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1. Introduction

On October 7, 2022 and November 30, 2022, the Department of Public Utilities (“Department”) approved,
with modifications, the second grid modernization plans, including advanced metering infrastructure
(“AMTI”) proposals, filed by NSTAR Electric Company d/b/a Eversource Energy (“Eversource” or the
“Company”), Massachusetts Electric Company and Nantucket Electric Company d/b/a National Grid
(“National Grid”), and Fitchburg Gas and Electric Light Company d/b/a Unitil (“Unitil”) (together,
“Distribution Companies”) in D.P.U. 21-80, D.P.U. 21-81, and D.P.U. 21-82, respectively. On December
30, 2021, the Department issued an order authorizing the Distribution Companies to continue their
respective grid modernization programs and implement investment categories that are consistent with the
investment categories previously preauthorized for the 2018-2021 Grid Modernization Plans (“GMPs”)
until the Department issues its final order on the continuing grid-facing investments contained in the
GMPs.  NSTAR Electric Company/Massachusetts Electric Company and Nantucket FElectric
Company/Fitchburg Gas and Electric Light Company, D.P.U. 21-80/ D.P.U. 21-81/D.P.U. 21-82, Order
on Interim Continuation of Grid Modernization Programs and Revised Grid Modernization Factor Tariffs
at 6-7. The Department’s October 7, 2022 Order addressed the Distribution Companies’ proposed
continuing grid-facing grid modernization investments (“continuing investments”). NSTAR Electric
Company/Massachusetts Electric Company and Nantucket Electric Company/Fitchburg Gas and Electric
Light Company, D.P.U. 21-80-A/ D.P.U. 21-81-A/D.P.U. 21-82-A, Order on Previously Deployed
Technologies (October 7, 2022) (“Track 1 Order”). The Department’s November 30, 2022 Order
addressed the Distribution Companies’ proposed new grid-facing grid modernization investments and
AMI (i.e., customer-facing) investments. D.P.U. 21-80-B/D.P.U. 21-81-B/D.P.U. 21-82-B, Order on New
Technologies and Advanced Metering Infrastructure Proposals (November 30, 2022) (“Track 2 Order™).

Additionally, the Department required the Distribution Companies to submit an annual report by April 1
for grid modernization plan investments made in the prior calendar year for their grid-facing investments.
Track 2 Order at 303, 305; Track 1 Order at 106; see also NSTAR Electric, M.D.P.U. No. 73G at 9;
National Grid, M.D.P.U. No. 1497, at 8; Unitil, M.D.P.U. No. 379, at 9. The Department reiterated that
the annual report filings are docketed for informational purposes only. Track 2 Order at 303; Track 1
Order at 105.

Subsequently, on January 25, 2023, the Department issued a memorandum setting forth the proposed form
and content of the 2022 Grid Modernization Annual Reports and solicited written comment on the
proposed narrative and data reporting template for the 2022 Grid Modernization Annual Reports. D.P.U.
23-30, January 25, 2023 Memorandum at 2. The Department requested initial comments by February 15,
2023 and reply comments by March 2, 2023. Id. at 3. The Department also assigned docket number
D.P.U. 23-30 and prescribed April 3, 2023 as the deadline for the submission of the 2022 Grid
Modernization Annual Reports. Id. at 2.

Eversource, National Grid, Unitil, the Cape Light Compact (“CLC”) and the Department of Energy
Resources (“DOER”) submitted initial comments on February 15, 2023 with proposed edits to the
Department’s proposed form and content of the Grid Modernization Term Reports. On March 2, 2023,
the Distribution Companies filed reply comments to CLC and DOER. On March 16,2023, the Department
issued a memorandum finalizing the proposed Grid Modernization Term Report Narrative Outline and
data reporting, including minor changes from the January 25" proposed form. D.P.U. 23-30, March 16,
2023 Memorandum at 2-5.
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In D.P.U. 17-05, the Department approved both an electric vehicle (“EV”’) charging infrastructure program
and an energy storage demonstration program. NSTAR Electric Company d/b/a Eversource Energy,
D.P.U. 17-05, at 461-465, 470-471, 501-502. The Department also approved an extension of the EV
program for 2021. NSTAR Electric Company d/b/a Eversource Energy, D.P.U. 20-74, at 38. The costs
of both the EV program and the battery storage demonstration project are recovered through the
Company’s Grid Modernization Factor (“GMF”) tariff. NSTAR Flectric Company d/b/a Eversource
Energy, D.P.U. 15-122, at 186-187. Similar to past practice, the Company has provided information on
the progress made in the EV program and battery demonstration project in its 2022 Grid Modernization
Annual Report.

In accordance with the Department’s January 25, 2023 and the March 16, 2023 Memorandum, the
Company hereby submits its 2022 Grid Modernization Annual Report.

A. Progress Toward Grid Modernization Objectives

Eversource’s 2022-2025 Grid Modernization Plan (“GMP”) was designed based on the three refined
Department objectives: (1) optimize system performance (by attaining optimal levels of grid visibility,
command and control, and self-healing); (2) optimize system demand (by facilitating consumer price-
responsiveness); and (3) interconnect and integrate distributed energy resources (“DER”). D.P.U. 15-122,
at 106.

Achieving advancements in the Departments three objectives has provided benefits to the Company’s
customers through the 2018-2021 GMP and will continue to provide additional benefits into the future
through the 2022-2025 GMP. Eversource fully supports these objectives and has relied on them as the
foundation for building its GMPs. In the process of developing the 2022-2025 GMP, the Company placed
particular emphasis on the evolving needs identified through lessons learned, as well as leveraging the
technologies and investments already implemented in the 2018-2021 GMP to achieve multiple grid
modernization objectives simultaneously. In fact, all but two of the investments included in the GMP
satisty multiple objectives. This section summarizes the Company’s progress and/or expected progress
toward each objective. Due to 2022 being the first year of the 2022-2025 GMP and other contributing
factors, limited measurable progress was made in 2022. In the upcoming plan years, this section of the
report will continue to detail progress made toward the Department’s grid modernization objectives.
Detailed write ups for each investment category are included in Section III of this report. Figure 1 below
also illustrates the relationship between each investment category and each grid modernization objective.
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Figure IMatrix of Grid Modernization Investment Categories and Objectives

Grid Modernization Objectives

Optimize Optimize

II(leG;Stme]]t Investment Type System System In:;e]gii:te
ategory Performance Demand
ADMS DMS v v v
Wireless Communications Improvements v v
Communications
Communications System Modernization v v v
Monitoring & Substation Automation v v
Control PQ Monitoring v
VVO VVvO v v v
Advanced Load Interconnection Automation v
Flow Probabilistic Power Flow Modeling v
Dynamic DER Interface v v v
DERMS
DERMS v v v
1. Optimize system performance (by attaining optimal levels of grid visibility,

command and control, and self-healing)

The Company is making substantial investments during the 2022-2025 GMP that are expected to further
optimize system performance. Investments within the Monitoring and Control (“M&C”), Volt-Var
Optimization (“VVO”), Advanced Distribution Management System (“ADMS”), Distributed Energy
Resource Management System (“DERMS”) and Communications will contribute toward this objective.

The M&C investment category includes the substation automation and power quality monitoring
programs. These are continuing investments, like those deployed under the Company’s 2018-2021 GMP.
The additional investment into advanced relays is expected to provide the optimal level of visibility,
command, and control for the affected feeders. In addition to collecting real-time loading data that is
transmitted back to a centralized energy control system, these relays allow for remote operations such as
application of fast-trip and lockout settings for worker safety or changes in protection settings. This
program has resulted in significant progress towards achieving optimal levels of visibility and control at
all feeders in the Eversource territory during the 2018-2021 GMP and further progress will be made during
the 2022-2025 GMP term. This progress is being made at a pace that would not have been possible absent
the grid modernization program. The power quality program adds high-fidelity metering at substations
serving customers sensitive to power quality events. It is becoming increasingly clear that the modern grid
must be characterized by a higher degree of power quality to meet the needs of customers with sensitive
electronic equipment. The benefits of automation in terms of reducing sustained outages are well known.
The impact of automation in terms of power quality requires another level of visibility, command, and
control.

The Company’s VVO program supports all three grid modernization objectives. Prior to the VVO program
the Company’s substation transformer load tap changers, voltage regulators and capacitor banks were
partially automated with limited remote-control capability. As part of the VVO program the Company
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will continue to deploy fully automated devices that provide enhanced levels of visibility, command, and
control required to flatten and reduce voltage profiles along an entire feeder in combination with
automated logic provided by VVO software. This level of visibility and control also supports system
operators’ need to manage two-way power flows in areas with high DER penetration. Line sensors
installed as a part of the VVO program are required to ensure voltage remains in its acceptable range out
to the grid edge in pursuit of improved system efficiency.

It is impossible to contemplate a modern grid that does not rely on a robust, high bandwidth, high speed
communication system to enable real-time, automated communications to end-use equipment. In fact, it
is important to consider the degree to which a strong communications infrastructure builds a foundation
for all grid investments. As an enabling technology for the modern grid, system performance will continue
to be optimized through the Company’s Communications investments. Upgraded node locations have
provided increased and more comprehensive coverage in areas where coverage was otherwise limited
previously. Through the Communication System Modernization investments, the Company will begin
planning the transition to internet protocol (“IP”) on its Field Area Network (“FAN”) and eliminate data
concentrators along the communications path in order to improve the resiliency and reliability of the data
path from field devices to the Company’s Enterprise Energy Control System (“eECS”). Building out an
IP-based communications network will establish a modern communications path for the transmission of
data on the distribution system.

The DERMS investment category also supports all three grid modernization objectives. The DERMS
system is the tool that will provide the Company’s system operations center with the capability to monitor
and control the distribution system’s power flow while maintaining safe and reliable power. Balancing
load and generation using DER connected to the distribution system depends on what type of DER is
participating and its associated operating parameters and contracts. With this specific data for different
types of DER, operating decisions can be made with more precision. The data associated with the DER
will also be more efficiently shared between systems because of the common integration platform being
implemented and also supported by a more modern and scalable information technology architecture.
Moreover, each type of DER will have different use cases and using the DERMS as a central control
system will be critical to successfully managing the distribution system for multiple use cases. These
multiple use cases at times contradict each other and so the DERMS will be the key to unlocking this
complexity and to produce an optimal solution.

Progress made towards placing the Company’s energy storage system (“ESS”) and DMS in service
through the end of 2022 has established a foundation for these technologies to further optimize system
performance during and after the 2022-2025 GMP term.

2. Optimize system demand

Further progress toward optimization of system demand will be achieved through continued investment
into the VVO and advanced distribution management system (“ADMS”) investment categories during the
2022-2025 GMP. New investments into the DERMS investment category will also contribute toward
reaching this Department objective.

The use of VVO to achieve multiple grid modernization investment objectives remains extremely
compelling. The benefits of improving the efficiency of voltage and reactive power flow include cost
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savings associated with reduced energy consumption, reduced peak demand, reduced line losses and the
associated reduction in carbon emissions. The investments made during the 2018-2021 GMP VVO
program as measured throughout 2021 have resulted in a 0.4 percent reduction in end use energy. This
estimate provided by evaluators is a conservative estimate taking into account operational downtime of
the system and as such, falls slightly below expected values. Despite the conservative energy reductions,
the Company exceeded its projection of conservation voltage reduction (“CVR”) factors achieving an
approximately 0.7 percent reduction of energy for every percent voltage reduction on feeder evaluated, a
0.1 percent increase from expectations. Although the Company has remained conservative in its
deployment of VVO to date in order to ensure no adverse impacts to customers served by VVO feeders,
further optimization of the VVO logic has the potential to drive additional savings in energy and demand.
Additional investment into VVO at more stations and feeders during the 2022-2025 term will further
compound these benefits.

As described above, new DERMs investments will contribute toward all three objectives. This software
solution will be control system that will be key to unlocking the various and sometimes contradicting use
cases of different types of DERs on the distribution system.

Progress made towards placing the Company’s ESS and distribution management system (“DMS”) in
service through the end of 2022 has established a foundation for these technologies to further optimize
system demand and reduce peak load once during and after 2022-2025 GMP term.

3. Interconnect and integrate DER

Given the growing imperative to integrate distributed clean energy solutions, Eversource is actively
focused on advancing the Department’s grid modernization objective of facilitating the interconnection of
DER and integrating these resources into the Company’s planning and operations processes. Continued
gains in pursuit of this objective are expected through continued and new investment into M&C, VVO,
ADMS, advanced load flow (“ALF”), DERMS, and Communications programs.

Increased visibility, command, and control enabled by M&C programs will further provide system
operators with the information needed to understand and act on emerging issues, including reverse flow
overload and high voltage concerns in areas of high solar penetration. Data on status and condition
provided by devices deployed in this category will support improvements in the DMS optimal power flow
capability that will ultimately be integrated into the Company’s DERMS used to support the use of DER
as grid assets.

One of the objectives of the VVO program is to ensure the distribution voltages remain within prescribed
ranges and are not fluctuating as additional DER, characterized by intermittent output, are added to the
system. In implementing its 2018-2021 GMP and 2022-2025 GMP, the Company identified feeders with
relatively high penetrations of both behind the meter and stand-alone solar facilities. This is helping to
provide insight into how VVO technology can be used to increase hosting capacity by providing grid
visibility and locally optimizing voltage control.

The Company’s new ALF investments into its Interconnection Automation and Probabilistic Power Flow
projects are expected to make progress toward this objective as well. The Interconnection Automation
project is expected to offer improvements to hosting capacity calculations, customer user flow, and
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interconnection study time. Through the Probabilistic Power Flow project and developing the proposed
probabilistic simulation tools, Eversource will gain capabilities which will help address the challenges of
a decentralized generation infrastructure. In addition, Eversource is expecting to improve modelling of the
interplay of systems such as VVO with distributed resources.

As an enabling technology for the modern grid, DER integration has also improved due to the Company’s
Communications investments. Upgraded node locations have provided increased and more
comprehensive coverage in areas where coverage was otherwise limited previously.

In keeping with its core focus on Department’s three objectives mentioned above, the Company’s 2022-
2025 GMP was also developed with consideration of the additional following guiding principles:

e Focus on Customers and Advancement in Customer Education — In keeping with its core focus,
Eversource developed the 2022-2025 GMP with the customer at the center of its new grid-
modernization efforts. Customers have identified service reliability, shorter outage restoration
times, and lower, stable prices as their key energy expectations. Investments that: (1) improve
reliability and resiliency; (2) optimize demand; (3) increase system efficiency; and (4) integrate
DER will provide these benefits to customers across the Eversource system. The Company’s 2022-
2025 GMP programs will meet customer needs both today and in the future. Eversource tailored
its 2022-2025 GMP programs to provide maximum value to customers by choosing investments
designed to identify the lowest-cost solutions. The 2022-2025 GMP focuses on further
technologies that modernize the grid and provide direct benefits to its customers while also
controlling costs.

e Implement Cost-Effective Investments to Maximize Value to Customers — Given the rate at which
technology is advancing and the turnover on technologies, it was critical to identify and invest in
technologies and programs that will deliver meaningful and sustainable benefits over the full life
of the asset. The Company identified investments which have value to customers and will increase
the Company’s ability to serve them in a safe and cost-effective manner in an ever-changing
distribution grid. Further, the Company is required to report on its performance against metrics to
illustrate customer benefits and cost containment. Eversource works diligently to meet or exceed
these targets. With a continuous focus on capturing opportunities to lower costs and improve
program efficiency, the Company works to keep costs in line with projections. The Company
expanded on its proven methods for integrated planning and scheduling to integrate grid
modernization programs with other infrastructure programs to maximize efficiency and maintain
schedule targets for all grid-facing investments. Implementation of software programs have been
characterized by similar levels of rigor with respect to maintaining scope, schedule, and budget.
For each GMP year, the Company provides the the Distribution Companies’ third-party
measurement and verification (“M&V”’) consultant, Guidehouse, data supporting the calculation
of performance metrics, and Guidehouse produces an evaluation outlining the results of investment
areas to show progress, benefits, and cost-effectiveness. This evaluation will continue for the
Company’s 2022-2025 GMP to illustrate that the 2022-2025 GMP is producing benefits for
customers while demonstrating cost oversight and containment.

e Advance Commonwealth Policy Goals — Eversource’s 2022-2025 GMP was developed to make
further meaningful contributions to advancing the Commonwealth’s policy goals. Massachusetts
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has been at the forefront of policy initiatives that support the advancement of energy efficiency
and clean energy resources. Absent more accelerated investment to modernize the grid, it would
become increasingly challenging to support customer demand while reducing environmental
impact. Eversource is an active partner in achieving the Commonwealth’s goal of increasing DER
penetration. Many investments included in the 2022-2025 GMP are directly focused on making
DER an integral part of a dynamic grid optimized for two-way power flow. This includes
investments in the DMS, DERMS, and dynamic DER interface technology. These investments
will further the Commonwealth’s clean energy policies and initiatives while meeting customer
demands.

Leverage Grid Modernization Experience — Eversource has long been a national leader in grid
modernization and has invested in technologies that provide greater awareness of system
conditions and automation of the grid. The Company designed and implemented its 2018-2021
GMP to advance the Department’s grid modernization objectives to produce tangible benefits for
customers and the Commonwealth. There were several lessons learned as a result of the 2018-
2021 GMP that will inform continued success going forward. The Company utilized a
programmatic framework when implementing the GMP, and the importance of this framework
and the Company’s top-to-bottom commitment to the program cannot be overstated. It was this
framework that allowed for real-time tracking and timely identification of real, or potential,
deployment and/or financial challenges and inaccuracies. The investments and experiences
identified through the framework for the 2018-2021 GMP influenced the development of the 2022-
2025 GMP and allowed the Company to analyze new and emerging technologies on a robust
foundation. The Company will leverage its 2018-2021 GMP to enable the successful execution of
its 2022-2025 GMP to further accelerate grid modernization investments in some instances, and
to invest in new and different technologies in others.

Adopt Transformational Technologies — The 2022-2025 GMP includes deployment of
transformational technologies that make a meaningful contribution to supporting innovation and
finding new and smarter ways to deliver benefits to Eversource’s customers. In the Company’s
2018-2021 GMP, the Company made significant advances in sensing, communication, and remote
intelligence through the following programs: M&C, Distribution Automation, ADMS, VVO, and
Communications. The M&C program investments provide additional telemetry to support the
DMS, providing a higher fidelity system model to distribution operators. Through the Distribution
Automation programs, the Company deployed hundreds of automated overhead devices and met
sectionalizing objectives on its overhead distribution system. As a result of the Urban Underground
Automation program, approximately 170 antiquated, oil-filled devices were replaced with modern
vacuum fault interrupting (“VFI”) switches. The path to a truly modern grid will require continued
investments in programs to enhance the business of delivering electricity to end-use customers.
With these previous advances in sensing, communication, and remote intelligence, Eversource is
positioned to leverage these investments and incorporate modern technologies to deliver more
benefits of an increasingly modernized grid in its 2022-2025 GMP. This is particularly important
given the increasing complexity of the grid due to technological advancements in power
distribution equipment and the proliferation of DER.

Establish a Flexible Foundation for the Future — The 2018-2021 GMP was developed to set the
groundwork for further advanced grid modernization using a common platform of investments.
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Each investment included in the 2018-2021 GMP provided a solid foundation for the future
evolution of the modern grid. The 2022-2025 GMP builds upon this foundation to further
modernize the grid, providing benefits to customers and aligning with the clean energy initiatives
in the Commonwealth. The investments are designed to reliably integrate into the current system,
but to also provide the needed flexibility to adapt to changes in the technology landscape to support
further innovation over time.

B. Summary of Grid Modernization Deployment (actual v. planned)

This section summarizes the Company’s actual versus planned Grid Modernization deployment for
programs that are tracked on a unitized basis. In 2022, there were zero Grid Modernization qualified units
deployed under the 2022-2025 term authorizations, which were received in October and November 2022
as the Track 1 and Track 2 Orders, respectively. The Company’s updated deployment plan is provided in
Figure 2 below. While this report is focused on investments included within the 2022-2025 GMP, the
Company also included a summary of 2021 carryover work, as well as the related costs, related to projects
originally authorized under the 2018-2021 GMP in Figure 3 below.

Figure 2 2022-2025 GMP Unit Deployment (# of Units)

Unit Deployment (# of Units)

2022 2023 2024 2025 2022-2025
Investment Category Preauthorized Device Type L L o T
Actual Projection Projection Projection | Projection®
Monitoring & Control |Substation Automation 0 36 104 104 244
(SCADA) Power Quality Monitors 0 0 3 2 5
Microcapacitors 0 200 320 320 340
Advanced Inverters 0 0 4 0 4
VVO - Regulators 0 0 44 72 116
Volt-Var Optimization =
L WO - Capacitor Banks 0 50 140 234 424
VWO - LTC Controls 0 § 9 9 26
VWO - Line Sensors 0 146 117 39 302
I Communications System Modernization 0 455 520 375 1350
Communications " —
Wireless Communications Improvements 0 6 9 9 24
DERMSs Dynamic DER Interface 0 4 10 10 24

* Information contained within the 2022-2025 Projection columns are estimates and are subject to change.

Figure 3 2022 Unit Deployment on Carryover Projects Originally Authorized Under the 2018-2021

GMP (# of Units)

Unit Deployment (# of Units)
2022
Investment Category Preauthorized Device Type 2022 2022 Percent
* * Actual Plan*
(%0)
Monitoring & Control |Microprocessor Relay 42 42 100%
(SCADA) 4KV Circuit Breaker SCADA 12 14 86%
Distribution Automation |OH DA w/o Ties 9 9 100%
VWO - Regulators 0 3 0%
VVO - Capacitor Banks 19 25 76%
Volt-Var Optimization |VVO - Line Sensors 7 20 35%
Microcapacitors 75 145 52%
Grid Monitoring Line Sensors 113 149 76%
Communications Numbers of Nodes 7 6 117%
Miles of Fiber 1 2 50%

* Information contained within the 2022 plan colimn was based on the projections made as part of the 2018-2021

GMP Term Report Section L.E.
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C. Summary of Spending (actual v. planned)

This section summarizes the Company’s actual Grid Modernization spending in 2022.

Under the 2022-2025 GMP, as shown in Figure 4, the Company spent approximately $2 million under the
2022-2025 term authorizations, which were received in October and November 2022 as the Track 1 and
Track 2 Orders, respectively. The Company’s updated 2022-2025 plan is provided in Figure 4 below.
Most spending in 2022 was on the station automation program. Nearly all other efforts in 2022 were
related to planning and initiation of 2022-2025 programs. In 2022, GMP project and program teams
received initial and/or full funding authorizations through the Company’s capital authorization process for
several Communications, Station Automation, VVO, and Power Quality projects. Section III of this report
further details progress of each investment made in 2022.

While this report is focused on investments included within the 2022-2025 GMP, the Company also
included a summary of 2021 carryover work related to grid facing projects originally authorized under the
2018-2021 GMP in Figure 5 below. In 2022, the Company spent $41 million on these investments. The
Company completed nearly all carryover work from 2021 with a few exceptions that are outlined in further
detail as part of Section IILI of this report.

