, The Company has installed 291 EV charging
ports via their phase | and phase Il EV charging programs in the Central sub-region.

4.3.5 DER Adoption (Battery Storage and Solar Photovoltaic)

With a total of 566 MW of generation connected, the Central sub-region has high DER penetration,
representing about 25% of the total DER in the Company’s Commonwealth jurisdiction, nearly all of which
has been connected in the last decade. Based on national average data, this amount of DER is enough
to power nearly 100,000 homes'".

Exhibit 4.12: Central sub-region DER adoption summary

Sub-Region Solar Battery Hydro Wind Miscellaneous | Grand Total
(MW) (MW) (MW) (MW) (MwW)12 (MW)
Central —
Connected 502.4 74.7 3.1 0.8 50.5 631.5
DER

" According to the Solar Energy Industry Association, the national average for national average (through Q2 2022) of
homes powered by a MW of solar is 173. https://www.seia.org/initiatives/whats-
megawatt#:~:text=The%20current%20national%20average %20(through,MW%200f%20solar%20is%20173.

2 “Miscellaneous” encompasses fuel sources including bio gas, diesel, fuel oil, hydrogen, landfill gas, natural gas, and
propane.
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Note that in Exhibit 4.13 below, the 2023 value is reflective of cumulative interconnections as of July
2023.

Exhibit 4.13: Central sub-region Cumulative Connected Generation and Storage

Cumulative Connected Generation and Storage - Central District

700.0
600.0

500.0

400.0
300.0
200

0.0
<1/1/2012 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Central

MW Connected

o

B Sum of Total Storage MW 0.0 0.0 0.0 0.0 0.0 0.0 0.5 11 13 25.0 57.7 74.1 74.7
m Sum of Total Generator MW 11.8 19.0 50.7 842 1273 2063 275.6 3207 3444 4259 489.6 530.6 556.8

Exhibit 4.14 below shows the current DER interconnection queue in the Central sub-region as of July
2023. Overall, within the queue, Solar Photovoltaic (PV) represents 45% and batteries represent 54% of
the current queued DER capacity. Recent application trends have demonstrated a shift from largely solar
PV applications to a split between solar PV and battery storage.

A large majority of the batteries are stand-alone, albeit some are co-located as PV paired with storage.
Unlike other forms of DER, which operate solely in a discharge or export capacity, contributing power to
the grid, standalone batteries also must charge from the grid. While solar and other forms of DER,
excluding batteries, only require there to be sufficient grid hosting capacity for their interconnection,
batteries require both hosting and load-serving capacity at the location of their interconnection. Therefore,
batteries are subject to capacity deficiency, charge, considerations such as those highlighted in Section
4.3.7 as well as any hosting capacity, discharge, constraints that may be present.

This significantly increases the complexity of planning and operating the network.

Exhibit 4.14: Central sub-region pending DER summary in queue

Solar Battery Hydro Wind Miscellaneous?  Grand Total

Sub-Region iy (MW) MW)  (MW) (MW) (MW)
Central —
Pondmc DER | 1955 | 3796 35 0.0 4.1 542.6
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Exhibit 4.15: Central sub-region pending DER Generation and Storage in queue

In Queue Generation and Storage - Central District

600.0
500.0

400.0

L)
3
[
8
< 300.0
E
=
200.0
100.0
0.0 I - —
Pre-Study Post-ISA Study Pending Withdraw
Central
m Sum of Total Storage MW 9.5 13.5 346.5 10.0
m Ssum of Total Generator MW 2.8 42.0 131.8 0.0

Combining the 542.6MW of DER in the interconnection queue, and the 631.5MW already connected in
the Central sub-region, the total for the area would be 1,174W if all in-queue projects move forward.
While it is unlikely that all will connect, this would be a doubling of interconnected DER in an already
constrained area and would therefore require significant infrastructure expansion. Layering on the
complexity of battery operation and solar variability, advanced grid management tools will be necessary
in addition to the infrastructure build out to maintain the safety and reliability of the grid.

There are Capital Investment Project (CIP) proceedings underway in this area under the following
dockets:

e Gardner Winchendon (Department Docket No. 23-06)
e Spencer Rutland (Department Docket No. 23-09)

In the Central sub-region, the Company has analysis completed or is in progress for a group study for
the interconnection of DER in the following study areas':

Ayer-Clinton

Millbury-Grafton
Webster-Southbridge-Charlton
Leominster

Worcester North and South

The proposed DER and system modifications required for the proposed groups have been included in the
base case for the Future Grid Plan analysis; should the DER customers in these groups not proceed to
interconnection, the investments described in this Future Grid Plan will need to be analyzed for the
impacts of this attrition and adjusted appropriately. The Company is proposing to apply CIP cost
allocation principles to these investments once they reach sufficient maturity.

3 Only those areas of sufficient maturity for inclusion in the base case of this Future Grid Plan analysis are indicated here.
Therefore, this is not a comprehensive list of all areas in which the Company has ongoing group study process.
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The high-level benefits of the CIPs to distribution customers include:

¢ Reliability: the solution proposed to safely and reliably interconnect group study DER, in
many cases coincidently, addresses existing or projected system needs. The proposed
upgrades, if approved, expedite addressing these reliability concerns. These include:
o Electrical Power System (EPS) normal configuration thermal loading
o EPS contingency configuration customer unserved
o EPS asset conditions

¢ Enabled electrification: the proposed solution in some cases also provides thermal capacity
beyond the planning horizon and supports some loading projects out to 2050.

¢ Reserved Small Distributed Generation (DG): the proposed solutions also incorporate a
reserved capacity on each study feeder for the small rooftops to interconnect without
triggering major EPS upgrades, which typically is a direct benefit to distribution customers.

The high-level description of the common system modifications required to accommodate the
interconnection of the DER included in the groups listed above are included in the Appendix. Note that
these areas are in various stages of maturity and the modifications required across this sub-region have
not been fully identified as of August 2023.

4.3.6 Grid Services (Demand Response, Smart Inverter Controls, Time-Varying Rates)

The Company currently offers several grid service participation opportunities to residential and
commercial customers through its Demand Response and EV managed charging programs. Customers
can earn incentives for curtailing load, pre-cooling with smart thermostats, charging their electric vehicles
at optimal times, or shifting energy use with battery storage during peak load periods. As described in
sections 6.3, 6.11, and 9.3 and 9.6 the Company is also on a path toward expanding grid services via
AMI and time-varying rates, and leveraging DERMS technology investments to offer more dynamic,
location-specific grid services as NWA solutions in the future.

In the Central sub-region over 4,800 customers currently participate in the Company’s
ConnectedSolutions DR program and help to reduce approximately 32 MW of load on the grid when
the overall grid is at peak. This has helped to delay investments and maximize the utilization of the
current network.

4.3.7 Capacity Deficiency

The graphs below summarize the forecasted asset loading across the Central sub-region in 2023.
The 2023 loading profile shows that most assets are loaded below 75% of their normal rating.
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Exhibit 4.16: Central sub-region 2023 Forecasted Transformer Loading Profile
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Substation transformer capacity deficiencies exist in the following areas:

Exhibit 4.17: Central sub-region 2023 Forecasted Transformer capacity deficiencies

Study Area Substation Capacity Deficiency
Millbury-Grafton MILLBURY 4 Transformers > 100% Emergency Rating in Contingency
Ayer Clinton AYER 201 Transformers > 100% Emergency Rating in Contingency

There are operational protocols that go into effect to manage the risk of overloading of transformers
upon a contingency event (e.g., the loss of a neighboring transformer).

Exhibit 4.18: Central sub-region 2023 Forecasted Feeder Loading Profile
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Eight feeders in the Central sub-region have an identified existing capacity deficiency. This deficiency is
being monitored as anticipated growth and spot loads come into service, and operational mitigations will
manage the overload as appropriate. A permanent switching plan was put in place for one projected
feeder overload in East Webster.

This Central sub-region has 16 substations that are supplied by 69kV transmission lines. The 69kV
transmission lines will be a limiting factor for additional substation capacity in this area. Plans to increase
substation capacity must therefore anticipate a future transmission voltage conversion from 69 kV to

115 kV.

The city of Worcester is primarily supplied by the 4.16kV system. The system consists of 80 circuits and
26 substation transformers. A 1902 Worcester Bylaw prohibited overhead wires within a 2-mile radius of
Worcester City Hall. The Company’s solution to this was to install overhead facilities in customers’
backyards with underground cable and switches in the public way. There are approximately 1,100
backyards. Due to protection concerns, the maximum overhead service transformer size in backyards is
50 kVA. To support the electrification of vehicles and heat in these communities, and with the projected
2050 winter load, maintaining the backyard configuration in this area would require an additional 1,500
backyard transformers, or approximately doubling the existing population impacted. The backyard
construction also presents storm restoration challenges due to private property access. The 4kV system
is beginning to have normal loading issues and will not be able to support the projected load growth in the
area. In other words, the existing backyard construction cannot efficiently or reliably support electrification
in this region through 2050.

The city of Worcester is also supplied by a non-effectively grounded “High-Tension”'* system that
operates at 13.8kV. The non-effectively grounded system presents challenges for DER interconnections,

including technical requirements that impose high cost and/or real estate requirements on these projects
that often in the Company’s experience render them inviable.

4.3.8 Aging Infrastructure

This section is only illustrative for completeness of the system, and as such, relevant aging infrastructure
investments are defined to be part of “core operations” and additional funding is not proposed in this plan.
The investments proposed in this Future Grid Plan are driven by load growth and the need to increase
system capacity.

As energy infrastructure ages, and often consequently, its condition worsens, the risk of equipment
failure increases and the reliability of operation decreases. The age of infrastructure is an important
consideration when assessing the condition of assets and in efforts to meet the future customer
demands. However, asset replacement is driven primarily by asset condition rather than time of life.
The Company’s approach to maintenance has moved from a time-based approach to risk and condition
based as a result of digitizing information and having real-time data. Substations and distribution lines
are surveyed regularly to assess asset health and to make recommendations for replacement.

Assets are rated based on a range of criteria to assess their health, which drives asset condition

4 This system was called “High-Tension” at the time of its installation in the early 1900s to refer to the fact that
these circuits operated at a higher voltage or “tension” and functioned as sub-transmission supply to other
substations, while most distribution facilities were operated at 2.4 kV. The Company has maintained this
legacy naming convention for these unique non-effectively grounded circuits, even though we no longer think
of 13.8 kV as a “high” voltage and these lines are now also used to supply customers directly.
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replacement projects. Standard maintenance and regular testing (e.g., inspecting and replacing
subcomponents of a circuit breaker) can greatly enhance reliability and extend the life of specific
assets. Often, assets exceed their life expectancy if their condition and risk profile allow it, enabling
the Company to maximize the value of assets while maintaining network reliability.

Additionally, as the Company moves towards modernizing and standardizing the grid and/or substations,
existing equipment may need to be modified or replaced in order to digitize current methods. It is
important the Company remains diligent in improving its infrastructure with new technologies and
remaining environmentally focused (e.g., changing substation support structure design from aluminum to
steel due to efficiency and decarbonization). This type of modernization work will fit into core and Future
Grid Plan work, depending on the project driver (asset condition or system capacity/load growth,
respectively).

The following Exhibits illustrate the age of select key components of energy infrastructure today. Many of
these assets are approaching the end of life and will require condition-driven replacements in the future.

Exhibit 4.19 below shows the metalclad age profile in the Central sub-region. Metalclad or metalclad
switchgear refers to a key substation component in certain types of substations. The metalclad
switchgear is a metal building that houses circuit breakers, protective relays and controls, and bus,
typically on the low-voltage side of the substation transformers. Since all the circuit breakers, protection
and control, communications, metering, and auxiliary equipment are enclosed within the switchgear
enclosure, it provides one of the most compact and economical approaches to building a multiple feeder
distribution substation. This provides a controlled environment for the batteries and the protective relays,
metering, and monitoring devices. Maintenance of much of the substation equipment can be performed
without hindrance from weather conditions. Key age-related concerns for metalclad switchgear are
related to the degradation of the metal enclosure, which may allow water and animal intrusions that lead
to equipment damage and/or outages to all or some of the feeders supplied by the metalclad.

Exhibit 4.19: Central sub-region Metalclad Age Profile
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standards SG-5 and SG-6 define the necessary technical characteristics for metalclad switchgear.

89 | National Grid Future Grid Plan 9/23 - Section 4



Exhibit 4.20 below shows the substation transformer age profile in the Central sub-region.

Exhibit 4.20: Central sub-region Substation Transformer Age Profile
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Exhibit 4.21 below shows the distribution pole age profile in the Central sub-region.

Exhibit 4.21: Central sub-region Distribution Pole Age Profile
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Exhibit 4.22 below shows the recloser age profile in the Central sub-region. Reclosers are pole-mounted
distribution line equipment which respond to faults by opening to isolate the sections of circuits that are
damaged. They can “reclose,” attempting to restore power following the fault several times before finally
locking out if the damage is permanent and must be repaired by line crews before the line can be safely
re-energized. This reclosing behavior means that for temporary faults, (e.g., a branch that falls across the
wires and then falls to the ground), customers only experience a momentary outage. Reclosers can also
work in automated schemes such as FLISR, to reconnect and restore portions of customers in a more
sophisticated and coordinated manner than the simple isolation of faults.

Exhibit 4.22: Central sub-region Recloser Age Profile
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4.3.9 Reliability and Resilience

This section will describe how the Company reports reliability and what the current reliability metrics are
for this given sub-region. For additional information on reliability, resiliency, and company performance,
the Company’s annual report is here (Department Docket No. 12-120-D). This section is only illustrative
for completeness of the system, and as such, relevant reliability investments are defined to be part of
“core operations” and additional funding is not proposed in this Future Grid Plan. The investments
proposed in this Future Grid Plan are driven by load growth and the need to increase system capacity.

As described in detail in section 10, reliability issues are largely due to abnormal and/or hazardous
conditions, such as flooding, high winds, and wildfire, and are not directly driven by increased
electrification. However, the Company recognizes electrification’s role in increasing dependence on a
reliable and resilient distribution system. While none of the investments in this Future Grid Plan are
directly prompted by reliability considerations, there are synergies from the Future Grid Plan that also
improve customer reliability by coincidence.

In the Commonwealth, the Company has historically adopted System Average Interruption Duration Index
(SAIDI), System Average Interruption Frequency Index (SAIFI), and Customer Average Interruption
Duration Index (CAIDI), all defined below, as the standard metrics for quantifying the quality of service
experienced by customers during “blue-sky days” (i.e., excluding major storms). The interruptions
included in the formulas and results shown below are interruptions lasting longer than 1 minute, referred
to as “sustained outages.” Further exclusions of events not reported include major storms, loss of supply
events during blue-sky days, planned outages during blue-sky days, and customer-equipment outages
during blue-sky days.
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SAIDI means the total duration of customer interruptions in minutes divided by the total number of
customers served by the distribution Company, expressed in minutes per year. SAIDI characterizes the
average length of time that customers are without electric service during the reporting period. It is
commonly measured in minutes or hours of interruption and is mathematically expressed as16:

Y. Customer Minutes of Interruption (CMI)

SAIDI =
Total Number of Customers Served

SAIFI means the total number of customer interruptions divided by the total number of customers
served by the distribution Company, expressed in number of interruptions per customer per year. SAIFI
characterizes the average number of sustained electric service interruptions for each customer during
the reporting period. It is mathematically expressed as:

Y. Total Number of Customers Interrupted (CI)
Total Number of Customers Served

SAIFI =

CAIDI means the total minutes of customer interruptions for a circuit divided by the total number of
customers connected to the circuit, expressed in minutes per year. If the total number of customers
connected to the circuit differs from interruption to interruption, then the average number of customers
served by that circuit shall be used. CAIDI characterizes the average length of time customers connected
to a circuit are without electric service during the reporting period. It is mathematically expressed as:

2. Customer Minutes of Interruption (CMI) _CMI _ SAIDI

CAIDI = =
Total Number of Customers Served Cl  SAIFI

These metrics are standardized for reliability tracking across the utility sector; baselines and comparisons
with other utilities can be enabled not just on performance but also in relation to technology deployment
and other reliability improvement mechanisms.

As mentioned above, the metrics are called “blue-sky” reliability metrics, where major storm events are
typically excluded. This allows for the drivers of day-to-day reliability and the actual 24/7 customer
experience to be discernible. The drivers of reliability, the day-to-day customer experience, have the
potential to be inherently different from the drivers of major storm performance, is referred to as resilience
events. Therefore, it is necessary to separate major event experience from day-to-day customer
experience.

However, SAIDI and SAIFI can be similarly used as a basis to quantify system performance during major
events for system resiliency purposes, by creating a parallel SAIDI/SAIFI evaluation that includes all
sustained outages (i.e., outages with duration longer than 1 minute) at all times, during major events in
the calculation. Those are referred to as All-In SAIDI and All-In SAIFI. Since reliability is a subset of
resiliency, the continuum of the customer experience from blue-sky to black-sky is best represented by
using parallel, comparably devised metrics. This is also the best approach to understand and account for
the impact of resiliency measures on reliability, and vice versa.

16 1 |EEE 1366-2012
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Reliability performance

The exhibits below show the reliability performance of the Central sub-region in terms of duration (SAIDI)
and frequency (SAIFI) of outages. The data in these Exhibits excludes major events, consistent with the
Company’s regulatory reporting criteria and call out leading causes of blue-sky outages for the region.

Tree-related events caused the majority of outages across this sub-region, in terms of duration and
frequency.

Exhibit 4.23: Central sub-region Leading Causes of Blue-Sky Outages and SAIDI
and SAIFI Reliability Performance
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The sub-region-specific indices above are calculated using outage and electric customer counts specific
to the sub-region. This can facilitate comparison between sub-regions. For example, the average
customer in sub-region A. experienced more/fewer outage minutes in a given year than the average
customer in sub-region B. but these sub-region values cannot be added together to arrive at the total
system-level indices for that year, and so cannot be used to understand how much of a given year’s
system-level reliability performance was attributable to a given sub-region.

The IEEE Guide for Electric Power Distribution Reliability Indices, Standard 1366, was developed to
facilitate uniformity in distribution service reliability indices and to aid in consistent reporting practices
related to distribution systems, substations, circuits, and defined regions. While this methodology differs
from the criteria applied to the Company’s regulatory reliability reporting obligations, this approach was
utilized to demonstrate the performance of the Company's distinct sub-regions as compared to similar
size utilities responding to the survey (>100,000 - <1,000,000 customers). The benchmarking analysis
showed that for three out of the last five years, Central has been in the first or second quartile for
frequency of outages (SAIFI) and has been in the second quartile for the past four years for duration
(SAIDI).

Resiliency performance

Outage impacts from major events are traditionally excluded from reliability reporting, as described
above. Major events can contribute both significant durations and numbers of outages to SAIDI and
SAIFI calculations, sometimes dwarfing the characterization of system performance for 364 days of the
year based on the impacts from a single day. Nonetheless, analysis of system performance trends that
include the impacts from these major events can provide valuable insights into how the system responds
to these significant stressors, which are growing increasingly frequent due to climate change.

The Company calculated “all-in” SAIDI and SAIFI indices across its service territory to facilitate
comparison of the resiliency and reliability challenges experienced in each sub-region relative to the
others. This comparison highlights areas where emerging resiliency challenges have been experienced
in the past five years. Note that due to the “low frequency high impact” nature of significant events that
are excluded from traditional reliability reporting, the Company continues to monitor these trends and
whether they are sustained over time.
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For this analysis, the Company aggregated the outage events experienced at each of its substations over
a five-year period 2018-2022 and calculated the resulting substation-level SAIDI and SAIFI. This
calculation included all events, including major storms. The resulting SAIDI and SAIFI values for each
substation were then ranked for all the Company’s service territory. Tier designations were made to
indicate each substation’s performance relative to all other Company substations for this time period.
Note: these tiers illustrate internal benchmarking for relative comparison between the Company’s
substations across its service territory and differ from the IEEE metrics and benchmarking analysis
described in the preceding section. Substations may have no reliability data for several reasons, including
no recorded events over the time period or if they do not directly serve load to customers.

The following maps illustrate the substation resiliency of this sub-region overlaid with Environmental
Justice Areas, as defined by the Commonwealth. The exhibits below show the Company’s distribution
substation locations within the given sub-region overlaid with Environmental Justice Areas. Each
distribution substation is color-coded indicating its five-year historical SAIDI or SAIFI performance relative
to the Company's entire population of substations. A greater density of distribution substations, typically
results in shorter distribution feeders with less outage exposure and increased numbers of feeder ties,
resulting in better overall reliability. As can be seen in each of these Exhibits, substations in the
Environmental Justice Areas fall within the top first and second quartile of SAIDI and SAIFI performance
relative to the entire population of the Company’s distribution substations.
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Exhibit 4.24: Central sub-region Resiliency in EJCs as shown as SAIDI Substation Performance
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Exhibit 4.25: Central sub-region Resiliency in EJCs as shown as SAIFI Substation Performance
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When looking at the 5-year performance, 2020 was a particularly bad year as the company experienced
18 storm events that were not classified as major events. The impact of each event added together
reflects the bad reliability performance at the system level. Also worth noting was that 2018 and 2021
were bad years of performance for the eastern part of the Company’s Commonwealth service territory
given three back-to-back storms occurring in early 2018 and a Nor’easter occurring in October 2021.