Figure 5 also includes the 2022 spending on the Company’s five-year EV program and Energy Storage
demonstration project. This also serves as the final annual report summarizing Eversource’s
implementation of its five-year EV Infrastructure program approved in D.P.U. 17-05, as well as the Energy
Storage project approved in D.P.U. 17-05.

Figure 4 2022-2025 GMP Summary of Spending ($)

Capital Spending (5)

P 3 2024 2025 IMIT02E
lavestment Catregory | Preanthorized Derice Trpe Actmal | Prajection | Projection | Frojection | Prejection®
Momitoring & Control |Substation Automation 1,578,576 | 14,435,000 | 23000000 | 22.000,000 | 60,366,576

(SCADA) Parer Qruahty Meminors - 155,000 | 100000 | 1500000 | 4,732,000

[ herstapsatons - 1120200 | 1400000 | 1800000 | 3900700

Advanced leveriers - 754,000 100,000 . 394,000

.  [VVO - Repuiatons 159 BE2.092 | LSO0000 | 1500000 | 3,684,851
Velt-Var Opelmization [ C e cacitor Banks 11,179 | 3879822 S.100.000 | 6100000 | 20,090,937
V0 LTC Contrels 0094 | 1731000 1300000 | LE00000 | 4331154

VVO - Line Sensors 3,067 | L0018 ] 2300000 | 2300000 | 5612353

ADMS Drissribetion hisaapeenent Syptem*" = 8 728, 0040 T 000 00 = 15,728, 000

" Communicaticns Svitem Modeenization - 2,123,000 5, 700,000 3100,000 [ 13,923,000
Communications [y iess Commmnieations 115,745 | 6,554,000 | 5500000 | 8800000 | 23967745
[sirconmection Automaiion = 1,235 004 GO0 000 E50.000 1.0%5 000

Adrnced Load Flow [o o Bower Flow hfodeier . 661,000 00000 550,000 | 2011000
o DERAS - 145,000 | 300000 | 550,000 | 9993000

wamic DEF Interisee 58| 130 T 00,000 | 2500000 | 6,028,178

[Total Capital Spending 065 A40 | 47,033,000 | 6500000 | 99,650,000 | 175 363,645

[Freliminary O&M** 335 | S.100,000 ] 300000 | 2 00000 | 1330333

Preliminary Total Spending TU22. (61 | 50,030,200 | TUAGON00 | 62350000 | 185900981

* Informaticn costiened withes the J00I-2007 Pregection cobumas ere evizmates id ww subject 1o change.

SR acoemable Ok NI spending wall be Gnalized at the time of the Company™s Ond Modermzation Factor (0OMF ) =g due to be Slad by Alay 15th
***D215 is ome continous progect that started doning ithe 2018-2021 G0P and willl contimse through the 20022025 GMP. The 2002 spending actnvity is
showm & Fypore 5 and not Fipore 4 a3 work was primarily related: to carmyover work from 2021
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Figure 5 2022 Spending on Carryover Projects Originally Authorized Under the 2018-2021 GMP ($)

Capital Spending (5}
2022 2022 2
lnvestment Category Presuthorized Device Typse Acrmal Budget h[q;?:
hlscroprocesior Belay 3026543 TORD00 | 47
& mm%m SCADA :.ﬁl?i :g-:i 1, 700,000 1‘1?;:
Recloper 1] - N
Control (SCADA) 55 rwork Protector SCADA 5% T =a
Powe: Qualry Mositers i385 [N
OH DA wio Ties EER 439 450,000 197%
Disiribation OH DA wiTies (1.256) - NA
Amtematisn 4%V Oil Swritch Replacement SE9,126 - NA
45V AR Loop (147TE.24E) - NA
— WO Y
Veli-Var Nlrocapacit 73,661 50,000 | 4%
Optmization [ s ormg Lo Semsens ] 00,000 137
Adanced | Distribution Minagement System®™ THEAN | 600,000 116%
Distribati Forecasting Tool IF6EN | LI00W| %
Management System | Sveem Upsades (33,055) S WA
| lADMS) B Asset Frumework 156450 Er I
oumibers of Nodes 15560 | L0000 1t
Communicationt [nor e 4,556 0000 | 15%
Fleciric Vehicles |Electic Vebickes TERSE | 620000 ] 136%
M Enepy Stompe 11,5561 712 9800000 121%
Total Capital Spending TTE80,178 | B0555000| 9%
Preliminary D&M 3,150,775 665,000 | 471%
Preliminary Total Speading T

* Information contamed withm the 3022 Budest column was based on the projecisoas mads as part of the 2018.2021 GMP
==3022 Ok M spendmg related to carmyover work on the 2015.2021 GLP Term will be finalred at the tuee of the Companmy's
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1I. Program Implementation Overview

A. Organizational changes to support program implementation

To ensure the successful and efficient implementation of the GMP, beginning in 2018, the Company
layered the GMP into its existing business practices and leveraged the existing capabilities, processes,
procedures, departments, and personnel within the Eversource system. This same framework continued
into the 2022-2025 GMP. Administratively, the portfolio of GMP programs is managed by a group of
three dedicated positions, the Grid Modernization Program Manager, Project Manager and Financial
Analyst. These three employees were hired externally after the date of the issuance of the Department’s
May 10, 2018, decision in D.P.U. 15-122, approving the Company’s 2018-2020 GMP.! These personnel
were charged with developing and constructing the execution approach as well as overseeing all tracking,
reporting, closing, and dispositioning activities for each of the GMP programs. Figure 6 below shows the
total incremental labor for program implementation reported in labor dollars and FTE equivalents for
2022.

Figure 6 Incremental Labor Dollars and FTE Equivalents

Incremental Labor Charged to O&M
Ch T 2022
-
arge Lypes Prelim
Internal O&M -
258,148
labor-related $238.
Average FTEs (a) 2.25

(3) Average FTEs reflect 3 or less each vear due to timing of when employees were hired and'or charging the program.

Similar to the first GMP term and given the scope and breadth of the work, the Company chose to integrate
GMP work into Eversource’s existing capital controls and processes in an effort to increase efficiency and
best utilize specialized technical experts. The Company cannot support GMP work without using the
internal functions necessary to complete capital work. Therefore, the Company layered the GMP into its
existing business practices and is using its capabilities, processes, procedures, departments, and personnel
within the Eversource system to plan, design, execute, and complete GMP work. The Eversource GMP
management team coordinates and facilitates oversight and engagement with multiple Eversource
departments to implement the GMP, such as Procurement, Planning, Operations, and Information
Technology (“IT”). This provides inter-departmental visibility into the various GMP program types and
enables more effective and efficient planning of work and deployment of resources. There is a significant
cross-functional work effort underway within the Company to support 2022-2025 GMP execution, with

'1n 2020, the Company employee who initially filled the Grid Modernization Financial Analyst role transferred into a different
role within Eversource Energy and no longer charged their time to the Grid Modernization program. On November 1, 2021,
the Grid Modernization Financial Analyst role was filled, with the new employee charging their time to the Grid Modernization
work orders. This analyst was an internal transfer who was originally hired by the Company on March 5, 2018, which is after
the date of the test year 12-months ended June 30, 2016 as of the Company’s base distribution rate proceeding in D.P.U. 17-
05. In 2022, the Company employee who moved into the Grid Modernization Financial Analyst role left the Company and on
March 21, 2022, the Company filled the position with an external hire. Consistent with the requirements of the protocols
included in M.D.P.U. No. 73H Section 4, the incremental O&M expense associated with the Financial Analyst role continues
to be eligible for recovery through the GMF.



NSTAR Electric Company d/b/a Eversource Energy
D.P.U. 23-30

2022 Grid Modernization Plan Annual Report

Page 13 of 540

over 800 internal Eversource employees directly involved in planning, executing, and monitoring GMP
investments in addition to their routine job responsibilities, enabling the Company to ensure the projects
are optimally designed and executed with strong cost control measures in place.

The Company’s customers are benefitting from the significant, system-related expertise that these
employees bring to the implementation of the GMP. The Company is committed to implementing an
innovative GMP in a measured and cost-efficient manner that benefits customers and continues to advance
the Department’s grid modernization goals, as well as the Commonwealth’s critical energy and
environmental policies. The use of these employees is critical to that outcome.

Administratively, to support the integration, the team developed a process framework to evaluate, analyze,
align, and manage cross-functional responsibilities. In 2022, taking lessons learned from the 2018-2021
GMP, the Company continued to make improvements to its program management and reporting processes.
The Company took the following steps to successfully implement and manage the GMP through 2022.
These steps represent critical foundational steps that were developed and deployed to ensure that all GMP
investments are undertaken in a deliberate and efficient manner.

e Evaluate/Inventory: The team monitored progress towards the end-state goals of the GMP
program and engaged with internal and external stakeholders as needed to influence program
completion and success. Data collection and maintenance was a critical component of the first
Grid Mod term and continues to be a critical component into the 2022-2025 term. Several sets of
internal and external data are needed to monitor and evaluate GMP projects, program scope,
schedule, and budget, as well as performance against GMP objectives. The program management
team evaluated and inventoried data required to successfully manage the large portfolio of GMP
programs/projects and measure performance. This step ensures weekly, monthly, quarterly, semi-
annual, and annual internal and external reporting needs are aligned, supported, and fulfilled as
efficiently as possible. This involves utilizing data from multiple systems for program reporting
and performance measurement. The systems utilized include the work management system
Maximo, the Company’s financial reporting system (PowerPlan), the Geographical Information
System (“GIS”), the Outage Management System (“OMS”), as well as various other data sources.
Data is aggregated for specific purposes to enable report generation and analysis that support the
GMP.

e Analyze: The GMP program management team further refined data allowing for internal
monitoring and reporting for quality assurance/quality control (“QA/QC”) checks. This step is
critical to successful GMP execution as it allowed for visibility into the GMP implementation and
enabled the Company to identify potential issues as early as possible during a given investment
and develop and apply a resolution before the issue impacted the program.

e Align: The GMP represents incremental work that was overlaid onto and integrated with
Eversource’s existing controls and processes. Therefore, the project management team coordinated
and facilitated a blended oversight and engagement of the various departments responsible for the
execution of the GMP, such as Procurement, Planning, Operations, IT, and various administrative
functions. This provided inter-departmental visibility into the various GMP program types and
enables more effective and efficient planning of work and deployment of resources. In 2022, the
Company kicked off several 2022-2025 initiatives with project managers, holding regularly
occurring program check-ins with all relevant stakeholders for specific programs (e.g., VVO and
station automation). The Company held monthly financial review meetings with key team
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members to facilitate immediate and decisive review allowing for greater understanding and
frequent communication of the portfolio financials ensuring alignment across the organization.
The team also continues to make enhancements and refinements to processes based on Department
directives and time spent working with Guidehouse on the measurement and verification (“M&V”)
process. In early 2023, the Company also kicked regularly occurring Grid Mod workplan meetings
for program management, program/project leads, and the Grid Modernization leadership to review
all program matters and progress toward the annual plan together.

e Manage: Using cross-functional GMP project managers, recurring status and coordination
meetings, and recurring reporting, the core GMP project management team utilizes an execution
platform to oversee and guide the implementation of the GMP program to ensure Eversource
deploys the GMP investments in an efficient and effective manner designed to advance the
achievement of the Department’s identified grid modernization objectives. In 2022, the team
continued to monitor the various programs using methods that had proven successful in the 2018-
2021 GMP, with a focus on accurate and real-time tracking. There was also a focus on planning
and initiating work authorized as part of the 2022-2025 GMP term.

Figure 7 2022-2025 Grid Modernization Program Implementation Organization
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Operationally, the GMP is being implemented by a combination of internal and contractor personnel, such
as line workers, electricians, technicians, IT developers, and commissioning agents. Eversource uses a
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matrix organizational structure, as can be seen in Figure 8 below, with many support functions cutting
horizontally across the various operational resources. This structure promotes consistency across the
enterprise and the ability to scale the organization to incorporate significant initiatives, such as the GMP.

Figure 8 Eversource Organizational Structure
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B. Cost and performance tracking measures adopted

1. GMP Accounting Process

The Company developed an accounting framework to ensure that GMP costs were: (1) isolated from all
other non-GMP O&M and capital project costs; and (2) incremental to existing and business as usual
investments. The Company first undertook this exercise in the 2018-2021 GMP and has continued it into
the 2022-2025 GMP. The GMP accounting framework started with the creation of new cost control centers
for both Eastern Massachusetts and Western Massachusetts. Although the GMP was designed and
implemented across the Company’s service territory, the Company is still required, consistent with the
Department’s directives, to maintain separate financial records for NSTAR Electric and the former
WMECO. D.P.U. 17-05, at 44-45. Next, the Company created separate lines of business for each
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investment type to track GMP projects and work orders separately from any base capital work. The
separate lines of business are listed below:

Electric Vehicle — 12165

Energy Storage — 12160

Advanced Sensing Technology — 12190
Automated Feeder Reconfiguration — 12170
Urban Underground System Automation — 12175
Communications — 12180

Distribution System Network Operator — 12185
Grid Mod Admin and Regulatory - 12195

O O O O O 0O 0O o

As the Company established its GMP implementation processes, three positions dedicated solely to the
GMP program management and financial management were created and filled as shown in Figure 2 above.
In D.P.U. 15-122, the Department limited eligible O&M labor expense to new positions created after the
May 10, 2018, issuance of the order, unless the Company can demonstrate that the associated costs are
attributed solely to grid modernization activities and are not otherwise recovered through rates. D.P.U.
15-122, at 222. Following a comprehensive stakeholder process, the Department approved the protocol
for identifying and tracking incremental grid modernization O&M expense that was developed by the
Company, National Grid and Unitil (collectively, the “Electric Distribution Companies” or “EDCs”).
D.P.U. 15-122-E, at 42. The Company provides the requisite documentation supporting its incremental
O&M expense as part of its annual GMF filings. Consistent with the requirements of the protocols
included in M.D.P.U. No. 73H Section 4, the incremental O&M expense associated with the three grid
modernization roles continues to be eligible for recovery through the GMF.

The Company created a mechanism for properly tracking all GMP labor charges. Originally a specific
work order, GMPLBR21, was established to track these labor charges, but a new specific work order,
GMPLBRO00, was created to track all new external hires in which positions were created after the May 10,
2018, order and would not otherwise have been created but for the GMP, and therefore not included in
base distribution rates. The change in work orders was completed so that costs associated with the external
hires would be completely segregated and independent of costs associated with the pre-authorized GMP
investments. All charges from the old work order were migrated to the new work order to retain all historic
entries. Eversource internal labor direct charges their time to the relevant GMP work orders whenever
possible and appropriate. In the event that these individuals cannot direct charge their time, their time is
charged to Engineering & Supervision (“E&S”) to be assigned across all work orders consistent with
Eversource accounting practice for all capital work. For existing employees, i.e., those individuals
employed prior to March 15, 2018, all their labor expense and productive and non-productive time will
remain as an expense in the employee’s home cost center and is not recoverable under the current GMF.
All outside services procured to design/implement/construct grid modernization capital units of property
charge the GMP capital work orders and those costs are recoverable through the GMF.

2. GMP Cost Tracking Process

Total O&M and Capital Spend
The Company created a cost tracking process to track total spending for the entire GMP portfolio. This
process was designed to be an accurate and repeatable process requiring minimal manual effort to ensure
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data consistency and that the spending was incremental. A customized view was created in Eversource’s
budgeting and financial application, Planning Analytics, that contains only GMP projects and lines of
business. The view contains monthly actuals, budget, variance, and projection information that are
automatically populated in Planning Analytics.

e Actuals — numbers feed into Planning Analytics directly from Eversource’s other financial
reporting system, PowerPlan.

e Budget — numbers are input into Planning Analytics at the end of each calendar/budgeting year for
the following calendar/budgeting year. Budget numbers are locked down so there cannot be any
changes to the budget throughout the year.

e Variance — automatically calculated in Planning Analytics (Actuals-Budget).

e Projection — numbers are input into Planning Analytics monthly, based on historical performance
and actuals from the prior month.

As actuals accrue for each project, the projections are manually entered into Planning Analytics. The
actuals, budget, variance, and projections populate in both a month-to-date and year-to-date view, and the
data from the Planning Analytics view is extracted directly into Excel. On or around Business Day 4 of
each month’s accounting close process, the Grid Modernization Financial Analyst extracts the Planning
Analytics data to perform a year-to-date and month-to-date variance analysis of the GMP portfolio and
reports results to various groups internally.

Total Plant in Service

The Company has created a cost tracking process to track total plant in service dollars for the entire GMP
portfolio. Total dollars placed in service cannot be tracked in the same manner as total capital spending
because Planning Analytics does not contain the necessary FERC account information used to classify a
work order/project as being in service. This information is extracted from PowerPlan, Eversource’s
financial reporting system. To populate this information, the Grid Modernization team established a query
in PowerPlan to capture all costs distinctly associated with the GMP. The query contains detailed
information needed to accurately and comprehensively track GMP costs, such as FERC Account,
Accounting Work Order, Entity, Funding Project, Line of Business, etc. FERC Accounts 106010 and
101010 denote that an Accounting Work Order is in service. Like the total capital spending Planning
Analytics process, the PowerPlan extraction is performed by the Grid Modernization Financial Analyst
on or around Business Day 4 of each month’s accounting close process.

Controls and Ensuring Data Accuracy

The Company created various informal and formal tracking mechanisms to report on portfolio
performance and ensure the accuracy of the data. In addition to the established accounting process
described above, the Company scrutinizes and assesses the reported data. A mechanism was created to
track GMP portfolio operational performance and analyze GMP work order activity. The reporting
combines both financial and operational metrics of the GMP portfolio. Operational work order details are
formally tracked using this reporting. Work order detail, including but not limited to, work order
description, service center, costs and work order status are pulled into the reports from various Eversource
systems. The Grid Modernization Program Manager refreshes the data regularly. Data is organized by
project and by the GMP-specific lines of business discussed above in the GMP Accounting Process
section. Any identified inconsistencies are addressed and corrected in a timely manner. For example, if it
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is determined that a work order was inadvertently written to the wrong GMP project and/or line of
business, the analyst would work with Engineering to cancel and rewrite the work order to the correct
GMP project and line of business.

Meetings are held with diverse groups of Eversource personnel on a regularly occurring basis for several
GMP programs and on an as needed basis for project and program leads. The Grid Modernization Program
Manager shares additional information related to the program, such as program risks, issues, and progress
towards internally established targets. The individual Grid Modernization Project Managers also report
on progress made for their respective areas of responsibility. These meetings provide a recurring
opportunity and platform to discuss any issues related to or potentially impacting the GMP.

In addition, monthly review meetings are held at each accounting close cycle to review and discuss actuals,
budget, and variance to budget explanations. Meetings are held with various project managers and
business area support persons. Additionally, a Grid Modernization financial overview meeting is held with
a wider audience for Managers and Directors.

Informal processes also exist outside of the formal tracking reports and regularly occurring meetings.
Integrated Planning & Scheduling, Engineering, Procurement, Corporate Performance Management, and
other functional groups across Eversource are in constant communication regarding all aspects of
Company business, including the implementation of the GMP. Representatives of these various
departments work cross functionally and collaboratively to meet GMP portfolio performance
expectations.  Stakeholders within these various departments also maintain their own tracking
mechanisms, which are periodically cross-checked against the formal GMP source documents.

Grid Modernization Unit Tracking Process

GMP-qualified units are manually tracked by the Grid Modernization Program Manager in collaboration
with project managers and other functional areas. All GMP work orders are reviewed and analyzed, with
any inconsistencies or other issues addressed proactively in a timely manner. Based on the attributes
assigned to a GMP work order and depending on the outcome of the discussions and collaborations with
the GMP Program Manager and/or Engineering, a GMP-qualified unit(s) is assigned to the appropriate
GMP work order.

As described above, Eversource has developed a robust and detailed set of multi-disciplinary processes
and procedures to track the costs associated with GMP projects to ensure that the Department’s directives
from D.P.U. 15-122 and D.P.U. 21-80 are comprehensively addressed. The Company’s procedures allow
for detailed analysis to support GMP investments and, eventually, cost recovery. During the 2022-2025
GMP, the Company will continuously assess its tracking and reporting processes and, as appropriate,
modify those processes and adopt best practices.

C. Project approval process and how it is separate from standard capital investments

Consistent with the Company’s Capital Project Authorization Policy and procedures, all GMP projects
that were placed in service in 2022 have received the requisite spending authorization consistent with the
requirements under the APS 1 Project Authorization Policy. Effective January 1, 2022, the Company
increased the specific project threshold for all distribution operations projects from $100,000 in direct
costs to $500,000 in total costs, aligning the requirements of distribution, transmission, and shared services
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projects. The Company’s APS 1 policy was updated to align capital approval thresholds across all areas,
streamline the project authorization forms to reduce any redundancies of information, and update the
policy language to clarify financial versus operational protocols. The operations’ approval levels
increased to address inflationary impacts on costs over the years, and the change to a total cost basis brings
the approval requirement more in line with the focus on the Company’s customers. All GMP projects link
to one of the specific GMP lines of business and all GMP work orders link to a specific GMP project,
which rolls up to a GMP line of business.
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111. Implementation by Investment Category

A. System Level Narrative for Monitoring & Control
1. Substation Automation
a) Description of work completed

In 2022, the program team performed a detailed portfolio review of stations targeted by the Substation Automation
program to confirm applicability with program objectives and identify any overlapping work with non-grid
modernization projects. Program-level capital funding authorization was received, which was then followed by
individual funding requests and program releases for the first six (6) Eastern Massachusetts projects and two (2)
Western Massachusetts projects in Q4 2022.

In Eastern Massachusetts, the program team solicited competitive pricing for engineering services and material.

In Western Massachusetts, the projects are being completed in parallel with other non-GMP projects within the
same substation. The costs associated with any parallel work streams, both GMP and non-GMP-related, follow the
Company’s rigorous cost tracking protocol to ensure that only GMP-related work is charged to the relevant lines of
business. For both projects, Eversource engineering resources were assigned to support engineering efforts. For the
Breckwood 20A Project, engineering activities were completed in 2022, and all material was procured and delivered
to site. Contractor resources were on-boarded via competitive procurement activities to support testing and
commissioning activities. For the Silver 30A Project, engineering and procurement activities commenced in 2022.

The procurement process to on-board an engineering vendor to support the program in Eastern Massachusetts was
more extensive than anticipated, mostly due to the large volume of projects included in the package and the project
team’s diligence in the vendor selection process to move forward with the most qualified partner to support these
projects through 2025 (~2-month delay). Competitive pricing was requested to support the Eastern Massachusetts
Substation Automation Portfolio of projects. The program team eliminated vendors that failed to provide the
requested scope of services or clarified unacceptable assumptions/exceptions.

During the procurement process, extensive material lead times were quoted by vendors. The lead time for SEL 751
relay procurement has been extended to 18 weeks (previously six weeks). The program team established an agreed
upon process to procure SEL 751 relays in parallel with preliminary engineering package development and ahead
of procurement of the remaining materials requested for each project. This approach will allow each project to
secure the procurement of SEL 751 relays in time to support each projects’ construction sequence, which
significantly mitigates the extended material lead times.

b) Lessons learned/challenges and successes

For the 2022-2025 substation automation program, the Company considered all lessons learned from the 2018-2021
GMP and applied the best practices toward the 2022-2025 term. Work completed within a substation typically
requires significant coordination between Company departments. Due to the complex nature of each of the
substation projects, ensuring tight coordination presents challenges throughout the program. The contracted
resources required for this work are both highly specialized and limited within the marketplace. To compete for
services and receive competitive pricing, it was important for the Company to solicit multiple projects to provide a
definitive pipeline of work that could be completed in succession under a single mobilization as opposed to single
projects spread out over the year with numerous mobilizations/demobilizations in between projects.

Substation work is complex and comprehensive. It has been the Company’s experience that it is possible to
encounter unforeseen conditions and/or additional conditions that are appropriate and prudent to repair/replace in
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conjunction with the original work scope. Examples of unforeseen conditions that were encountered during the
2018-2021 GMP included the need for DC battery upgrades and properly disposing of asbestos contaminated
wiring. As is typical with most construction projects, pre-construction evaluations, which are referred to as “walk-
downs,” are critical to minimize unforeseen conditions and ensure that initial designs are adequate. After the
completion of the first set of projects during the 2018-2021 GMP, the Company launched additional efforts to
complete more comprehensive walkdowns. However, the ability to fully analyze existing conditions is not always
possible due to energized components that may require an outage to inspect or may not be visible until
demolition/construction begins. Unforeseen conditions still always occur throughout the projects, and the Company
has, and will continue, to make concerted efforts to observe and record existing conditions prior to engineering and
design work to the maximum extent possible.

During the 2018-2021 GMP, the Company also encountered the need to complete switchgear or breaker
replacements that were near end-of-life. While this created a challenge, it also presented the opportunity for cost
savings. To the extent it is practicable and feasible to complete capital work concurrently with Grid Modernization
work, cost and schedule efficiencies, as well as an overall reduction to system exposure/outage requirements, may
be realized that would not have been realized had each initiative been pursued independently. Throughout the 2022-
2025 GMP term, the Company will monitor whether it makes sense to run more than one Grid Modernization or
base capital project concurrently.

Due to the project management consistency that was retained from the 2018-2021 GMP into the 2022-2025 GMP,
the principal project management, based on their earlier GMP experience, capitalized on enhancing efficiencies and
worked to eliminate any issues and challenges.

¢) Actual v. planned implementation and spending, with explanations for deviation and rationale

Figure 1 below shows the Company’s 2022 capital spending and unit deployment for the 2022-2025 Substation
Automation program. Figure 1 only includes projects targeted by the 2022-2025 GMP, and it does not include
carryover work into 2022 from projects initiated as part of the 2018-2021 GMP. Spending and implementation on
those projects have been provided separately in Section IIL.I 2018-2021 GMP Carryover Work under the
Microprocessor Relay and 4 kV Circuit Breaker SCADA programs in order to provide a clear segregation of projects
initiated under the 2018-2021 GMP versus the 2022-2025 GMP.

In 2022, approximately $2 million was spent on 2022-2025 GMP station automation projects. Nearly all of this was
driven by work completed in Western Massachusetts detailed in section a). The remaining 2022-2025 GMP
Substation Automation budget is allocated to 2023-2025.

Figure 9 2022 Substation Automation Capital Spending Summary ($)

Capital Spending
(8)
Investment Preauthorized Device Type 2022
Category Actual
Monitoring &
Control (SCADA)

Substation Automation 1,928,576

d) Performance on implementation/deployment
Not applicable for year ending December 31, 2022.
e) Description of benefits realized as the result of implementation

Not applicable for year ending December 31, 2022.
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f) Description of capability improvement by capability/status category

Not applicable for year ending December 31, 2022. The Company commenced its implementation of the Substation
Automation program in 2022 with the expected delivery of the following capabilities starting in 2024. The
Substation Automation Program increases SCADA visibility and control capabilities at the distribution circuit /
feeder level. In many areas of the grid, system operators lack adequate visibility and control required to optimize
the modern grid. Many feeders on the Eversource system still rely on older electromechanical relay technology that
does not allow for remote operations, such as application of fast-trip and lock-out settings for worker safety or
changes in protection settings. These older relays are not capable of remote interrogation for engineering analysis,
requiring a crew to visit the substation to collect the necessary data to diagnose power quality events. In distribution
substations in Eastern Massachusetts, several critical 4kV substations remain without any remote telemetry.
Although these stations are among the most heavily loaded on the system, operators must dispatch crews to collect
basic loading information.

The upgrades implemented as part of the Substation Automation program will improve reliability, facilitate remote
operations, and enable investments for predictive outage detection and adaptive protection capabilities. Enabling
monitoring and control (SCADA) on distribution system equipment provides Eversource with accurate minimum
load data for circuit segments. This data is required for Eversource to perform load flow analysis in support of
Demand Response (“DR”) integration and automated feeder reconfigurations within a centralized, real-time logic
system like a DMS.

g) Key milestones

e May / June 2022 — Portfolio review of targeted stations to confirm adherence with Program objectives and
identify any overlapping non-GMP capital work.

e July/ August 2022 — Development of program level authorization documents and individual station initial
funding requests.

e September 2022 — Program level authorization / funding approval.

e October 2022 — Individual station initial funding approval for six eastern Massachusetts substation
automation projects.

e November 2022 — Issuance of request for proposal packages for engineering services and materials to
request competitive pricing to support the entirety of the eastern Massachusetts program and increase team
efficiencies by building a partnership with vendors throughout 2025.

e December 2022 — Individual station full funding approval of two western Massachusetts substation
automation projects.

h) Updated Projections for remainder of the four-year term

Refer to Figure 10 and Figure 11 below for the Company’s 2022-2025 unit and capital spending projections for the
Substation Automation program.

Figure 10 2022-2025 Substation Automation Capital Spending Projection Summary ($)

Capital Spending (8)

Investment i ) 2022 2023 2024 2025 2022-2025
Preauthorized Device Type s s s s
Category : Actual Projection | Projection | Projection | Projection*
Monitoring & . .
Con;::l'z'sgg ) |Substation Automation 1.928.576 | 14.438.000 | 22.000,000 | 22.000.000 | 60.366.576

* Information contaimed within the 2022-2025 Projection column are estimates and subject to change.
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Figure 11 2022-2025 Substation Automation Unit Projection Summary (# of Units)

Unit Deployment (# of Units)

Investment ] ) 2022 2023 2024 2025 2022-2025
Preauthorized Device Type s s s s
Category * Actual Projection | Projection | Projection | Projection
Monitoring & . c
Con':;::lz's':;g ) |Substation Automation 0 36 104 104 244

2. Power Quality Monitoring

The Power Quality Monitoring program is detailed within the Company-Specific Reporting Section VI of this report
as requested by the Department.

B. System Level Narrative ADMS
1. DMS
a) Description of work completed

The DMS Project commenced in September 2021 and, the initial schedule was finalized in 2022. During 2022, the
Company was able to begin the data analysis cycles (“DAC”) for region one (Southeast Massachusetts, Plymouth,
Yarmouth, and New Bedford Stations) in preparation for the model build cycles. With the data available from the
GIS Consolidation Project, the DMS team was able to progress through the DAC cycles 1, 2, and 3. However, due
to delays in the GIS data delivery schedule, the DMS team was forced to place the model build components of the
DMS project on temporary hold as of September 2022. The current schedule for restart of the critical path items of
the DMS project is July 2023.

During 2022, the DMS team provided training to the end users in the form of virtual training provided by the DMS
vendor for Grid 101, Grid 109, and DMS introduction courses. Additional training provided by the DMS vendor
will take place in 2023.

b) Lessons learned/challenges and successes

For 2022, the primary lesson learned was the need to more closely integrate schedules with other non-grid
modernization projects upon which the DMS project is dependent. Given the DMS project dependence on the GIS
program deliverable, the schedule should have better accounted for that dependency and its potential impact on the
program start. The Eversource team was successfully able to adjust to changes in program priorities and to work
with its vendor to continue to make meaningful progress with shifting priorities and resources.

¢) Actual v. planned implementation and spending, with explanations for deviation and rationale

Project schedule has been delayed by more than six months due to project hold status. While some project activities
have been able to remain active and ongoing, these are not tasks on the project's critical path. Therefore, the overall
schedule has slipped, and the “Go-Live” date has been affected. The DMS team, however, has worked diligently to
complete all tasks available to ensure a successful and accelerated restart when the dependent data is available. As
expected, the spending has been under budget for this year. Because the DMS is one continuous project and most
of the work completed in 2022 was carryover from work that was not completed during the 2018-2021 GMP, the
2022 spending activity is shown within Section III.1 2018-2021 GMP Carryover Work of this report.
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d) Performance on implementation/deployment
Not applicable for year ending December 31, 2022.
e) Description of benefits realized as the result of implementation

Not applicable for year ending December 31, 2022. The DMS has not been implemented yet. The expected in-
service date is Q4 2024. The Company has not identified any variances between planned benefits and what will be
delivered.

f) Description of capability improvement by capability/status category

Not applicable for year ending December 31, 2022. The Company has commenced its implementation of the
DMS for its control centers with the expected delivery of the following capabilities by Q4 2024:

System-wide three-phase unbalanced power flow calculation in real time;
System-wide fault location, isolation, system restoration (“FLISR”) capability;
Model-based VVO application within DMS;

Electronic switch order management;

A study mode that allows a user to evaluate a system condition prior to acting; and
Distribution operator training simulators to enhance the training program for operators.

g) Key milestones

Future Milestones (limited progress in 2022; see discussion above)
e Data analysis complete 10/12/23

Modeling complete 4/18/24

Pre-system acceptance test complete 9/19/24

System acceptance testing complete 10/31/24

Final system acceptance (Go-Live) 11/14/24

h) Updated Projections for remainder of the four-year term

Refer to Figure 12 below for the Company’s 2022-2025 capital spending projections for the DMS project.
Figure 12 2022-2025 DMS Capital Spending Projection Summary ($)

Capital Spending (5)
Investment Preauthorized Device Type 2022 2023 2024 2025 2022-
ADMS Distribution Management System - 8728000 7.000,000 1,000,000 16,7
* Information contained within the 2022-2025 Projection columns are estimates and are subject to change.
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C. System Level Narrative VVO
1. VO
a) Description of work completed

In 2022, the project team initiated the program with a detailed portfolio review of stations targeted by the 2022-
2025 Volt-Var Optimization (“VVO”) program to confirm applicability with program objectives and to identify
any overlapping scope under existing initiatives. Preliminary selection of substations was completed by analyzing
characteristics, such as peak load, number of customers, and circuit construction, as well as utilizing lessons learned
for VVO substations deployed in the 2018-2021 term. The program team coordinated with the Company’s key
functional area leads across Eastern Massachusetts and Western Massachusetts to finalize the scope of the VVO
program for each substation.

Program-level capital funding authorization was received in August 2022, which was then followed by individual
initial funding requests and program releases for the first installment of VVO substations. In Eastern Massachusetts,
Wareham 714, Cross Rd 651, and Mashpee 946 received initial capital funding authorization of $200,000 per
substation. In Western Massachusetts, Breckwood 20A, Doreen 19A, Franconia 22H, and Orchard 27A received
initial capital funding authorization of $200,000 per substation. Work completed on the VVO program in the first
half of 2022 focused on executing field deployment of 2021 carryover devices as well as measurement and
verification activities as a continuation of the 2018-2021 GMP. That work has been detailed separately in Section
IT1.1 of this report.

In October 2022, the VVO program team held project kick-offs with the key functional area leads and technical
stakeholders to review the program objectives, scope, and device deployment schedule to support the 2022-2025
effort. The distribution device location analyses were initiated for each VVO substation and circuit to finalize the
distribution device counts, exact installation location, and circuit voltages for each unit to proceed with the design
and engineering efforts.

The program team commenced the long lead procurement process with the Material Logistics team for an initial
number of 50 capacitor banks and capacitor controls. This was in parallel to the material standards development
effort for the suite of VVO distribution equipment. The development of material standards was deemed necessary
considering the extended lead times for materials. To mitigate the risk of untimely material deliveries and
subsequent project delays, the Company decided to standardize on third-party capacitor and regulator controls that
are able to interface with a variety of capacitor and regulator head units, thereby allowing for flexibility in sourcing
the head units from multiple manufacturers. By adopting this approach, Eversource will be better positioned to
address the issue of extended lead times by diversifying its vendor base.

b) Lessons learned/challenges and successes

Continuing from the 2018-2021 GMP into 2022, the Company has observed significant supply chain challenges
related to the distribution-line portion of the VVO initiative. From a planning perspective, the unprecedented
increases in material lead times and shortages have led to reassessment of device deployment and planned
installation schedules. Most of the distribution equipment planned to be installed under the VVO program currently
have lead times of up to a year relative to the lead time of several weeks after time of ordering and purchase order
creation the Company experienced in 2019 through 2021. This challenge has impacted logistics regarding resource
planning and device deployment planning for 2023. The Company also worked to find alternatives, such as
standardizing regulator and capacitor controls, which are compatible with units from other manufactures. This
would allow the Company to diversify suppliers and potentially mitigate some of the delays associated with long
lead times.
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Regulators

The lessons learned from 2018-2021 GMP relate to the potential for extended planning and permitting processes
for large platform-mounted voltage regulators leading the Company to continue to carefully evaluate the number
and type of voltage regulators required to provide VVO benefits. As part of an overall strategic approach, the
organization also utilized microcapacitors in lieu of regulators to bolster voltage support for 2022-2025 VVO
stations and feeders experiencing low voltage.

Capacitors

The lessons learned from the 2018-2021 GMP related to factory-caused communications and wiring discrepancies,
as well as incompatible sensors, are being considered for the 2022-2025 GMP term. Thoughtful engineering design
has allowed the Company to standardize on sizes of capacitor banks and order material earlier in the deployment
schedule. Early arrival of devices helps to mitigate long material lead times as well as to incorporate adequate time
for field testing and any applicable mitigations that may be needed prior to full commissioning.

Line Sensors

The lessons learned from the 2018-2021 VVO line sensors include communication errors surrounding the head end
sensors and manufacturing defects with the end-of-line/grid-edge sensors. The manufacturer of the head end sensors
has been involved to provide failure analysis and warranty replacements where applicable. Going forward in the
2022-2025 term, the Company plans to utilize relay-based sensors located at the feeder breaker rather than line
Sensors.

During the 2018-2021 GMP, the Company identified manufacturing defects in the end-of-line/grid-edge sensors.
These errors caused erroneous voltage reads at the sensor locations. The Company worked with the sensor vendor
to design changes to mitigate these issues. All future end-of-line/grid-edge sensors purchased from the vendor will
incorporate these design changes. A manufacturer-led refurbishment plan is being implemented for all previously
deployed end-of-line/grid-edge sensors; all previously deployed sensors will completely be refurbished in 2023.
Expenses related to this effort are not a part of any GMF filing. The manufacturer is paying for any costs related to
the refurbishment. The costs related to removing/reinstalling the defective/refurbished line sensors is non-grid
modernization O&M.

LTC

The lessons learned from the 2018-2021 LTC program are being considered for the 2022-2025 GMP. The Company
focused on ensuring it had sufficient time to plan and allocate the correct resources as well as ensuring close
coordination between Company departments.

Microcapacitors

Expanding the microcapacitor deployment to new operating areas of the Company had provided challenges
engaging new stakeholders and incorporating new technologies into preexisting processes. Lessons learned relative
to identification of key stakeholders in each area, as well as further effort from the project team to require regular
updates, have been utilized to mitigate any potential future challenges. Lessons learned from the 2022 GMP
deployment of the microcapacitors will be utilized in 2023-2025 for both future deployments of microcapacitors as
well as the rest of the VVO portfolio.

Advanced Inverters

The Company neither planned nor performed any work on advanced inverters in 2022. The Company expects to
kick off the project and commence procurement activities in 2023.
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¢) Actual v. planned implementation and spending, with explanations for deviation and rationale

In 2022, approximately $36,000 was spent on 2022-2025 GMP VVO projects. The remaining 2022-2025 GMP
VVO budget is allocated to 2023-2025. Figure 5 only included projects targeted by the 2022-2025 GMP, and it
does not include carryover work into 2022 from projects initiated as part of the 2018-2021 GMP. Spending and
implementation on those projects has been provided separately in Section III.12018-2021 GMP Carryover Work as
to provide clear segregation of projects initiated under the 2018-2021 GMP versus the 2022-2025 GMP.

Figure 13 2022 VVO Capital Spending Summary ($)

Capital Spending
LIRS G Preauthorized Device Type 2022
Category Actual
Microcapacitors
Advanced Inverters -
Volt-Var VVO - Regulators 1.959
Optimization VVO - Capacitor Banks 11.129
VVO - LTC Controls 20,1594
VVO - Line Sensors 3.067

d) Performance on implementation/deployment
Not applicable for year ending December 31, 2022. No devices deployed.
e) Description of benefits realized as the result of implementation

No benefits have been realized for the 2022-2025 VVO stations and feeders as none of the station or line devices
have been commissioned. However, like the 2018-2021 GMP, once devices are installed and commissioned, the
immediate benefits of increased visibility and control of devices will be realized. Additional measurable benefits
will be realized once substation and circuit level reporting are completed in accordance with the proposed
performance metrics. The Company expects to reach a 2.2 percent reduction in energy and 0.6 percent reduction in
peak load demand for every percent voltage reduction from the VVO circuit deployed. For the substations selected
during preliminary analysis, a total of 506 MW of peak load and 1,996 GWh of energy were consumed in 2022.
Based off the expected estimates of power and energy reduction, the Company estimates 3.0 MW and 43.9 GWh,
or peak reduction and energy reduction, respectively. It should be noted that these values are projections based off
2022 loading data of preliminarily chosen substations with a one percent voltage reduction, changes in station
selection or customer load at these stations will affect the savings projections.

The investments made during the 2018-2021 GMP VVO program as measured throughout 2021 resulted in a 0.4
percent reduction in end-use energy. This estimate provided by Guidehouse is a conservative estimate taking into
account operational downtime of the system and, as such, falls slightly below expected values. Despite the
conservative energy reductions, the Company exceeded its projection of CVR factors achieving an approximately
0.7 percent reduction of energy for every percent voltage reduction on feeder evaluated, a 0.1 percent increase from
expectations. Although the Company has remained conservative in its deployment of VVO to date in order to ensure
no adverse impacts to customers served by VVO feeders, further optimization of the VVO logic has the potential
to drive additional savings in energy and demand.

The 2022 performance metric results are expected to be shared through the Massachusetts Grid Modernization
Program Year 2022 Evaluation Report — Volt Var Optimization” by Guidehouse, the program evaluator, in June
2023.
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f) Description of capability improvement by capability/status category

No capabilities improvements have been made for the 2022-2025 VVO stations and circuits as none of the station
or line devices have been commissioned. The capability improvements are expected to be similar to the 2018-2021
GMP targeted stations and circuits.

Metering of VVO field devices at the stations and along the circuit, which are timestamped and archived by the
VVO control software, delivers a level of visibility and monitoring into the distribution system that was previously
unavailable. In addition to understanding and quantifying the benefits of VVO, the Company is using this data to
gain additional insight into energy use patterns along the feeder. This capability is available at VVO enabled circuits
targeted by the 2018-2021 GMP and will eventually be available at more VVO circuits targeted by the 2022-2025
GMP.

Performance metrics related to VVO have shown reduction in energy usage, lines losses, and greenhouse gas
(“GHG”) emissions on 2018-2021 GMP VVO enabled circuits. These capability improvements are expected to be
realized at 2022-2025 GMP VVO enabled circuits.

g) Key milestones

e August 2022 — Program level authorization / funding approval and individual station initial funding
approval / initial procurement activities commenced

e October 2022 — Eastern and Western Massachusetts VVO Engineering program kick-off meeting held
November/December 2022 — Preliminary engineering design completed and preliminary purchase orders
for long leading material issued

h) Updated Projections for remainder of the four-year term

Refer to Figure 14 and Figure 15 below for the Company’s 2022-2025 unit and capital spending projections for the
VVO program.

Figure 14 2022-2025 VVO Capital Spending Projection Summary ($)

Capital Spending (5)

Investment . . 2022 2023 2024 2025 2022-2025
Preauthorized Device Type . . L L,

Category Actual Projection Projection Projection | Projection®
Microcapacitors - 1,120,200 1,400,000 1,400,000 3.920.200
Advanced Inverters - 294,000 100,000 - 394,000

Volt-Var VWO - Regulators 1,959 682,992 1,500,000 1,500,000 3.684.951
Optimization VWO - Capacitor Banks 11,129 3879822 8,100,000 £.100,000 20090952
VWO - LTC Controls 20,194 1,231,000 1,800,000 1,800,000 4,851,194
VWO - Line Sensors 3.067 1,069,186 2,300,000 2,300,000 5672253

* Information contained within the 2022-2025 Projection column are estimates and subject to change.
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Figure 15 2022-2025 VVO Unit Projection Summary (# Units)

Unit Deployment (# of Units)

Investment i i 2022 2023 2024 2025 2022-2025
Preauthorized Device Type .. .. .. ..
Category Actual | Projection | Projection | Projection | Projection
Microcapacitors 0 200 320 320 840
Advanced Inverters 0 0 4 0 4
Volt-Var VVO - Regulators 0 0 44 72 116
Optimization  |VVO - Capacitor Banks 0 50 140 234 424
VVO - LTC Controls 0 8 9 9 26
WVVO - Line Sensors 0 146 117 39 302

* Information contained within the 2022-2025 Projection cohimn are estimates and subject to change.

D. System Level Narrative Communications
1. Wireless Communications Improvements
a) Description of work completed

In 2022, the Company completed an analysis of its private radio spectrum strategy resulting in a decision to utilize
the 220 MHz frequency for its Wireless Communications Improvement Program. This analysis considered latency
and bandwidth requirements for field devices communicating into the Company’s eECS (SCADA) system that will
drive power flow and automation capabilities of the DMS. Based on the results of this analysis, the Company
initiated the initial 220 MHz spectrum planning and design. The Company also started the design phase for three
new master radio sites. The Company also continued to work on 2018-2021 GMP projects and that carry-over work
is summarized separately in Section IILI.

b) Lessons learned/challenges and successes

In 2022, the Company experienced several delays in commissioning devices onto new master radios. The
commissioning delays were largely driven by a lack of internal technical field communication resources to test the
end-to-end transmission of data from field devices into the eECS system. This reduced the number of devices that
were able to be commissioned onto the new master radios. A lesson learned that will be applied for the remainder
of the term is to ensure we have detailed plans to start commissioning devices as soon as the master radio is available
to ensure no down time between the activities.

The Company did successfully move forward on standardizing the spectrum to be used going forward. Selecting
and licensing the 220 MHz spectrum for use with the SCADA communications network was a major milestone
enabling the Company to design the remaining locations planned for in the 2022-2025 plan.