As a result, substations in the fourth quartile of SAIDI/SAIFI performance can be seen in South Shore,
Southeast and Merrimack Valley region maps.

4.3.10 Siting and Permitting

Energy infrastructure siting and permitting processes are generally consistent across the Commonwealth;
therefore, siting and permitting challenges do not vary significantly by region. When projects require
considerable underground transmission work, the Energy Facilities Siting Board (EFSB) review process
is triggered to ensure the work is in compliance with State requirements. This EFSB review process is
intended to take twelve months (see G.L. c. 164, Section 69J); however, the review timeline for recently
submitted transmission line projects is trending toward 30 to 36 months.

Environmentally, the largest differences are at a municipal level rather than regionally. At the project-
level, Conservation Commission impacts uniformly across the State but there is a high degree of
variability town to town and year to year, which makes it challenging to generalize regionally. For
example, in the central region, the Company has energy infrastructure in urban and rural locations.
Each of these settings present different siting and environmental considerations.

4.4 Merrimack Valley Sub-Region

The Merrimack Valley in brief:

Nature of the Area: The Merrimack Valley sub-region is predominantly suburban, with regional urban
centers in Lowell and Lawrence. Smaller urban/town centers can be found in Amesbury, Haverhill,
Methuen, and Newburyport.

The Company’s customers' energy needs, economic circumstances and demographics in the Merrimack
Valley sub-region vary greatly, which is why targeted, and culturally competent community engagement is
at the core of the Company’s plan to help the State achieve its goals.

Exhibit 4.26 Merrimack Valley sub-region customers by the numbers

% Business, Heat Pump Total NG
% Commercial, Benefits Adoption ota

Total
Customers

Residential Municipal, or of EE (end of Charging
(accounts)

University 2022) Ports Installed
263,871 88% 12% 1,331,336 MWh 1,225 379 Ports

Exhibit 4.27: Merrimack Valley sub-region network by the numbers

Number of Number of Total Length Total peak Square miles

Substations Feeders of Feeders Load Served of Sub-Region
58 297 3,400 miles 1,212 MW 386
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Context of the region

The Merrimack Valley sub-region includes some of the most consistently dense communities in the
Commonwealth. This sub-region has average levels of DER penetration relative to all other sub-regions
due to the somewhat limited amount of open space coupled with more robust distribution infrastructure as
compared to the western area of the Commonwealth. Due to the large population and growing suburban
areas, an approximate 6.9% load growth is expected in the central region in the next 5 years. Additional

details can be found in Section 5.

Below are some key characteristics of the Merrimack Valley sub-region which will drive future investment

needs.

Exhibit 4.28 Merrimack Valley Sub-Region Key Characteristics
that will Drive Future Investment Needs

Network Characteristic

The majority of the distribution circuits in the
region are 15 kV class circuits, which operate at
voltages of 13.2 kV or 13.8 kV.

There are 77 circuits that operate at 4.16 kV
which primarily supply Andover, Lawrence, and
Lowell, and are supplied from substations that
step down the voltage of 13 kV or 23 kV to supply
customers. Lower voltages such as 4.16 kV were
used more commonly in the past when loads
were lower.

Consequence

Areas served by these lower voltages will largely
need to be converted to a higher voltage such as
13.2 kV or 13.8 kV in order to meet the significant
load growth that is projected across the State.
Voltage conversions can be costly and complex
projects, requiring widescale replacement or
upgrade of significant amounts of both distribution
line and substation facilities.

An extensive 23 kV class subtransmission system
in the area acts both as supplies to substations
and to serve mostly larger load customers.

Subtransmission circuits have less capacity than
transmission circuits; therefore, load growth on
subtransmission-supplied substations can
sometimes be limited by the subtransmission
feeder supplying it.

As a result, the Company will need to invest in
both the substation and extend transmission
facilities into these areas to meet the projected
load growth.
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4.4.1 Maps

The Company’s Merrimack Valley sub-region consists of 18 towns and cities and comprises the study
areas below:

Exhibit 4.29: Merrimack Valley Sub-Region Study Areas and Towns

‘ Study Area \ Town \
1 Amesbury/Newburyport Cvrzztsztérvy\ll,btlgverhlll, Newbury, Newburyport, Salisbury,
2 Billerica Billerica, Chelmsford, Tewksbury
3 Chelmsford/Westford Chelmsford, Lowell, Tyngsborough, Westford
4 Dracut Andover, Dracut, Lowell, Methuen, Tewksbury
5 Haverhill Boxford, Haverhill, Methuen, North Andover
6 Lawrence Lawrence, Methuen
7 Lowell Chelmsford, Lowell, Tewksbury
8 Methuen Dracut, Haverhill, Lawrence, Methuen
9 North Lowell Dracut, Lowell, Tyngsborough
10 | Tewksbury Andover, Billerica, Lowell, Tewksbury

Exhibit 4.30 below shows the substation locations within the Merrimack Valley sub-region's study areas,
indicated with a red dot. Not all study areas cleanly follow town lines because they are defined electrically
instead of geographically. Many of the locations of substations in the Merrimack Valley sub-region were
driven by the need to provide electricity to the mills that existed in the early and mid-20™ century, which
were located along the rivers. Recent revitalization and economic development have resulted in
conversion of many of these mill properties to residential and commercial businesses.
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Exhibit 4.30: Merrimack Valley sub-region Substation Locations and Study Areas
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4.4.2 Customer Demographics

Exhibit 4.31: Merrimack Valley sub-region customer demographics summary

Residential Existing
. Benefits Connected
Number of Customers Population f EE Rooftob DER
Growth o oottop
(< 25kW)
. . Residential — Low
Total ROz Income Rate Commercial 5-yeqr G_rowth
— Total - Projections
Participants
263,871 | 231,279 32,181 32,592 1.7% 1’35\10?136 105 MW

The Company serves a total of 263,871 customers (defined by individual accounts, not the number of
people served) — in the Merrimack Valley sub-region. Approximately 88% (231,279) of these customers
are residential customers and the other 12% are comprised of commercial, municipal, or university
customers.

In addition to the Mass Save programs, which have benefited customers in the Merrimack Valley
sub-region, 24 towns statewide have been identified for targeted outreach per the MA EEAC Equity
Working Group plans. Under these outreach plans, the Company is specifically working to encourage
more Energy Efficiency benefits in low-adoption zones. The towns/cities included in the Merrimack
Valley sub-region are Billerica, Lawrence, Lowell, and Methuen.

The Company recognizes that a significant portion of the Company’s customers live in EJCs, which are
disbursed throughout the Company’s service area. Historically, EJCs have borne the highest energy
burdens and been disproportionately impacted by the fossil-based economy. As outlined earlier in
Section 3.3, the Company is developing a formal Equity and Environmental Justice Policy and
Engagement Framework, as well as complementary policy and framework focused on Indigenous
Peoples, which the Company will seek feedback on from those communities prior to finalizing, please
refer to the Appendix for those drafts.

Below please see Exhibit 4.32 which overlays the Commonwealth Environmental Justice Population map
with the Company’s current substations. '"Exhibit 4.32 below highlights concentrations of substations in
many load-dense areas — Lawrence, Lowell, town centers and other major economic areas with existing
industry, or a history of industry. Load density and electric capacity needs are the key drivers to
substation density and location. As the load increases, the need for more substations to serve these
population centers and expanding rural areas will increase too. Many EEJCs have been identified as
such by the Commonwealth because they have been historically unduly burdened by infrastructure and
related pollution. As discussed in Section 3, the Company is committed to being a trusted partner with all
the Company’s host communities, including those which contain EJCs, as new infrastructure needs to be
built throughout the Commonwealth to reach decarbonization and electrification goals. Additional
infrastructure that has yet to be built per recommendations in this Future Grid Plan can be found in
Section 6.

7 Multiple substations in close proximity with one another may appear to be overlapping or as one dot on this map

National Grid Future Grid Plan 9/23 - Section 4 | 102



Exhibit 4.32: Merrimack Valley sub-region Substation Locations in Relation
to the Commonwealth’s EJCs
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4.4.3 Economic Development

The development of the Company’s Grid Future Plan was informed, in part, by the varying levels of
readiness within each sub-region. Within the Company’s study areas, 14 communities have completed
decarbonization plans and 139 are designated as “green communities” under M.G.L. c. 25A §10. In
partnership with the Company, the following municipalities have completed a Strategic Energy
Management Plan (SEMP): Athol, Beverly, Everett, Lowell, Melrose, Newburyport, and Salem. The
Company anticipates one new SEMP to be signed before the end of the year, with an additional five
SEMPs in the development queue.

In the Merrimack Valley, two communities (Westford and Newburyport) have completed a
decarbonization plan, two communities, in partnership with the Company, have completed a SEMP, and
all 13 communities are designated as green communities. The region’s focus over the next five years is to
increase the supply of affordable housing, promote workforce development, enhance connectivity to
public transportation, and develop available commercial and industrial space. Each of these initiatives are
supported by programs such as MassDevelopment’s Transformative Development Initiative (TDI). This
initiative targets Gateway Cities to accelerate economic growth at the neighborhood level, while CEDS
envisions the region as a climate-resilient community and economic activity hub through vibrant
downtowns, main streets, commercial districts, and outdoor spaces. These and other programs are
supported by local leaders, developers, and regional organizations such as The Lowell Plan, Lowell
Chamber of Commerce, UMASS-Lowell, Middlesex 3 Coalition, Merrimack Valley Chamber of
Commerce, regional banks and numerous social service agencies.

4.4 4 Electrification Growth

Heat electrification — Merrimack Valley has moderate heat pump adoption with about 850 units installed
by the end of 2022, of which nearly 60% are hybrid.

Transport electrification — There has been consistent growth in LDEV sales in Merrimack Valley to date
with a moderate amount of about 5,000 vehicles purchased cumulatively. The MHDEV count still remains
extremely low. Since 2019, the Company has installed 379 EV charging ports via the phase | and phase
Il EV programs in the Merrimack Valley sub-region.

4.4.5 DER Adoption (Battery Storage and Solar Photovoltaic)

With a total of 265 MW of generation connected, the Merrimack Valley sub-region has relatively medium
DER penetration. Connected DER is predominately solar, representing 90% of the installed DER capacity
in the sub-region.

Exhibit 4.33: Merrimack Valley sub-region DER adoption summary

Sub-Region Solar Battery Hydro Wind Miscellaneous' Grand
(MW) (MW) (MW) (MW) (MW) Total (MW)
Merrimack
Valley - 224 .1 16.6 04 0.7 24.9 266.6

Connected DER

Note that in Exhibit 4.34 below, the 2023 value is reflective of cumulative interconnections as of
July 2023.
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Exhibit 4.34: Merrimack Valley sub-region Cumulative Connected Generation and Storage

Cumulative Connected Generation and Storage - Merrimack Valley District

300.0
250.0

200.0

150.0
100.0
SO‘O I I I

00 <1/1/2012 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Merrimack Valley
m Sum of Total Storage MW 0.0 0.0 0.0 0.0 0.0 0.0 0.0 02 21 28 125 16.6 17.2
m Sum of Total Generator MW 233 37.2 482 64.4 80.0 107.8 1380 1516 172.2 186.5 2107 2342 249.4

MW Connected

Exhibit 4.35 below contains the current DER interconnection queue in the Merrimack Valley sub-region as
of July 2023. Recent application trends have demonstrated a shift from largely solar PV applications to
mainly battery storage, with batteries representing 57% of the current queued DER capacity.

A large majority of the batteries are stand-alone, albeit some are co-located as PV paired with storage.
Unlike other forms of DER, which operate solely in a discharge or export capacity, contributing power to
the grid, standalone batteries also must charge from the grid. While solar and other forms of DER,
excluding batteries, only require there to be sufficient grid hosting capacity for their interconnection,
batteries require both hosting and load-serving capacity at the location of their interconnection. Therefore,
batteries are subject to capacity deficiency (i.e., charge) considerations such as those highlighted in
Section 4.4.7 as well as any hosting capacity (i.e., discharge) constraints that may be present.

This significantly increases the complexity of planning and operating the network.

Exhibit 4.35: Merrimack Valley sub-region pending DER summary in queue

Solar Battery @ Hydro Wind Miscellaneous? Grand
Sub-Region (MW) (MW) (MW) (MW) (MW) Total (MW)
Merrimack Valley -
Pending DER 60.3 1761 16.7 0.0 3.1 256.2
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Exhibit 4.36: Merrimack Valley sub-region pending DER Generation and Storage in queue

In Queue Generation and Storage - Merrimack Valley sub-region

250.0

200.0

g 150.0
L)
3
]
£
2
s 100.0
) -
00 ] o
Pre-Study Post-ISA Study Pending Withdraw
Merrimack Valley
m Sum of Total Storage MW 103 125 153.2 0.0
B Sum of Total Generator MW 12 38.8 40.0 0.1

Between the 256.2MW of DER in the interconnection queue, and the 266.6MW already connected in the
Merrimack Valley, the total for the area would be approximately 522.8MW if all in-queue projects move
forward. While it is unlikely that all will connect, this would be a significant increase in the amount of
interconnected DER in an already constrained area and would therefore require significant infrastructure
expansion. Layering on the complexity of battery operation and solar variability, advanced grid
management tools will be necessary in addition to the infrastructure build out to maintain the safety

and reliability of the grid.

In the Merrimack Valley sub-region, the Company has analysis completed or in progress for group study
for the interconnection of DER in the following study areas:

e Billerica
e Tewksbury
e \Westford/Chelmsford

The proposed DER and system modifications required for the proposed groups have been included in the
base case for the Future Grid Plan analysis; should the DER customers in these groups not proceed to
interconnection, the investments described will need to be analyzed for the impacts of this attrition and
adjusted appropriately. The Company is proposing to apply CIP cost allocation principles to these
investments once they reach sufficient maturity.

The high-level benefits of the CIPs to distribution customers include:

e Reliability: the solution proposed to safely and reliably interconnect group study DER, in many
cases coincidently, addresses existing or projected system needs. The proposed upgrades, if
approved, expedite addressing these reliability concerns. These include:

o EPS normal configuration thermal loading
o EPS contingency configuration customer unserved
o EPS asset conditions
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e Enabled electrification: the proposed solution in some cases also provides thermal capacity
beyond the planning horizon and supports some loading projects out to 2050.

e Reserved Small DG: the proposed solutions also incorporate a reserved capacity on each study
feeder for the small rooftops to interconnect without triggering major EPS upgrades, which
typically is a direct benefit to distribution customers.

The high-level description of the common system modifications required to accommodate the
interconnection of the DER included in the groups listed above are included in the Appendix. Note that
these areas are in various stages of maturity and the modifications identified below are subject to change
pending further analysis through the group study process. Cumulatively, to interconnect the 88 MW

of DER proposed through the current group studies, the Company anticipates requiring system
modifications that include the addition or upgrade of 1 substation transformer and approximately

10 miles of distribution line construction, at an estimated cost of $40M.

4.4.6 Grid Services (Demand Response, Smart inverter Controls, Time-varying Rates)

The Company currently offers several grid service participation opportunities to residential and
commercial customers through its Demand Response and EV managed charging programs. Customers
can earn incentives for curtailing load, pre-cooling with smart thermostats, charging their electric vehicles
at optimal times, or shifting energy use with battery storage during peak load periods. As described in
sections 6.3, 6.11, and 9.3 and 9.6 the Company is also on a path toward expanding grid services via
AMI and time-varying rates, and leveraging DERMS technology investments to offer more dynamic,
location-specific grid services as NWA solutions in the future.

In the Merrimack Valley region over 9,500 customers currently participate in the Company’s
ConnectedSolutions DR program and help to reduce approximately 23 MW of load on the grid when the
overall grid is at peak.

4.4.7 Capacity Deficiency

Exhibit 4.37 below summarize the asset loading across the Merrimack Valley sub-region in 2023. The
2023 loading profile shows that most assets are loaded below 75% of their normal rating.

Exhibit 4.37: Merrimack Valley sub-region 2023 Forecasted Transformer Loading Profile
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Substation transformer capacity deficiencies exist in the following areas:

Exhibit 4.38: Merrimack Valley sub-region 2023 Forecasted Transformer capacity deficiencies

Study Area Substation Capacity Deficiency

Lawrence NORTH LAWRENCE 6 | Transformers > 100% Emergency Rating in Contingency
North Lowell BOULEVARD 77 Transformers > 100% Emergency Rating in Contingency
Tewksbury EAST TEWKSBURY 59 | Transformers > 100% Emergency Rating in Contingency
North Andover | WEST ANDOVER 8 Transformers > 100% Emergency Rating in Contingency
Haverhill WARD HILL 43 Transformer > 100% Normal Rating

Amesbury WEST NEWBURY 47 Transformer > 100% Normal Rating

Newburyport

North Andover | SOUTH UNION ST 61 | Transformer > 100% Normal Rating

There are operational protocols that go into effect to manage the risk of overloading of transformers upon
a contingency event (e.g., the loss of a neighboring transformer).

Exhibit 4.39: Merrimack Valley sub-region 2023 Forecasted Feeder Loading Profile
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Six feeders in the Merrimack Valley sub-region have an identified existing capacity deficiency. These
deficiencies are being monitored as anticipated spot loads come into service, and operational mitigations
will manage the overloads as appropriate.

The Merrimack River cuts through much of this area and adding or modifying any distribution
infrastructure that needs to cross the river must be carefully considered during solution development,
as such crossings can add significant complexity to projects.

The Merrimack Valley sub-region includes 30 substations which step the voltage down from 23 kV to
a mixture of 13 kV and 4.16 kV, some of which have contingency loading and voltage performance
concerns that limit the amount of load growth that can be supported by these substations.

Much of the Merrimack Valley sub-region shares a border with New Hampshire, and in some cases
distribution facilities from one jurisdiction are supplied from the neighboring utility. In such cases,
infrastructure investments in these areas must consider Liberty Utilities as a critical stakeholder.
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4.4.8 Aging Infrastructure

This section is only illustrative for completeness of the system, and as such, relevant aging infrastructure
investments are defined to be part of “core operations” and additional funding is not proposed in this plan.
The investments proposed in this Future Grid Plan are driven by load growth and the need to increase
system capacity.

As energy infrastructure ages, and often consequently, its condition worsens, the risk of equipment
failure increases and the reliability of operation decreases. The age of infrastructure is an important
consideration when assessing the condition of assets and in efforts to meet the future demands of the
network. However, asset replacement is primarily driven by asset condition rather than time of life. The
Company's approach to maintenance has moved from a time-based approach to risk and condition
based as a result of digitizing information and having real-time data. Substations and distribution lines
are surveyed regularly to assess asset health and to make recommendations for replacement.

Assets are rated based on a range of criteria to assess their health, which drives asset condition
replacement projects. Standard maintenance and regular testing (e.g., inspecting and replacing
subcomponents of a circuit breaker) can greatly enhance reliability and extend the life of specific assets.
Often, assets exceed their life expectancy if their condition and risk profile allow it, enabling the Company
to maximize the value of assets while maintaining network reliability.

Additionally, as the Company moves towards modernizing and standardizing the grid and/or substations,
existing equipment may need to be modified or replaced in order to digitize current methods. It is
important that that the Company remains diligent in improving the infrastructure with new technologies
and remains environmentally focused. (e.g., changing substation support structure design from aluminum
to steel due to efficiencies and decarbonization). This type of modernization work will fit into core and
Future Grid Plan work, depending on the project driver (asset condition or system capacity/load growth,
respectively).

Exhibit 4.40 below shows the metalclad age profile in the Merrimack Valley sub-region. Metalclads are
further described in Section 4.3.8.

Exhibit 4.40: Merrimack Valley sub-region Metalclad Age Profile
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Exhibit 4.41 below shows the transformer age profile in the Merrimack Valley sub-region.

Exhibit 4.41: Merrimack Valley sub-region Substation Transformer Age Profile
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Exhibit 4.42 below shows the distribution pole age profile in the Merrimack Valley sub-region.

Exhibit 4.42: Merrimack Valley sub-region Distribution Pole Age Profile
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Exhibit 4.43 below shows the recloser age profile in the Merrimack Valley sub-region. Reclosers
are further described in Section 4.3.8.

Exhibit 4.43: Merrimack Valley sub-region Recloser Age Profile
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4.4.9 Reliability and Resilience

This section will describe how the Company reports reliability and what the current reliability metrics are
for this given sub-region. For additional information on reliability, resiliency and company performance,
the Company’s annual report is here (Department Docket No. 12-120-D). This section is only illustrative
for completeness of the system, and as such, relevant reliability investments are defined to be part of
“core operations” and additional funding is not proposed in this plan. The investments proposed in the
Future Grid Plan are driven by load growth and the need to increase system capacity.