¢) Actual v. planned implementation and spending, with explanations for deviation and rationale

In 2022, approximately $114,000 was spent on 2022-2025 GMP Wireless Communication Improvements program
projects. This was primarily driven by spending on planning and design of three new master radios. Work on build-
out of additional master radios and transition of field devices onto the new private radio spectrum consistent with
the Company’s 2022-2025 GMP will continue in 2023. Figure 16 only includes projects targeted by the 2022-2025
GMP and it does not include carryover work into 2022 from projects initiated as part of the 2018-2021 GMP.
Spending and implementation on those projects have been provided separately in Section III.I 2018-2021 GMP
Carryover Work as to provide clear segregation of projects initiated under the 2018-2021 GMP versus the 2022-
2025 GMP.
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Figure 16 2022 Wireless Communication Improvements Capital Spending Summary (§)

Capital Spending

Investment 2022
Preauthorized Device Type
Category * Actual
Communications |Wireless Communications Improvements 113,745

d) Performance on implementation/deployment

The Company focused on the planning and design phase in 2022. This work is progressing on schedule, but has
lagged behind the original plan filed in D.P.U. 21-80 due to the timing of Department approval for the Company
to proceed with its 2022-2025 GMP.

e) Description of benefits realized as the result of implementation
Not applicable for year ending December 31, 2022.
f) Description of capability improvement by capability/status category

No capability improvement was achieved for this investment category in 2022. Capability improvements will be
realized throughout the deployment of each individual unit. Those improvements will be:

Larger coverage area;
Higher signal strength to remote end points; and
Increased reliability.

g) Key milestones
October 2022 — Project kickoff and initiation
e November 2022 — Design started for three master radio sites
December 2022 — Design started for 220 MHz licensed spectrum

h) Updated Projections for remainder of the four-year term

Refer to Figure 17 and Figure 18 below for the Company’s 2022-2025 unit and capital spending projections for the
Wireless Communications Improvements program.

Figure 17 2022-2025 Wireless Communications Improvements Capital Spending Projection Summary ($)

Capital Spending (5)
Investment ) ) 2022 2023 2024 2025 2022-2025
Preauthorized Device Type . o o P
Category : Actual Projection | Projection | Projection | Projection®
Communications | Wireless Communications Improvements 113,745 6.554.000 8,500,000 8.800.000 | 23.967.745

* Information contained within the 2022-2025 Projection columns are estimates and are subject to change.
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Figure 18 2022-2025 Wireless Communications Improvements Unit Projection Summary (# Units)

Unit Deployment (# of Units)

Investment . . 2022 2023 2024 2025 2022-2025
Preauthorized Device Type L L L I
Category * Actual Projection | Projection | Projection | Projection
Communications |Wireless Communications Improvements 0 6 9 9 24

* Information contained within the 2022-2025 Projection column are estimates and subject to change.

2. Communications System Modernization
a) Description of work completed
The Company focused on the Wireless Communications Improvement investment to start the 2022-2025
implementation due to the complexity and necessity of building out new master radio sites prior to commissioning
devices under the Communications System Modernization investment.

b) Lessons learned/challenges and successes

No lessons learned were gathered at this time because the Company has not finished its first device in this
investment.

¢) Actual v. planned implementation and spending, with explanations for deviation and rationale
Not applicable. No spending occurred on this program by December 31, 2022.

d) Performance on implementation/deployment
Not applicable for year ending December 31, 2022.

e) Description of benefits realized as the result of implementation
Not applicable for year ending December 31, 2022.

f) Description of capability improvement by capability/status category

Not applicable for year ending December 31, 2022. Capability improvements will be realized throughout the
deployment of each individual unit. Those improvements will be:

e Improved security monitoring;
e Upgrade of obsolete technology; and
e Redundant communications path.

g) Key milestones

No key milestones were achieved in 2022.

h) Updated Projections for remainder of the four-year term
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Refer to Figure 19 and Figure 20 below for the Company’s 2022-2025 unit and capital spending projections for the
Communications Systems Modernization program.

Figure 19 2022-2025 Communications Systems Modernization Capital Spending Projection Summary ($)

Capital Spending (S)

Investment . . 2022 2023 2024 2025 2022-2025
Preauthorized Device Type L Lo L .

Category Actual Projection | Projection | Projection | Projection®

Communications |Communications System Modernization - 2.123.000 6.700.000 5.100.000 | 13.923.000

* Information contained within the 2022-2025 Projection columns are estimates and are subject to change.
Figure 20 Communications System Modernization Unit Projection Summary (# Units)
Unit Deployment (# of Units)

Investment . . 2022 2023 2024 2025 2022-2025
Preauthorized Device Type s L L s

Category : Actual Projection | Projection | Projection | Projection
Communications |Communications System Modernization 0 455 520 375 1350

* Information contained within the 2022-2025 Projection column are estimates and subject to change.

E. System Level Narrative Advanced Load Flow
1. Interconnection Automation
a) Description of work completed

The Department approved the new grid-facing investments included in the Company’s 2022-2025 GMP for pre-
authorization on November 30, 2022. The late approval caused Eversource to wait until the end of the year to start
on this initiative. The Automatic Interconnection Conference was held by Eversource for vendors to offer their
solutions for the Grid Modernization 2022-2025 filing to support the integration and/or upgrade of current software
solutions. There were eight vendors that presented and demonstrated their solutions which ranged from integrating
and upgrading current software that Eversource owns to implementing robust, all-encompassing software with
DERMS capable solutions.

The Automatic Interconnection Conference helped build the foundation and establish the vendors to include in the
Request for Information (“RFI”). The details collected from the vendors in the RFI will be utilized to create the
Request for Proposals (“RFP”’) documentation which will ensure that Eversource will be able to specify an accurate
timeline for the best collaborative solution for DER planning and developers.

b) Lessons learned/challenges and successes

The project team collaborated with the DER Planning teams to gather an understanding of their challenges, lessons
learned and successes in interconnection process and workflow. This enabled Eversource to begin identifying
business and IT requirements. These requirements identified are now in scope for the expansion/upgrades to the
current interconnection process and software used by Eversource. Developers would benefit from the inclusion of
batteries in the external Hosting Capacity maps. Also, the Company identified Powerclerk workflow automation
recommendations that would give developers improved experience.

¢) Actual v. planned implementation and spending, with explanations for deviation and rationale

Not applicable. No spending occurred on this project by December 31, 2022.
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d) Performance on implementation/deployment

Not applicable for year ending December 31, 2022.

e) Description of benefits realized as the result of implementation

Not applicable for year ending December 31, 2022.

f) Description of capability improvement by capability/status category

Not applicable for year ending December 31, 2022. The Company will commence its implementation of the
Interconnection Automation project in 2023 with the expected delivery of the following capabilities later in the
2022-2025 term:

Interconnection Turn Around Time - Through automation of all feasible study steps and improved case
management, Eversource expects a reduction of effort, and consequently time, required to review the
interconnection request. Impacts on the review time will depend on the type of interconnection request
(simplified, expedited, and standard) and what parts of these processes can be automated.

Customer User Flow — Through consolidation of currently already available interfaces for customers, a
streamlined user flow will be achieved from identifying ideal locations to requesting interconnections.
Improvements to Customer Provided Data - By merging hosting capacity information into the
interconnection platform and providing users the ability to interact with the hosting capacity data, users will
be able to evaluate different options (location, curtailment, active management, storage, etc.) directly during
the interconnection process.

Procurement of Software Solution - The intention is to provide a dedicated and specifically tailored solution
to DER planners while leveraging investments made into Synergi, PSCAD, and Power Clerk by increasing
integration and automation between the tools.

g) Key milestones
December 2022 — RFI issued and vendor responses received
December 2022 — Scheduled kickoff for Business and IT requirements

h) Updated Projections for remainder of the four-year term

Refer to Figure 21 below for the Company’s 2022-2025 capital spending projections for the Interconnection
Automation project.

Figure 21 2022-2025 Interconnection Automation Capital Spending Projection Summary ($)

Capital Spending (S)
Investment ) ) 2022 2023 2024 2025 2022-2025
Preauthorized Device Type e s L. s
Category * Actual Projection | Projection | Projection | Projection®
Mva"F';EdLoad Interconnection Automation - 1.235.000 900,000 §50.000 |  2.985.000
ow

* Information contained within the 2022-2025 Projection colunn are estimates and subject to change.
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2. Probabilistic Power Flow Modeling

a) Description of work completed
Not applicable for year ending December 31, 2022.

b) Lessons learned/challenges and successes
Not applicable for year ending December 31, 2022.

¢) Actual v. planned implementation and spending, with explanations for deviation and rationale
Not applicable. No spending occurred on this project by December 31, 2022.

d) Performance on implementation/deployment
Not applicable for year ending December 31, 2022.

e) Description of benefits realized as the result of implementation
Not applicable for year ending December 31, 2022.

f) Description of capability improvement by capability/status category

Not applicable for year ending December 31, 2022. The Company will commence its implementation of the
Probabilistic Power Flow Modeling project in 2023 with the expected delivery of the following capabilities during
the 2022-2025 GMP:

e By developing a risk-based assessment for distribution planning, scenarios and projected grid conditions
can be evaluated based on their probability to occur, informing investment decisions and prioritization.

e This will also advance the use case for alternative solutions to system constraints, as all scenarios causing
the constraint can be identified and very targeted programs created to address these constraints.

e The Probabilistic Power Flow Modeling project will also allow Eversource to simulate thousands of
scenarios for bulk energy market participation of aggregated resources, a capability that Eversource
currently does not have.

o In addition, Eversource is expecting to improve modelling of the interplay of systems such as VVO with
distributed energy resources.
g) Key milestones
Not applicable for year ending December 31, 2022.

h) Updated Projections for remainder of the four-year term

Refer to Figure 22 below for the Company’s 2022-2025 capital spending projections for the Probabilistic Power
Flow Modeling project.
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Figure 22 2022-2025 Probabilistic Power Flow Modeling Capital Spending Projection Summary ($)

Capital Spending (S)

Investment ) ) 2022 2023 2024 2025 2022-2025
Preauthorized Device Type L. o . o . L

Category : Actual Projection | Projection | Projection | Projection®

Ad“’:cl:i_r‘"ad Probabilistic Power Flow Modeling . 661.000 800,000 550,000 | 2.011.000

* Information contained within the 2022-2025 Projection column are estimates and subject to change.

F. System Level Narrative DERMS
1. DERMS
a) Description of work completed

The team onboarded a DERMS planning vendor who will assist with the RFP process for implementing a DERMS.
This vendor will help develop requirements for the RFP based on the existing and planned systems with which
Eversource will require the DERMS to integrate, as well as the commitments Eversource has made in the Grid
Modernization filing. The DERMS planning vendor’s experience with Eversource systems and in the DERMS
industry will help Eversource better understand the available DERMS offerings presently available and the way a
DERMS vendor might implement Eversource requirements and commitments. As part of the contract finalization
process, the vendor and Eversource developed a high-level schedule for the 2023 RFP process. The team also
explored how behind the meter and standalone/larger DERs could help alleviate distribution system constraints if
they were to be controlled by the DERMS, and what barriers there might be to participation. The team also analyzed
a specific existing customer’s solar and storage facility for how it could benefit the distribution circuit to which it
is connected as an example use case of the DERMS.

b) Lessons learned/challenges and successes

The team analyzed a potential participant customer’s 499kW solar/storage facility in a highly distribution-
constrained area. Based on the customer’s measured output from the solar/storage facility, the team observed that
if other local DER were also controlled by the DERMS, Eversource could reduce the need for diesel use on the
distribution feeder for local distribution peak constraints. In areas of specific distribution need such as this one,
using the DERMS to control local customer-owned DER could help reduce GHG emissions and conventional fuel
generation from being used when distribution constraints exist. This can help as both a temporary solution where it
may be difficult to install new needed distribution upgrades, as well as potentially being a permanent non-wires
alternative for upgrades. Based on this preliminary analysis, the team is anticipating a project with the MassCEC in
2023 to explore DER compensation for participation in programs controlled by the DERMS and plans to actively
participate in this project.

¢) Actual v. planned implementation and spending, with explanations for deviation and rationale
Not applicable. No spending occurred on this project by December 31, 2022.
d) Performance on implementation/deployment

Not applicable for year ending December 31, 2022.
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e) Description of benefits realized as the result of implementation
Not applicable for year ending December 31, 2022.
f) Description of capability improvement by capability/status category

When the DERMS is implemented, it will have the following capabilities and capability improvements:

e Optimize system performance: Control room tools to manage, monitor, and dispatch DER based on real-
time system conditions modeled in the Company’s DMS.

e Optimize system demand & integrate DER: Development of operational forecasting capabilities to predict
near-term (hour-ahead, day-ahead) load and generation impact on power flows based on weather
conditions and other related factors.

g) Key milestones
September 2022 — Onboarded a lead for the project.
e December 2022 — The team developed a contract with a DERMS planning vendor to assist with developing
an RFP for the DERMS solution.

h) Updated Projections for remainder of the four-year term

Refer to Figure 23 below for the Company’s 2022-2025 capital spending projections for the DERMs project.
Figure 23 2022-2025 DERMSs Capital Spending Projection Summary ($)

Capital Spending (S)
Investment ) 3 2022 2023 2024 2025 2022-2023
Preauthorized Device Type s L s s
Category : Actual Projection | Projection | Projection | Projection™®
DERMSs DERMS 2,743,000 3.700,000 3,550,000 9.993.000

* Information contained within the 2022-2025 Projection columns are estimates and are subject to change.

2. Dynamic DER Interface
a) Description of work completed

In 2022, the Dynamic DER Interface Project at Southampton secured authorization for capital funding and
subsequently proceeded with the onboarding of vendors for the installation and design of a Real-Time Automation
Controller (“RTAC”) at the Eversource-owned 2MW solar site. A thorough verification process was conducted on
all existing equipment, after which the team formulated a preliminary design package and placed orders for the
necessary materials.

To highlight the enhanced control and monitoring capabilities of the RTAC device over the inverters, the team
organized a demonstration for all relevant stakeholders. The presentation effectively showcased the RTAC’s
potential for optimizing energy production and streamlining operations.

b) Lessons learned/challenges and successes

In 2022, the Company was able to identify both lessons learned as well as move the project through the detail
design phase to gain valuable experience. The detailed design of the RTAC’s control modes and selecting the
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data points to provide to the Company’s control room was a success. This activity further established the
Company’s understanding of the RTAC’s distributed network protocol capability in this use case as well as
proved out the configuration of the Company’s SCADA system to receive this data. One challenge at this
location was the wiring connection from an external meter into the RTAC to provide the proper inputs for the
logic. The solution for this particular site identified the potential for pre-existing site-specific configurations that
need to be reviewed in detail during the design phase of the project. Lastly, utilizing the vendor’s product
expertise to apply the RTAC in this particular use case was invaluable to the Company. Overall, additional
challenges exist in the selection of the remaining sites including customer sites. Engagement with customers is
critical to the success of this program.

¢) Actual v. planned implementation and spending, with explanations for deviation and rationale

The Company’s plan for Dynamic DER integration started with an initial project kickoff in October 2022, and the
design review completed in December 2022. The Company completed the kickoff with onboarding project
resources, developing the detailed project plan, and executing the design phase of the project. As part of the
design phase, a site visit and product demonstration were completed to aid in completing the specific design for
the Southampton site. The discrepancy between actual spending and projection for 2022 is related to when the
Company kicked off this project in the fourth quarter of 2022. The planned spending had an assumption of
starting at the beginning of 2022 and completing multiple sites. The Company only completed the design of one
site by December 31, 2022.

Figure 24 2022 Dynamic DER Integration Capital Spending Summary ($)

Capital Spending
Invest t 2022
?ﬂii;;f_z Preauthorized Device Type Actual
DERMs Dynamic DER Interface 6.778

d) Performance on implementation/deployment

The Company was able to execute on the project kickoff and design phase activities with success on the first site.
Material and services procurement was completed as expected. The design review and integration design into the
Company’s SCADA system were important milestones to ensure the project progressed on track. No site
construction was completed in 2022 per the plan, however the site visit has positioned the Company well for
construction and commissioning in 2023.

e) Description of benefits realized as the result of implementation
Not applicable for year ending December 31, 2022.
f) Description of capability improvement by capability/status category

No capability improvement was achieved for this investment category in 2022. Capability improvements will be
realized throughout the deployment and commissioning of each of the 24 locations. Those improvements will
be:

e Increased visibility for system operators

e Integration of DER with ECS/DMS/DERMS

¢ Dynamic dispatching capabilities to inverter-based assets
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g) Key milestones

October 2022 — Project kickoff
December 2022 — Design review complete

December 2022 — Material ordered
h) Updated projections for remainder of the four-year term

Refer to Figure 25 and Figure 26 below for the Company’s 2022-2025 unit and capital spending projections for the
Dynamic DER Interface program.

Figure 251 2022-2025 Dynamic DER Interface Capital Spending Projection Summary ($)

Capital Spending (S)
Investment ) ) 2022 2023 2024 2025 2022-2025
Preauthorized Device Type s L L i
Category : Actual Projection | Projection | Projection | Projection*
DERMSs Dynamic DER Interface 6,778 1,222,000 2,500,000 2.300.000 6.028.778
* Information contained within the 2022-2025 Projection columns are estimates and are subject to change.
Figure 262 2022-2025 Dynamic DER Unit Projection Summary (# Units)
Unit Deployment (# of Units)
Investment ) ) 2022 2023 2024 2025 2022-2025
Preauthorized Device Type L L L L
Category : Actual Projection | Projection | Projection | Projection
DERMSs Dynamic DER Interface 0 4 10 10 24

* Information contained within the 2022-2025 Projection column are estimates and subject to change.

G. Energy Storage

Description of work completed (with dates)

Work associated with the Provincetown Battery Energy Storage System (“BESS”), a 24.9 MW/38 MWh lithium-
ion battery system and associated reliability microgrid, commenced in 2019 and the BESS was placed in service in
two phases over the course of 2022. Since having been placed in service, on several occasions, the BESS has
supported Provincetown during an outage. These events were not of a long duration, but the BESS responded
immediately and performed as designed.

Phase I included the overall detailed engineering for the project, site civil work, the construction of the building,
and then the installation of the BESS itself. The BESS components included the switchgear, sixteen (16) GSU
transformers, sixteen (16) inverters [aka Power Conversion Systems (“PCS”)], sixteen (16) DC disconnect switches,
battery modules, the AEROS control system, and (2) grounding transformers, and NFPA69 ventilation/fire
prevention system. This phase included significant testing and commission activities to ensure safe operations.
Phase I was completed on May 31, 2022.

Phase II included the microgrid from the BESS in Provincetown to the Wellfleet substation, consists of seventeen
(17) pole-top reclosers, six (6) automatic sectionalizing units, two (2) protection relays, Direct Transfer Trip relay,
two (2) Real Time Automation Controllers (“RTAC”), and over twenty-five (25) network switches to make up a
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new Microgrid Distribution Automation Controller (“MDAC”). This phase also included significant testing and
commissioning activities to ensure safe operations. Phase II was completed on December 1, 2022.

Lessons learned/challenges and successes

Successes

The project has achieved success in developing both the BESS and the associated inverter-based microgrid. By
using the BESS, the project avoided the need for an additional 13-mile distribution line through the highly
environmentally sensitive National Seashore area. The BESS improves the reliability of the electricity supply at
the Outer Cape, a unique area with only one distribution line serving communities (Circuit 96). The BESS can also
supplement the additional load required during the peak summer tourist season.

Typical distribution feeder protection is non-directional phase and ground overcurrent relays or relay elements.
Introduction of a large power and fault current source at the end of Circuit 96 dictated that a traditional protection
scheme would not be sufficient. A major hurdle for Eversource Protection and Control (“P&C”) Engineering was
detection and isolation of faults on a micro-grid while maintaining system stability and keeping a traditional
overcurrent protection scheme in service when there was no microgrid. Stability studies determined that decoupling
the BESS from the utility grid, especially during absence of a transmission source, had to be done in timeframes
unachievable by a traditional distribution protection system. The fault clearing time required was only achievable
using high-speed protection methods typically reserved for use on transmission systems.

To address these challenges, P&C Engineering developed a state-of-the-art Advance Distribution Protection
Scheme (“ADPS”) using IEC-61850 technology protection coordination philosophy to enable both grid connected
and islanded modes of operation.

Lessons Learned

Ensuring safe and efficient construction activities at the BESS site proved to be challenging given the number of
activities underway simultaneously. The Company learned the value of deploying a full-time Construction Manager
to be on site. The Construction Manager was able to monitor the various contractors and subcontractors on site, by
attending their tailboard talks, keeping them informed of Eversource safety requirements (including those related
to Covid-19), responding to contractors’ and subcontractors’ questions, comments, advice, and coordinating their
efforts on site. This approach kept the project moving and used resources efficiently through the single point of
contact for field-related activities.

Housing the storage in a building, rather than a container solution, resulted in higher insurance costs due to the
concentrated values with high loss potential. The use of containers to house groups of batteries is preferred to
adequately separate equipment and limit the value at risk to a single or fewer components. In the future, the
Company plans to prioritize container solutions.

Over the course of 2022, the Company faced several challenges associated with testing and commissioning of BESS
and microgrid equipment. With respect to equipment that was new to the Eversource Eastern MA system, such as
the 651R recloser control, testing and training took longer than expected and required support from external industry
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engineering experts to troubleshoot emergent issues. The Company identified the need to allocate significant and
sufficient time and resources to executing new equipment and complex protection schemes.

Incorporation of the BESS into the Company’s ongoing daily dispatch operations executed by operators in the
Massachusetts Avenue and New Bedford system operations centers (“SOCs”) was an extensive process that
required significant time to draft operating procedures and conduct operator training. Significant time and resources
were dedicated to designing and implementing operator screens and alarming systems. The process of developing
these SCADA designs and operating procedures resulted in lessons learned related to ensuring sufficient visibility
and control of a complex battery system. Additional lessons learned associated with ongoing operations relate to
coordination with the battery maintenance and support vendor engaged to provide 24/7 services for critical events.

The project greatly increased the BESS and microgrid knowledge within Eversource. Some of this knowledge and
methodology can be utilized on other types of new technology projects and will be used on future BESS projects.
The Company has documented many other lessons learned in past annual reports that it has been incorporating into
its storage activities.

Actual v. planned implementation and spending, with explanations for deviation and rationale

Figure 27 2018-2022 Provincetown Energy Storage Implementation Capital Spending Summary

(%)
Capital Spending (8)
Investment Preauthorized 2018 2019 2020 2021 2022 2018-2022
Category Device Type Actual Actual Actual Actual Actual Actual
Energy Storage |Provincetown 624,690 | 1.722.882 | 15,362,063 | 22350958 | 11,861,712 | 51.922.305

The project was approximately $12 million over the original approved amount (~$40 million). The original cost
estimate approved by the DPU was high level and was based on preliminary engineering and conceptual design.
There are several drivers for the difference between the approved amount and actual expenditures. First, when the
project was originally planned the batteries were to be housed in containers. Working with Provincetown
community, the Company subsequently altered the design to include a building structure to house battery
equipment, as the Town requested a building to improve the aesthetic impact. This was a major increase in the
costs because of more extensive civil work, the building foundation, the building itself, and more expensive HVAC
& fire protection systems.

In addition, after the building construction was completed, an NFPA69 compliant ventilation system was selected
and retrofitted to increase the safety of the facility. The decision to add the ventilation system to the BESS design
was based on industry best practices that were identified after the completion of the original Provincetown design
resulting from a BESS explosion and fire event in Arizona. Please see Figure 28 for some of the cost items that
were over the initial approved amount of $40 million:
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Figure 28 Costs Above the Original Approved Amount for the Provincetown BESS Project

Item Added Cost ($M)
Site Civil Work & Building Construction 5.5
Engineering / Design 2.1
Testing & Commissioning 1.7
NFPA Ventilation System 1.2
Wellfleet & Orleans Station Upgrades 1.0

The changes related to the building and ventilation retrofit, along with the need for extensive testing and
commissioning of the system for both Phase I and Phase II in-service dates, added time to the schedule and resulted
in higher costs.