Refer to section 4.3.9 for background on reliability metrics and performance.

Reliability Performance

Exhibit 4.44 below show the reliability performance of the sub-region in terms of duration (SAIDI) and
frequency (SAIFI) of outages. The data in these Exhibits excludes major events, consistent with the
Company’s regulatory reporting criteria and call out leading causes of blue-sky outages for the region.
Tree-related events caused most outages across this sub-region, in terms of duration and frequency.
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Exhibit 4.44: Merrimack Valley sub-region Leading Causes of Blue-Sky Outages and
SAIDI and SAIFI Reliability Performance
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Refer to section 4.3.9 for background on how reliability metrics are calculated.

The IEEE Guide for Electric Power Distribution Reliability Indices (Standard 1366) was developed to
facilitate uniformity in distribution service reliability indices and to aid in consistent reporting practices
related to distribution systems, substations, circuits, and defined regions. While this methodology differs
from the criteria applied to the Company’s regulatory reliability reporting obligations, this approach was
utilized to demonstrate the performance of the Company's distinct sub-regions as compared to similar
size utilities responding to the survey (>100,000 - <1,000,000 customers). The benchmarking analysis
showed that for four out of the last five years, Merrimack Valley has been in the second quartile for
frequency of outages (SAIFI) and has been in the first or second quartile for the past five years for
duration (SAIDI).
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Resiliency Performance

As described in section 4.3.9, outage impacts from major events are traditionally excluded from reliability
reporting, as described above. The Company calculated “all-in” SAIDI and SAIFI indices across its
service territory to facilitate comparison of the resiliency and reliability challenges experienced in each
sub-region relative to the others. This comparison highlights areas where emerging resiliency challenges
have been experienced in the past five years. The methodologies that went into these calculations are
described in section 4.3.9. Substations may have no reliability data for several reasons, including no
recorded events over the time period or if they do not directly serve load to customers.

The following maps illustrate the substation resiliency of this sub-region overlaid with Environmental
Justice Areas, as defined by the Commonwealth. The exhibits below show the Company’s distribution
substation locations within the given sub-region overlaid with EJCs. Each distribution substation is
color-coded indicating its five-year historical SAIDI or SAIFI performance relative to the Company’s
entire population of substations. A greater density of distribution substations typically results in shorter
distribution feeders with less outage exposure and increased numbers of feeder ties, resulting in better
overall reliability. As can be seen in each of these Exhibits, substations in the EJCs fall within the top first
and second quartile of SAIDI and SAIFI performance relative to the entire population of the Company’s
distribution substations.
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Exhibit 4.45: Merrimack Valley sub-region Resiliency in EJCs
as shown as SAIDI Substation Performance
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Exhibit 4.46: Merrimack Valley sub-region Resiliency in EJCs
as shown as SAIFI Substation Performance
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When looking at the 5-year performance, 2020 was particularly a bad year as the Company experienced
18 storm events that were not classified as major events. The impact of each event added together
reflects the bad reliability performance at the system level. Also worth noting was that 2018 and 2021
were bad years of performance for the eastern part of the Company’s Commonwealth service territory
given three back-to-back storms occurring in early 2018 and a Nor’easter occurring in October 2021.

As a result, substations in the fourth quartile of SAIDI/SAIFI performance can be seen in South Shore,
Southeast and Merrimack Valley region maps.

4.4.10 Siting and Permitting

Energy infrastructure siting and permitting processes are generally consistent across the Commonwealth;
therefore, siting and permitting challenges do not vary significantly by region. When projects require
considerable underground transmission work, the Energy EFSB review process is triggered to ensure the
work is in compliance with State requirements. This EFSB review process is intended to take twelve
months (see G.L. c. 164, Section 69J); however, the review timeline for recently submitted transmission
line projects is trending toward 30 to 36 months.

Environmentally, the largest differences are at a municipal level rather than regionally. At the project-
level, Conservation Commission impacts uniformly across the State but there is a high degree of
variability town to town and year to year, which makes it challenging to generalize regionally.

Since Merrimack Valley is one of the more developed sub-regions, the Company has faced increased
challenges in identifying suitable locations for energy infrastructure given the wetland mitigation
requirements for permanently impacted land. Despite this generalization, each site presents different
siting and environmental considerations.

4.5 North Shore Sub-Region

The North Shore sub-region in brief:

Nature of the area: The Northshore sub-region is predominantly urban with metropolitan core
communities near Boston and sub-regional urban centers in Beverly, Gloucester, Lynn, Peabody,
and Salem.

The Company’s customers' energy needs, economic circumstances, and demographics in the North
Shore sub-region vary greatly, which is why targeted and culturally competent community engagement
is at the core of the Company’s plan to help the State achieve its goals.

Exhibit 4.47: North Shore sub-region customers by the numbers

% Business, Heat Pump Total NG

% Commercial, Benefits Adoption Charging
Residential Municipal, or of EE (end of 2022) Ports

University Installed

Total

Customers
(Accounts)

1,286,916

255,067 88% 12% MWh

1,399 390 Ports

Exhibit 4.48: North Shore sub-region network by the numbers

Number of Number of Total Length Total peak Square Miles

Substations Feeders of Feeders Load Served of Sub-Region
49 319 2,000 miles 1,107 MW 174
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Context of the region

The North Shore is a predominantly urban area which contains a highly integrated network. The North
Shore sub-region has low levels of DER penetration in this area relative to other sub-regions due to the
lack of large swaths of open space coupled with a network with limited capacity. Due to the dense
population and proximity to Boston, the Company anticipates load to grow by approximately 6.6% in the
North Shore region in the next 5 years. Additional details can be found in Section 5.

Below are some key characteristics of the North Shore sub-region which will drive future investment

needs.

Exhibit 4.49: North Shore Sub-Region Key Characteristics
that will Drive Future Investment Needs

Network Characteristic

Most of the distribution circuits are a combination
of 5 kV (which operate at voltages of 4.16 kV and
2.4 kV) and 15 kV class circuits (which operate at
voltages of 13.2 kV or 13.8 kV).

There are eighty circuits that operate at 4.16 kV
which are supplied from substations that step
down the voltage of 23 kV & 13 kV to supply
customers. Lower voltages such as 4.16 kV were
used more commonly in the past when loads were
lower. This 4.16 kV infrastructure is prevalent
throughout the North Shore, particularly in urban
centers.

Consequence

Areas served by these lower voltages will largely

need to be converted to a higher voltage such as

13.2 kV or 13.8 kV in order to meet the significant
load growth that is projected across the State.

Voltage conversions can be costly and complex
projects, requiring widescale replacement or
upgrade of significant amounts of both distribution
line and substation facilities.

The 23 kV class subtransmission circuits act both
as supplies to substations and to serve mostly
larger load customers.

Subtransmission circuits have less capacity than
transmission circuits; therefore, load growth on
subtransmission-supplied substations can
sometimes be limited by the subtransmission
feeder supplying it.

As a result, the Company will need to invest in
both upgrading the substation and extending
transmission facilities into these areas to meet the
projected load growth.

The Lynn Network no longer meets the needs of
the modern distribution system in this area,
presenting challenges to provide service to new
load and DER customers in areas served by the
Network.

The Company has identified the need to contract
and eventually eliminate the Lynn Network,
replacing it with a radial system with feeder ties
more suited to today’s needs.

There is extensive underground construction in
urban areas.

As capacity limitations are reached on existing
underground cables, the ability to increase the
size of those cables or install new cables for
additional capacity without doing costly civil work
to install new duct banks is very limited. This
contributes to high-cost distribution line projects
when the Company needs to increase the
capacity in these areas.
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4.5.1 Maps
The North Shore sub-region consists of 19 towns and cities and comprises the study areas below.

Exhibit 4.50: North Shore Sub-Region Study Areas and Towns

 Study Area Town |

1 Cape Ann Beverly, Essex, Gloucester, Hamilton, Manchester,

P Rockport, Wenham
2 Beverly Beverly, Hamilton, Wenham
8 Everett/Malden/Medford Everett, Malden, Medford
4 Lynn Lynn, Nahant, Salem, Saugus, Swampscott

Everett, Lynn, Malden, Medford, Melrose, Revere,
5 Melrose/Saugus S
augus

6 Revere/Winthrop Revere, Winthrop
7 Salem/Swampscott Salem, Swampscott
8 Topsfield Topsfield

Exhibit 4.51 below shows the substation locations within the North Shore sub-region's study areas,
indicated with a red dot. Not all study areas cleanly follow town lines because they are defined electrically
instead of geographically. Many of the locations of substations in the North Shore sub-region were

driven by residential and commercial property development. Strong economic development activity

has continued in these areas due to their proximity to public transit systems and available labor pools,

as well as builder interest in unused or limited use waterfront parcels for mixed-use development.

119 | National Grid Future Grid Plan 9/23 - Section 4



Exhibit 4.51: North Shore sub-region Substation Locations and Study Areas
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4.5.2 Customer Demographics
Exhibit 4.52: North Shore sub-region customer demographics summary

Existing
Benefits Connected
of EE Rooftop DER
(< 25kW)

Residential

Number of Customers Population
Growth

. . Residential — Low
Total Residential Income Rate Commercial 5-yeqr G.rowth
— Total .- Projections
Participants
255067 | 223379 26,892 31,688 1.6% 1’2,\?8\’,?]16 82 MW

The Company serves a total of 255,067 customers (defined by individual accounts, not the number of
people served) — in the North Shore sub-region. Approximately 88% (223,379) of these customers are
residential customers and the other 12% are comprised of commercial, municipal, or university
customers.

In addition to the Mass Save programs, which have benefited customers in the North Shore sub-region,
24 towns statewide have been identified for targeted outreach per the MA EEAC Equity Working Group
plans. Under these outreach plans, the Company is specifically working to encourage more Energy
Efficiency benefits in low-adoption zones. The towns/cities included in the North Shore sub-region are
Everett, Lynn, Malden, Revere, and Saugus.

The Company recognizes that a significant portion of the Company’s customers live in EJCs, which are
disbursed throughout the Company’s service area. Historically, EJCs have borne the highest energy
burdens and been disproportionately impacted by the fossil-based economy. As outlined earlier in
Section 3.3, the Company is developing a formal Equity and Environmental Justice Policy and
Engagement Framework, as well as complementary policy and framework focused on Indigenous
Peoples, which the Company will seek feedback on from those communities prior to finalizing, please
refer to the Appendix for those drafts.

Below please see Exhibit XX which overlays the Commonwealth EJC map with the Company’s current
substations. '8

8 Multiple substations in close proximity with one another may appear to be overlapping or as one dot on this map

121 | National Grid Future Grid Plan 9/23 - Section 4



Exhibit 4.53: North Shore sub-region substations with to the Commonwealth’s EJC map
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Exhibit 4.53 above highlights concentrations of substations in many load-dense areas — town centers

and other major economic areas with existing industry, or a history of industry. Load density and electric
capacity needs are the key drivers to substation density and location. As the load increases, the need for
more substations to serve these population centers and expanding rural areas will increase as well. Many
EJCs have been identified as such by the Commonwealth because they have been historically unduly
burdened by infrastructure and related pollution. As discussed in Section 3, the Company is committed to
being a trusted partner with all of the Company’s host communities, including those which contain EJCs,
as new infrastructure needs to be built throughout the Commonwealth to reach decarbonization and
electrification goals. Additional infrastructure that has yet to be built per recommendations in this Future
Grid Plan can be found in Section 6.

4.5.3 Economic Development

The development of the Company’s Grid Future Plan was informed, in part, by the varying levels of
readiness within each sub-region. Within the Company’s study areas defined in the Future Grid Plan,

14 communities have completed decarbonization plans and 139 are designated as “green communities”
under M.G.L. c. 25A §10. In partnership with the Company, the following municipalities have completed a
Strategic Energy Management Plan (SEMP): Athol, Beverly, Everett, Lowell, Melrose, Newburyport, and
Salem. The Company anticipates one new SEMP to be signed before the end of the year, with an
additional five SEMPs in the development queue.

In the North Shore sub-region, five communities (Beverly, Medford, Melrose, Salem, and Swampscott)
have completed decarbonization plans, and 18 are designated as green communities. Four of the
communities, in partnership with the Company, have completed an SEMP. The region is currently
engaging with the MMA Economic Development Planning Council to develop a comprehensive strategy;
however, understood concerns include climate resilience and flood mitigation. Additionally, the region
aspires to foster increased commercial development opportunities and promote affordable housing.

454 Electrification Growth

Heat Electrification - The North Shore region has moderate heat pump adoption among the six regions
with about 1,000 units adopted by the end of 2022.

Transport Electrification — There has been significant growth in the LDEV sales in the North Shore sub-
region with about 5,500 vehicles as of the end of 2022, making the North Shore the sub-region with the
highest EV count. However, the total number of MHDEVs is less than 10, indicating very low penetration
at present, like other sub-regions. Since 2019, the Company has installed 390 EV charging ports via their
phase | and phase Il EV charging programs in the North Shore region.

4.5.5 DER Adoption (Battery Storage and Solar Photovoltaic)

With a total of 142 MW of generation connected, the North Shore sub-region has relatively low DER
penetration. Somewhat similar to the Merrimack Valley sub-region, this low penetration has to do with the
limited capacity on the network coupled with the lack of abundant open space to install large facilities.
Connected DER is predominately solar, representing 87% of the installed DER capacity in the sub-region.
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Exhibit 4.54: North Shore sub-region DER Adoption Summary

Solar Battery Hydro Wind Miscellaneous’ Grand Total
Sub-Region (MW) (MW) (MW) (MW) (MW) (MW)
North Shore -
Connected 121.6 5.0 0.0 7.3 18.3 152.2
DER

The past decade has seen tremendous growth in DER connections in the North Shore sub-region.
Note that in the exhibits below, the 2023 value is reflective of cumulative interconnections as of
July 2023.

Exhibit 4.55: North Shore sub-region Cumulative Connected Generation and Storage

Cumulative Connected Generation and Storage - North Shore District
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Exhibit 4.56 contains visibility of the current DER interconnection queue in the North Shore sub-region.
Recent application trends have demonstrated a shift from largely solar PV applications to mainly battery
storage, with batteries representing 73% of the current queued DER capacity.

A large maijority of the batteries are stand-alone, albeit some are co-located as PV paired with storage.
Unlike other forms of DER, which operate solely in a discharge or export capacity, contributing power to
the grid, standalone batteries also must charge from the grid. While solar and other forms of DER,
excluding batteries, only require there to be sufficient grid hosting capacity for their interconnection,
batteries require both hosting and load-serving capacity at the location of their interconnection. Therefore,
batteries are subject to capacity deficiency (i.e., charge) considerations such as those highlighted in
Section 4.5.7 as well as any hosting capacity (i.e., discharge) constraints that may be present.

This significantly increases the complexity of planning and operating the network.

National Grid Future Grid Plan 9/23 - Section 4 | 124



Exhibit 4.56: North Shore sub-region pending DER summary in queue

Solar Battery Hydro Wind Miscellaneous? = Grand Total

Sub-Region (MW) (MW) (MW) (MW) (MW)
North Shore -
o OeR | 1613 59.4 0.0 0.0 2.0 775

Exhibit 4.57: North Shore sub-region pending DER Generation and Storage in queue

In Queue Generation and Storage - North Shore District
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North Shore
m Sum of Total Storage MW 50 1.0 53.4 0.0
B Sum of Total Generator MW 0.4 141 35 0.0

Combining the 77.5MW of DER in the interconnection queue, and the 152.2MW already connected in the
North Shore sub-region, the total for the area would be 229.7MW if all in-queue projects move forward.
While it is unlikely that all will connect, this would be a doubling of interconnected DER in an already
constrained area and would therefore require significant infrastructure expansion. Layering on the
complexity of battery operation and solar variability, advanced grid management tools will be necessary
in addition to the infrastructure build out to maintain the safety and reliability of the grid.

In the North Shore sub-region, the Company has analysis completed or in progress for group study for
the interconnection of DER in the following study areas?:

e Beverly

The proposed DER and system modifications required for the proposed groups have been included in the
base case for this Future Grid Plan analysis; should the DER customers in these groups not proceed to
interconnection, the investments described in will need to be analyzed for the impacts of this attrition and
adjusted appropriately. The Company is proposing to apply CIP cost allocation principles to these
investments once they reach sufficient maturity.

The high-level benefits of the CIPs to distribution customers include:

¢ Reliability: the solution proposed to safely and reliably interconnect group study DER, in many
cases coincidently, addresses existing or projected system needs. The proposed upgrades, if
approved, expedite addressing these reliability concerns. These include:
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o EPS normal configuration thermal loading
o EPS contingency configuration customer unserved
o EPS asset conditions

e Enabled electrification: the proposed solution in some cases also provides thermal capacity
beyond the planning horizon and supports some loading projects out to 2050.

e Reserved Small DG: the proposed solutions also incorporate a reserved capacity on each study
feeder for the small rooftops to interconnect without triggering major EPS upgrades, which
typically is a direct benefit to distribution customers.

The high-level description of the common system modifications required to accommodate the
interconnection of the DER included in the groups listed above are included in the Appendix. Note that
these areas are in various stages of maturity and the modifications identified below are subject to change
pending further analysis through the group study process. Cumulatively, in order to interconnect the 25
MW of DER proposed through the current group studies, the Company anticipates requiring system
modifications that include the addition or upgrade of 3 substation transformers and approximately 4 miles
of distribution line construction, at an estimated cost of $70M.

4.5.6 Grid Services (Demand Response, Smart inverter Controls, Time-varying Rates)

The Company currently offers several grid service participation opportunities to residential and
commercial customers through its Demand Response and EV managed charging programs. Customers
can earn incentives for curtailing load, pre-cooling with smart thermostats, charging their electric vehicles
at optimal times, or shifting energy use with battery storage during peak load periods. As described in
sections 6.3, 6.11, and 9.3 and 9.6 the Company is also on a path toward expanding grid services via
AMI and time-varying rates, and leveraging DERMS technology investments to offer more dynamic,
location-specific grid services as NWA solutions in the future.

In the North Shore region over 6,000 customers currently participate in ConnectedSolutions DR program
and help to reduce approximately 28 MW of load on the grid when the overall grid is at peak. This has
helped to delay investments and maximize the utilization of the current network.

4.5.7 Capacity Deficiency

The graphs below summarize the asset loading across the North Shore sub-region in 2023. The 2023
loading profile shows that most assets are loaded below 75% of their normal rating.
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Exhibit 4.58: North Shore sub-region 2023 Forecasted Transformer Loading Profile

North Shore sub-region (2023 Forecasted)
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Substation transformer capacity deficiencies exist in the following areas:

Exhibit 4.59: North Shore sub-region 2023 Forecasted Transformer capacity deficiencies

Study Area Substation Capacity Deficiency

Cape Ann Riverdale 52 Transformers > 100% Emergency Rating in Contingency
Revere o N .
Winthrop Revere 7 Transformers > 100% Emergency Rating in Contingency
Cape Ann East Beverly 51 Transformers > 100% Emergency Rating in Contingency
Salem o I ,
Swampscott West Salem 29 Transformers > 100% Emergency Rating in Contingency
I\S/I:lljgjse Maplewood 16 Transformers > 100% Emergency Rating in Contingency

There are operational protocols that go into effect to manage the risk of overloading of transformers
upon a contingency event (e.g., the loss of a neighboring transformer).
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Exhibit 4.59: North Shore sub-region 2023 Forecasted Feeder Loading Profile
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Seven feeders in the North Shore sub-region have an identified existing capacity deficiency; these
deficiencies are being monitored as anticipated spot loads come into service, and operational
mitigations will manage the overloads as appropriate.

Much of the North Shore sub-region borders the ocean, and geographical constraints can complicate
solution development in this area. The Cape Ann area is currently served by a mix of 34.5 kV and 23 kV
subtransmission lines, since transmission does not extend any further east than Beverly. These lower
voltage subtransmission lines have less load-serving capacity than higher voltage transmission lines
would be capable of providing to the area.

The North Shore sub-region includes 28 substations which step the voltage down from 34.5kV or 23 kV
to a mixture of 13 kV and 4.16 kV, some of which have contingency loading and voltage performance
concerns that limit the amount of load growth that can be supported by these substations.

The North Shore sub-region features 147 circuits that are 4.16 kV, which are mainly located in urban
settings. These circuits have limited capacity and are primarily located in urban areas with significant
amounts of underground infrastructure. Converting underground facilities to a higher voltage to achieve
greater capacity can come at significant cost.

4.5.8 Aging Infrastructure

This section is only illustrative for completeness of the system, and as such, relevant aging infrastructure
investments are defined to be part of “core operations” and additional funding is not proposed in this plan.
The investments proposed in this Future Grid Plan are driven by load growth and the need to increase
system capacity.