Performance on implementation/deployment

The BESS was integrated into the system operations center (“SOC”) rooms at Massachusetts Avenue in Boston and
in New Bedford for remote operation. The SOC personnel have been trained and have operating procedures to
follow to operate of the BESS. Other Eversource personnel (field operations, system operations, engineering) that
are required to operate or maintain the BESS have also been trained.

There were several times after Phase I of the BESS went online (May 31, 2022) that the system has supported
Provincetown during an outage. These events were not of long duration, and the BESS responded immediately and
performed as designed. Eversource is currently collecting various metrics data from the entire system and will be
reporting those metrics in the future as required.

Description of benefits realized as the result of implementation

The outer Cape Cod region serves approximately 11,000 customers in the towns from Wellfleet to Provincetown.
This unique geography creates repeated reliability challenges due to its proximity to harsh Atlantic winds and year-
round weather conditions. Customers on the Outer Cape are served by Circuit 96, a single, 13-mile, overhead three-
phase distribution line that starts at the Wellfleet substation and extends eastward along Route 6 to Provincetown.
As a popular summer destination, load on Circuit 96 can reach 22 MW relative to an average of 8 MW. Customers
served by Circuit 96 experience numerous outages in response to both summer and winter storms.

The BESS has demonstrated customer benefit through improved reliability of electric service on the Outer Cape.
There were several instances of this occurring a few times shortly after the facility went online. In major weather
events that have occurred post-BESS in service, operators have followed operating guidelines to ensure the battery
is fully charged and available for back-up upon loss of the traditional source, increasing the probability that
customers on the Outer Cape will remain with power supply without the need for a second distribution line in the
area.

In addition to its primary use case of reliability support, the BESS can be used for peak shaving. During the summer,
the Cape is a major tourist destination. The BESS can provide additional power when needed during peak
consumption. This is very helpful to the local economy during the tourist season.

Eversource Engineering teams overcame technology design challenges by cooperating and collaborating across
disciplines and by using diverse skill sets with a focus on continuous learning. This approach will be followed to
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the benefit of all future BESS projects. The unique ability of the BESS to island with only inverter-based resources
has increased the general industry knowledge of BESS and microgrids.

Description of capability improvement by capability/status category

The battery has improved capability in the following areas. The Company is continuing to increase its capabilities
to implement all these use cases and will improve them over time:

e Microgrid Islanding: When weather disrupts service to the Outer Cape, the BESS can
deliver power independently of the transmission grid.

e Full Islanding and Auto Restoration: This capability allows the BESS to service all
customers across all four towns.

e Reactive Power: Battery inverters balance real and reactive power on the grid, allowing
power lines to carry and deliver more usable energy to customers.

e Peak Shaving: During high demand times the BESS will inject some of its stored energy
into the grid, reducing stress on power generating plants in the region.

Key milestones

Phase I Key Milestones:

e May 31, 2022 — BESS placed in service
e October 10, 2022 — Required quarterly monitoring took place for onsite landfill gases
e October 17, 2022 — Microwave backup communication system installed

Phase II Key Milestones:
e August 22, 2022 — Microgrid test procedure completed
e November 4, 2022 — Perform cutover of distribution automation field devices

e December 1, 2022 — Microgrid and BESS in service

Updated Projections for remainder of the four-year term

No further initial capital expenditures are expected. During the operation of the BESS, data will
be gathered and analyzed so that the BESS can be optimized for all its functions. The
optimization should further improve the benefits for the customers on the Outer Cape. The
collected data will also be used for the various regulatory reports and for the design of future
BESS projects.

H. 2018-2021 GMP Carryover Work
1. 2021 Carryover Work — Continuing Investments

The following section summarizes 2021 carryover work into 2022 from the 2018-2021 GMP authorized budgets on
continuing investments. All activity discussed in this section was on specific projects commenced under the 2018-



NSTAR Electric Company d/b/a Eversource Energy
D.P.U. 23-30

2022 Grid Modernization Plan Annual Report

Page 43 of 540

2021 GMP. It also summarizes variances to the carryover work projections that were submitted as part of the 2018-
2021 GMP Term Report Section L.E.

Figure 29 2021 Carryover Work on Continuing Investments

Capital Spending ($) Unit Deployment (# of Units)
. . 2022 2022 2022 2022 2022 2022
Investment Category |Preauthorized Device Type Actual Projection* Percent Actual Projection* Percent
(%) (%)
Monitoring & Control Microprocessor Relay 3,026,845 7,000,000 43% 42 42 100%
4KV Circuit Breaker SCADA 2,030,224 1,700,000 119% 12 14 86%
By Power Quality Monitors 64.284 - N/A 0 0 NA
Volt-Var Optimization VVO - Line Devices 628,054 1,055,000 60% 26 43 4%
Microcapacitors 798661 850,000 94% 75 145 52%
ADMS Dist. Management System 7448620 6,400,000 116% NIA N/A N/A
C ications  |Numbers of Nodes 439,960 2,500,000 18% 7 6 117%
Total Capital Spending 14436,648 | 19,505,000 4%
Preliminary O&M** 304,843 - N/A
Preliminary Total Spending 14,741,491 | 19.505,000 76%

* Information in the 2022 Projection column was based on the projections made as part of the 2018-2021 GMP Term Report Section LE.
**2022 O&M spending related to carryover work on the 2018-2021 GMP Term will be finalized at the time of the Company’s Grid
Modernization Factor (“GMEF ™) filing.

e Microprocessor Relays — The Company commissioned 42 microprocessor relays in 2022, which was in
line with the original unit plan. At the end of 2022, the Company had spent $3 million, which was well
below the projection. The devices were deployed at Stations 831 and 53. The Company continued to report
information to Guidehouse to evaluate the benefits of the M&C investments in 2022. The 2021 EDC
Evaluation Report showed positive reliability results over the baseline, which is described in the
Performance Metrics Section of this Report. The 2021 EDC Evaluation Report also showed M&C devices
deployed under the GMP reduced outage durations through case studies of specific outage events. These
case studies are detailed in the 2021 EDC Evaluation Report attachment.

e 4kV Circuit Breaker SCADA — The Company commissioned twleve 4kV circuit breaker SCADA units
in 2022, which was two units below the 14-unit plan. At the end of 2022, the Company had spent $2 million,
which was slightly above the projection. The underage in units deployed in 2022 was due to a transformer
failure at Station 34, which resulted in the final two units being placed on hold and rescheduled in early
2023. The final two units were commissioned in Q1 2023, and the additional costs in 2023 are expected to
be $200,000. Like microprocessor relays, M&C case studies demonstrated positive impacts on outage
durations and through case studies of specific outage events which are detailed the 2021 EDC Evaluation
Report attachment.

e Power Quality Monitors — At the end of 2022, the Company spent $64,000 on final invoicing related to
power quality monitors deployed at Station 819. There is no additional work or spending authorized as part
of the 2018-2021 GMP term.

e VVO Line Devices — The Company commissioned seven additional line sensors and 19 capacitor banks at
Gunn Station. The remaining 11 line sensors and six capacitor banks at Oswald Station were placed into
service in 2022, however, they were not fully commissioned into the VVO system by the end of the year
due to resource constraints with the SCADA commissioning personnel. The Company has not deployed or
commissioned the remaining voltage regulators at Gunn Station due to long lead times. At the end of 2022,
the Company had spent $628,000 on this VVO work, which was under the projection. The underage was
mainly due to the full scope of work, including the commissioning of the devices, not being completed by
the end of the year. The capacitor banks, line sensors, and voltage regulators that were not fully
commissioned (but are used and useful on the distribution system) by the end of 2022 are expected to be
commissioned by second quarter 2023.

e Microcapacitors — The Company commissioned 75 additional Varentec microcapacitors in 2022, which
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was 79 units below the plan. The remaining devices are used and useful on the distribution system in
southeastern Massachusetts, but they were not fully commissioned into the GEMS web platform, which is
used to visualize the devices and enable data acquisition, remote settings changes, and system performance
monitoring. At the end of 2022, the Company had spent $799,000, which was slightly under the $850,000
projection. The Company expects to finish commissioning these microcapacitors in 2023, which will put
the deployment slightly above the 2022 carryover projection of 145 units.

Distribution Management System — The Company continued work on its DMS with funds originally
authorized under the 2018-2021 GMP budget. At the end of 2022, the Company had spent $7.4 million.
The DMS is a continuous project with funding under both GMP, terms and details of the 2022 progress can
be found in System Level Narrative ADMS.

Nodes — The Company commissioned seven node sites in 2022. One node was commissioned in each of
the following sites: Nobscott, Zion Hill, Prudential Center, Shoe Flying Hill, and the Southborough Service
Center. The last two nodes were in East Springfield. At the end of 2022, the Company had spent $440,000
on these sites, which was well under the $2.5 million projection. The Company was planning to spend a
significant portion of the 2022 projection on cutting over the field devices from the existing network to the
new 450MHz node sites, but this investment did not materialize given that the master radios were not ready
in Eastern Massachusetts before the end of 2022 and due to resource limitations in western Massachusetts.
The Company also originally planned to commission a node location at Orleans, which did not move
forward because of the time required to install a shelter and infrastructure upgrades, which would not have
been able to be completed in a feasible amount of time. The benefits of these investment are in line with
benefits detailed in the 2018-2021 GMP Term Report.

2. 2021 Carryover Work — Non-Continuing Prior Authorized Investments

The following section summarizes 2021 carryover work into 2022 from the 2018-2021 GMP authorized budgets on
non-continuing investments. It also summarizes variances to the carryover work projections that were submitted as
part of the 2018-2021 GMP Term Report Section LLE.

Figure 30 2021 Carryover Work on Non-Continuing Investments

Capital Spending ($) Unit Deployment (# of Units)
2022 2022
i . X . . 2022 2022 2022 2022
Investment Category Preauthorized Device Type Actual |Projection® Percent Actual | Projection® Percent
(%) (%)
Monitoring & Control |Recloser SCADA (1.042) N/A 0 0 N/A
(SCADA) Network Protector SCADA 16,496 - N/A 0 0 N/A
OH DA w/o Ties 888.499 450,000 197% 9 9 100%
Distribution OH DA wi/Ties (1.286) - N/A 0 0 N/A
Automation 4V Ol Switch Replacement 589126 N/A 0 0 N/A
4KV AR Loop (1.478.248) - N/A 0 0 N/A
Volt-Var Optimization |Grid Monitoring Line Sensors 613,528 500,000 123% 144 149 97%
Forecasting Tool 2,906,829 3,700,000 79% N/A N/A N/A
ADMS Synergi Upgrades (53.056) - N/A N/A N/A N/A
PI Asset Framework 136.454 300,000 52% N/A N/A N/A
C ications Miles of Fiber 64,866 500,000 13% 1 2 0%
Total Capital Spending 3,702,165 5,450,000 68%
Preliminary O&M** 2.419.002 665.000 364%
Preliminary Total Spending 6.121.167 6,115,000 100%

* Information in the 2022 Projection column was based on the projections made as part of the 2018-2021 GMP Term Report Section LE.

*#2022 O&M spending related to carryover work on the 2018-2021 GMP Term will be finalized at the time of the Company’s Grid

Modernization Factor (“GMF ™) filing.

Recloser SCADA — The Company incurred minor capital activity on this program related to the closeout
and reconciliation of work orders.

Network Protector SCADA — The Company incurred minor capital activity on this program related to the
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closeout and reconciliation of work orders.

Overhead DA without Ties — The Company commissioned nine OH DA w/out ties units in 2022, which
was in line with the 9-unit plan. At the end of 2022, the Company had spent $888,000, which is above the
$450,000 projection. While these nine units came in close to the $75,000 average unit cost for this program,
the overage in spend was driven by the closeout and reconciliation work orders under this program. Minor
capital activity is expected on this program until the last work orders are fully closed out in 2023. The
Company continued to report information to Guidehouse to evaluate the benefits of these DA investments
in 2022. The 2021 EDC Evaluation Report showed positive reliability results over the baseline excluding
major events, which is described in the Performance Metrics Section of this Report. The 2021 EDC
Evaluation Report also showed DA devices deployed under the GMP reduced outage durations through
case studies of specific outage events. These case studies are detailed in the 201 EDC Evaluation Report
attachment. At the end 0f2022, approximately 255,000 customers had benefits from GMP funded overhead
DA investments and the Company reach its average zone size goals for the GMP. At the end of 2022, the
average customer zone size had decreased to 277 customers, a reduction of 74 customers compared to the
baseline.

Overhead DA with Ties — The Company incurred minor capital activity on this program related to the
closeout and reconciliation of work orders.

4kV Oil Switch Replacement — The Company incurred $589,000 on this program related to the closeout
and reconciliation of work orders. As part of the closeout review of this program, the Company determined
a portion of these charges needs to be allocated to other work orders. This adjustment, which will be a debit
to the GMF, was not recorded before December 31, 2022, and it will be reflected in early 2023. The 2021
EDC Evaluation Report also includes a case study of a device deployed under the oil switch replacement
program. The case study estimated the GMP-funded device reduced the outage duration during a specific
event by an hour or more.

4kV AR Loop — The negative $1.5 million of capital is a result of the cancellation of the 4kV AR Loop
project. The 4kV AR Loop system was designed to be an expeditious and cost-effective approach to
increase customer reliability; however, experience indicated that the time, resources, and technology
required to achieve the required improvements to the communications system were too great to implement
the 4kV AR Loop program as originally planned. Therefore, the Company made the decision to terminate
the program and move incremental costs incurred for this program to tracked expense, as the Company
believes the incremental expense should be eligible for recovery through the GMF. Detailed information
about this project can be found in the 2018-2021 GMP Term Report Section III.B as well as related
discovery item AG-2-7.

Grid Monitoring Line Sensors — The Company commissioned 144 additional grid monitoring line sensors

in the eastern Massachusetts territory in 2022, which was 36 units below the 2022 projection. At the end of
2022, the Company had spent $614,000, which was above the $500,000 projection for 2022.

Forecasting Tool — In 2022, the Company spent $2.9 million on the execution of the license agreement
and payments for several project milestones, which include kickoffs/workshops, data delivery, LoadSeer
Data Models, and sign-off at the end of the warranty. This was below the projected amount but above the
original program estimate.

Synergi Upgrades — This project was completed in 2021, and the $53,000 in negative costs in 2022 are
driven by project closeout activities and final invoicing.

PI Asset Framework — The PI Asset Framework project, which commenced in 2021, was completed and
placed in service in 2022. The PI Integrator leverages the PI Asset Framework to connect historical data to
the Company’s cloud environment, Microsoft Azure. The project incurred approximately $156,000 in 2022.
Miles of Fiber — The Company commissioned approximately 0.94 miles of fiber in 2022, which was about
one mile below the plan. The projects were located at STA 52 and STA 36. At the end of 2022, the Company
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had spent $65,000, which was below the $500,000 projection. An additional driver of the budget underrun
was the removal of one fiber project from the workplan.

3. 2021 Carryover Work — Summary of Spending and Implementation on All Projects Initiated Under
the 2018-2021 GMP

The following section summarizes all cumulative spending and implementation on all projects that commenced
under the 2018-2021 GMP, including carryover work into 2022. The carryover in 2022 work is consolidated from
the two previous sections to provide the full cumulative view.

Figure 31 Summary of Spending on All Projects Initiated Under the 2018-2021 GMP (Continuing and Non-
Continuing Investments)

Capital Spending (S)

Investment Preauthorized Device Type 2018 2019 2020 2021 2022 2018-2022 | 2018-2022 | 2018-2022
Category - Actual Actual Actual Actual Actual Actual Projection® | Percent (%)
Microprocessor Relay 3.363.115 14,991,129 11,737,080 4,267,995 3,026,845 37.386,164 41.359.319 90%
Monitoring & 4KV Circuit Breaker SCADA 83.747 4,085,366 11,763,300 2,326,928 2,030,224 20,289,565 19,959,341 102%
e Recloser SCAPA 963.353 888.665 1,533,849 (397) (1.042) 3.384.428 3.385.470 100%
(SCADA) Padmount Switch SCADA 105.723 615.476 285,790 (226) - 1.006.763 1,006.763 100%
Network Protector SCADA - 871.602 559,572 2,784 16,496 1,450,453 1,433,958 101%
Power Quality Monitors - - 214,937 496,048 64,284 775,269 710.985 109%
OH DA w/o Ties 2.267,503 12,069.703 3.838,524 6,533.425 888,499 25,597,654 25.159.155 102%
Distribution  |OH DA w/Ties - 2.797.738 455,052 3,026 (1.286) 3,254,530 3.255.816 100%
Automation 4kV Oil Switch Replacement 932,307 13.881.098 9.189,867 6,191,485 589,126 30,783,883 30,194,757 102%
4kV AR Loop - 891.645 569,292 835,732 (1.478.248) 818,420 2.296.669 36%
VVO - Regulators - 2.375.328 1,631,621 (20.208) 628,054 4.614,795 4.211,740 110%
VVO - Capacitor Banks - 2.548.685 311,402 711,710 - 3.571,796 4.271.796 84%
Volt Var VVO - LTC Controls 377.157 1.044,867 30,253 125 - 1,452,402 1,452,402 100%
Optimization VVO - Line Sensors - 678,782 103,396 197.862 - 980,041 1,562.698 63%
VVO - IT Work - 1.159.861 1.468.664 48.755 - 2.677.280 2.677.280 100%
Microcapacitors - - 750,675 364,441 798,661 1,913,777 1,965,116 97%
Grid Monitoring Line Sensors - - 452,657 592,053 613,528 1,658,238 1,092,053 152%
Advanced Load Flow - 2,775.876 6,033,013 153.907 - 8.962.796 8.962.796 100%
Advanced GIS Survey (Expense) - - - - - - N/A
Distribution Dist. Management System - - - 1,596,259 7,448,620 9.044,879 7.996,259 113%
Management |Forecasting Tool - - - 1.843.343 2,906,829 4,750,172 5.543.343 86%
System (ADMS) |Synergi Upgrades - - - 942.445 (53.056) 889.389 942.445 94%
PI Asset Framework - - - 1,076,564 156,454 1,233,018 1,376,564 90%
Co ications Numbers of Nodes - 522.256 1,105,885 778,560 439,960 2.846.661 4.906.701 58%
Miles of Fiber - 309.896 255,618 581,155 64.866 1,211,534 1,646.668 4%
Electric Vehicles |Electric Vehicles 2.859.831 10.979.264 18,075,501 12,842,659 7,839,603 52,596,859 50,957,255 103%
Martha's Vineyard 958.654 1.305.943 945,977 (3.210.574) - - - N/A
Energy Storage n
Provincetown 624.690 1.722.882 15,362,063 22,350,958 11,861.712 51,922,305 49.860,593 104%
Total Capital Spending 12,536,080 |  76.516.061 86.673.988 61,506.814 37,840,128 | 275.073,071 | 278.187.943 99%
Preliminary O&M** 828.199 7.007.261 2.810,205 6,319,375 3,134,775 20.099.814 17.223.338 117%
Preliminary Total Spending 13.364.279 83.523.322 89.484,192 67,826,189 40,974,902 | 295,172,884 | 295,411,280 100%

* Information contained within the 2018-2022 projection cohimn was based on the projections made as part of the 2018-2021 GMP Term Report Section LE. Figure 7.
**0O&M spending will be finalized at the time of the Company’s Grid Modernization Factor (“GMF™) filing
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Figure 32 Summary of Unit Deployment on All Projects Initiated Under the 2018-2021 GMP (Continuing and Non-
Continuing Investments)

Unit Deplovment (# of Units|

- "M

Investment Lo e T s 2018 1019 2020 021 2022 1018-2021 | 2018-2022 -lgisr;;?l-t-
Category - Actual Actual Actual Actual Actual Actual Projection® (%)
Microprocessor Relay 10 37 33 22 42 244 244 100%
Monitoring & 4KV Circuit Breaker SCADA D_ 16 3% 0 12 l§6 t_iS 97 l:"lo.
- Control Recloser SCAD_-\ 13 19 2? 0 0 ?9 ?9 IDD'}‘?
(SCADA) Padmount Switch SCADA 3 41 15 0 0 39 39 IDD‘}'?
i Network Protector SCADA 0 0 83 g ] o1 o1 100%
Power Quality Monitors 0 0 0 39 0 39 39 100%
OH DA wio Ties 25 143 70 0 2 343 343 100%
Distribution |OH DA w/Ties 0 43 3 0 0 33 33 100%
Automation  |4kV Oil Switch Replacement 0 89 48 33 0 172 172 100%
4kV AR Loop ] 17 1 0 0 18 18 100%
VVO - Regulators ] 69 27 1 0 97 100 97%
VWO - Capacitor Banks 0 71 3 0 19 93 99 94%%
Volt-Var VWO - LTC Centrols 4 4 0 0 0 3 g 100%
Optimization |[VVO - Line Sensors 0 189 0 16 7 212 225 94%
Microcapacitors 0 0 99 33 13 228 299 1%
Grid Monitoring Line Sensors 0 0 111 151 144 406 411 90%
Communications Nmbns qf}lsdes ] 4 4 2 7 17 16 106'3-‘%,
Miles of Fiber ] 0 ] 3 1 4 4 100%

* Information contained within the 2018-2022 projection column was based on the projections made as part of the 2013-2021 GMP Term Report Section LE. Figure 7.
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I. INTRODUCTION

In D.P.U. 12-76-B, the Department of Public Utilities (the “Department”) directed NSTAR
Electric Company d/b/a Eversource Energy (“Eversource”), Massachusetts Electric Company and
Nantucket Electric Company each d/b/a National Grid (“National Grid”) and Fitchburg Gas and
Electric Light Company d/b/a Unitil (“Unitil”’) (individually, the “Company” and collectively, the
“Companies”) to include in their Grid Modernization Plans (“GMPs”) two types of company-
specific metrics: (1) infrastructure metrics that track the implementation of grid modernization
technologies and systems; and (2) performance metrics that measure progress towards the
objectives of grid modernization. D.P.U. 12-76-B, at 30. In addition to the company-specific
metrics, the Department directed the Companies to jointly propose a common list of statewide
metrics to be included in each GMP. Id., at 31. Furthermore, the Department directed the
Companies to solicit stakeholder input in developing both statewide and company-specific metrics.
Id., at 33.

Pursuant to the directives from the Department, each Company filed a GMP that included a list of
proposed statewide and company-specific metrics for both infrastructure and performance. On
May 10, 2018, the Department issued its Order regarding the individual GMPs filed by Eversource,
National Grid and Unitil, respectively. In the Order, the Department preauthorized grid-facing
investments over three-years (2018-2020) for the Companies and adopted a three-year (2018-
2020) regulatory review construct for preauthorization of Grid Modernization investments.
D.P.U. 15-120/15-121/15-122, at 137-173. The Department recognized that achievement of its
Grid Modernization objectives' is a complex, long-term, and evolving endeavor and that, in the
early stages of Grid Modernization, it is reasonable to expect that significant changes will take
place associated with the introduction of new technologies and the costs associated with existing
and new technologies. Id., at 107-108. Furthermore, the Department found that it is reasonable to
expect that the Companies’ understanding of how best to deploy Grid Modernization technologies
to optimize their performance will evolve over time. Id.