As energy infrastructure ages, and often consequently, its condition worsens, the risk of equipment
failure increases and the reliability of operation decreases. The age of infrastructure is an important
consideration when assessing the condition of assets and in efforts to meet the future demands of

the network. However, asset replacement is driven primarily by asset condition rather than time of life.
The Company’s approach to maintenance has moved from a time-based approach to risk and condition
based as a result of digitizing information and having real-time data. Substations and distribution lines
are surveyed regularly to assess asset health and to make recommendations for replacement.
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Assets are rated based on a range of criteria on their asset health, which drives asset condition
replacement projects. Standard maintenance and regular testing (e.g., inspecting and replacing
subcomponents of a circuit breaker) can enhance reliability and extend the life of specific assets.
Often, assets exceed their life expectancy if their condition and risk profile allow it, enabling the
Company to maximize the value of assets while maintaining network reliability.

Additionally, as the Company moves towards modernizing and standardizing the Company’s grid and/or
substations, existing equipment may need to be modified or replaced in order to digitize the Company’s
methods. It is important that the Company remains diligent in improving infrastructure with new
technologies and remains environmentally focused. (e.g., changing substation support structure design
from aluminum to steel due to efficiencies and decarbonization).

Exhibit 61 shows the metal clad age profile in the North Shore sub-region. Metalclads are further
described in Section 4.3.8.

Exhibit 4.61: North Shore sub-region Metalclad Age Profile
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Exhibit 4.62 shows the substation transformer age profile in the North Shore sub-region.

Exhibit 4.62: North Shore sub-region Substation Transformer Age Profile
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Exhibit 4.63 shows the distribution pole age profile in the North Shore sub-region

Exhibit 4.63: North Shore sub-region Distribution Pole Age Profile
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Exhibit 4.64 shows the recloser age profile in the North Shore sub-region.

Exhibit 4.64: North Shore sub-region Recloser Age Profile
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4.5.9 Reliability and Resilience

This section will describe how the Company reports reliability and what the current reliability metrics are
for this given sub-region. For additional information on reliability, resiliency and company performance,
the Company’s annual report is here (Department Docket No. 12-120-D). This section is only illustrative
for completeness of the system, and as such, relevant reliability investments are defined to be part of
“core operations” and additional funding is not proposed in this plan. The investments proposed in the
Future Grid Plan are driven by load growth and the need to increase system capacity.

Refer to section 4.3.9 for background on reliability metrics and performance.

Reliability performance

The exhibits below show the reliability performance of the sub-region in terms of duration (SAIDI) and
frequency (SAIFI) of outages. The data in these Exhibits excludes major events, consistent with the
Company’s regulatory reporting criteria and call out leading causes of blue-sky outages for the region.
Tree-related events and deteriorating equipment (due to a larger portion of undergrounded distribution in
this region) caused the majority of outages across this sub-region, in terms of duration and frequency.
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Exhibit 4.65: North Shore sub-region Leading Causes of Blue-Sky
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Refer to section 4.3.9 for background on how reliability metrics are calculated.

The IEEE Guide for Electric Power Distribution Reliability Indices (Standard 1366) was developed to
facilitate uniformity in distribution service reliability indices and to aid in consistent reporting practices
related to distribution systems, substations, circuits, and defined regions. While this methodology differs
from the criteria applied to the Company’s regulatory reliability reporting obligations, this approach was
utilized to demonstrate the performance of the Company's distinct sub-regions as compared to similar
size utilities responding to the survey (>100,000 - <1,000,000 customers). The benchmarking analysis
showed that for the last four years, North Shore has been in the first quartile for frequency of outages
(SAIFI) and has been in the first quartile for the past four years for duration (SAIDI).
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Resiliency performance

As described in section 4.3.9, outage impacts from major events are traditionally excluded from reliability
reporting, as described above. The Company calculated “all-in” SAIDI and SAIFI indices across its
service territory to facilitate comparison of the resiliency and reliability challenges experienced in each
sub-region relative to the others. This comparison highlights areas where emerging resiliency challenges
have been experienced in the past five years. The methodologies that went into these calculations are
described in section 4.3.9. Substations may have no reliability data for several reasons, including no
recorded events over the time period or if they do not directly serve load to customers.

The following maps illustrate the substation resiliency of this sub-region overlaid with EJCs, as defined by
the Commonwealth. The exhibits below show the Company’s distribution substation locations within the
given sub-region overlaid with EJCs. Each distribution substation is color-coded indicating its five-year
historical SAIDI or SAIFI performance relative to the Company’s entire population of substations. A
greater density of distribution substations typically results in shorter distribution feeders with less outage
exposure and increased numbers of feeder ties, resulting in better overall reliability.

National Grid Future Grid Plan 9/23 - Section 4 | 134



Exhibit 4.66: North Shore sub-region Resiliency in EJCs
as shown as SAIDI Substation Performance
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Exhibit 4.67: North Shore sub-region Resiliency in EJCs
as shown as SAIFI Substation Performance
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When looking at the 5-year performance, 2020 was a particularly bad year as the Company experienced
18 storm events that were not classified as major events. The impact of each event added together
reflects the bad reliability performance at the system level. Also worth noting was that 2018 and 2021
were bad years of performance for the eastern part of the Company’s Commonwealth service territory
given three back-to-back storms occurring in early 2018 and a Nor’easter occurring in October 2021.

As a result, substations in the fourth quartile of SAIDI/SAIFI performance can be seen in South Shore,
Southeast and Merrimack Valley region maps.

4.5.10 Siting and Permitting

Energy infrastructure siting and permitting processes are generally consistent across the Commonwealth;
therefore, siting and permitting challenges do not vary significantly by region. When projects require
considerable underground transmission work, the EFSB review process is triggered to ensure the work

is in compliance with State requirements. This EFSB review process is intended to take twelve months
(see G.L. c. 164, Section 69J); however, the review timeline for recently submitted transmission line
projects is trending toward 30 to 36 months.

Environmentally, the largest differences are at a municipal level rather than regionally. At the project-
level, Conservation Commission impacts uniformly across the State but there is a high degree of
variability town to town and year to year, which makes it challenging to generalize regionally.

Since the North Shore sub-region is one of the more developed regions, the Company has faced
increased challenges in identifying suitable locations for energy infrastructure. Each site presents
different siting and environmental considerations, especially given the wetland mitigation requirements
for permanently impacted land.

4.6 Southeast Sub-Region

The Southeast sub-region in brief:

Nature of the area: The Southeast sub-region is predominantly suburban with urban centers in Milford,
Attleboro, Fall River, and Somerset.

The Company’s customers' energy needs, economic circumstances, and demographics in the Southeast
sub-region vary, which is why targeted, and culturally competent community engagement is at the core of
the Company’s plan to help the State achieve its goals.

Exhibit 4.68: Southeast sub-region customers by the numbers

% Business, Total NG
% Commercial, Benefits

Total
Customers
(accounts)

Heat Pump
Adoption
(end of 2022)

Charging
Ports
Installed

Residential Municipal, or of EE
University

231,799 87% 13% 1,169,519 MWh 3,300 390 Ports

Exhibit 4.69: Southeast sub-region network by the numbers

Number of Number of Total Length Total Peak Square Miles

Substations Feeders of Feeders Load Served of Sub-Region
43 178 3,600 miles 1,029 MW 610
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Context of the region

The Southeast sub-region includes a variety of dense areas which has resulted in a highly integrated
network and also rural areas which have a more radial network. There is a high level of DERs penetration
in this area relative to all other sub-regions due to the large amount of open space coupled with more
robust distribution infrastructure as compared to the western area of the Commonwealth. Due to the
economic development and growing suburban areas, an approximate 6.7% load growth is expected in
the Southeast sub-region in the next 5 years. Additional detail can be found in Section 5.

Below are some key characteristics of the Southeast sub-region which will drive future investment needs.

Exhibit 4.70: Southeast Sub-Region Key Characteristics that will Drive Future Investment Needs

Network Characteristic ‘ Consequence ‘
The maijority of the distribution circuits in the | Areas served by these lower voltages will largely need
region are 15 kV class circuits, which to be converted to a higher voltage such as 13.2 kV or

operate at voltages of 13.2 kV or 13.8 kV. 13.8 kV in order to meet the significant load growth that
is projected across the State. Voltage conversions can
be costly and complex projects, requiring widescale
replacement or upgrade of significant amounts of both
distribution line and substation facilities.

There are 20 circuits that operate at 4.16 kV
and are supplied from substations that step
down the voltage of 13 kV or 23 kV to
supply customers. Lower voltages such as
4.16 kV were used more commonly in the
past when loads were lower.

The 23 kV class subtransmission circuits in | Subtransmission circuits have less capacity than

the area act both as supplies to substations | transmission circuits; therefore, load growth on

and to serve mostly larger load customers subtransmission-supplied substations can sometimes
be limited by the subtransmission feeder supplying it.

As a result, the Company will need to invest in both the
substation and extend transmission facilities into these
areas to meet the projected load growth.

4.6.1 Maps

The Southeast sub-region consists of 32 towns and cities and comprises the study areas below:
Exhibit 4.71: Southeast Sub-Region Study Areas and Towns

Study Area  Town |

1 Attleboro Attleboro, Norton, Rehoboth, Seekonk

2 | Fall River Fall River, Westport

3 | Hopedale East Bellingham, Blackstone, Foxborough, Franklin,
Hopedale, Mendon, Plainville, Wrentham

4 | Hopedale West Bellingham, Blackstone, Douglas, Hopedale, Mendon,
Milford, Millville, Northbridge, Upton, Uxbridge

5 | Marlboro Marlborough, Northborough, Southborough, Upton,
Westborough

6 | Somerset Dighton, Somerset, Swansea

Exhibit 4.72 shows the substation locations within the Central sub-region's study areas, indicated with a
red dot. Not all study areas cleanly follow town lines because they are defined electrically instead of
geographically.
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Exhibit 4.72: Southeast sub-region Substation Locations and Study Areas"®

M LB H

A $ = e
e Py .1\___ - 1
[ ot
ditde 3 ‘
( o
Flh e
( Pl s
|' - el "-'n.l..
N LAy
ot g 8 L L
ENT S
Legend
L] [ Attieboro
_ [ 1 Fail_River
'\l [ Hopedale_East
[ Hopedale_west
[] Marbora
Ir‘ [ somerset
E @ Substations TON

® Multiple substations in close proximity with one another may appear to be overlapping or as one dot on this map

139 | National Grid Future Grid Plan 9/23 - Section 4



4.6.2 Customer Demographics

Exhibit 4.73: Southeast sub-region customer demographics summary

Existing
Residential Benefits Connected
Number of Customers Population of EE Rooftop
Growth DER

(< 25kW)

Residential —
Residential Low Income . 5-year Growth
Total Commercial o
— Total Rate Projections

Participants

231,799 | 202,218 23,996 29,581 2.2% 1109.519 110MW

The Company serves a total of 231,799 customers (defined by individual accounts, not the number of
people served) — in the Southeast sub-region. Approximately 87% (202,218) of these customers are
residential customers and the other 13% are comprised of commercial, municipal, or university
customers.

In addition to the Mass Save programs which have benefited customers in the Southeast region, 24
towns statewide have been identified for targeted outreach per the Company’s MA EEAC Equity Working
Group plans. Under these outreach plans the Company is specifically working to encourage more Energy
Efficiency benefits in low-adoption zones. The towns/cities included in the Southeast sub-region are
Attleboro and Fall River.

The Company recognizes that a significant portion of the Company’s customers live in EJCs, which are
disbursed throughout the Company’s service area. Historically, EJCs have borne the highest energy
burdens and been disproportionately impacted by the fossil-based economy. As outlined earlier in
Section 3.3, the Company is developing a formal Equity and Environmental Justice Policy and
Engagement Framework, as well as complementary policy and framework focused on Indigenous
Peoples, which the Company will seek feedback on from those communities prior to finalizing, please
refer to the Appendix for those drafts.

Exhibit 4.74 below is a map that overlays current substation locations with the Commonwealth’s
Environmental Justice maps, updated in 2022.2° Exhibit 4.74 highlights concentrations of substations in
many load-dense areas — town centers and other major economic areas with existing industry, or a
history of industry. Load density and electric capacity needs are the key drivers to substation density and
location. As the load increases, the need for more substations to serve these population centers and
expanding rural areas will increase too. Many Environmental Justice Areas have been identified as such
by the Commonwealth because they have been historically unduly burdened by infrastructure and related
pollution. As discussed in Section 3, the Company is committed to being a trusted partner with all the
Company’s host communities, including those which contain Environmental Justice Populations, as new
infrastructure needs to be built throughout the Commonwealth to reach decarbonization and electrification
goals. Additional infrastructure that has yet to be built per recommendations in this Future Grid Plan and
as part of existing investment plans can be found in Section 6.

20 Multiple substations in close proximity with one another may appear to be overlapping or as one dot on this map
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Exhibit 4.74: Southeast Sub-Region substations with the Commonwealth’s EJC Map
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4.6.3 Economic Development

The development of the Company’s Grid Future Plan was informed, in part, by the varying levels of
readiness within each sub-region. Within the Company’s study areas defined in the Future Grid Plan,

14 communities have completed decarbonization plans and 139 are designated as “green communities”
under M.G.L. c. 25A §10. In partnership with the Company, the following municipalities have completed a
Strategic Energy Management Plan (SEMP): Athol, Beverly, Everett, Lowell, Melrose, Newburyport, and
Salem. The Company anticipates one new SEMP to be signed before the end of the year, with an
additional five SEMPs in the development queue.

In the Southeast sub-region, two communities (Attleboro and Westborough) have completed
decarbonization plans, and 21 are designated as green communities. The region’s FY23-28 CEDS
focuses on workforce development, reducing unemployment, and fostering modern infrastructure
investment, including utility infrastructure, to enable continued growth. The strategy is committed to
exploring alternative energy sources, with an emphasis on leveraging the region’s strong marine and
ocean-based industries to become a hub for the off-shore wind industry.

4.6.4 Electrification Growth

Heat Electrification - The Southeast sub-region has experienced significant growth in heat pump
adoption. Approximately 2,000 units have been adopted by the end of 2022, of which nearly 80% are
hybrid.

Transport Electrification — There has been steady growth in the LDEV sales in the Southeast sub-region
with about 5,000 vehicles as of the end of 2022. However, the MHDEVs penetration is very low at
present. Since 2019, The Company has installed 390 EV charging ports via their phase | and phase Il EV
charging programs in the Southeast region.

4.6.5 DER Adoption (Battery Storage and Solar Photovoltaic)

With a total of 420 MW of generation connected, the Southeast sub-region has relatively high DER
penetration. Connected DER is overwhelmingly solar, representing approximately 95% of the installed
DER capacity.

Exhibit 4.75: Southeast sub-region DER Adoption Summary

Solar Battery Hydro Wind Miscellaneous' Grand Total

Sub-Region

(MW) (MW) (MW) (MW) (MW) (MW)

Southeast-

Connected DER 363.3 42.0 0.1 20 18.3 425.6

Significant levels of DER have been connected in the Southeast sub-region, predominately in the past
decade. Note that in Exhibit 4.76, the 2023 value is reflective of cumulative interconnections as of
July 2023.
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Exhibit 4.76: Southeast sub-region Cumulative Connected Generation and Storage

Cumulative Connected Generation and Storage - South East District
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Exhibit 4.77 contains visibility of the current DER interconnection queue in the Southeast sub-region.
Recent application trends have demonstrated a shift from largely solar PV applications to mainly battery
storage, with batteries representing 64% of the current queued DER capacity.

A large majority of the batteries are stand-alone, albeit some are co-located as PV paired with storage.
Unlike other forms of DER, which operate solely in a discharge or export capacity, contributing power to
the grid, standalone batteries also must charge from the grid. While solar and other forms of DER,
excluding batteries, only require there to be sufficient grid hosting capacity for their interconnection,
batteries require both hosting and load-serving capacity at the location of their interconnection. Therefore,
batteries are subject to capacity deficiency (i.e., charge) considerations such as those highlighted in
Section 4.6.7 as well as any hosting capacity (i.e., discharge) constraints that may be present.

Exhibit 4.77: Southeast sub-region pending DER summary in queue

Sub-Redion Solar Battery Hydro Wind Miscellaneous? Grand Total
9 (MW) (MW) (MW) (MW) (MW) (MW)

Southeast —

Pending DER 108.0 332.3 0.0 0.0 0.6 440.8
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Exhibit 4.78: Southeast sub-region pending DER Generation and Storage in queue

In Queue Generation and Storage - South East sub-region

300.0
250.0
200.0

150.0

MW in Queue

100.0

50.0

00 -

Pre-Study Post-ISA Study Pending Withdraw
South East

m Sum of Total Storage MW 315 47.6 252.2 1.0
W Sum of Total Generator MW 42 78.7 24.5 1.0

Between the 440.8MW pending in queue, awaiting interconnection, and the 425.6MW already connected
in the Southeast sub-region, the total for the area would be 866MW if all in-queue projects move forward.
While it is unlikely that all will connect, this would be a doubling of interconnected DER in an already
constrained area and would therefore require significant infrastructure expansion. Layering on the
complexity of battery operation and solar variability, advanced grid management tools will be necessary
in addition to the infrastructure build out to maintain the safety and reliability of the grid.

In the Southeast sub-region, the Company has analysis completed or in progress for group study for the
interconnection of DER in the following study areas?®

o Attleboro
e Fall River (North and South)
e Hopedale West

Hopedale East

The proposed DER and system modifications required for the proposed groups have been included in the
base case for the Future Grid Plan analysis; should the DER customers in these groups not proceed to
interconnection, the investments described will need to be analyzed for the impacts of this attrition and
adjusted appropriately. The Company is proposing to apply CIP cost allocation principles to these
investments once they reach sufficient maturity.

The high-level benefits of the CIPs to distribution customers include:

¢ Reliability: the solution proposed to safely and reliably interconnect group study DER, in many
cases coincidently, addresses existing or projected system needs. The proposed upgrades, if
approved, expedite addressing these reliability concerns. These include:

o EPS normal configuration thermal loading
o EPS contingency configuration customer unserved
o EPS asset conditions

e Enabled electrification: the proposed solution in some cases also provide thermal capacity
beyond the planning horizon and support some loading projects out to 2050.
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e Reserved Small DG: the proposed solutions also incorporate a reserved capacity on each study
feeder for the small rooftops to interconnect without triggering major EPS upgrades, which
typically is a direct benefit to distribution customers.

The high-level description of the common system modifications required to accommodate the
interconnection of the DER included in the groups listed above are included in the Appendix. Note that
these areas are in various stages of maturity and the modifications identified below are subject to change
pending further analysis through the group study process. Cumulatively, in order to interconnect the 91
MW of DER proposed through the current group studies, the Company anticipates requiring system
modifications that include the addition or upgrade of 7 substation transformers and approximately 30
miles of distribution line construction, at an estimated cost of $220M.

4.6.6 Grid Services (Demand Response, Smart inverter Controls, Time-varying Rates)

The Company currently offers several grid service participation opportunities to residential and
commercial customers through its Demand Response and EV managed charging programs. Customers
can earn incentives for curtailing load, pre-cooling with smart thermostats, charging their electric vehicles
at optimal times, or shifting energy use with battery storage during peak load periods. As described in
sections 6.3, 6.11, and 9.3 and 9.6 the Company is also on a path toward expanding grid services via
AMI and time-varying rates, and leveraging DERMS technology investments to offer more dynamic,
location-specific grid services as NWA solutions in the future.

In the Southeast sub-region over 8,000 customers currently participate in the Company’s
ConnectedSolutions DR program and help to reduce approximately 26 MW of load on the grid when the
overall grid is at peak.

4.6.7 Capacity Deficiency

The exhibits below summarize the asset loading across the Southeast sub-region in 2023. The 2023
loading profile shows that most assets are loaded below 75% of their normal rating.

Exhibit 4.79: Southeast sub-region 2023 Forecasted Transformer Loading Profile
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Substation transformer capacity deficiencies exist in the following areas:

Exhibit 4.80: Southeast sub-region 2023 Forecasted Transformer Capacity Deficiencies

Study Area Substation Capacity Deficiency
Fall River Hathaway Transformer > 100% Normal Rating

Substation
Attleboro Mink Street Transformers > 100% Emergency Rating in Contingency
Hopedale Union Street Transformers > 100% Emergency Rating in Contingency
East
Marlboro Marlborough 311 Transformers > 100% Emergency Rating in Contingency

Exhibit 4.81: Southeast sub-region 2023 Forecasted Feeder Loading Profile

120
100
80

60

Quantity

40

20

Feeders <75% Normal Feeders between 75%- Feeders >100% Normal
Rating 100% Normal Rating Rating

B Southeast sub-region (2023 Forecasted)

One feeder in the Southeast sub-region has an identified existing capacity deficiency. This deficiency is
being monitored as an anticipated spot load comes into service, and operational mitigations will manage
the overload as appropriate.