As part of its decision regarding the Companies” GMPs, the Department approved the Companies’
proposed statewide and company-specific infrastructure metrics. Id., at 198-201. In approving the
infrastructure metrics, the Department found that the purpose of the metrics will be to record and
report information: the metrics will not, at present, be tied to incentives or penalties. Id., at 197.
The Department ordered the Companies to establish baselines by which the grid-facing
performance metrics will be measured against and to file them within 90 days of the Order. Id., at
203. To assist in the development of these baselines, the Department directed each of the
Companies to develop and maintain information on its system design, operational characteristics
(e.g., voltage, loading, line losses), and ratings prior to any deployment of preauthorized grid-
facing technologies. Id. Additionally, the Department directed the Companies, when developing
the proposed baselines to use, to the extent possible, information reported in the annual service
quality filings, as well as other publicly available information. Id.

Regarding the performance metrics proposed by the Companies in the GMPs, the Department

! The Department approved a modified set of Grid Modernization objectives, specifically: (1) optimizing system

performance; (2) optimizing system demand; and (3) facilitating the interconnection of distributed energy resources.
1d., at 95-106.
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determined that additional work was needed to develop metrics that appropriately track the
quantitative benefits associated with pre-authorized grid-facing investments, and progress toward
the Grid Modernization objectives. Id., at 95-106. The Department ordered the Companies to
file revised proposed performance metrics designed to address the preauthorized grid-facing
investments and noted that it would convene a stakeholder process to facilitate review of the
revised performance metrics. 1d., at 202.

On August 15, 2018, the Companies filed the proposed performance metrics as required by the
Department following its approval of the Companies’ modified GMPs. Each Company also filed
baseline and target information for the statewide and Company-specific infrastructure metrics
approved by the Department. D.P.U. 15-120/15-121/15-122 at 198-201. Following this
submission, the Companies responded to information requests issued by the Department, the
Department of Energy Resources (“DOER”) and the Cape Light Compact (“CLC”) consistent with
the procedural schedule included in the September 28, 2018, Procedural Memorandum
(“Memorandum”) issued by the Department.

Additionally, the Department’s Memorandum scheduled a technical session on the Companies’
August 15, 2018, performance metrics filing. The Companies participated in the technical session,
including presenting on the proposed performance metrics.> Following the technical session, the
Department issued a Memorandum that set out required revisions to the August 15, 2018,
performance metrics, as well as directed the Companies to develop additional performance metrics
(“Metrics Revision Memorandum™). The Metrics Revision Memorandum set April 2, 2019, as the
deadline for the Companies to file the revised and new performance metrics, with initial comments
on the Companies’ filing due on April 16, 2019, and reply comments due on April 23, 2019.
Consistent with the directives contained in the Metrics Revision Memorandum, the Companies
provided on April 9, 2019, the required revisions to the initial set of performance metrics, as well
as the new metrics required by the Department. Following further directives from the Department,
the Companies filed additional revisions on June 6, 2019. National Grid made further revisions to
its company-specific reliability performance metric located in Appendix C, pursuant to a
Department directive, on July 11, 2019.

On July 1, 2021, the Companies each filed their respective 2022-2025 GMPs consistent with the
Department’s directives in Grid Modernization — Phase II, D.P.U. 20-69-A (May 21, 2021). The
Department docketed these matters as D.P.U. 21-80 (Eversource), D.P.U. 21-81 (National Grid),
and D.P.U. 21-82 (Unitil), respectively. As part of their 2022-2025 GMPs, the Companies jointly
proposed revisions to their existing statewide Volt VAR Optimization (“VVO”) performance
metrics approved by the Department in D.P.U. 15-120, D.P.U. 15-121, and D.P.U. 15-122 (see
D.P.U. 21-80, Exh. ES-JAS-2, at 145 & Att. A; D.P.U. 21-81, Exhs. NG-GMP-1, at 11; NG-GMP-
2 (Rev. 2) at 84; NG-GMP-4; D.P.U. 21-82, Exhs. Unitil-KES-1, at 22-24; Unitil-GMP at 109 &
Att. A)). Additionally, Eversource submitted two Eversource-specific metric proposals applicable
to its previously deployed technology investments. Specifically, Eversource proposed: (1) to
delete its existing Eversource-specific advanced load flow performance metric (see D.P.U. 21-80,
Exh. ES-JAS-2, Att. A at 23-24); and (2) a new Eversource-specific metric associated with its
power quality monitoring investment (see D.P.U. 21-80, Exh. ES-JAS-2, at 146-147).

2 The Companies’ February 13, 2019, technical session presentation can be found at

https://fileservice.eea.comacloud.net/FileService.Api/file/FileRoom/10379369
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On September 1, 2021, the Department bifurcated its investigation of the 2022-2025 GMPs into
two separate, parallel tracks. D.P.U. 21-80/ D.P.U. 21-81/D.P.U. 21-82, Procedural Notice at 2
(September 1, 2021). The Department designated Track 1 to review proposed investments
identified as having been previously deployed and/or preauthorized grid modernization
investments and technologies under the Companies’ 2018-2021 GMPs (“Continuing
Investments™), and Track 2 to review proposed investments identified as new grid modernization
investments and those investments proposed as part of each Company’s advanced metering
infrastructure implementation plan. D.P.U. 21-80/D.P.U. 21-81/D.P.U. 21-82, Procedural Notice
at 2 (September 1, 2021). On December 30, 2021, the Department issued an Interim Order in
D.P.U. 21-80/D.P.U. 21-81/D.P.U. 21-82, authorizing the Companies to continue their respective
GMPs and implement Track 1 investment categories that are consistent with the investment
categories previously preauthorized for the 2018-2021 GMPs, until the Department issues its final
Track 1 decision. Order on Interim Continuation of Grid Modernization Programs and Revised
Grid Modernization Factor Tariffs, D.P.U. 21-80/D.P.U. 21-81/D.P.U. 21-82, at 6-7 (2021)
(“Interim Continuation Order”). The Department noted that these investments would be subject
to a further prudence review at the end of the 2022-2025 GMPs’ term and the Interim Continuation
Order should not be construed as preauthorization of any proposed Track 1 investment category,
or as a modification of the Companies’ burden to demonstrate that proposed Track 1 investments
meet the Department’s preauthorization eligibility standards for. Id. at 7.

On October 7, 2022, the Department issued its Track 1 order in D.P.U. 21-80, D.P.U. 21-81, and
D.P.U. 21-82 approving, with modifications, the Companies’ Continuing Investments proposals.
D.P.U. 21-80-A/D.P.U. 21-81-A/D.P.U. 21-82-A, at 114-115 (2022) (“Track 1 Order”). As part
of its Track 1 Order, the Department made certain findings regarding the Companies’ proposed
revisions to the existing statewide VVO performance metrics, as well as the Eversource-specific
proposals. Specifically, the Department found the proposed revisions to the VVO performance
metrics were reasonable and approved the revisions, except for the VVO energy and greenhouse
gas (“GHG”) impact performance metric. Track 1 Order at 102. The Department required the
Companies to update the GHG emissions factors to be consistent with those used in the current
2022-2024 Three-Year Energy Efficiency Plans. Id. at 102-103. Further, the Department: (1)
rejected Eversource’s proposal to delete its existing company-specific advanced load flow
performance metric; and (2) approved Eversource’s power quality monitoring performance metric.
Id. at 104. The Department also directed National Grid to develop a company-specific
performance metric, within 90 days of the date of the Track 1 Order, for its smart capacitor
investment for consideration during a compliance phase of the D.P.U. 21-81-A proceeding. Id. at
87-88, 104. Lastly, the Department required the Companies to make certain non-substantive edits
to the existing statewide performance metrics. Id. at 102-103. Consistent with the Department’s
Track 1 Order, the Companies have made the required edits below.

The chart below provides the complete set of metrics that the Companies will be utilizing to track
and report on their progress under their individual GMPs, as well as their progress in achieving
the Department’s Grid Modernization goals.
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I1. STATEWIDE PERFORMANCE METRICS

The Companies worked collaboratively to develop a list of statewide performance metrics for each
Company to use to measure progress towards grid modernization. These statewide performance
metrics were developed using many different resources. The Companies started by reviewing the
metrics filed in each of their respective GMPs. In addition, Eversource had developed a
comprehensive listing of potential metrics in its recent base rate case, D.P.U. 17-05, which
included input from a large and varied group of stakeholders. Lastly, the Companies also reviewed
performance metrics that other utilities throughout the country have used to measure their progress
towards grid modernization.

Under their individual service quality plans, most recently revised in D.P.U. 12-120, the
Companies are currently required to report on their performance in relation to numerous service
quality metrics. The statewide performance metrics developed by the Companies in relation to
their GMPs, as detailed below, are designed to be in addition to and not duplicate or modify the
service quality metrics.

I.1  VOLT VAR OPTIMIZATION AND CONSERVATION VOLTAGE REDUCTION
BASELINE

Volt VAR Optimization and Conservation Voltage Reduction (“VVO/CVR”) is a solution that
reduces energy consumption and demand without the need for customer interaction or
participation. The core principle behind VVO/CVR is that load is more optimally utilized at lower
voltages. The primary focus of VVO/CVR is to reduce circuit demand and energy consumption
by flattening and lowering voltage profile on the circuit while maintaining customer service
voltage standards. In addition, VVO/CVR systems allow for more gradual and responsive control
of reactive power devices, such as capacitors, which will help improve the overall system power
factor and reduce system losses. VVO/CVR allows customers to realize lower consumption
without experiencing a reduction on the level of comfort and service.

Quantifying the exact impact of VVO/CVR is difficult to achieve given the Companies’ current
level of visibility into their systems. Ina VVO/CVR system, the Companies will not have visibility
into exactly what customer loads are being impacted, nor will they be able to identify the impact
of the VVO/CVR system at any specific point in time. In order to have this level of visibility, the
Companies would need to have interval metering at each residential customer’s premises. At this
time, none of the Companies have this level of residential metering. The metrics discussed below
are all based on a measurement and verification (“M&V”) process, which uses a statistical process
to quantify the impact the VVO/CVR system has on the customers it serves.

I.1.1 Type of Metric

Statewide Performance Metric

I.1.2 Objective

Establish an impact factor for each VVO enabled circuit which will be used to quantify the peak
load, energy savings, and greenhouse gas (“GHG”) impact measures.
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I.1.3 Assumptions

VVO dynamically controls and coordinates multiple devices to manage both voltage and reactive
power. System-wide efficiency is achieved by simultaneously coordinating operations using
continuous measurements from multiple sensors distributed across the circuit.

Once a circuit has VVO enabled, a M&V process will be performed through operating VVO using
a predetermined time period and series. Based on the results of this M&V process, a circuit level
VVO impact and baseline will be created.

I.1.4 Calculation Approach

The following data will be tracked and reported on a system and circuit basis:
a. Determine circuit loads through measurements during VVO on/off periods
b. Apply temperature corrections.
c. Develop load profiles.

As part of the baseline data capture, each VVO circuit will, at a minimum, capture hourly circuit
data for real and reactive power.

I.1.5 Organization of Results

This information will be provided for each VVO enabled circuit and serve as the variable for
calculating demand reductions or serve as variables for other calculations, such as reductions in
GHG emissions. This calculation will be performed once and will support both circuit and system
level impacts.

1.1.6 Baseline

The baseline will be calculated through M&V after each circuit and/or substation is placed into
service. The baseline will be constructed using data collected when VVO is off during the VVO
M&V period. The Company recommends that each VVO/CVR circuit undergo a nine- to twelve-
month M&V period to capture one winter, one summer, and either the fall or spring shoulder
seasons. The results from this M&V process will be used to estimate the impact the system has on
system load for the next five-years. At the end of five years, the VVO M&V would be repeated
to ensure that each Company is using recent and relevant results for metric reporting. Baselines
will be reported during the first annual report following the field verification.

I.1.7 Results

As a continuation to ongoing VVO M&V, the evaluator (Guidehouse) used data over the spring
2021 to winter 2021/2022 evaluation period. To calculate total baseline energy use, the evaluator
constructed models to estimate energy savings to calculate what energy usage would have been in
each hour of the evaluation period of spring 2021 through winter 2021/2022 for each VVO feeder
had VVO been disabled for the entirety of the season. The evaluator then summed this calculated
energy usage across all hours of the evaluation period for each circuit to calculate a baseline total
energy use for the spring 2021 to winter 2021/2022 period. Baseline energy use is provided below.

Baseline Energy Use
441,252 MWh
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I.2  VOLT VAR OPTIMIZATION (VVO) ENERGY SAVINGS

1.2.1 Type of Metric

Statewide Performance Metric

1.2.2 Objective

This metric is designed to quantify the energy impact VVO/CVR has on the system with the intent
of optimizing system performance.

1.2.3 Assumptions

Once a circuit has VVO enabled, a M&V process will be performed through operating VVO using
a predetermined time period and series. Based on the results of this M&V process, a circuit level
energy baseline and energy savings will be created.

1.2.4 Calculation Approach

The following data will be tracked and reported upon on a system and circuit basis after the VVO
M&V process is complete:

a. VVO Energy Savings: Net energy savings (kWh), calculated by estimating the observed
difference in load profiles for each circuit between the VVO enabled and VVO disabled
states during the M&V period. This difference in load profiles is estimated via statistical
analysis.

b. VVO Energy Baseline: Counterfactual energy usage (kWh), derived using statistical
models constructed to estimate VVO energy savings and data collected when VVO is
disabled during the M&V period. The VVO energy baseline assumes that VVO is disabled
for the entirety of the M&V period.

1.2.5 Organization of Results

This information will be provided for each VVO enabled circuit at the end of the VVO M&V
period and will support both circuit and system level impacts.

1.2.6 Baseline

VVO-related pre-investment baseline of energy delivered in kilowatt hours (“kWh”) will be
provided for each feeder and substation within the service territory for the years 2015, 2016, and
2017 to the extent that historical metering data are available. The pre-investment baseline of
energy delivered will not be used to calculate VVO energy savings. Baseline for VVO energy
savings is kWh observed during VVO disabled state during the M&V period and will be reported
in the first annual report after the VVO M&V process is complete.

1.2.7 Results

As a continuation to VVO M&V, the evaluator collected data over the spring 2021 to winter
2021/2022 evaluation period. For the 2021 performance metrics, VVO energy savings were
determined via regression models that compared energy use during the VVO engaged state and
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the VVO disengaged state during the spring 2021 to winter 2021/22 evaluation period. VVO
energy savings is provided below.

2021 Savings

1,681 + 346
MWh

1.3 VVO PEAK LOAD IMPACT

1.3.1 Type of Metric

Statewide Performance Metric

1.3.2 Objective

This metric is designed to quantify the peak demand impact VVO/CVR has on the system with the
intent of optimizing system demand.

L[.3.3 Assumptions

For this metric, the Companies will utilize active circuit M&V peak demand reduction results from
individual circuits. No M&V results older than 5 years will be used.

1.3.4 Calculation Approach

The following data will be tracked and reported upon on a system and circuit basis:

a. VVO Peak Load Reduction: Net peak load reduction (kW), calculated by estimating the
observed difference in load profiles for each circuit between the VVO enabled and VVO
disabled states during peak hours during the VVO M&V period. This difference in load
profiles is estimated via statistical analysis.

Each Company’s individual peak load reduction attributed to VVO/CVR will be aggregated,
resulting in the statewide estimated peak load reduction.

2.3.5 Organization of Results

Each Company will provide individual circuit VVO/CVR performance, GWs estimated demand
reduction, as well as the summation of total system impact.

2.3.6 Baseline

VVO-related pre-investment baseline of annual peak load in million-volt ampere (“MVA”) will
be provided for each circuit and substation within the service territory for the years 2015, 2016,
and 2017. The pre-investment baseline of annual peak load will not be used to calculate VVO peak
load reductions. Baseline for VVO peak load reductions is kW observed during VVO disabled
state during system peak hours during the VVO M&V period and will be reported in the first
annual report after the VVO M&V process is completed.
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2.3.7 Results

For the 2021 performance metrics, the evaluator used data spanning over the spring 2021 to
winter 2021/2022 evaluation period to assess VVO performance. For the VVO performance
metric of peak load reduction, the evaluation was based off the ISO-NE summer on peak hours.
ISO-NE defines the summer on-peak period as 1:00 p.m. to 5:00 p.m. from June 1 to August 31
on non-holiday weekdays. VVO peak load reduction is provided below.

2021 Savings
-892 + 324 kW

1.4  VVO -DISTRIBUTION LOSSES WITHOUT AMF (BASELINE)

1.4.1 Type of Metric

Statewide Performance Metric

1.4.2 Objective

VVO reduces circuit demand by flattening and lowering circuit voltages, primarily by using
voltage regulators. At the same time, VVO actively controls capacitor banks to maintain circuit
power factors near unity. This distribution automation project will implement better voltage
regulation to improve power quality and reduce losses. This includes the coordinated operation of
a voltage regulator with a transformer load-tap changer at a substation.

Electrical loss in the circuit can be investigated using the difference between power provided by
the circuit regulator and the total power delivered to the consumer loads. Electrical loss can also
be investigated using amperage interval data and EDC-specific assumptions surrounding
resistance.

1.4.3 Assumptions

There are many elements that contribute to distribution losses. These factors include:
* Unmetered load, such as streetlights

* Electricity theft

* Circuit line losses

1.4.4 Calculation Approach
Using hourly data for real and reactive power, one can determine hourly line losses. This
represents both technical and non-technical (e.g., theft) losses.

1.4.5 Organization of Results

This information will be provided on an annual basis for VVO enabled circuits. Results will be
based upon the results at the end of each calendar year.
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1.4.6 Baseline

The baseline for line losses will need to be developed once the circuit is enabled and the data is
captured. The baseline for this metric will be reported in the first annual report after the M&V is
completed.

1.4.7 Results

For the 2021 performance metrics, the evaluator used data spanning the spring 2021 to winter
2021/2022 evaluation period to assess VVO performance. The evaluator calculated distribution
losses, which are highly variable across VVO circuits. VVO line loss reduction is provided below
for the circuits where sufficient data (as determined by Guidehouse) was collected for analysis.

2021 Savings
0.18%

5 VVOPOWER FACTOR

L.5.1 Type of Metric

Statewide Performance Metric

I.5.2 Objective

VVO reduces circuit demand by flattening and lowering circuit voltages, primarily by using
voltage regulators. Simultaneously, VVO actively controls capacitor banks to maintain circuit
power factors near unity. Power factor is an indication of how efficiently the distribution system
is delivering power. A distribution system operating at unity power factor delivers real power more
efficiently than one operating at either a leading or lagging power factor. This performance metric
seeks to quantify the improvement in power factor that VVO/CVR is providing. However, power
factor alone is not sufficient to accurately describe the impact VVO/CVR has on the system. At
low demand levels, a poor power factor is not as significant than at high demand levels. Therefore,
some qualifications must be made to accurately track power factor.

I.5.3 Assumptions

Performance will be based on circuit level hourly power quality measurements at the substation.

I.5.4 Calculation Approach

This metric will use the following data:
e Circuit level hourly Power Factor
e Circuit level hourly on/off VVO/CVR Status

For this performance metric, only power factors corresponding to greater than 75 percent of a
circuit’s peak annual demand will be used to calculate power factor improvement.

The following data will be tracked and reported upon on a system and circuit basis:
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a. VVO Power Factor: Power factor improvement, calculated by estimating the observed
difference in power factor for each circuit between the VVO enabled and VVO disabled
states during the VVO M&V period during hours corresponding to greater than 75 percent
of a circuit’s peak annual demand. This difference in power factor is estimated via
statistical modeling for each circuit. A system power factor performance will be calculated
by weighting circuit-level power factor estimates by the peak demand of each respective
circuit.

I.5.5 Organization of Result

The results of this metric will be reported in a tabular format on a circuit-by-circuit basis and a
total system tally. Power factor is a dimensionless metric.

1.5.6 Baseline

The baseline is power factor observed during VVO disabled state during the VVO M&V period
during hours corresponding to greater than 75 percent of a circuit’s peak annual load. The baseline
for this metric will be reported in the first annual report after the VVO M&V process is completed.

I.5.7 Results

For the 2021 performance metrics, the evaluator used data spanning the spring 2021 to winter
2021/2022 evaluation period to assess VVO performance. Given that VVO power factor is
calculated using only power factors during hours corresponding to greater than 75 percent of a
circuit’s peak annual demand, the power factor performance metric was calculated only on feeders
that met this criterion. VVO change in power factor is provided below for the circuits where
sufficient data (as determined by Guidehouse) was collected for analysis.

2021 Savings
0.0009 + 0.005

1.6 VVO ESTIMATED VVO/CVR ENERGY AND GHG IMPACT

1.6.1 Type of Metric

Statewide Performance Metric

1.6.2 Objective

This metric is designed to quantify the overall GHG impact VVO/CVR has on the system. A GHG
reduction estimate will be derived from the circuit level energy savings.

1.6.3 Assumptions

For this metric, each Company will utilize active circuit M&V energy reduction results from
individual circuits. No M&V results older than five years will be used. To calculate GHG
reductions, each Company will use GHG emissions factors consistent with those used in the 2022-
2024 Three-Year Energy Efficiency Plans for displaced GHG.
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1.6.4 Calculation Approach

This metric will use the following data:
e Circuit level M&V estimated VVO Energy Savings
¢ GHG emissions factors consistent with those used in the 2022-2024 Three-Year Energy
Efficiency Plans

Each Company will use the energy reduction (MWh) attributed to VVO/CVR for each Company,
and, when combined with other companies, statewide. CO, avoided due to VVO/CVR will be
calculated by multiplying the above energy reduction by a typical generation emissions factor
based upon metric tons per MWh.

CO0, Emissions (tons) = Energy Savings (MWh) = CO, Emissions Factor (tons/MWh)

The calculation will use the GHG emissions factors consistent with those used in the most recent
version (currently 2022-2024) Three-Year Energy Efficiency Plans.

1.6.5 Organization of Results
Each Company will provide individual circuit VVO/CVR MWh estimated energy reduction and
GHG impact, as well as the summation of total system impact.

1.6.6 Baseline

The baseline for this metric will be reported in the first annual report after the VVO M&V process
is completed.

1.6.7 Results

For the 2021 performance metrics, the evaluator used data spanning the spring 2021 to winter
2021/2022 evaluation period to assess VVO performance. Using baseline energy and VVO energy
reduction estimates for evaluation period, the evaluator provided baseline CO; emissions and
estimated CO; emissions reduction, in the table below. The impact of VVO on GHG emissions is
provided below.

2021 Carbon
Reduction

831+ 171 tons

1.7 INCREASE IN SUBSTATIONS WITH DISTRIBUTION MANAGEMENT SYSTEM
(“DMS”) POWER FLOW AND CONTROL CAPABILITIES

1.7.1 Type

Statewide Performance Metric
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1.7.2  Objective

This metric will demonstrate the progress in the Advanced Distribution Management System
(“ADMS”) investment by tracking the substations that have been equipped with power flow
capabilities as well as the number of customers benefitting from the technology on each feeder.
This metric will support the objective of optimizing system performance and more specifically
improve asset utilization, improve reliability, and integrate distributed energy resources. ADMS
gives system operators increased visibility on the real-time output of generating facilities. This
metric is designed to demonstrate that the model is an accurate representation of field conditions.

I.7.3 Assumptions
A substation will be assumed to have DMS power flow capability when all feeders are modeled
daily with no unwarranted voltage or capacity violations over a consecutive 30-day period.

1.7.4 Calculation Approach

This metric will track and report on the following:

From the time that a substation model is available on a daily basis, for each substation, number of
voltage or capacity violations for a consecutive 30-day period, with explanation of any warranted
voltage or capacity violations.

In addition, the Companies will report on the number of customers on each feeder benefitting from
this technology.
I.7.5 Organization of Results

This information will be provided on an annual basis. Results will be based upon the results at the
end of the calendar year.

1.7.6 Baseline

The baseline for this metric will start at zero since no feeders have been equipped with this
technology. A chart with the total number of feeders installed each year along with a detailed
report supporting the chart will be provided to support the tracking of this metric.

1.7.7 Results

There are no results to report on this metric due to the planned go-live date of this project, which
is the end of 2024.

1.8 CONTROL FUNCTIONS IMPLEMENTED BY CIRCUIT (VVO, AUTO
RECONFIGURATION)

I.8.1 Type

Statewide Performance Metric

1.8.2 Objective

This metric will show the progress in the ADMS investment by tracking the control functions
implemented at the circuit level as well as the number of customers affected by the technology on
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each feeder. This metric will support the objective of optimizing system performance and more
specifically minimize electrical losses and improve reliability.

1.8.3 Assumptions

A control function will be defined as the ability for the DMS to automatically issue command to
field devices based on real time system condition, and a circuit will be included in this metric when
all devices defined as “fully automated” can be automatically controlled.

1.8.4 Calculation Approach

This metric will track and report on the following:
o Circuits with control function implemented
e Type of control function implemented

In addition, the Companies will report on the number of customers on each feeder affected by this
technology.

1.8.5 Organization of Results
This information will be provided on an annual basis. Results will be based upon the results at the
end of the calendar year.

1.8.6 Baseline

The baseline for this metric will start at zero since the specific control functions laid out as part of
the Companies’ respective GMPs have never been deployed. A table outlining the details behind
the control functions implemented at the circuit level will be provided to support the tracking of
this metric.

1.8.7 Results

There are no results to report on this metric due to the planned go-live date of this project, which
is the end of 2024.

1.9 NUMBERS OF CUSTOMERS THAT BENEFIT FROM GMP FUNDED
DISTRIBUTION AUTOMATION DEVICES

1.9.1 Type

Statewide Performance Metric

1.9.2 Objective

This metric will show the progress in the Distribution Automation investment by tracking the
numbers of customers that have benefitted from the installation of Distribution Automation
devices. This metric will support the objective of optimizing system performance and more
specifically reduce the duration and number of customers impacted by outage events. These
investments will also allow for a reduction in manual switching operations, reduce operations cost,
and potentially defer capital upgrades with enhanced flexibility to shift load.
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1.9.3 Assumptions

A customer will benefit from distribution automation when their automated zone size is reduced.

1.9.4 Calculation Approach

This metric will track and report on the following:
e Circuit number
e Number of customers impacted

1.9.5 Organization of Results

This information will be provided on an annual basis. Results will be based upon the results at the
end of the calendar year.

1.9.6 Baseline

The baseline for this metric will start at zero since this will be tracking only the customers that
benefit from GMP investments. A table with the type of device, circuit number where installed
and number of customers benefitted will be provided to support the tracking of this metric.

1.9.7 Results

At the end of the 2021, over 249,000 customers had benefited from GMP-funded overhead DA
devices. In 2022, over 5,000 additional customers benefited from GMP-funded overhead DA
devices. In total, approximately 255,000 customers are benefitting from these devices. As noted in
other sections of this Report, the Company successfully commissioned the final GMP-funded DA
devices in 2022, and there are no future results to report on this metric. The circuit-level details
can be found in “Att B (Data Reporting Template) Eversource.”

1.10 RELIABILITY-FOCUSED GRID MODERNIZATION INVESTMENTS’ EFFECT
ON OUTAGE DURATIONS

1.10.1 Type

Statewide Performance Metric

1.10.2 Objective

This metric will compare the experience of customers on GMP DA-enabled circuits as compared
to the prior three-year average for the same circuit. This metric will provide insight into how DA
can reduce the duration of outages.

1.10.3 Assumptions

Outages and their impact are typically situational in nature. The DA solutions must be capable of
performing intended actions in under the one-minute threshold set by the Department. There may
be circumstances where more complex fault location, isolation, and service restoration (“FLISR”)
schemes may take longer than one minute, but less than five, to properly locate, isolate, and restore
an impacted area safely. The circuit must have three years of SAIDI history to be included in the
metric. Additionally, numerous factors, such as a Company’s tree trimming cycle, weather, and
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vehicular accidents, can impact system reliability, regardless of a Company’s grid modernization
investments.

1.10.4 Calculation Approach

This metric will track and report on the following:
e Circuit level SAIDI for circuits that have DA enabled in the GMP plan year
e Three-year average circuit level SAIDI covering the years 2015, 2016, and 2017
e Compare the current year circuit SAIDI with the three-year historic average SAIDI of the
circuit

AVERAGE (‘CKAIDI 2015°+> CKAIDI 2016°+* CKAIDI 2017°) - ‘CKAIDI Year n’ = if
greater than 0, positive impact.

1.10.5 Organization of Results

This information will be provided on an annual basis. Results will be based upon the results at
the end of the calendar year.

1.10.6 Baseline

The pre-investment baseline of a static three-year average circuit level SAIDI in 2015, 2016, and
2017 shall be provided for each feeder within the service territory. Additionally, the baseline shall
be provided with and without Excludable Major Events® (“EME”) along with a summary of the
main causes of outages on each feeder. The metric will use the circuit three-year SAIDI covering
the years 2015-2017 average as the baseline. It will compare the SAIDI results of the plan year to
the circuit’s 2015-2017 three-year historic average.

1.10.7 Results

Outage duration for DA-enabled circuits in 2021 improved by 58 minutes from the baseline on
non-EME days. Outage duration for M&C circuits for 2021 decreased slightly (i.e, improved) as
compared to baseline.* Please see the 2021 EDC Evaluation Reports for further details on this
metric. The 2022 EDC Evaluation Reports are expected to be delivered by Guidehouse in July
2023.

3 The Department has defined an “Excludable Major Event” as a major interruption event that meets one of the three

following criteria: (1) the event is caused by earthquake, fire or storm of sufficient intensity to give rise to a state of
emergency proclaimed by the Governor (as provided under the Massachusetts Civil Defense Act); (2) any other event
that causes an unplanned interruption of service to fifteen percent or more of an Electric Company’s total customers
in its entire service territory; or (3) the event was a result of the failure of another company’s transmission or power
supply system. D.P.U. 12-120-D, §1.B (2015). An interruption event caused by extreme temperature condition is not
an Excludable Major Event. Id.

4 Per Guidehouse: This metric is not able to readily discern whether change in this metric was due to DA investment

or other factors.
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I1.11 RELIABILITY-FOCUSED GRID MODERNIZATION INVESTMENTS’ EFFECT
ON OUTAGE FREQUENCY

I.11.1 Type

Statewide Performance Metric

I.11.2 Objective

This metric will compare the experience of customers on DA-enabled circuits as compared to the
prior three-year average for the same circuit. This metric will provide insight into how DA can
reduce the frequency of outages.

I.11.3 Assumptions

Outages and their impact are typically situational in nature. The DA solutions must be capable of
performing intended actions in under the one-minute threshold set by the Department. There may
be circumstances where more complex FLISR schemes may take longer than one minute, but less
than five, to properly locate, isolate, and restore an impacted area safely. The circuit must have
three years of SAIFI history to be included in the metric.

1.11.4 Calculation Approach

This metric will track and report on the following:

e Circuit level SAIFTI for circuits that have DA enabled in the GMP plan year

e Three-year average circuit level SAIFI covering the years 2015, 2016, and 2017

e Compare the current year circuit SAIFI with the three-year historic average SAIFI of that
circuit

AVERAGE (‘CKAIFI 2015+’ CKAIF12016’+’> CKAIFI 2017°) - ‘CKAIFI Year n’ = if greater
than 0, positive impact.

I.11.5 Organization of Results

This information will be provided on an annual basis. Results will be based upon the results at the
end of the calendar year.

1.11.6 Baseline

The pre-investment baseline of a static three-year average circuit level SAIFI in 2015, 2016, and
2017 shall be provided for each feeder within the service territory. Additionally, the baseline shall
be provided with and without Excludable Major Events along with a summary of the main causes
of outages on each feeder. The metric will use the circuit three-year SAIFI average covering the
years 2015-2017 as the baseline for this metric. It will compare the SAIFI results of the GMP plan
year to the circuit’s 2015-2017 three-year historic average.

I1.11.7 Results

Outage frequency for DA-enabled circuits in 2021 was 29% better than baseline on non-EME
days. Outage frequency for M&C circuits for 2021 was slightly lower (i.e., improved) than
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baseline.’ Please see the 2021 EDC Evaluation Reports for further details on this metric. The 2022
EDC Evaluation Reports are expected to be delivered by Guidehouse in July 2023.

.12 VVO RELATED VOLTAGE COMPLAINTS PERFORMANCE METRIC AND
BASELINE

1.12.1Type of Metric

Statewide Performance Metric
1.12.20bjective

The primary focus of the VVO investments is to manage circuit voltages at a lower threshold while
maintaining minimum voltage service requirements for all customers on a substation and circuit.
Since VVO will be actively managing voltages, there is a desire to track and report on the potential
for the introduction of VVO-related voltage complaints. While VVO is not an active solution in
use by the Companies today in Massachusetts, there may be historical low voltage causes that exist
outside of a customer’s service connection and equipment. Certain voltage issues, such as those
that are ultimately determined to have been caused by customer-owned equipment, will not be
mitigated by the Companies’ VVO investments. The Companies will measure the change in
voltage complaints following deployment of VVO technology to determine the impact relative to
a pre-deployment baseline.

1.12.3Assumptions

Prior to the requirement to track and report on whether VVO investments could potentially
contribute to customer voltage complaints, there was never a need for the Companies to track
customer voltage complaints in this manner. For instance, in some cases large commercial and
industrial (“C&I”’) customers’ voltage complaints were processed through their customer account
executives and were not necessarily logged in the Companies’ work management systems: thus,
there is no data as to the cause of the voltage issue that gave rise to the complaint. While residential
customer voltage complaints were logged in the respective systems, given that VVO is a new
investment the Companies cannot reasonably associate these historical complaints as being caused
or impacted by VVO investments. In an effort to develop a baseline for this metric, the Companies
must manually review the available records to determine the cause and remedy of the voltage issue
that led to the customer complaint.

Going forward, the Companies intend to specifically track customer voltage complaints to
determine if VVO investments led to the voltage condition giving rise to the customer complaint.
Eversource currently has a tracking and reporting process in its Western Massachusetts (“WMA”)
service territory that enables it to capture and categorize the necessary data related to these voltage
complaints. Eversource will expand this process into its Eastern Massachusetts (“EMA”) service
territory in the near-term to ensure that all relevant data related to the impact of VVO investments
on customer voltage complaints is tracked and reported. Unitil currently tracks customer voltage
complaints in its Customer Information System (“CIS”) and plans to revise the system coding to

5 Per Guidehouse: This metric is not able to readily discern whether change in this metric was due to DA investment
or other factors.
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better capture the data necessary to determine if a voltage issue was impacted by VVO investments.
National Grid is currently exploring system and process improvements and enhancements to
ensure it is able to track the necessary data on these customer complaints.

Given the lack of consistent and comprehensive data as to whether a customer’s voltage complaint
was influenced by VVO investments, the Companies propose to utilize all customer voltage
complaints received in 2015, 2016 and 2017 to develop the baseline for this performance metric.
Additionally, since the compilation of the voltage complaints is a significant manual process, the
Companies propose, for the 2022-2025 GMPs, to utilize the following circuits to establish the
initial baseline for this performance metric.

Eversource — In its 2018-2020 GMP plans, Eversource will deploy VVO on circuits in Western
MA. As previously mentioned, there was a voltage complaint tracking system in Western MA so
Eversource will establish a baseline based on the information included in the Western MA tracking
system and report on the Western MA performance. There are no VVO investments planned in
Eastern MA during 2018-2020. Eversource will incorporate Eastern MA in its baseline, tracking
and reporting process in 2021 for the next four-year plan (2022-2025).

Unitil — Under its approved GMP, Unitil intends to install VVO investments on all of the circuits
in its service territory. For this performance metric, Unitil proposes to utilize all of its circuits in
establishing the baseline

National Grid — National Grid proposes, as an initial baseline, to use the 16 feeders on which it
intends to install VVO investments under its 2018-2021 GMP. National Grid is targeting larger
circuits in its service territory, that serve approximately 1000 customers or more. National Grid
will, following its development and implementation of system and process improvements and
enhancements to track these customer complaints and the relevant data, incorporate the remainder
of the GMP circuits targeted as VVO/CVR in its service territory into the baseline for this
performance metric for the 2022-2025 GMP.

Eversource and National Grid propose to update the baseline for this metric with respect to the
2022-2025 GMPs to include all GMP circuits targeted as VVO/CVR circuits within their
respective service territories.

I.12.4Calculation Approach

This metric will track and report on the following:

¢ Quantity of voltage complaints for the current year that are deemed caused by VVO voltage
management by circuit for circuits that will have VVO installed.

e Three-year average of all voltage complaints by circuit covering the years 2015, 2016, and
2017

e Compare the current year quantity of voltage complaints with the three-year historic
average

AVERAGE (‘Voltage Complaints 2015’+ ‘Voltage Complaints 2016° + ‘Voltage Complaints
2017’) = Voltage Complaint Baseline
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1.12.50rganization of Result

The baseline voltage complaints and the annual VVO related voltage complaints (once VVO
investments are active and enabled) will be provided on an annual basis for each circuit. Results
will be based upon the results at the end of the calendar year. This will provide the DPU an
opportunity to assess the effectiveness of the VVO investments while minimizing the introduction
of new customer impact.

1.12.6Baseline

Utilizing the assumptions discussed above, the Companies will calculate the 2015 through 2017
baseline to use to measure progress under this metric. Given the manual and time-consuming
nature of the process to review and compile the customer complaint data, the Companies have
determined that this process can be undertaken and completed by June 28, 2019, for incorporation
into the Companies’ respective 2018 GMP Annual Reports.

1.12.7Results

2021 Results

67 Voltage Complaints (12%
increase from 2015 — 2017
average)
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APPENDIX A

Eversource-Specific Performance Metrics

App.A.1.0 EVERSOURCE ADVANCED LOAD FLOW - PERCENT MILESTONE
COMPLETION

App.A.1.0.1 Type
Company-specific Performance Metric

App.A.1.0.2 Objective

The metric is designed to demonstrate progress towards the final completion of a fully automated
modelling tool. The metric will measure percent completion relative to a final deliverable of a
fully automated load flow tool used by Eversource engineers and system operators to perform
multi-circuit analysis for all non-network circuits.

App.A.1.0.3 Assumptions

Demonstration of progress will be measured by assessment of achieved functionality. Models and
capabilities will continue to improve in functionality and accuracy with further refinements in a
process of continuous improvement of modeling tools.

App.A.1.0.4 Calculation Approach

Under this metric, the percent completion will be determined based on the demonstrated progress
with respect to the following milestone targets:

Static Analysis: Ability to analyze results at an individual circuit level - for new load, for DG
pre-application screening, fault analysis, high/low voltage complaint investigations.

Semi-Automatic 1. Ability to run basic analysis in an automated process at an individual circuit
level — for new load, DG pre-application screening, fault analysis, high/low voltage complaint

investigations

Semi-Automatic 2: Added capability to automatically run processes on groups of circuits —
advanced DG impact studies, including contingencies and alternate source analysis.

Fully Automated: Capability to automatically run processes on all circuits, storing results in a
database that can be used by engineering and operations, as well as for customer facing information
tools like hosting capacity maps.

App.A.1.0.5 Organization of Results

Results will be organized by percent of feeders meeting each milestone target.

App.A.1.0.6 Baseline
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The baseline is estimated at 40 percent of circuits meeting the Static Automation milestone and 10
percent of feeders meeting the Semi-Automatic 1 metric. Baseline for Static Automation 2 and
Fully Automated are each 0 percent.

App.A.1.0.7 Results

At the end of the 2018-2021 term, the Eversource Advanced Load Flow percent milestone
complete was 100% fully automated. There are no further results to report on this metric going
forward after reaching the fully automated milestone in 2021.

App.A.2.0 EVERSOURCE CUSTOMER OUTAGE METRIC

App.A.2.1 Type

Company-specific Performance Metric

App.A.2.2 Objective

This metric is intended to measure progress in sectionalizing circuits into protective zones
designed to limit outages to customers located within the zone. This metric will measure progress
in achieving the grid modernization objective of reducing the impact of outages.

App-A.2.3 Assumptions

A protective zone is defined as the portion of a circuit or circuits that would be isolated by
automated backbone devices that will operate automatically to minimize the number of customers
affected in the event of an outage.

App.A.2.4 Calculation Approach

For each circuit and for the sum of circuits in eastern and western MA, the metric will track and
report on the average zone size in terms of number of customers interconnected in each protective
zone.

App.A.2.5 Organization of Results

This information will be provided on an annual basis. Results will be based upon the results at the
end of the calendar year.

App-A.2.6 Baseline

The Company will provide the average zone size by circuit as of the end of 2017 as the baseline
for this metric.

App.A.2.7 Results
The average circuit zone size baseline calculated in 2018 prior to any GMP device deployment
was 359 customers. During the 2018-2021 period, the average circuit zone size decreased to 285
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customers. At the end of 2022, the average zone size decreased to approximately 277 customers.
This represents a reduction of 74 customers compared to the baseline. The Company successfully
commissioned the final nine DA devices in 2022 and successfully met sectionalization goals under
the GMP program. There are no future results to report on this metric after 2022. The circuit level
details can be found in “Att B (Data Reporting Template) Eversource.”

App.-A.3.0 EVERSOURCE POWER QUALITY MONITORING
App.-A.3.1  Type of Metric

Company-Specific Performance Metric

App-A.3.2  Objective

The objective of this metric is to: (1) provide Eversource and the C&I customers that this power
quality monitoring investment supports with objective measurements of the degree to which the
electric power system is operated within specified thresholds to ensure proper performance of
customer equipment; and (2) address the importance of data sharing and communication by
measuring the time required to provide customers with final root cause analysis for events that
impact them.

App-A.3.3  Assumptions

1. Disturbances, such as voltage sags and momentary outages, can be categorized as follows:

a. Event occurs on the Company-owned portion of the system and is within predefined
thresholds and do not impact customers; or

b. Event occurs on the Company-owned portion of the system and is within predefined
thresholds but are impactful to customers; or

c. Event occurs on the company-owned portion of the system and is not within
predefined thresholds; or

d. Event occurs on the customer-owned equipment.

2. “Industry-established” end use equipment performance criteria will be used to assess
distribution system performance.

App.A.3.4  Calculation Approach

Working collaboratively with customers, the Company will define a “Triggering Event” as a
disturbance that is outside of a set of predetermined thresholds(s).® For the purposes of this

¢ A “Triggering Event” is an anomaly and does not necessarily mean that system was operating outside of acceptable
specification and tolerances.



NSTAR Electric Company d/b/a Eversource Energy
D.P.U. 23-30

2022 Grid Modernization Plan Annual Report

Page 73 of 540

metric, the Company proposes to use the Information Technology Industry Counsel ITIC
(CBEMA) curve.’

The Company will calculate the following in a calendar year:

1. Number of Triggering Events: The number of times power quality events were
outside established thresholds, and event was triggered as measured by the power
quality monitoring equipment installed on the Company’s system as a part of the Grid
Modernization program.

2. Days to Provide Root Cause Analysis: The average number of days from recording
of Triggering Event by power quality monitoring system to delivery of a final root
cause analysis presentation to affected customer(s).

App.A.3.5  Organization of Results
Results will be organized in accordance with the following:

1. Number of Triggering Events: This metric will be monitored as a direct number, over
a specified period (e.g., week/month/year/inception-to-date).

2. Days to Provide Root Cause Analysis: This metric will be monitored as an average
number of all events, over a specified period (e.g., week/month/year/inception-to-
date).

App.A.3.6  Baseline

The baseline for this newly deployed technology will begin at zero for the elements identified in
the Calculation Approach section above.

App.A.3.7  Results

As the deployment and calibration of meters at Station 819 have recently been completed, it is not
possible to provide results for 2022. Eversource partnered with Wentworth Institute of Technology
to analyze the data collected through the power quality meters. The purpose of this analysis is to
determine a threshold at which a customer experiences a power quality issue, even if Eversource's
system performance is within the established ITIC curve. The outcome of this analysis may be a
new metric that can potentially be used to identify solutions for mitigation. It is important to note
that the Company is in the early stages of this program and that data from multiple events is
required to establish a new metric and/or report meaningful results. As additional power quality
meters are installed, data from these sources will also be included into a master analysis. Once the
analysis is completed for a particular customer, implementing mitigation solutions can be
explored.

" The ITIC (formerly Computer Business Equipment Manufacturers Association “CBEMA”) curve was established
to define withstand criteria that equipment manufacturers use to ensure acceptable equipment operation during typical
power system performance.
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V. Evaluation Consultant Recommendations

The following section includes narrative and explanations on the implementation of Guidehouse’s
recommendations from the 2018-2021 GMP term as filed by the Company in D.P.U. 20-46, the
Company’s 2019 GMP Annual Report, and D.P.U. 21-30, the Company’s 2020 GMP Annual Report, as
well as a narrative and explanations regarding the implementation of Guidehouse’s recommendations for
the 2022-2025 term as those recommendations become available. The section is arranged by investment
category and evaluation year. For each consultant recommendation, the Company responds in three parts
as outlined below.

a) Assessment of Guidehouse’s recommendations during both the 2018-2021 term (for
continuing investments) and the 2022-2025 term.

b) Explanation of whether and how the Company considered each recommendation
during 2022-2025 investment plan development and implementation.

c) Implementation status of each recommendation.

A. Communications

1. 2019 Recommendation: Guidehouse should work with the EDCs to implement an
updated data collection template and format, using experience gained during the Q2 2019
data collection process, to streamline data collection and make the process more efficient.

a) Eversource agreed with this recommendation made during the 2019 evaluation.

b) Eversource considered this recommendation in all subsequent years after the
recommendation was made and continues to consider this recommendation into the
2022-2025 term to ensure the Company can provide Guidehouse with detailed and
accurate data required for the measurement and verification process of all project and
programs.

c) Eversource collaborated extensively with Guidehouse and the other Distribution
Companies to implement an updated data collection template and format using
experience gained during the Q2 2019 data collection process to streamline data
collection and make the process more efficient. The updated process has been in place
since this recommendation was made, and Eversource continues to work with
Guidehouse if any modifications are needed.