The Southeast sub-region features a 23 kV sub-transmission system known as the Union Loop which
serves approximately 170 MW in the Attleboro and Hopedale East study areas. The Union Loop supplies
15 substations which step the voltage down from 23 kV to a mixture of 13 kV and 4 kV. The Union Loop
has contingency loading and voltage performance concerns that limit the amount of load growth that can
be supported by these substations.

Much of the Southeast sub-region shares a border with Rhode Island, and in some cases distribution
facilities from one jurisdiction are supplied from the neighboring utility. In such cases, infrastructure
investments in these areas must consider Rhode Island Electric as a critical stakeholder.

4.6.8 Aging Infrastructure
As energy infrastructure ages, and often consequently, its condition worsens, the risk of equipment

failure increases and the reliability of operation decreases. The age of infrastructure is an important
consideration when assessing the condition of assets and in efforts to meet the future demands of the
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network. However, the Company drives asset replacement primarily by asset condition rather than time
of life. The Company’s approach to maintenance has moved from a time-based approach to risk and
condition based as a result of digitizing information and having real-time data. Substations and
distribution lines are surveyed regularly to assess asset health and to make recommendations for
replacement.

Assets are rated based on a range of criteria on their asset health, which drives asset condition
replacement projects. Standard maintenance and regular testing (e.g., inspecting and replacing
subcomponents of a circuit breaker) can greatly enhance reliability and extend the life of specific
assets. Often, assets exceed their life expectancy if their condition and risk profile allow it, enabling
the Company to maximize the value of assets while maintaining network reliability.

Additionally, as the Company moves towards modernizing and standardizing the grid and/or substations,
existing equipment may need to be modified or replaced in order to digitize current methods. It is
important the Company remains diligent in improving infrastructure with new technologies and remain
environmentally focused. (e.g., changing substation support structure design from aluminum to steel due
to efficiency and decarbonization).

Exhibit 4.82 below shows the metal clad age profile in the Southeast sub-region. Metalclads are further
described in Section 4.3.8.

Exhibit 4.82: Southeast sub-region Metalclad Age Profile

YearO- Year Year Year Year Year Year Year Year Year Year
9 10-19 20-29 30-39% 4049 50-59 6069 70-79 BO-B9 90-99 100+

Ln

()

(o)

=

]

147 | National Grid Future Grid Plan 9/23 - Section 4



Exhibit 4.83 shows the substation transformer age profile in the Southeast sub-region.

Exhibit 4.83: Southeast sub-region Substation Transformer Age Profile
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Exhibit 4.84 shows the distribution pole age profile in the Southeast sub-region.

Exhibit 4.84: Southeast sub-region Distribution Pole Age Profile
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Exhibit 4.85 shows the recloser age profile in the Southeast sub-region.

Exhibit 4.85: Southeast sub-region Recloser Age Profile
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4.6.9 Reliability and Resilience

This section will describe how the Company reports reliability and what the current reliability metrics are
for this given sub-region. For additional information on reliability, resiliency and company performance,
the Company’s annual report is here (Department Docket No. 12-120-D). This section is only illustrative
for completeness of the system, and as such, relevant reliability investments are defined to be part of
“core operations” and additional funding is not proposed in this Future Grid Plan. The investments
proposed in the Future Grid Plan are driven by load growth and the need to increase system capacity.

Refer to section 4.3.9 for background on reliability metrics and performance.

Reliability performance

Exhibit 4.86 show the reliability performance of the sub-region in terms of duration (SAIDI) and frequency
(SAIFI) of outages. The data in these Exhibits excludes major events, consistent with the Company’s
regulatory reporting criteria and call out leading causes of blue-sky outages for the region. Tree-related
events caused most outages across this sub-region, in terms of duration and frequency.
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Exhibit 4.86: Southeast sub-region Leading Causes of Blue-Sky Outages
and SAIDI and SAIFI Reliability Performance

SAIDI(min) by Cause Group in Southeast (2018-2022)
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Refer to section 4.3.9 for background on how reliability metrics are calculated.

The IEEE Guide for Electric Power Distribution Reliability Indices (Standard 1366) was developed to
facilitate uniformity in distribution service reliability indices and to aid in consistent reporting practices
related to distribution systems, substations, circuits, and defined regions. While this methodology differs
from the criteria applied to the Company’s regulatory reliability reporting obligations, this approach was
utilized to demonstrate the performance of the Company's distinct sub-regions as compared to similar
size utilities responding to the survey (>100,000 - <1,000,000 customers). The benchmarking analysis
showed that for two out of the last four years, the Southeast has been in the second quartile for frequency
of outages (SAIFI) and has been in the first or second quartile for the past five years for duration (SAIDI).
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Resiliency performance

As described in section 4.3.9, outage impacts from major events are traditionally excluded from reliability
reporting, as described above. The Company calculated “all-in” SAIDI and SAIFI indices across its
service territory to facilitate comparison of the resiliency and reliability challenges experienced in each
sub-region relative to the others. This comparison highlights areas where emerging resiliency challenges
have been experienced in the past five years. The methodologies that went into these calculations are
described in section 4.3.9. Substations may have no reliability data for several reasons, including no
recorded events over the time period or if they do not directly serve load to customers.

The following maps illustrate the substation resiliency of this sub-region overlaid with EJCs, as defined by
the Commonwealth. The exhibits below show the Company’s distribution substation locations within the
Southeast sub-region overlaid with EJCs. Each distribution substation is color-coded indicating its five-
year historical SAIDI or SAIFI performance relative to the Company’s entire population of substations. A
greater density of distribution substations typically results in shorter distribution feeders with less outage
exposure and increased numbers of feeder ties, resulting in better overall reliability. As can be seen in
each of these Exhibits, substations in the EJCs fall within the top first and second quartile of SAIDI and
SAIFI performance relative to the entire population of the Company’s distribution substations.
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Exhibit 4.87: Southeast sub-region Resiliency in EJCs as shown as SAIDI Substation Performance
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Exhibit 4.88: Southeast sub-region Resiliency in EJCs as shown as SAIFI Substation Performance
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When looking at the 5-year performance, 2020 was particularly a bad year as the Company experienced
18 storm events that were not classified as major events. The impact of each event added together
reflects the bad reliability performance at the system level. Also worth noting was that 2018 and 2021
were bad years of performance for the eastern part of the Company’s Commonwealth service territory
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given three back-to-back storms occurring in early 2018 and a Nor’easter occurring in October 2021.
As a result, substations in the fourth quartile of SAIDI/SAIFI performance can be seen in South Shore,
Southeast and Merrimack Valley region maps.

4.6.10 Siting and Permitting

Energy infrastructure siting and permitting processes are generally consistent across the Commonwealth;
therefore, siting and permitting challenges do not vary significantly by region. When projects require
considerable underground transmission work, the EFSB review process is triggered to ensure the work is
in compliance with State requirements. This EFSB review process is intended to take twelve months (see
G.L. c. 164, Section 69J); however, the review timeline for recently submitted transmission line projects is
trending toward 30 to 36 months.

Environmentally, the largest differences are at a municipal level rather than regionally. At the project-
level, Conservation Commission impacts uniformly across the State but there is a high degree of
variability town to town and year to year, which makes it challenging to generalize regionally.

Since the Southeast sub-region is one of the more developed regions, the Company has faced increased
challenges in identifying suitable locations for energy infrastructure. Each site presents different siting and
environmental considerations, especially given the wetland mitigation requirements for permanently
impacted land.

4.7 South Shore Sub-Region

The South Shore sub-region in brief:

Nature of the area: The South Shore sub-region is predominantly suburban, with regional urban centers
in Brockton and Quincy.

The Company’s customers' energy needs, economic circumstances and demographics in the South
Shore sub-region vary, which is why targeted, and culturally competent community engagement is at the
core of the Company’s plan to help the State achieve its goals.

Exhibit 4.89: South Shore sub-region customers by the numbers

%Business, Total NG
% Commercial,

Total
Customers
(accounts)

Heat Pump
Benefits of EE Adoption
(end of 2022)

Charging
Ports
Installed

239,140 88% 12% 1,206,558 MWh 1,470 244 Ports

Residential Municipal, or
University

Exhibit 4.90: South Shore sub-region network by the numbers

Number of Number of Total Length of Total Peak Load Square Miles of

Substations Feeders Feeders Served Region

39 187 2,932 miles 938 MW 404

Context of the region

The South Shore sub-region includes several dense urban areas which have a highly integrated network
and also some more sparse suburban areas which have a more radial network. The South Shore sub-
region has moderate levels of DERs penetration relative to all other sub-regions due to the somewhat
limited amount of open space coupled with limited capacity on the distribution system. Due to the
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growing suburban areas, an approximate 6.5% load growth is expected in the South Shore region in
the next 5 years. Additional details can be found in Section 5.

Below are some key characteristics of the South Shore sub-region which will drive future investment

needs.

Exhibit 4.91: South Shore Sub-Region Key Characteristics that will
Drive Future Investment Needs

Network Characteristic

Legacy planning and construction practices

in the South Shore sub-region led to a high
proportion of substations with a single
transformer, relying mainly on distribution
feeder ties to transfer customers to neighboring
substations in the event of a transformer
outage. As load has grown in the region

these practices have not been sustainable.

Consequence

To accommodate load growth and continue

to provide reliable service to customers, the
Company needs to add second transformers at
substations throughout the region, many of which
were not originally designed to accommodate a
second transformer or transmission supply.

Nantucket is a geographical and electrical
island supplied by two undersea
subtransmission cables which limit the
load growth on the island.

Load growth on the Island will require us to
establish additional undersea supply cables,
which are high cost and high complexity projects.

4.7.1 Maps

The South Shore sub-region consists of 21 towns and cities and comprises the study areas below:
Exhibit 4.92: South Shore Sub-Region Study Areas and Towns

Study Area
1 | Bridgewater

\ Town \

Bridgewater, Brockton, East Bridgewater, Halifax,
Hanson, Pembroke, West Bridgewater, Whitman

2 Brockton

Abington, Brockton, East Bridgewater, Easton, West
Bridgewater, Whitman

3 | Brockton NW/ Randolph

Abington, Avon, Brockton, Easton, Holbrook, Randolph,
Stoughton

4 Hanover

Abington, Brockton, Hanover, Hanson, Holbrook,
Norwell, Pembroke, Rockland, Weymouth, Whitman

5 | Nantucket Nantucket

6 | Quincy Quincy

7 | Scituate Cohasset, Hanover, Norwell, Scituate
8 | Weymouth/Holbrook Holbrook, Weymouth

Exhibit 4.93 shows the substation locations within the South Shore sub-region's study areas, indicated
with a red dot. Not all study areas cleanly follow town lines because they are defined electrically instead

of geographically.
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Exhibit 4.93: South Shore sub-region Substation Locations and Study Areas
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4.7.2 Customer Demographics

Exhibit 4.94: South Shore sub-region customer demographics summary

Existing
Residential Benefits Connected
Number of Customers Population of EE Rooftop
Growth DER
(< 25kW)
Residential — 5-year
Total REsEEnE] L7 ITEBi s Commercial Growth
— Total Rate L
Iy Projections
Participants
239,140 210,181 25,105 28,959 2.2% 1,206,558 MWh 90MW

The Company serves a total of 239,140 customers (defined by individual accounts, not the number
of people served) — in the South Shore sub-region. Approximately 88% (210,181) of these customers
are residential customers and the other 12% are comprised of commercial, municipal, or university
customers.

In addition to the Mass Save programs which have benefited customers in the central region, the
Company has 24 towns statewide identified for targeted outreach per the MA EEAC Equity Working
Group plans. Under these outreach plans the Company is specifically working to encourage more
Energy Efficiency benefits in low-adoption zones. The towns/cities included in the South Shore region
are Brockton, Stoughton, Holbrook, Randolph, and Quincy.

The Company recognizes that a significant portion of the Company’s customers live in EJCs, which are
disbursed throughout the Company’s service area. Historically, EJCs have borne the highest energy
burdens and been disproportionately impacted by the fossil-based economy. As outlined earlier in
Section 3.3, the Company is developing a formal Equity and Environmental Justice Policy and
Engagement Framework, as well as complementary policy and framework focused on Indigenous
Peoples, which the Company will seek feedback on from those communities prior to finalizing, please
refer to the Appendix for those drafts.

Exhibit 4.95 is a map that overlays current substation locations with the Commonwealth’s Environmental
Justice maps, updated in 2022. Exhibit 4.95 highlights concentrations of substations in many load-dense
areas — town centers and other major economic areas with existing industry, or a history of industry. Load
density and electric capacity needs are the key drivers to substation density and location. As the load
increases, the need for more substations to serve these population centers and expanding rural areas will
increase as well. Many EJCs have been identified as such by the Commonwealth because they have
been historically unduly burdened by infrastructure and related pollution. As discussed in Section 3, the
Company is committed to being a trusted partner with all the Company’s host communities, including
those which contain EJCs, as new infrastructure needs to be built throughout the Commonwealth to
reach decarbonization and electrification goals. Additional infrastructure that has yet to be built per
recommendations in the Future Grid Plan and as part of existing investment plans can be found in
Section 6.
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Exhibit 4.95: South Shore sub-region substations with the Commonwealth’s EJC map
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4.7.3 Economic Development

The development of the Company’s Grid Future Plan was informed, in part, by the varying levels of
readiness within each sub-region. Within the Company’s study areas defined in the Future Grid Plan,

14 communities have completed decarbonization plans and 139 are designated as “green communities”
under M.G.L. c. 25A §10. In partnership with the Company, the following municipalities have completed a
Strategic Energy Management Plan (SEMP): Athol, Beverly, Everett, Lowell, Melrose, Newburyport, and
Salem. The Company anticipates one new SEMP to be signed before the end of the year, with an
additional five SEMPs in the development queue.

In the South Shore sub-region, 20 communities are designated as green communities. In recent years,
the region has focused on fostering smart grown and sustainable development, ensuring adequate
infrastructure to support economic development, and promoting regional economic self-sufficiency and
resilience. Included in the most recent regional CEDS are goals to expand and revitalize commercial
land, reuse urban facilities, and support transportation-oriented development to foster economic
development and bolster tourism.

4.7.4 Electrification Growth

Heat Electrification - The South Shore sub-region has moderate pump adoption compared to the other
five sub-regions. About 1,000 units have been adopted by the end of 2022, of which over 60% are hybrid.

Transportation Electrification — There has been steady growth in LDEV sales in the South Shore sub-
region with about 5,000 vehicles as of the end of 2022. However, the total number of MHDEVs is less
than 5 indicating very low penetration at present. Since 2019, the Company has installed 244 EV
charging ports via their phase | and phase Il electric vehicle charging programs in the South Shore
region.

4.7.5 DER Adoption (Battery Storage and Solar Photovoltaic)

With a total of 215.6 MW of generation connected, the South Shore sub-region has a moderate DER
penetration. Connected DER is predominately solar, representing 94% of the installed DER capacity in
the sub-region.

Exhibit 4.96: South Shore sub-region DER adoption summary

Solar Battery Hydro Wind Miscellaneous Grand Total
(MW) (MW) (MW) (MW) T (MW) (MW)

Sub-Region

South Shore —

Connected DER 193.7 13.5 0.0 24 7.5 218.6

Significant levels of DER have been connected in the South Shore sub-region, predominately in the past
decade. Note that in Exhibit 4.97 below the 2023 value is reflective of year-to-date interconnections as of
July 2023. Exhibit 4.97 below shows the cumulative connected DER in the South Shore sub-region.
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Exhibit 4.97: South Shore sub-region Cumulative Connected Generation and Storage

Cumulative Connected Generation and Storage - South Shore District
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Exhibit 98 below contains visibility of the current DER interconnection queue in the South Shore sub-
region. Recent application trends have demonstrated a shift from largely solar PV applications to mainly
battery storage, with batteries representing 72% of the current queued DER capacity.

A large majority of the batteries are stand-alone, albeit some are co-located as PV paired with storage.
Unlike other forms of DER, which operate solely in a discharge or export capacity, contributing power to
the grid, standalone batteries also must charge from the grid. While solar and other forms of DER,
excluding batteries, only require there to be sufficient grid hosting capacity for their interconnection,
batteries require both hosting and load-serving capacity at the location of their interconnection. Therefore,
batteries are subject to capacity deficiency (i.e., charge) considerations such as those highlighted in
Section 4.7.7 as well as any hosting capacity (i.e., discharge) constraints that may be present.

This significantly increases the complexity of planning and operating the network.
Exhibit 4.98: South Shore sub-region pending DER summary in queue

Solar Battery Hydro Wind Miscellaneous? Grand Total

Sub-Region (MW) (MW) (MW) (MW) (MW) (MW)

South Shore —

Pending DER 60.4 194.8 0.0 0.0 0.3 255.4
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Exhibit 4.99 below shows the cumulative queue DER in the South Shore sub-region.

Exhibit 4.99: South Shore sub-region pending DER Generation and Storage in queue

250.0

200.0

z 150.0
@
3
a
£
=
s 100.0
50.0
0.0 - - S
Pre-Study Post-15A Study Pending Withdraw
South Shore
m Sum of Total Storage MW 15.0 7.2 1725 0.0
B Sum of Total Generator MW 10.2 36.3 281 09

Combining the 255.4MW in the interconnection queue, and the 218.6MW already connected in the South
Shore sub-region, the total for the area would be 474MW if all in-queue projects move forward. While it is
unlikely that all will connect, this would be a doubling of interconnected DER in an already constrained
area and would therefore require significant infrastructure expansion.

In the South Shore sub-region, the Company has analysis completed or in progress for group study for
the interconnection of DER in the following study areas?:

Brockton (North and South)
Bridgewater

Hanover

Scituate

The proposed DER and system modifications required for the proposed groups have been included in the
base case for the Future Grid Plan analysis; should the DER customers in these groups not proceed to
interconnection the investments described in will need to be analyzed for the impacts of this attrition and
adjusted appropriately. The Company is proposing to apply CIP cost allocation principles to these
investments once they reach sufficient maturity.

The high-level benefits of the CIPs to distribution customers include:

¢ Reliability: the solution proposed to safely and reliably interconnect group study DER, in many
cases coincidently, addresses existing or projected system needs. The proposed upgrades, if
approved, expedite addressing these reliability concerns. These include:

o EPS normal configuration thermal loading
o EPS contingency configuration customer unserved
o EPS asset conditions

e Enabled electrification: the proposed solution in some cases also provide thermal capacity
beyond the planning horizon and support some loading projects out to 2050.
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e Reserved Small DG: the proposed solutions also incorporate a reserved capacity on each study
feeder for the small rooftops to interconnect without triggering major EPS upgrades, which
typically is a direct benefit to distribution customers.

The high-level description of the common system modifications required to accommodate the
interconnection of the DER included in the groups listed above are included in the Appendix. Note that
these areas are in various stages of maturity and the modifications identified below are subject to change
pending further analysis through the group study process. Cumulatively, in order to interconnect the 86
MW of DER proposed through the current group studies, the Company anticipates requiring system
modifications that include the addition or upgrade of 3 substation transformers and approximately 17
miles of distribution line construction, at an estimated cost of $168M.

4.7.6 Grid Services (Demand Response, Smart inverter Controls, Time-varying Rates)

The Company currently offers several grid service participation opportunities to residential and
commercial customers through its Demand Response and EV managed charging programs. Customers
can earn incentives for curtailing load, pre-cooling with smart thermostats, charging their electric vehicles
at optimal times, or shifting energy use with battery storage during peak load periods. As described in
sections 6.3, 6.11, and 9.3 and 9.6 the Company is also on a path toward expanding grid services via
AMI and time-varying rates, and leveraging DERMS technology investments to offer more dynamic,
location-specific grid services as NWA solutions in the future.

In the South Shore region over 7,000 customers currently participate in ConnectedSolutions DR program
and help to reduce approximately 18 MW of load on the grid when the overall grid is at peak.

4.7.7 Capacity Deficiency

The graphs below summarize the asset loading across the South Shore and Nantucket sub-regions in
2023. The 2023 loading profile shows that most assets are loaded below 75% of their normal rating.

Exhibit 4.100 displays the 2023 forecasted transformer loading in the South Shore sub-region.

Exhibit 4.100: South Shore sub-region 2023 Forecasted Transformer Loading Profile
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Exhibit 4.101 below displays the 2023 forecasted transformer loading in Nantucket.

Exhibit 4.101: 2023 Forecasted Transformer Loading Profile — Nantucket
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Substation transformer capacity deficiencies exist in the following areas:

Exhibit 4.102: South Shore sub-region 2023 Forecasted Transformer Capacity Deficiencies

Study Area ‘ Substation ‘ Capacity Deficiency
Bridgewater East Bridgewater Transformer > 100% Normal Rating

Brockton NW South Randolph 97 | Transformers > 100% Emergency Rating in Contingency
/Randolph

Brockton Dupont 91 Transformers > 100% Emergency Rating in Contingency

Exhibit 4.103: South Shore sub-region 2023 Forecasted Feeder Loading Profile
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Exhibit 4.104: South Shore sub-region 2023 Forecasted Feeder Loading Profile - Nantucket

Quantity
[an] = w &= o o~ oo

Feeders <75% Normal  Feeders between 75%-100%  Feeders >100% Normal
Rating Normal Rating Rating

W Nantucket (2023 Forecasted)

The South Shore sub-region has two large urban areas of Quincy and Brockton that are experiencing
large load growth. Space within these areas is limited, and parcels of land to add and/or upgrade existing
infrastructure will prove difficult to accommodate the load growth. Other portions of the South Shore are
more suburban and rural with longer distribution circuits, which makes voltage regulation and reliability
more difficult to achieve.

There is also a lack of transmission infrastructure in the region. Larger capacity transmission lines, like
that of115 kV supply cables, will need to be extended and/or built in order to serve more areas to
accommodate the expected load growth.

The island of Nantucket poses a challenge. The island is currently supplied by only two 46 kV submarine
cables from Lothrop Ave and Merchants Way substations from Cape Cod. These cables are reaching
their maximum capacity limit and more supply will need to be brought over to the island in the near future.
Cost estimates for submarine cables are exceptionally high, making the island both a technical and
financial challenge to keep up with the expected load growth.

4.7.8 Aging Infrastructure

This section is only illustrative for completeness of the system, and as such, relevant aging infrastructure
investments are defined to be part of “core operations” and additional funding is not proposed in this plan.
The investments proposed in this Future Grid Plan are driven by load growth and the need to increase
system capacity.

As energy infrastructure ages, and often consequently, its condition worsens, the risk of equipment failure
increases and the reliability of operation decreases. The age of infrastructure is an important
consideration when assessing the condition of assets and in efforts to meet the future demands of
customers and the network. However, asset replacement is driven primarily by asset condition rather than
time of life. The Company’s approach to maintenance has moved from a time-based approach to risk and
condition based as a result of digitizing information and having real-time data. Substations and
distribution lines are surveyed regularly to assess asset health and to make recommendations for
replacement.

Assets are rated based on a range of criteria to assess their health, which drives asset condition
replacement projects. Standard maintenance and regular testing (e.g., inspecting and replacing
subcomponents of a circuit breaker) can enhance reliability and extend the life of specific assets. Often,
assets exceed their life expectancy if their condition and risk profile allow it, enabling the Company to
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maximize the value of assets while maintaining network reliability.

Additionally, as the Company moves towards modernizing and standardizing the grid and/or substations,
existing equipment may need to be modified or replaced in order to digitize current methods. It is
important the Company remains diligent in improving their infrastructure with new technologies and
remains environmentally focused. (e.g., changing substation support structure design from aluminum

to steel due to efficiency and decarbonization).

Exhibit 105 shows the metalclads age profile in the South Shore sub-region.

Exhibit 4.105: The Metalclad Age Profile — South Shore Sub-Region
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Exhibit 106 shows the transformers age profile in the South Shore sub-region.

Exhibit 4.106: South Shore sub-region Substation Transformer Age Profile
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Exhibit 107 shows the distribution pole age profile in the South Shore sub-region.

Exhibit 4.107: South Shore sub-region Distribution Pole Age Profile
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Exhibit 108 shows the reclosers' age profile in the South Shore sub-region.

Exhibit 4.108: South Shore sub-region Recloser Age Profile
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4.7.9 Reliability and Resilience

This section will describe how the Company reports reliability and what the current reliability metrics are
for this given sub-region. For additional information on reliability, resiliency and company performance,
the Company’s annual report is here (Department Docket No. 12-120-D). This section is only illustrative
for completeness of the system, and as such, relevant reliability investments are defined to be part of
“core operations” and additional funding is not proposed in this plan. The investments proposed in this
Future Grid Plan are driven by load growth and the need to increase system capacity.

Refer to section 4.3.9 for background on reliability metrics and performance.
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Reliability performance

The exhibits below show the reliability performance of the sub-region in terms of duration (SAIDI) and
frequency (SAIFI) of outages. The data in these Exhibits excludes major events, consistent with the
Company’s regulatory reporting criteria and call out leading causes of blue-sky outages for the region.
Tree-related events caused most outages across this sub-region, in terms of duration and frequency.
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Exhibit 4.109: South Shore sub-region Leading Causes of Blue-Sky Outages
and SAIDI and SAIFI Reliability Performance
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Refer to section 4.3.9 for background on how reliability metrics are calculated.

The IEEE Guide for Electric Power Distribution Reliability Indices (Standard 1366) was developed to
facilitate uniformity in distribution service reliability indices and to aid in consistent reporting practices
related to distribution systems, substations, circuits, and defined regions. While this methodology differs
from the criteria applied to the Company’s regulatory reliability reporting obligations, this approach was
utilized to demonstrate the performance of the Company's distinct sub-regions as compared to similar
size utilities responding to the survey (>100,000 - <1,000,000 customers). The benchmarking analysis
showed that for four out of the last five years, the South Shore has been in the first or second quartile for
frequency of outages (SAIFI) and has been in the first or second quartile for the past five years for
duration (SAIDI).
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Resiliency performance

As described in section 4.3.9, outage impacts from major events are traditionally excluded from reliability
reporting, as described above. The Company calculated “all-in” SAIDI and SAIFI indices across its
service territory to facilitate comparison of the resiliency and reliability challenges experienced in each
sub-region relative to the others. This comparison highlights areas where emerging resiliency challenges
have been experienced in the past five years. The methodologies that went into these calculations are
described in section 4.3.9. Substations may have no reliability data for several reasons, including no
recorded events over the time period or if they do not directly serve load to customers.

The following maps illustrate the substation resiliency of this sub-region overlaid with EJCs. The exhibits
below show the Company’s distribution substation locations within the given sub-region overlaid with
EJCs. Each distribution substation is color-coded indicating its five-year historical SAIDI or SAIFI
performance relative to the Company’s entire population of substations. A greater density of distribution
substations typically results in shorter distribution feeders with less outage exposure and increased
numbers of feeder ties, resulting in better overall reliability. As can be seen in each of these Exhibits,
substations in the EJCs predominantly fall within the top first and second quartile of SAIDI and SAIFI
performance relative to the entire population of the Company’s distribution substations.
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Exhibit 4.110: South Shore sub-region Resiliency in EJCs as shown

as SAIDI Substation Performance
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Exhibit 4.111: South Shore sub-region Resiliency in EJCs
as shown as SAIFI Substation Performance
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When looking at the 5-year performance, 2020 was particularly a bad year as the Company experienced
18 storm events that were not classified as major events. The impact of each event added together
reflects the bad reliability performance at the system level. Also worth noting was that 2018 and 2021
were bad years of performance for the eastern part of the Company’s Commonwealth service territory
given three back-to-back storms occurring in early 2018 and a Nor’easter occurring in October 2021.

As a result, substations in the fourth quartile of SAIDI/SAIFI performance can be seen in South Shore,
Southeast and Merrimack Valley region maps.

4.7.10 Siting and Permitting

Energy infrastructure siting and permitting processes are generally consistent across the Commonwealth;
therefore, siting and permitting challenges do not vary significantly by region. When projects require
considerable underground transmission work, the EFSB review process is triggered to ensure the work

is in compliance with State requirements. This EFSB review process is intended to take twelve months
(see G.L. c. 164, Section 69J); however, the review timeline for recently submitted transmission line
projects is trending toward 30 to 36 months.

Environmentally, the largest differences are at a municipal level rather than regionally. At the project-
level, Conservation Commission impacts uniformly across the State but there is a high degree of
variability town to town and year to year, which makes it challenging to generalize regionally.

There are no noteworthy environmental considerations for the South Shore sub-region except for the
island of Nantucket. Nantucket has particular constraints around land scarcity and natural resource
conservation. Project-level considerations are taken based on the local environmental
considerations.

4.8 Western Sub-Region

The Western sub-region in brief:

Nature of the area: The Western sub-region is overwhelmingly rural, with regional urban centers in North
Adams and Northampton.

The Company’s customers' energy needs, economic circumstances and demographics in the Western
sub-region vary greatly, which is why targeted, and culturally competent community engagement is at the
core of the Company’s plan to help the State achieve its goals.

Exhibit 4.112: Western sub-region customers by the numbers

% Business,
% Commercial, Benefits
Residential Municipal, or of EE
University

121,606 88% 12% 613,551 MWh 1,971 135 Ports

Total

Heat Pump Total NG
Adoption Charging Ports
(end of 2022) Installed

Customers
(accounts)

Exhibit 4.113: Western sub-region network by the numbers

Number of Number of Total Length Total Peak Square Miles

Substations Feeders of Feeders Load Served of Region

29 90 3,250 418 MW 1,481
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Context of the region

The Western sub-region is predominantly rural which has a more radial network. There are some more
suburban areas in the region, but the network is very constrained in all areas. The Western sub-region
has high levels of DERs penetration relative to all other sub-regions due to the large amount of open
space compared to other areas of the Commonwealth. Due to growing suburban neighborhoods, an
approximate 12.7% load growth is expected in the Western sub-region in the next 5 years. Additional
details can be found in Section 5.

The Western sub-region is served by 29 substations supporting 90 circuits. Because of the way that the
networks in the Western area have developed, the Company will need to undertake significant investment
to meet the expected load growth. Due to land availability and land prices, this area has seen and
continues to see a large number of DER applications interconnecting to the system that was intended to
serve a more remote radial type of service.

The Western sub-region has some key characteristics which will drive investment needs in the future.

Exhibit 4.114: Western Sub-Region Key Characteristics that will Drive Future Investment Needs

Network Characteristic ‘ Consequence

The maijority of the distribution circuits in the
region are 15 kV class circuits, which operate at
voltages of 13.2 kV or 13.8 kV.

While very few circuits are operated at 4.16 kV at
their source, there are many 4.16 kV
neighborhoods supplied by pole-mounted
transformers that step voltages down to 4.16 kV
more locally. This was a common practice in the
past when converting circuits from 4.16 kV to 15
kV class voltages, to limit the scope of the
conversion by continuing to operate local areas at
4.16 kV.

Areas served by these lower voltages will largely
need to be converted to a higher voltage such as
13.2 kV or 13.8 kV in order to meet the significant
load growth that is projected across the State.
Voltage conversions can be costly and complex
projects even at this local stepdown level, requiring
widescale replacement or upgrade of significant
amounts of distribution line facilities.

Population and load density in the Western sub-
region leads to average feeder lengths that are 2-
3 times the length of the average feeder in other
sub-regions to serve approximately the same
number of customers. These feeders are
predominately overhead construction, through
heavily treed areas.

Longer feeders have more exposure to outages,
particularly outages due to trees falling over many
miles of line exposure. With less dense substation
infrastructure and fewer road-side routes available
in rural areas, mitigating reliability exposure while
accommodating load growth is particularly complex.

Lower historical load levels in the region have led
to development of infrastructure with lower
capacity. This includes both a sparsity of
transmission facilities to supply new substations,
and a high proportion of single transformer
substations relative to other regions.

Accommodating load growth in the region will
require expansion of existing single transformer
substations, many of which were not originally
designed to accommodate such an expansion, and
installing significant new transmission facilities.

There is a high amount of DER penetration
relative to load levels within the sub-region.

Many facilities within the sub-region experience
power flow “backwards” from the distribution system
to the transmission system, particularly during low-
load seasons such as spring and fall. At times these
backflow levels exceed equipment ratings.
Additional DER interconnections in the region that
are not offset by increasing electrification demand
will require investment to create additional
generation hosting capacity.
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4.8.1 Maps

The Western sub-region consists of 51 towns and cities and comprises the study areas below:

Exhibit 4.115: Western Sub-Region Study Areas and Towns

Study Area
1 Adams/Deerfield

Town

Adams, Charlemont, Cheshire, Clarksburg, Florida,
Hancock, Hawley, Heath, Monroe, North Adams, Rowe,
Williamstown

2 Barre/Athol

Athol, Barre, Erving, Hardwick, New Braintree, New
Salem, Oakham, Orange, Petersham, Phillipston,
Royalston, Shutesbury, Ware, Warwick, Wendell

3 | Monson/Palmer/Longmeadow

Barre, Belchertown, Brimfield, East Longmeadow,
Granby, Hampden, Hardwick, Holland, Monson, New
Salem, Palmer, Wales, Ware, Warren, Wilbraham

4 | Northampton/southern
Berkshire

Alford, Egremont, Goshen, Great Barrington, Lenox,
Monterey, Mount Washington, New Marlboro,
Northampton, Sheffield, Stockbridge, West
Stockbridge, Williamsburg

Exhibit 4.116 below shows the substation locations within the Western sub-region's study areas,
indicated with a red dot. Note that not all study areas cleanly follow town lines because they are
defined electrically instead of geographically.
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Exhibit 4.116: Western sub-region Substation Locations and Study Areas
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4.8.2 Customer Demographics

Exhibit 4.117: Western sub-region customer demographics summary

Residential Eaing
. Benefits Connected
Number of Customers Population f EE Rooftop DER
Growth ° ooftop

(< 25kW)

Residential —
Residential Low Income . 5-year Growth
Total Commercial o
— Total Rate Projections
Participants
121,606 106,467 15,509 15,139 0.05% 613,551 MWh 79MW

The Company serves a total of 121,606 customers (defined by individual accounts, not the number of
people served) — in the Western sub-region. Approximately 88% (106,467) of these customers are
residential customers and the other 12% are comprised of commercial, municipal, or university
customers.

Population growth in this region is forecasted to be considerably lower than the other sub-regions due to
historical census data and expected trends in highly rural areas?".

In addition to the Mass Save programs which have benefited customers in the central region, 24 towns
statewide have been identified for targeted outreach per MA EEAC Equity Working Group plans. Under
these outreach plans the Company is specifically working to encourage more Energy Efficiency benefits
in low-adoption zones. The towns/cities included in the Central region are: North Adams, Palmer, Great
Barrington, and Northampton.

The Company recognizes that a significant portion of the Company’s customers live in EJCs, which are
disbursed throughout the Company’s service area. Historically, EJCs have borne the highest energy
burdens and been disproportionately impacted by the fossil-based economy. As outlined earlier in
Section 3.3, the Company is developing a formal Equity and Environmental Justice Policy and
Engagement Framework, as well as complementary policy and framework focused on Indigenous
Peoples, which the Company will seek feedback on from those communities prior to finalizing, please
refer to the Appendix for those drafts.

Exhibit 4.118 below is a map that overlays current substation locations with the Commonwealth’s
Environmental Justice maps, updated in 2022. Exhibit 4.118 below highlights concentrations of
substations in many load-dense areas — town centers and other major economic areas with existing
industry, or a history of industry. Load density and electric capacity needs are the key drivers to
substation density and location. As the load increases, the need for more substations to serve these
population centers and expanding rural areas will increase too. Many Environmental Justice Areas have
been identified as such by the Commonwealth because they have been historically unduly burdened by
infrastructure and related pollution. As discussed in Section 3, the Company is committed to being a
trusted partner with all the Company’s host communities, including those which contain Environmental
Justice Populations, as new infrastructure needs to be built throughout the Commonwealth to reach
decarbonization and electrification goals. Additional infrastructure that has yet to be built per
recommendations in this Future Grid Plan and as part of existing investment plans can be found in
Section 6.

2! Analysis of data from https://data.census.gov/
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Exhibit 4.118: Western sub-region substations with to the Commonwealth’s EJC map

{

| Environmental

| Justice Areas

/| [ English isciation
~| [ tncome

4 Dmaﬂﬂﬂlﬂl
[ Minarity
Emarﬂﬁglﬂl
[ Minarity and income
Dm.kmam
@ Subsstions

[T towns
) study Areas

National Grid Future Grid Plan 9/23 - Section 4 | 178



4.8.3 Economic Development

The development of the Company’s Plan was informed, in part, by the varying levels of readiness within
each sub-region. Within the Company’s study areas defined in the Future Grid Plan, 14 communities
have completed decarbonization plans and 139 are designated as “green communities” under M.G.L. c.
25A §10. In partnership with the Company, the following municipalities have completed a Strategic
Energy Management Plan (SEMP): Athol, Beverly, Everett, Lowell, Melrose, Newburyport, and Salem.
The Company anticipates one new SEMP to be signed before the end of the year, with an additional five
SEMPs in the development queue

In the Western sub-region, three communities (North Adams, Athol, and Northampton) have completed
decarbonization plans, 38 are designated as green communities, and one community, in partnership with
the Company, has completed a SEMP. Over the last decade, the region has focused on reconstructing
the North-South “knowledge corridor” and East-West “inland route” rail trail corridors to promote
passenger and freight traffic. The FY19-24 CEDS highlighted the region’s aspiration to lead the
Commonwealth’s clean energy transformation, with the specific goals of achieving 600 million kWh

of new clean energy generation and a reduction of 3.2 metric tons of GHG. The strategy emphasizes

the ongoing challenge posed by the region’s fragile infrastructure systems and the need to increase
investment levels across the region.

4 8.4 Electrification Growth

Heat Electrification - The Western sub-region has moderate pump adoption compared to the other five
sub-regions with about 1,100 units adopted by the end of 2022, of which over 60% are hybrid.

Transport Electrification — There has been steady growth in LDEV sales in the Western sub-region,
although with about 3,380 vehicles as of the end of 2022, the Western sub-region has the lowest number
of EVs among all sub-regions. Additionally, there are no MHDEVs at present. Since 2019, The Company
has installed 135 EV charging ports via their phase | and phase Il EV charging programs in the Western
sub-region.

4.8.5 DER Adoption (Battery Storage and Solar Photovoltaic)

With a total of 515 MW of generation connected, the Western sub-region has relatively high DER
penetration. Connected DER is predominately solar, representing 92% of the installed DER capacity
in the Western sub-region.

Exhibit 4.119: Western sub-region DER adoption summary

Solar Battery Hydro Wind Miscellaneous' Grand Total

Sub-Region

(MW) (MW) (MW) (MW) (MW) (MW)

Western —

Connected DER 416.9 63.4 1.9 9.0 29.8 521.6

Significant levels of DER have been connected in the Western sub-region, predominately in the past
decade. Note that in Exhibit 4.120, the 2023 value is reflective of year-to-date interconnections as of
\July 2023.
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Exhibit 4.120: Cumulative Connected Generation and Storage — Western Sub-Region

Cumulative Connected Generation and Storage - Western District
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Exhibit 4.122 below contains visibility of the current DER interconnection queue in the Western sub-
region. Recent application trends have demonstrated a shift from largely solar PV applications to a split
between solar PV and battery storage, with solar PV representing 62% and batteries representing 35% of
the current queued DER capacity.

A large majority of the batteries are stand-alone, albeit some are co-located as PV paired with storage.
Unlike other forms of DER, which operate solely in a discharge or export capacity, contributing power to
the grid, standalone batteries also must charge from the grid. While solar and other forms of DER,
excluding batteries, only require there to be sufficient grid hosting capacity for their interconnection,
batteries require both hosting and load-serving capacity at the location of their interconnection. Therefore,
batteries are subject to capacity deficiency (i.e., charge) considerations such as those highlighted in
Section 4.8.7 as well as any hosting capacity (i.e., discharge) constraints that may be present.

This significantly increases the complexity of planning and operating the network.

Exhibit 4.122: Western sub-region pending DER Generation and Storage in queue

Sub-Region Solar Battery Hydro Wind Miscellaneous? Grand Total
9 (MW) (MW) (MW) (MW) (MW) (MW)
Western —
Pending DER 167.2 253.2 0.2 0.0 10.6 431.2

National Grid Future Grid Plan 9/23 - Section 4 | 180



Exhibit 4.121: In Queue Generation and Storage — Western Sub-Region
In Queue Generation and Storage - Western District
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Combining the 431.2MW in the interconnection queue, and the 521.6MW already connected in the
Western sub-sub-region, the total for the area would be 952.8MW if all in-queue projects move forward.
While it is unlikely that all will connect, this would be a doubling of interconnected DER in an already
constrained area and would therefore require significant infrastructure expansion.

There are CIP proceedings underway in this area under the following dockets:

e Barre Athol (Department Docket No. 23-12)
e Monson Palmer East (Department Docket No. (22-170)
e Shutesbury (Department Docket No. 22-61)

In the Western sub-region, the Company has analysis completed or in progress for group study for the
interconnection of DER in the following study areas?:

e Monson Palmer Northwest

The proposed DER and system modifications required for the proposed groups have been included in the
base case for this Future Grid Plan analysis; should the DER customers in these groups not proceed to
interconnection, the investments described in will need to be analyzed for the impacts of this attrition and
adjusted appropriately. The Company is proposing to apply CIP cost allocation principles to these
investments once they reach sufficient maturity.

The high-level benefits of the CIPs to distribution customers include:

¢ Reliability: the solution proposed to safely and reliably interconnect group study DER, in many
cases coincidently, addresses existing or projected system needs. The proposed upgrades, if
approved, expedite addressing these reliability concerns. These include:

o EPS normal configuration thermal loading
o EPS contingency configuration customer unserved
o EPS asset conditions

o Enabled electrification: the proposed solution in some cases also provide thermal capacity
beyond the planning horizon and support some loading projects out to 2050.
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e Reserved Small DG: the proposed solutions also incorporate a reserved capacity on each study
feeder for the small rooftops to interconnect without triggering major EPS upgrades, which
typically is a direct benefit to distribution customers.

The high-level description of the common system modifications required to accommodate the
interconnection of the DER included in the groups listed above are included in the Appendix. Note that
these areas are in various stages of maturity and the modifications identified below are subject to change
pending further analysis through the group study process. Cumulatively, in order to interconnect the 19
MW of DER proposed through the current group studies, the Company anticipates requiring system
modifications that include the addition or upgrade of 2 substation transformers and approximately 2 miles
of distribution line construction, at an estimated cost of $21M.

4.8.6 Grid Services (Demand Response, Smart inverter Controls, Time-varying Rates)

The Company currently offers several grid service participation opportunities to residential and
commercial customers through its Demand Response and EV managed charging programs. Customers
can earn incentives for curtailing load, pre-cooling with smart thermostats, charging their electric vehicles
at optimal times, or shifting energy use with battery storage during peak load periods. As described in
sections 6.3, 6.11, and 9.3 and 9.6 the Company is also on a path toward expanding grid services via
AMI and time-varying rates, and leveraging DERMS technology investments to offer more dynamic,
location-specific grid services as NWA solutions in the future.

In the Western sub-region, over 2,000 customers currently participate in ConnectedSolutions DR program
and help to reduce approximately 19 MW of load on the grid when the overall grid is at peak.

4.8.7 Capacity Deficiency

The exhibits below summarize the asset loading across the Western sub-region in 2023. The 2023
loading profile shows that most assets are loaded below 75% of their normal rating.
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Exhibit 4.123: 2023 Forecasted Transformer Loading Profile — Western Sub-Region
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Substation transformer capacity deficiencies exist in the following areas:

Exhibit 4.124: Western sub-region pending DER Generation and Storage in queue

Study Area Substation Capacity Deficiency
Barre-Athol BARRE 604 Transformers > 100% Emergency Rating in Contingency

Exhibit 4.125: 2023 Forecasted Feeder Loading Profile — Western Sub-Region
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Two feeders in the Western sub-region have an identified existing capacity deficiency; this deficiency is
being monitored as an anticipated spot load comes into service, and operational mitigations will manage
the overload as appropriate. One of the overloaded feeders is a reverse flow overload due to the
interconnected DER on the feeder.
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The Western sub-region features a 23 kV sub-transmission system in the Adams/Deerfield area

that supplies most of the study area through the Adams Substation. The Adams Substation serves
approximately 70 MW of load and supplies three substations which step the voltage down from 23kV
to 13kV. The Adams 23kV system has normal and contingency loading concerns that limit the amount
of load growth that can be supported by the Adams substation.

The Northampton/South Berkshire study area is primarily supplied by a transmission and sub-
transmission network owned by Eversource. The Northampton area is supplied by a combination of
115kV and 13.8kV from the Midway substation. The South Berkshire area is supplied by 23kV supply
lines from the Pleasant 16B and Woodland substations. The study area will have normal and contingency
loading concerns that limit the amount of load growth that can be supported by the sub-transmission
supplies from the Eversource owned network. Infrastructure investments in these areas must consider
Eversource as a critical stakeholder.

4.8.8 Aging Infrastructure

This section is only illustrative for completeness of the system, and as such, relevant aging infrastructure
investments are defined to be part of “core operations” and additional funding is not proposed in this plan.
The investments proposed in this Future Grid Plan are driven by load growth and the need to increase
system capacity.

As energy infrastructure ages, and often consequently, its condition worsens, the risk of equipment failure
increases and the reliability of operation decreases. The age of infrastructure is an important
consideration when assessing the condition of assets and in efforts to meet the future demands of the
network. However, asset replacement is driven primarily by asset condition rather than time of life. The
Company’s approach to maintenance has moved from a time-based approach to risk and condition based
as a result of digitizing information and having real-time data. Substations and distribution lines are
surveyed regularly to assess asset health and to make recommendations for replacement.

Assets are rated based on a range of criteria to assess their health, which drives asset condition
replacement projects. Standard maintenance and regular testing (e.g., inspecting and replacing
subcomponents of a circuit breaker) can enhance reliability and extend the life of specific assets. Often,
assets exceed their life expectancy if their condition and risk profile allow it, enabling the Company to
maximize the value of assets while maintaining network reliability.

Additionally, as the Company moves towards modernizing and standardizing the grid and/or substations,
existing equipment may need to be modified or replaced in order to digitize current methods. It is
important the Company remains diligent in improving their infrastructure with new technologies and
remains environmentally focused. (e.g., changing substation support structure design from aluminum to
steel due to efficiency and decarbonization).
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Exhibit 4.126 below shows the metalclad age profile in the Western sub-region.

Exhibit 4.126: The Metalclad Age Profile — Western Sub-Region
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Exhibit 4.127 below shows the transformer age profile in the Western sub-region.

Exhibit 4.127: Substation Transformer Age Profile — Western Sub-region

YearO- Year Year Year Year Year Year Year Year Year  Year
] 10-19  20-29 30-39 40-49 50-52 e0-60 T70-79 BO-BD 90-90 100+

20
18
16
14
12
10

== LN R O = (I ]

185 | National Grid Future Grid Plan 9/23 - Section 4



Exhibit 4.128 below shows the distribution pole age profile in the Western sub-region

Exhibit 4.128: Distribution Pole Age Profile — Western Sub-Region
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Exhibit 4.129 below shows the recloser age profile in the Western sub-region.
Exhibit 4.129: Recloser Age Profile — Western Sub-Region
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4.8.9 Reliability and resilience

This section will describe how the Company reports reliability and what the current reliability metrics are
for this given sub-region. For additional information on reliability, resiliency and company performance,
the Company’s annual report is here (Department Docket No. 12-120-D). This section is only illustrative
for completeness of the system, and as such, relevant reliability investments are defined to be part of
“core operations” and additional funding is not proposed in this plan. The investments proposed in this
Future Grid Plan are driven by load growth and the need to increase system capacity.
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Refer to section 4.3.9 for background on reliability metrics and performance.
Reliability performance

The exhibits below show the reliability performance of the sub-region in terms of duration (SAIDI) and
frequency (SAIFI) of outages. The data in these Exhibits excludes major events, consistent with the
Company’s regulatory reporting criteria and call out leading causes of blue-sky outages for the region.
Tree-related events caused most outages across this sub-region, in terms of duration and frequency.

Exhibit 4.130: Western Leading Causes of Blue-Sky Outages
and SAIDI and SAIFI Reliability Performance
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Refer to section 4.3.9 for background on how reliability metrics are calculated.

The IEEE Guide for Electric Power Distribution Reliability Indices (Standard 1366) was developed to
facilitate uniformity in distribution service reliability indices and to aid in consistent reporting practices
related to distribution systems, substations, circuits, and defined regions. While this methodology differs
from the criteria applied to the Company’s regulatory reliability reporting obligations, this approach was
utilized to demonstrate the performance of the Company's distinct sub-regions as compared to similar
size utilities responding to the survey (>100,000 - <1,000,000 customers). The benchmarking analysis
showed that for four out of the last five years, Western has been in the second or third quartile for
frequency of outages (SAIFI) and has been in the second or third quartile for the past five years for
duration (SAIDI).
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Resiliency performance

As described in section 4.3.9, outage impacts from major events are traditionally excluded from reliability
reporting, as described above. The Company calculated “all-in” SAIDI and SAIFI indices across its
service territory to facilitate comparison of the resiliency and reliability challenges experienced in each
sub-region relative to the others. This comparison highlights areas where emerging resiliency challenges
have been experienced in the past five years. The methodologies that went into these calculations are
described in section 4.3.9. Substations may have no reliability data for several reasons, including no
recorded events over the time period or if they do not directly serve load to customers.

The following maps illustrate the substation resiliency of this sub-region overlaid with EJCs. The exhibits
below show the Company’s distribution substation locations within the given sub-region overlaid with
Environmental Justice Areas. Each distribution substation is color-coded indicating its five-year historical
SAIDI or SAIFI performance relative to the Company’s entire population of substations. A greater density
of distribution substations typically results in shorter distribution feeders with less outage exposure and
increased numbers of feeder ties, resulting in better overall reliability. As can be seen in each of these
Exhibits, substations in the Environmental Justice areas fall within the top first and second quartile of
SAIDI and SAIFI performance relative to the entire population of the Company’s distribution substations.
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Exhibit 4.131: Resiliency in EJCs as shown as SAIDI Substation Performance
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Exhibit 4.132: Resiliency in EJCs as shown as SAIFI Substation Performance
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When looking at the 5-year performance, 2020 was particularly a bad year as the Company experienced
18 storm events that were not classified as major events. The impact of each event added together
reflects the bad reliability performance at the system level. Also worth noting was that 2018 and 2021
were bad years of performance for the eastern part of the Company’s Commonwealth service territory
given three back-to-back storms occurring in early 2018 and a Nor’easter occurring in October 2021.

As a result, substations in the fourth quartile of SAIDI/SAIFI performance can be seen in South Shore,
Southeast and Merrimack Valley region maps.

4.8.10 Siting and Permitting

Energy infrastructure siting and permitting processes are generally consistent across the Commonwealth;
therefore, siting and permitting challenges do not vary significantly by region. When projects require
considerable underground transmission work, the EFSB review process is triggered to ensure the work is
in compliance with State requirements. This EFSB review process is intended to take twelve months (see
G.L. c. 164, Section 69J); however, the review timeline for recently submitted transmission line projects is
trending toward 30 to 36 months.

Environmentally, the largest differences are at a municipal level rather than regionally. At the project-
level, Conservation Commission impacts uniformly across the State but there is a high degree of
variability town to town and year to year, which makes it challenging to generalize regionally.

There are no noteworthy environmental considerations for this sub-region. Project-level considerations
are taken based on the local environmental considerations.

4.9 Technology Platforms that the Company Has in Place Today

To operate, manage and control the network for the benefit of customers the Company uses a range of
technology and communication platforms. Many of these systems were designed to operate a simpler
network and need to be upgraded to meet the needs of the clean energy transition.

This section will briefly highlight several of the technology platforms that are in place today, which are
discussed in the following sub-categories.

1. Network management and communications includes the technologies used to communicate
with, monitor and control assets on the network and to manage and respond to grid outages and
abnormal system conditions.

2. Metering and billing systems includes the technologies used to measure customer energy
usage on the grid and issue accurate bills based on those meter reads.

3. Customer portals includes the customer-facing and internal systems leveraged today to manage
customer programs such as those related to Energy Efficiency, EVs, and new customer
interconnections.

4. Data includes the type of data that the Company’s network planning and operations and
customers have access to, as well as the ability to manage, integrate, and operationalize that
data to transform how the grid is operated and planned.

5. Asset planning, management, and work execution includes the systems that the Company
uses to support grid planning and design, construction and capital deployment, and regular
system maintenance and field operations.

6. Security includes measures in place to ensure the security of technology systems from potential
cyber threats and attacks.
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Network management and communications

e Energy management system: The Company for several years has leveraged a centralized Energy
Management System (EMS), which provides remote interval monitoring and control for a variety
of substation and circuit equipment on both the transmission and distribution system for assets
where real-time telemetering has been installed. The tool is relied on heavily by control room
operators in the Company’s distribution and transmission control centers to provide the best
available “real-time” feeds of system conditions. While the EMS includes many distribution
network assets, the EMS is primarily designed around transmission use cases. For instance, the
EMS performs balanced load flow analysis for the transmission system, though it is not capable of
implementing load flow analysis for the unbalanced systems (i.e., single phase systems) that
comprise the maijority of the distribution network.

e Outage Management System (OMS): In addition to EMS, the Company has utilized an OMS to
manage calls and outages. OMS tightly integrates with the call center to provide timely, accurate
and customer-specific outage information. OMS also takes these calls and aggregates them on a
connected network model of the distribution grid and makes outage predictions to the next level
interruptible device to assist in routing crews for response and repair. OMS tracks customer
estimated time of restoration, crew assignment and arrival details and outage cause and condition
information to supply other downstream reporting and communications.

o Communications The Company utilizes a combination of private telecom networks and leased
wired and wireless circuits and services to meet its mission-critical communications needs such
as corporate enterprise functions, teleprotection, Supervisory Control and Data Acquisition
(SCADA) communications, physical security required at facilities, grid edge devices, off-site data
center connectivity, and Company facility interconnections. These networks are also used to
support telemetered communications to larger scale DER (500 kw+) based on current
interconnection requirements. The telecom backbone consists of private fiber optic and high-
capacity microwave networks. While the existing communications network has supported legacy
grid data requirements, it must be upgraded and expanded to support future grid modernization
efforts and enable greater reliability, control, monitoring, and security of the assets. In particular,
as will be discussed in Section 6, the existing communications network is not fit for purpose for
the envisioned future intelligent network operation that involves more dynamic and interactive
network management, particularly as DER adoption expands and creates new opportunities to
better integrate customer devices into grid operations.

Metering and billing systems

e The Company’s meters today are part of an Automated Meter Reading (AMR) system. Deployed
in the early 2000s to replace manual meter reading processes, this technology sends a radio
signal to a fleet of service vans as they drive by to collect monthly meter reads. The AMR
technology contains core features that the Company relies on for identifying customer load,
issuing accurate customer bills based on their electricity consumption, and managing customer
connections to the Company’s infrastructure. The meters function like an odometer in a car,
keeping a total tally of net energy consumption on a monthly basis. However, the meters do not
have the functionality to collect interval meter reads (i.e., hourly, or sub-hourly energy usage) and
support TVR, provide customers with detailed energy insights on the devices in their homes and
businesses, or automatically notify the Company’s control centers of an outage. Similarly, the
Company’s billing systems are designed to collect and issue bills based on monthly volumetric
energy usage (i.e., how much total energy did | consume this month?), and do not have the
functionality today to support TVR. The Company has also received approval to install AMI which
is discussed in more detail in Section 6.
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Customer portals

e Interconnection portals. The Company has a series of related Salesforce-based customer
portals (at different states of maturity) enabling trade partners (e.g., electricians, plumbers,
solar installers) to login and submit application materials, check statuses, receive automated
email notifications, and correspond directly with employees regarding generation, storage,
electric load, and gas connection requests as well as EV incentive program requests. Once a
trade partner has submitted an application, the Company’s billing customers (and other
application stakeholders identified by the trade partner) are able to check statuses, receive
automated email notifications, and use the Contact Us form to also correspond with
employees about their applications as well as DER billing and incentive program requests
after the connection is completed.

¢ Demand side management program management. Today, the Company utilizes a Demand
Side Management system called InDemand to fulfill and deliver on customer requests for
clean energy products and programs. This program was originally designed to support
implementation of the Company’s Energy Efficiency programs. However, with the rapid
growth of clean energy, this platform has become antiquated and led to inefficient manual
processes, lack of data uniformity and poor customer/trade partner/employee experience. A
new platform (Clean Energy 2.0) is in development to greatly improve upon this portal, which
will be described in Section 6.

Data

Data is the foundation of much of what the Company does as a utility, including planning, network
management and operations. Maintaining and improving interoperability among different software
systems to allow diverse datasets to be merged or aggregated in meaningful ways can support better
customer, operations, and business outcomes. Historically, the Company’s network operation, planning,
and customer empowerment have been somewhat limited by data availability. This is changing
considerably with, for instance, expansion of feeder monitoring, deployment of ADMS, and new advanced
metering systems. The ability to leverage data as a resource to plan and operate a more intelligent grid
and create meaningful and valuable opportunities for customers requires continuous investment in data
management.

Asset planning, management, and work execution

System planning leverages the CYMDIST software which is used to model and run analyses on the
Company’s distribution system and the Siemens PTI PSS/e loadflow program. ASPEN RDB for
Distribution Equipment serves as the centralized repository to record electric distribution device settings
information. For asset management, Geographic Information System (GIS) is a technology that
combines the power of maps with the function of a database. The Company utilizes GIS as its
authoritative source for distribution asset information and as designed network configuration (i.e.,
“connected model”). GIS information is utilized in several business processes including distribution
system project design, load flow modeling, outage management, and analysis models. Cascade is the
software application that serves as the asset repository for substation equipment. Maintenance and
inspection records are stored in Cascade, which drives the condition-based maintenance programs for
substation equipment. STORMS is the foundational work order creation and management system
employed by all Electric Line (Tx and Dx) business functions. The platform accepts data inputs from a
multitude of different business and IT-owned systems today and transforms this information into
dispatchable work orders that field crews use to complete job tasks, ranging from repairing a leaning pole
to triggering the design process for replacing an entire feeder.

Security

The protection of both physical and cyber assets is fundamentally important for the Company with its
ownership and management of Critical Energy Infrastructure. Examples of existing physical security
measures include fences and security cameras, and cybersecurity measures include ubiquitous two
factor authentication, next generation firewalls, data loss prevention and intrusion detection. With the
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shift to digitalization and the integration of telecommunications-based systems, security becomes
increasingly important, and these demands continue to grow.
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Section 5
5- and 10-Year Electric Demand Forecast

This section describes the methodology and details of the 5- and 10-year electric demand
forecasts that underlie the proposed Future Grid infrastructure investments.

Key Take-Aways

The Company uses a robust approach, based on industry best practice, to develop demand
forecasts that consider underlying economic and demographic drivers of customer demand as
well as increasingly important clean energy policy drivers—namely, energy efficiency, demand
response, solar PV, energy storage, EV charging, and heat electrification.

The 5- and 10-year demand forecasts align with the Commonwealth’s ambitious clean energy
and GHG emission reductions goals for 2030, modeling acceleration in adoption of EVs and
EHPs and expansion of solar, energy storage, and other DER.

The Company and its customers face an inflection point where 15 years of relatively flat
demand will give way to annual peak load that is expected to grow by 7% by 2029 and 21%
by 2034 relative to 2022 levels—even after accounting for the offsetting impact of energy
efficiency, demand response, solar PV, and energy storage—as policy-driven heat and
transportation electrification accelerate in the Commonwealth.

Given the critical role that the demand forecast plays in determining the need for infrastructure
investments in the Future Grid Plan, the Company routinely benchmarks its forecast by com-
paring to independent forecasts from peer EDCs and the Commonwealth. The Company also
engaged a leading expert from The Brattle Group to provide an external assessment of the
demand forecast methodology for the Future Grid Plan. Both of these assessments corrobo-
rate the Company’s demand forecast.




5.0 5- and 10-Year Electric Demand Forecast

What is demand forecasting and why is it important?

Electric demand or load is how much electrical power is consumed by end-users at a specific point
in time. Demand varies throughout the day and year and is typically higher when it is very hot or very
cold and heating/cooling needs are highest. Peak demand, the hour with the highest demand over
the year, is critical for planning electric network infrastructure because the network must be able to
serve peak demand.

Forecasting future peak demand is important because constructing electric network infrastructure
has long lead times and electrical network assets are long-lived. The demand forecast ensures that
the Company can build infrastructure at the right place and at the right time to reliably provide
customers with the power they need.

The demand forecast is an important tool to meet the Commonwealth’s climate goals. The
substantial beneficial electrification of heating and transportation that are part of the
Commonwealth’s pathway to achieving net zero will increase demand and therefore the need for
infrastructure. The forecast is critical to enabling this transition by informing the Company about
when and where the infrastructure is needed to support the clean energy transition. The demand
forecast also includes projecting the impacts of clean energy policies and programs that offset
demand growth, such as DR, so that the Company is able to locate and size infrastructure
investments appropriately after impacts of demand reduction programs are accounted for.

5.1 5- and 10-Year Electric Demand Forecast at the EDC Territory Level

Summary: The demand forecast demonstrates that the Company is at an inflection point on the
path to decarbonization in how customers use electricity. Despite underlying economic growth, peak
demand for electricity has been essentially flat over the last 15 years because growth was offset by
EE, DR, and solar PV (see Exhibit 5.1), supported by the Company’s nation-leading programs. While
these programs will continue to reduce demand relative to what it would otherwise be," achieving a
decarbonized economy, consistent with the Commonwealth’s goals, means that beneficial
electrification of heat and transportation must immediately increase. Beneficial electrification causes
the demand forecast to show increased load over the 10-year forecast horizon (see Exhibit 5.5
below) and more than doubling in demand by 2050 (See Section 8 for a discussion of the demand
assessment from 2035-2050).

Methodology overview: Below is a brief overview of the Company’s demand forecasting
methodology. More details can be found in the Appendix.

1. Weather design criteria: In the first step, the Company analyzes historical weather to determine
the weather design criteria. Electric infrastructure needs to be able to reliably provide power in the
most extreme conditions — the hottest days in the summer and the coldest days in the winter. The
peak demand forecast is therefore calibrated to peaks that occur under extreme temperatures — the
90t percentile. For the summer, this means a design temperature such that the hottest day of the
year will exceed it only once every 10 years, on average. In the winter, the coldest day of the year
will be colder than the design temperature only once every ten years, on average.

2. Disaggregation: In this step, the Company disaggregates the historical demand data to separate
out historical baseload demand and the historical impact of DERs. Historical demand that the
Company has observed has been embedded in its underlying customer energy requirements

' See Section 6 for a discussion of how an increased focus on DR can help reduce, but not eliminate, the need for new infrastructure
investment.
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(referred to here as baseload), as well as the effects of EE, DR, photovoltaics (PV), and energy
storage (ES), electric vehicles (EV), and electrification of heat (EH) -- collectively referred to here as
DERs. Over the last 15 years, net demand (i.e., demand that is actually measured) has been flat to
declining because the impacts of EE, DR, and PV have offset underlying customer demand growth
from new customers and economic growth. If only net demand was modeled, as opposed to the
separate effects of baseload and DERs, the Company’s modeling would miss the nuances of the
effects of baseload and the various DERs, and the Company would be less able to project the
effects on net demand of changes in customer growth or DER penetration going forward. Instead,
the Company disaggregates historical baseload and DERs and forecasts them each separately, then
recombines them to get a single net load forecast.

3. Baseload econometric forecast: The underlying customer energy requirements, or baseload,
are projected using an econometric forecast. This forecast is developed by looking at the historical
trends and relationships between historical baseload and macro-economic, demographic, and
pricing variables. These historic relationships are then used in conjunction with expectations for
future changes (e.g., projected customer growth, expected demographic changes) to forecast future
demand. Customer counts and use-per-customer are forecasted separately to disaggregate their
effects — for example residential customer counts may increase due to new construction projects, but
residential use-per-customer may be flat-to-declining due to energy efficiency. Forecasting of
customer count and use-per-customer is done separately for residential, commercial, and industrial
customers since each sectors’ growth rates are driven by different factors and may be best reflected
by different macroeconomics/demographics. For example, residential customer count is most tightly
correlated with the number of households, while commercial use-per-customer is best correlated
with gross state product, reflecting overall economic strength. The Company obtains macro-
economic historical and forecast data from Moody’s Analytics at the county and metro-area level.

4. DER forecasts: Each DER is independently forecasted. In the short-run, forecasts for DERs are
consistent with current trends, policies, and programs. However, the outer-year DER forecasts align
with the Commonwealth’s relevant clean energy goals. The DER forecasts align with the preferred
State decarbonization pathway, which the Company models based on the “All Options” scenario
from the Commonwealth’s CECP for DG and the “Phased” scenario for EH. See Section 5.1.4 -
5.1.7 for further discussion of forecasting for each of the DERs.

5. System peak forecast: The econometric forecast and DER forecasts are combined into the
aggregate demand to create a final system peak forecast of total net load.

6. Spatial allocation: In addition to the demand forecast at the system level, the Company also
develops forecasts at a more granular level. The econometric and DER forecasts are independently
allocated to different planning areas based on local census and parcel-level characteristics. Each
DER is allocated independently at this granular level since DER penetration is not assumed to be
uniform across the Company’s service territory. For example, large PV installations may be more
likely to be developed in areas where land is more plentiful and less expensive and closer to
interconnection points. For presentation and reporting purposes in the ESMP, the granular forecasts
are aggregated to the sub-region level and discussed further below (beginning in Section 5.2).

7. Validation: The Company benchmarks its forecast against the CECP. The underlying
assumptions for the DERSs in the Company forecast align with the targets in the CECP "Phased”
pathway (see Sections 5.1.4 - 5.1.7 for additional detail). The CECP Pathways Analysis? expects
approximately 10% growth in peak demand from 2020 — 2030 which matches the expected growth in
the Company’s forecast over the same period, validating the Company’s work aligning with the
CECP.

2 CECP, June 2022, page 72 Pathways Analysis: Electrification and Electric System Needs
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Comparison with Eversource and Unitil: The electric distribution companies (EDCs) in
Massachusetts made up of Eversource, National Grid, and Unitil together have reviewed and
compared assumptions for the respective five- and ten-year electric demand forecast across the
Commonwealth. The methodology employed by each individual EDC are aligned for the baseload
econometric forecast, design weather conditions, and DERs. The EDCs utilize more than a decade
of historical weather data (region dependent) to develop the design weather — the 90t percentile —
and use it as the primary planning case. Eversource and National Grid utilize an econometric
forecast model for the baseload while Until projects recent historic growth forward (before
incorporating the impact of solar, storage, DR, EHPs, and EVs). The EDCs then incorporate
adjustments for DER. Each DER is independently forecasted considering their current market trend,
policies, programs, and State decarbonization pathways. The EDCs all produce the forecasts at the
jurisdiction level and allocate to more granular geospatial areas based on regional characteristics.

The amount and rate of deployment of total installed solar capacity is specific to each utility and
described further in Section 5.1.5. Eversource and National Grid use the same software to predict
parcel wise allocation of ground mounted solar installations. The underlying parcel and land use data
and method of simulating region-specific PV adoption is the same; based on land parcel availability
and profitability analysis. Unitil forecasts future solar capacity based on historical trends.

Electrification in the transportation and buildings sector, in the form of EVs and electric heating
(EHPs), are anticipated to be load drivers but are still relatively new technologies. Existing adoption
of EVs and EHPs show very low penetration across the Commonwealth, as discussed for each sub-
region in Section 4 above. The EDC’s near-term adoption estimates are based on a combination of
historical adoption, current market outlook, company plans and policy direction. Eversource and
National Grid model granular spatial allocation using aggregated household characteristics,
socioeconomic information, and travel patterns. Eversource leverages traffic data from the same
data vendor as the Massachusetts Department of Transportation (“MA-DOT”). National Grid applies
data for commuting demands from the Census Bureau. Unitil utilizes 1SO, EEI assumptions, census
data and registered vehicle data to develop a projection for EV adoption and load forecast.

Sections 5.1.1 - 5.1.7 give additional detail on the components for the forecast at the jurisdictional
level (i.e., for the Company’s Massachusetts service territory, including the Massachusetts Electric
Company and Nantucket Electric Company level combined). Sections 5.2 - 5.7 dive into the regional
outlooks. More detailed discussions are provided in the Appendix.

5.1.1 Aggregate Demand — Summer and Winter

Aggregate demand refers to the actual net demand on the system (i.e., the sum of the baseload and
DERs, not disaggregated). This aggregate demand is what the infrastructure must be sized to meet.
The annual demand peak has historically occurred in the summer season, typically during a very hot
summer weekday afternoon. In recent years, the peak hour has gradually shifted to early evening as
increasing penetration of DG (i.e., PV) has begun offsetting the load earlier in the afternoon and
becomes less available or unavailable later in the day towards sunset.

Exhibit 5.1 shows the historical and aggregate peak demand for the summer and winter. Aggregate
peak demand has remained relatively flat for roughly the last 15 years despite increases in
baseload, since that baseline growth has been offset by increases in EE, PV, and DR. Over the next
10 years, however aggregate demand is projected to begin to increase, at a CAGR of 1.3% through
2029 and 2.1%3 through 2034. As shown in Exhibit 5.1 the winter peak is increasing at a faster rate
than the summer peak due to growth of EH. The system remains summer peaking through the
forecast period (2025-2034), so EH does not yet have a meaningful impact on the peak load that

3 The starting year is 2022 for all CAGR calculations in Section 5.
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drives electricity network investment planning. However, the system is projected to switch to winter
peaking during the demand assessment period, which is further discussed in Section 8.

Exhibit 5.1: Historical and Forecasted Aggregate Peak Demand for Summer and Winter
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The projected demand growth is primarily due to projected increased beneficial electrification from
EVs in accordance with the State’s climate goals, as well as cumulative EE savings that are
beginning to grow at a slower rate as incremental EE savings become harder to come by due to
long-term program success. Moreover, while PV adoption continues to grow, the peak hour shifts
later in the day when PV has less of an impact on peak demand. Exhibit 5.2 illustrates how the
saturation of EE and the shift to a later peak hour when PV has limited impact mean that DERs
(excluding EV and EH) are not projected to offset the underlying growth in electricity demand in the
future. To see this, compare the roughly parallel tracks of the top and bottom lines, (where the kink
in the baseload demand is from PV and EV charging load pushing the peak hour later in the day),
which demonstrates that EE, DR, PV, and ES are not offsetting increases in baseload. In addition,
comparing the middle line in the exhibit to the bottom line shows the substantial uptick in demand
driven by EVs.
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Exhibit 5.2: Annual Peak Load by Components
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The waterfall charts in Exhibits 5.3-5.5 show the breakdown of aggregate demand and provide a
snapshot of each component’s impact at year 2022, 2029, and 2034, respectively. Despite the
slowing growth of cumulative EE savings, EE remains by far the DER with the biggest impact on
aggregate demand through this time horizon. The impact of EVs grows rapidly during this time
period before becoming the second largest factor modifying baseload demand by 2029. EH also has
some impact on summer peak demand from EHPs used for summer cooling, including for customers
who would not otherwise have had air conditioning (or have had as much)

Exhibit 5.3: Annual Peak Load by Components in 2022
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Exhibit 5.4: Annual Peak Load by Components in 2029
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Exhibit 5.5: Annual Peak Load by Components in 2034
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5.1.2 Weather Normalized Econometric Forecast

Exhibit 5.6 presents the historical and forecasted baseload at the hour of the peak demand. The
peak hour is expected to shift from late afternoon (17:00-18:00) to the evening due to the impact of
PVs. This shifting of the peak hour shows up as the two step-downs of the forecasted summer
baseload in the exhibit. Comparing the baseload at the same hour over years, the baseload is
forecasted to grow at a CAGR of 1.3% over the forecast horizon primarily driven by the economic
outlook. Note that the baseload at the new evening peak hour will continue to be lower than
forecasted baseload at the current peak hour in the afternoon, but because afternoon demand is
partially offset by PV, aggregate demand will be highest in the evening.
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Exhibit 5.6: Historical and Forecasted Baseload
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5.1.3 Large Load (Step/Spot Load)

The demand forecast shows long-term trends in baseline demand growth from underlying economic
activity and DER dynamics. Some of those demand drivers are service-territory-wide (e.g., the
energy savings from widespread residential EE measures) and others are specific large loads
located in one particular community (e.g., a new factory or data center). The Company does not
forecast specific large loads. Rather, any new infrastructure needed to serve large loads is captured
through the Company’s interconnection and distribution planning processes.

5.1.4 Energy Efficiency

The Company has operated EE programs in Massachusetts for many years, contributing to
Massachusetts being recognized as a national leader in implementing high-quality EE programs.*
The Company will continue to operate its nation leading EE programs for the foreseeable future with
support from State policies and funding. In the short term (i.e., through year 2024), EE targets in the
forecast are based on the Company’s three-year EE plan approved by the Department. Beyond the
year 2024, the cumulative value of persistent EE savings is still expected to continue to grow but at a
slower rate each year reflecting market saturation and uncertainties in policies and funding as shown
in Exhibit 5.7.

4 https://www.aceee.org/state-policy/scorecard

203 | National Grid Future Grid Plan 9/283 - Section 5



Exhibit 5.7: Forecasted and Cumulative EE Savings
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5.1.5 DER Growth: Solar PV, Battery Storage, Grid Services

There has been a rapid increase in the adoption of PV throughout the State. The near-term (2023-
2027) predictions leveraged the information on the PV projects from the Company’s interconnection
queue and the insights from PV subject matter experts at the Company, and assumes the Company
fills its share of the State’s existing solar target of 3.2 GW?® by mid 2020s. In the longer term,
continuous growth in PV is projected to achieve the Company’s share of the State policy target
under the “All Options” scenario, as stated in the Commonwealth’s 2050 decarbonization roadmap.®

See Exhibit 5.8.
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5 CECP, page 68, June 2022.
8 Massachusetts 2050 Decarbonization Roadmap, December 2020.
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ES deployment is still at a relatively early stage across the State. Growth has been rapid for only a
few years. The forecast assumes continuous growth in ES connection to meet the Company’s share
of the statewide policy target of 1,000 MW by 2025.7

The Company currently runs a Mass Save summer DR program to reduce electricity demand during
hours with high expected demand and/or reliability problems. During a DR event, customers can
participate by either cutting their consumption (e.g., turning down/off their air conditioners, not
charging their EV) or by supplying energy (e.g., by turning on a generator or discharging a battery to
supply their demand). The Company offers various ways (e.g., thermostat controls, batteries, and
programs to encourage C&l customers to fallback to alternative generators) for customers to
participate. As of 2022, it is estimated that the Company’s DR program helped reduce the peak by
about 1.3%. Through the year 2025, projected growth of the program is informed by the Program
Administrator. Beyond that and through the forecast horizon, a similar incremental growth is
assumed, leading to growth of about 60% by 2034 compared to 2022.

5.1.6 Electric Vehicles

The EV forecast includes both plug-in hybrid electric vehicles (PHEVs) and battery-only electric
vehicles (BEVs) since they both impact electric demand. Light-duty EV (LDEV) adoption is modeled
based on the relevant policy adopted by Massachusetts, specifically the California’s Advanced Clean
Car Il (ACC-Il) Rule.? This Rule requires auto manufacturers to ensure that every new light-duty car
sold in the State is a zero-emission vehicle (ZEV) by 2035. This is in line with the requirement for all
new passenger cars and light-duty trucks sold in Massachusetts to be zero-emission starting in 2035
that was signed into law in the 2022 climate bill, An Act Driving Clean Energy and Offshore Wind.®
The adoptions of medium-duty EV (MDEV) and heavy- duty EV (HDEV) and E-buses (both transit
and school buses) are similarly modeled based on the Commonwealth’s adoption of California’s
Advanced Clean Trucks (ACT) Rules through 2035 ' Exhibit 5.9 shows annual incremental and
cumulative EV counts through the forecast period.

7 https://www.mass.gov/info-details/esi-goals-storage-target, retrieved November 2022

8 https://www.mass.gov/doc/310-cmr-740-low-emission-vehicle-regulation-amendments/download
9 https://malegislature.gov/Laws/SessionLaws/Acts/2022/Chapter179

10 https://www.mass.gov/doc/310-cmr-740-low-emission-vehicle-regulation-amendments/download
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Exhibit 5.9:

Forecasted Number of EVs in Operation
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5.1.7 Heat Electrification

The Company’s three-year plan approved by the Department guides EHP adoption projections
through the year 2024. Post year 2024, the forecast follows a trajectory that meets the State’s CECP
“Phased” electrification scenario target by 2050, roughly aligning with interim state goals for 2030
and beyond. See Exhibit 5.10 for a graphical representation of EHP projections. Notably, all regions
will remain summer peaking before 2034, hence the load impact on summer peaks from heat
electrification is not meaningful compared to EV and other DERSs.
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Exhibit 5.10: Forecasted Electric Heat Pump Units (Cumulative)
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Starting in Section 5.2 below, the details of the Company’s demand forecast are presented for the
same six sub-regions described in Section 4. Exhibit 5.11 illustrates the six sub-regions and shows
their CAGR through 2034. The Western sub-region overall has the most significant growth (about
2.9%) due to faster baseload growth as well as considerable EV adoption projected. The Central
sub-region has about 2.3% CAGR with relatively high EV adoption and moderate baseload increase.
The rapid EV growth in the Western and Central sub-regions will cause the region to switch from an
afternoon to an evening peak hour earlier than other sub-regions which reduces the peak shaving
potential from PV.

The North Shore sub-region is projected to experience 2% CAGR aggregate demand growth with
moderate EV adoption and baseload growth while the South Shore sub-region has about 1.9%
CAGR because of high growth in EV penetration, high EE savings, and moderate PV increases.
Southeast and Merrimack Valley sub-regions have the lowest overall CAGR (about 1.8%) with lower
EV penetration and lower baseload growth compared to other sub-regions.

Exhibit 5.11: Aggregate Demand CAGR by Sub-Region

Aggregate Demand CAGR by sub-region (%)
(as of Year 2034)

3.5

3.0

2.5

2.0

Nantucket ranm

1.5

)
[OpanStatitan
Joce-sbutors:

2] CARTE,

e 1.0

5.2 Central Sub-Region

5.2.1 Aggregate Demand — Summer and Winter

The Central sub-region currently has the second largest electricity demand and is expected to
witness steady load growth with significant DER adoptions, especially in PV.

The Central sub-region remains summer peaking through the forecast horizon. Cumulative peak
load change is illustrated in Exhibits 5.12 and 5.13 below. For the 5-year horizon, peak baseload
demand is expected to increase by 98 MW, which is the main driver for the peak increase.
Transportation electrification has the second largest impact, adding an additional 39 MW of demand
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at peak. Both EE and PV are expected to result in moderate reductions to final net peak load, each
reducing peak net load by 17 MW. Collectively, all of the load component variations lead to 107 MW
growth in net peak demand for the Central sub-region.

For the 10-year forecast ending in 2034, baseload remains the largest driver with a 156 MW
increase. EV sales are expected to rapidly ramp up, resulting in an additional 150 MW of demand on
the distribution system at peak. Similar trends for EE and PV are forecasted as in the previous
horizon with overall limited peak shaving impacts due to the relatively late peak hour (ending at
18:00) and thus reducing the role of PV. The final net increase to peak hour demand for the Central
sub-region is projected to be about 278 MW.

Exhibit 5.12: Load Change from 2022-2029 — Central Sub-Region

125

100

MW

75

50 1

251

0- ‘ . . ‘
Baseload EV HE EE PV Final Load
Load Component

Exhibit 5.13: Load Change from 2022-2034 — Central Sub-Region
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5.2.2 Weather Normalized Econometric Forecast

The baseload growth in each sub-region is derived from the Company’s outlook on the ISO load
zone'" that the sub-region falls into and the sub-region’s recent growth within the zone. The zonal
level outlook captures the macroeconomic impacts, while within the load zone, each sub-region’s
recent growth reflects the variation among sub-regions in the same load zone. The Central sub-
region mostly falls into the Western Central Massachusetts (WCMA) load zone. The forecast on
WCMA is discussed in the Appendix the CAGR expectations for the WCMA load zone is 1.2% by
2029 and 1.1% by 2034. The Company’s CAGR projections for the Central sub-region are 1.8%
annual growth by 2029 and 1.6% through 2034, which are relatively high compared to other sub-
regions.

5.2.3 Large Load (Step/Spot Load)

Large load (step/spot load) impact is developed and handled in the system planning process. Please
refer to Section 6 of this plan for further discussion.

5.2.4 Energy Efficiency

There are substantial EE savings projected in the Central sub-region due to its high energy
consumption. The EE saving trend is depicted in Exhibit 5.14 with a CAGR of 1.9% ending in 2029
and 1.4% for the Company’s 10-year horizon ending in 2034, resulting in the sub-regional EE
savings increasing from 350 MW to about 390 MW.

Exhibit 5.14: EE Peak Savings — Central Sub-Region
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5.2.5 DER Growth: Solar PV, Battery Storage, Grid Services

With the dense population in Worcester and its surrounding medium- to high-income neighborhoods,
rooftop solar is projected to grow steadily within the Central sub-region. The 5-year incremental
growth is forecasted to be 66.7 MW and the10-year growth is 144.4 MW starting from the end of
2024 (Exhibit 5.15). For non-rooftop solar, this region has ample and affordable land parcels that

" https://www.iso-ne.com/about/key-stats/maps-and-diagrams#load-zones
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meet Solar Massachusetts Renewables Target Land Use and Siting Criteria, ' which results in a
large growth margin for solar projects. Based on the current project queue information, 187.9 MW
growth is expected through 2029 and 395.2 MW growth is expected by the end of 2034 (Exhibit
5.16). Combining rooftop solar with other solar, projections show total growth in solar reaching over

1000 MW. This causes the Central sub-region to become the sub-region with the largest cumulative
PV capacity.

Exhibit 5.15: Rooftop Solar Adopting Trend — Central Sub-Region
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Exhibit 5.16: Non-Rooftop Solar Adopting Trend — Central Sub-Region
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5.2.6 Electric Vehicles

As one of the most populous regions within the Company’s service territory, projections for EV
adoption in the Central sub-region show about 50,000 additional LDEVs to be on the road by 2029
(compared to 2024). This is about 14% of all LDEVs on the road in the service territory by the end of
2029 (Exhibit 5.17). With an accelerating growth trend, LDEVs are projected to account for about
45% of all light duty vehicles in the Central sub-region by the end of the 10-year forecast horizon.

12 https://www.mass.gov/doc/smart-land-use-and-siting-guideline-final/download
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Exhibit 5.17: LDEV Adoption Trend — Central Sub-Region
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The MHDEYV forecast combines both medium and heavy-duty vehicles as well as buses, and the
sub-regiona