2. 2020 Recommendation: Eversource should consider reevaluating the substations that are
currently on copper communication lines or shared communication lines, to determine if
dedicated fiber will provide improved performance for GMP.

a) The Company acknowledges the recommendation and has commenced an initiative to
evaluate and replace the copper communications lines.
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b) The Company has an ongoing project with Verizon to migrate most of the copper
connections and replace them with a fiber optic connection using their network. In
parallel, Eversource had already planned on cutting the existing copper connections
over to the Eversource-owned fiber network and is evaluating the existing copper
connections and plans to continue this process going forward.

c) This is an established process going forward. Eversource put a plan in place for the
coming years to evaluate the copper connections and migrate them to the Company’s
fiber network.

2021 Recommendation: Eversource provided coverage studies (coverage maps) showing
the communications performance before the investment and expected improved
performance after the investment is completed. These coverage studies were not available
or performed for each of the communications investments. To validate the performance
and value of the investment, coverage studies should be performed prior to
implementation of base station radios. Field signal strength measurements should be
taken to validate acceptable communications performance. To improve speed of
communications and restoration, a study should be performed to determine if ADA
devices on each specific circuit should use a different communication medium. For
example, the first device on the circuit uses 450 MHz RF, second device uses 900 MHz
RF, third device uses 5@, etc. (multiple paths for each FLISR scheme).

a. Eversource utilizes EDX Signal Pro radio frequency modeling software to estimate
radio coverage from potential candidates for base station locations. As part of the
commissioning process for remote field devices, field strength measurements are
made to determine the best radio system for reliable communications. Once radio
communications are established, the device is tested to ensure proper operation and
performance of the communication path. Reliable radio coverage from the various
systems used for interconnection is not necessarily available at each field device.
Experience has shown that most field devices will have only one viable option for
interconnection due to lack of coverage or high interference. Eversource strives to
utilize its own private radio systems wherever possible, supplementing with cellular
and other interconnection methods when necessary. Eversource’s experience is that
the Company’s private networks have proven to be more reliable than third-party
networks during outage restoration activities.

b. Eversource does perform engineering coverage analyses and field surveys to validate
the engineering model as well as confirm that a specific device location will perform
reliably on the selected communication medium. For communication speed, the
Company has designed into the radio solution a maximum latency requirement for
data to be sent from field devices to the control room so that it meets the needs of
system operators to enable them to take timely action. This latency requirement has
also been evaluated against the time requirement for the Company’s centralized DMS
system which will be processing field data and operating devices in an automated
fashion (FLISR scheme) while trying to restore customers as quickly as possible.

c. Eversource has implemented the recommendations regarding the production of
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coverage studies to evaluate prospective base station radio candidates and the
performance of field measurements to validate predicted radio coverage. Eversource
has not implemented the recommendation to study utilizing a different means of
communication for each device on a circuit because the design of the private radio
system is intended to meet the Company’s time requirements for sending data back to
its control systems.

B. Advanced Distribution Management System/Advanced Load Flow

1.

2019 Recommendation: The Distribution Companies should plan out each investment
moving forward to explicitly include capital and operational components of ADMS/ALF
to insure complete visibility both internally and externally.

a)
b)

Eversource agreed with Guidehouse’s 2019 recommendation to provide greater detail
into the capital and expense allocations for the ADMS/ALF programs.

Eversource maintains a holistic view of all capital and expense costs on all Grid
Modernization projects and programs and monitors these costs closely on a regular
basis. Eversource plans out each investment as part of the capital and expense
budgeting process in the fall of each year, for the following year, and closely
monitors actual versus budgeted costs.

Eversource worked with Guidehouse to enhance the data collection templates to show
capital and expense spending information on all Grid Modernization projects and
programs at a detailed level to ensure Guidehouse had the desired level of visibility
into all costs. Eversource continues to provide this information for the 2022-2025
term.

2019 Recommendation: The Distribution Companies should continue to keep
investments in cleaning data to support ADMS/ALF separate from investments in the
actual ADMS software implementation.

a)

b)

The DMS software is a system that utilizes many different data sets to enable its
functionality. The Company has worked with its vendor to identify the data mapping
required to enable each specific functionality of the software. For each data set, the
Company provides a substantial quantity of data to prove that the behavior of the
software is repeatable and meets its operational requirements. Once the functionality
is proven, then the Company approves it for final implementation. In order to have a
substantial data set, the Company does work to collect and organize data for this
purpose. The Company does agree that full data cleanup is an ongoing effort which
requires an overall data governance structure in place, and the work associated with
ongoing data cleanup is outside of the project implementation.

The Company has considered this recommendation in the project planning for design
and implementation of the DMS solution. For each data set, the Company has built in
an approach to prove that the software functionality works when provided with the
correct data and that any functionality issues found in the DMS are triaged to
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determine if it is a software bug or a data issue. If it is a data issue, then it is
evaluated to determine a corrective action and managed so that software
implementation is not impacted.

¢) This recommendation is currently implemented as part of the project implementation
approach.

. 2020 Recommendation: Continue progressing circuits into go-live status (i.e., full
operation) within ADMS/ALF to confirm complete understanding of the challenges,
barriers, and costs associated with fully operationalizing ADMS/ALF. Guidehouse found
that as each Distribution Company gets closer to operationalization of the ADMS/ALF,
more challenges and unknowns appear. Getting visibility into these early can help ensure
that Distribution Company plans remain on track.

a) Eversource agreed with the Guidehouse 2020 recommendation to continue to
progress circuits in-go live status to ensure the challenges and barriers as circuits go
live will be visible early and can serve as lessons learned going forward. To place a
circuit into DMS production, there are many phases of the project implementation
that start in lower environments and are then progressed up through to production. At
each step of the way, the Company is introducing additional complexity until the final
go-live. With each step, the Company continuously looks for issues at the circuit and
substation level and compares with other substations to find global trends. The final
go-live will be undertaken in a controlled manner to identify by circuit and substation
any issues and then again reviewed globally to ensure that resolution is addressed
across all circuits as applicable.

b) The DMS program is working, as circuits progress, to ensure challenges and barriers
are documented and communicated as valuable lessons are learned.

c¢) The ALF system has been implemented for all substations and circuits at this time.
For the DMS program, the Company does not have any circuits in production. The
Company’s go-live approach is broken down by control center jurisdiction and
further by substation and circuit. This approach will ensure system operations centers
are ready as well as providing an opportunity to capture any best practices that are
gained from previous go-live activities.

. 2020 Recommendation: As the Distribution Companies see more mature ADMS/ALF
performance on circuits and substations, it will be important to have full clarity on data
that supports enhanced system performance. For Eversource, this means ensuring clarity
on where ALF optimizes the DG interconnection queue process and being able to show
that within the publicly available data.

a) The Company agrees with the Guidehouse 2020 Recommendation that full clarity of
data quality is critical to build a robust process around keeping data quality high.
With high quality data, the ALF and DMS tools can provide optimized results for
many use cases. For the ALF investment, the Company believes the high-quality data
and batch processing provided by ALF gives more granular results for hosting
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capacity maps that are currently publicly available with the intended result to better
optimize where developers are choosing to connect to the distribution system. The
Company further expects high-quality data to provide the foundation for any
automation of interconnection studies. Additional clarity on how the ALF optimizes
the interconnection queue will need to be developed.

b) For the 2022-2025 GMP, the Company’s DMS project implementation is working to
build data dashboards to provide clear visibility into the many data attributes that are
needed for a functioning system. These tools will be utilized to show trends very
clearly in the data that is needed for continued performance of the DMS system.
These trends will help drive ongoing corrective actions. The Company is further
implementing features to automate interconnection processes in the 2022-2025 GMP
utilizing investments into ALF as well as building on work of the DMS project’s data
clean-up efforts.

¢) Currently, the Company is still in the build phase of the DMS implementation. The
tools to observe data quality are also being built. As the program proceeds and the
DMS system becomes more mature, the performance of the DMS system, as well as
the underlying data, will be visible through reporting dashboards. Furthermore, the
Company has kicked off the interconnection automation projects and is working
closely with various departments, as well as external stakeholders, to understand
detailed requirements. In its end stage, the project is expected to handle most
interconnection requests by volume in an automated fashion.

5. 2020 Recommendation: The Distribution Companies should work to explicitly track how
this process is helping better achieve DER integration (e.g., lower costs or faster queue
times). Expand the ALF development to include an external website where DER
developers can log in and determine location and size of interconnections that are
possible (similar to what is being done in Eversource Connecticut). Track, as a metric,
how many individuals are accessing the website for feeder information. Perform a survey
both internal to the company (Eversource) and external to DER developers on the
effectiveness and recommended changes to the ALF. For ADMS Eversource, Guidehouse
recommends conducting extensive pilot testing of the ADMS software prior to any
cutover or go-live and conduct a survey of other users (Utilities) that have cut over to an
ADMS for lessons learned.

a) The Company agrees with Guidehouse’s recommendation to develop advanced tools
for developers to better site their projects. Given the size of interconnection queues, it
is vital that developers have a clear understanding of potential interconnection
complications before submitting a request. For the DMS program, the Company
agrees that an extensive testing period of the DMS software is required to ensure the
system is ready for real-time operations and that a survey of other utilities does
provide some insight into the behavior of the software as well as lessons learned for
cutover activities.

b) The Company has already developed a hosting capacity map in Massachusetts, as
well as a tool under gridtwin.eversource.com that allows developers to perform
detailed parcel analysis across the entire service territory to aid in finding the best
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property in correlation to available hosting capacity and expected interconnection
cost. In addition, the Company also has deployed PowerClerk in Massachusetts to
streamline the interconnection application process. The Company has further been
approved to develop an automated interconnection concept which will consolidate all
external interfaces (GridTwin, Hosting Capacity, PowerClerk, and Tariff information)
to streamline information for developers, improve data provided through time series
hosting capacity and load hosting capacity for EVs, and automate interconnection
studies to significantly improve study turnaround time.

For the DMS implementation, the Company has a detailed testing plan that includes
three phases (Factory Acceptance Testing, Pre-Site Acceptance Testing, and Site
Acceptance Testing). Each phase has a defined testing strategy as well as scope of
testing to be performed. The phases happen in sequential order with a period to
perform the testing and resolve any software defects that are found. For each phase,
there is entrance and exit criteria established to provide the project with a control
mechanism to progress to the next phase.

The Company has, as mentioned, already deployed hosting capacity maps,
PowerClerk, and GridTwin for developers and is now working on developing the
requirements for the automated interconnection process as part of the 2022-2025 plan.
As for surveying other utilities that have deployed DMS, the Company interacts with
multiple utilities through vendor user group meetings, industry conferences, as well
as direct scheduled meetings with our counterparts. In addition, Eversource Energy
has deployed a DMS in New Hampshire. Lessons learned from all these sources are
combined and inform the plan for the Company’s DMS deployment.

6. 2021 Recommendation: The Distribution Companies must internalize that ADMS will
continue to be foundational for other programs and technologies (e.g., Distribution
Automation, M&C, and VVO) and plan for this dependency in future technology
implementation.

a)

b)

The Company agrees that the DMS is the foundational real-time system that other
advanced functionality will be built upon. The DMS is a critical piece of the
Company’s overall technology roadmap in real-time systems.

The Company has actively planned around the implementation of the DMS. Since
the DMS is a foundational system, it has been connected to other 2022-2025
investments to ensure that those investments are being implemented with the DMS in
mind. For example, the Company’s plans to implement a DERMS has an integration
into the DMS. Another example is the Company’s plans to further deploy VVO
functionality based on using the capabilities within the DMS. In addition, the
Company continues to communicate with other programs to ensure full understanding
of the DMS program and how all the other programs (e.g., distribution automation,
M&C, and VVO) intersect with DMS. The Company has implemented cross-
program communications to illuminate dependencies and possible resource cross-
utilizations.
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c) This recommendation has been implemented. The coordination of multiple
investments with the DMS is critical to the success overall and will continue to be a
focus point throughout the 2022-2025 implementation time-period.

2021 Recommendation: As the scope of ADMS implementations increases at the
Distribution Companies, continuing to capture, clean, and mature data is of paramount
importance. The level of effort required to capture, clean, and mature data can become an
impediment to successful ADMS implementation and managing this proactively is
critical to success.

a) The Company agrees with this recommendation as the DMS is heavily dependent on
the quality of data and the level of effort required to maintain can be very challenging
if not managed effectively from the beginning.

b) Managing the level of effort in data capture and cleaning is a critical path item in the
DMS project and will continue to be a priority as the program restarts following the
GIS data delivery to begin data analysis cycle 4 and model build activities (all 2023
activities).

c¢) The Company anticipates this recommendation will be accomplished during the
implementation of the DMS project. With great dependencies on quality data, the
project will continually manage the level of effort and efficiency of the data capture
and cleaning efforts.

. 2019 Recommendation: To provide results for reporting of performance metrics in 2021,

continue with rapid pace of VVO device deployment in early 2020 to ensure adequate
data (specifically VVO On / Off data) are collected for the analysis.

a) Eversource agrees to the recommendation for the 2018-2021 term and will apply it to
the 2022-2025 term as applicable.

b) The Company has taken the lessons learned from the challenges of the 2018-2021
deployment and incorporated them into the planning and implementation phases of
the 2022-2025 term.

¢) The Company incorporated this recommendation into the 2018-2021 deployment, and
similarly, the Company has incorporated lessons learned from the first VVO
deployment to continue the 2022-2025 deployment.

2019 Recommendation: Where possible, conduct VVO device deployment and VVO IT
system commissioning in tandem to reduce the amount of time needed for post-
deployment VVO commissioning.

a) The Company agrees to the recommendation for the 2018-2021 and 2022-2025 terms.
b) The Company will commission VVO devices and VVO IT in tandem where possible.
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c¢) The Company planned to deploy the 2018-2021 VVO devices and IT system
commissioning in tandem. However, due to this system being a first-of-its-kind at
Eversource, issue troubleshooting resulted in certain devices requiring multiple visits
to ensure correct interoperability. For the 2022-2025 term, the VVO IT system will be
a part of the ADMS deployment. As such, the VVO IT deployment is dependent on
the ADMS deployment.

. 2019 Recommendation: Each Distribution Company should discuss the role of load
balancing, phase balancing in the deployment of VVO, and why neither were chosen to
be conducted.

a) The Company acknowledges the recommendation for the 2018-2021 and 2022-2025
terms. For the initial deployment, load and phase balancing were not done specifically
in the deployment of VVO. Distribution engineers regularly go through the exercise
of load and phase balancing on feeders, and for the 2018-2021 term, the Company
assumed that all feeders VVO was deployed on were up-to-date with load and phase
balancing.

b) For the 2022-2025 term, phase and load balancing has been included in the planning
studies for each feeder.

c) This recommendation has been implemented and internal processes have been
adjusted as needed.

. 2019 Recommendation: Once VVO is ready for On / Off testing, the Distribution
Companies follow VVO On / Off cycling for at least nine months, covering one full
summer, one full winter, and one of either the spring or fall shoulder seasons.

a) The Company acknowledges the recommendation for the 2018-2021 and 2022-2025
terms.

b) The Company follows this recommendation as applicable, in parallel with lessons
learned from the measurement and verification process of the stations deployed
within the 2018-2021 term, in consideration for the testing phase for the 2022-2025
term.

¢) The recommendation has been implemented, and over nine months of data have been
collected and provided to Guidehouse for evaluation. The Company plans to do the
same in the 2022-2025 term.

. 2019 Recommendation: The Distribution Companies should continue tracking complaints
along feeders receiving VVO investment to ensure the analysis of voltage-related
complaints is feasible in 2021.

a) The Company acknowledges the recommendation for the 2018-2021 and 2022-2025
terms.
b) Voltage complaints continued to be tracked for the stations deployed in the 2018-
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2021 term and are expected to continue to be tracked throughout the 2022-2025 term.
¢) The recommendation has been implemented, and voltage complaints are tracked.

6. 2019 Recommendation: The Distribution Companies should continue discussions with
Guidehouse throughout 2020, as analysis of performance metrics will begin to be fine-
tuned around nuances surrounding each of the VVO feeders, including: construction of
baselines for analysis of performance metrics; distributed generation penetration, and
effects of feeders with high penetration rates on analysis of performance metrics; and
customer counts per feeder, especially where some feeders have <10 customers.

a) The Company acknowledges the recommendation for 2018-2021 term. (It is not
applicable for 2022-2025 because it references discussions in 2020 that are complete.)

b) When applicable, Eversource discussed with Guidehouse the analysis of performance
metrics.

¢) The recommendation has been implemented for the 2018-2021 term, and the results
will carry forward into the 2022-2025 term.

7. 2020 Recommendation: The Distribution Companies should explore voltage setpoints to
determine whether further voltage reductions can be achieved when VVO is engaged.

a) The Company acknowledges the recommendation for the 2018-2021 and 2022-2025
terms.

b) During the measuring and vetting process of the VVO substations to be deployed
during the 2022-2025 term, the Company will investigate voltage setpoints to
determine if further voltage reductions can be achieved.

c) Further voltage reductions, where applicable, have been implemented on the 2018-
2021 substations.

8. 2020 Recommendation: The Distribution Companies should identify whether there is an
impact of reverse power flow from distributed generation on VVO operation. The impact
of reverse power flow on VVO operation may have a large impact on the evaluated
performance of VVO for the upcoming spring and summer 2021 M&V periods.

a) Eversource agrees with the recommendation for the 2018-2021 term and has observed
the impacts of reverse power flow from distributed generation on VVO operation.

b) The Company will observe the stations deployed within the 2022-2025 term to
identify whether there is an impact of reverse power flow from distributed generation
on VVO operation, similar to the process done for the stations deployed within the
2018-2021 term.

¢) Reverse power flow from distribution generation has been seen to have a significant
impact to VVO operation.

9. 2020 Recommendation: Guidehouse and the Distribution Companies agreed to the plan
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for VVO On/Off testing to continue for at least nine months, covering summer (June,
July, and August), winter (December, January, and February), and one of the spring
(March, April, and May) or fall (September, October, November) shoulder seasons. To
provide results for reporting of Performance Metrics later in 2021 and 2022, the
Distribution Companies should continue with this plan.

a) Eversource agrees with the recommendation for the 2018-2021 term and will apply it
toward the 2022-2025 term.

b) The Company will work with Guidehouse to ensure testing requirements for the
2022-2025 term are completed.

c) On/Off testing has been implemented for the substations deployed prior to 2022 and
has continued for the full duration recommended. Based on feedback and
communication between Eversource and Guidehouse, On/Off testing was further
extended to ensure quality data for the evaluation analysis.

10.2020 Recommendation: The Distribution Companies should identify and take additional

11.

steps to balance load across feeders and phases before the deployment of VVO. This step
can yield energy savings that could be attributed to VVO investment.

a) Eversource agrees to this recommendation for the 2018-2021 and 2022-2025 terms.

b) Load and phase balancing has been incorporated into the planning process of the
2022-2025 VVO substations.

¢) The Company has implemented process changes into the VVO planning studies to
further emphasize load and phase balancing prior to the locational analysis of field
devices.

2020 Recommendation: The Distribution Companies and Guidehouse should work to
update stamped-approved performance metrics after completing analysis of all VVO
performance metrics, based upon methods included in this evaluation report.

a) Eversource agrees with this recommendation for both the 2018-2021 and 2022-2025
terms.

b) Performance metrics have been updated for the 2022-2025 term and will be
reevaluated as necessary.

¢) The recommendation has been implemented, as performance metrics have been
updated in response to DPU-EP-1-1 in D.P.U. 15-122, as well as minor updates in
D.P.U. 21-80.

12.2021 Recommendation: Ensure that VVO On / Off testing is running according to plan,

with limited pauses to the VVO On / Off testing schedule. A large number of data points
across substations and feeders were removed due to extended pauses in VVO On / Off
testing. Sustained VVO On / Off testing will increase the amount of usable data in the
evaluation and improve the precision and accuracy of impact estimates

a) Eversource agrees to this recommendation for the 2018-2021 term and will apply it
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where relevant to the 2022-2025 deployment.

b) Eversource will continue to focus efforts in maintaining planned On/Off testing for
the 2022-2025 terms.

c) An extensive effort to engage internal stakeholders and maintain equipment and data
quality has been an ongoing focus for the Eversource team. This effort aims to ensure
the VVO On/Off testing runs according to the schedule.

2021 Recommendation: Consider investigating how to improve outcomes across VVO
feeders. The voltage reductions varied across the substations and feeders. Some feeders
underwent no material change in voltage, indicating potential VVO malfunctions, while
other feeders exhibited sustained reductions in voltage when VVO was engaged. Both
Eversource and National Grid should investigate how to better maintain sustained voltage
reductions when VVO is engaged across all substations and feeders.

a) The Company agrees to the recommendation for both the 2018-2021 term and the
2022-2025 terms.

b) Eversource has incorporated lessons learned from investigating the 2018-2021 VVO
stations to the planning of the 2022-2025 stations.

¢) An in-depth analysis is currently being completed internally at Eversource to
investigate the VVO performance across different feeders. The Company also
consulted with the vendor of the VVO software as to how to improve VVO
performance. Lessons learned for the 2018-2021 term will be implemented during the
2022-2025 deployment.

D. Monitoring & Control

1.

2019 Recommendation: Guidehouse should work with the Distribution Companies to
implement an updated data collection template and format, using experience gained
during the Q2 2019 data collection process, to streamline data collection and make the
process more efficient.

a) This recommendation was made across multiple investment areas. Please see section
V.A.1 for the Company’s response.

b) This recommendation was made across multiple investment areas. Please see section
V.A.1 for the Company’s response.

¢) This recommendation was made across multiple investment areas. Please see section
V.A.1 for the Company’s response.

2019 Recommendation: The Distribution Companies should work with Guidehouse to
develop a “case-study approach” to understanding reliability impacts due to M&C
investments and help distinguish between how impacts are attributed to M&C vs ADA
where these investments are deployed on same circuit.

a) Eversource mostly agreed with this recommendation made during the 2019
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evaluation. Case studies proved to be a useful way to demonstrate the benefits of Grid
Modernization investments, and the Company is open to exploring how case studies
can be used to measure reliability impacts due to M&C and/or other investments. The
process to capture and analyze outage events that directly involves an M&C device or
ADA device specifically deployed under a Grid Modernization-funded program is a
significant task, as the Company does not have a mechanism to identify or tag a
specific device within its operational systems so that it relates to the program
responsible for deploying that asset (e.g., Grid Mod programs, base capital programs,
large reconductoring projects, or weather-related events). Therefore, while the
Company plans to continue performing case studies as part of the evaluation process,
the Company does not fully agree it would be essential to seek out specific events on
feeders with more than one Grid Modernization-funded device type.

b) Eversource considered this recommendation in all subsequent years after the
recommendation was made and continues to consider this recommendation into the
2022-2025 term. The Company plans to continue to work with Guidehouse to
perform case studies as part of the Massachusetts Grid Modernization Report
Program Year 2022 Evaluation Report for the Monitoring and Control investment
area, which Guidehouse expects to deliver in Q2 2023.

¢) Eversource worked closely with Guidehouse to complete several case studies on
ADA and M&C investments in the evaluations after this recommendation was made,
and the Company expects to continue that process for the 2022 evaluation. During the
2021 evaluation process, Guidehouse performed an M&C case study on an outage
event that involved both ADA and M&C investments deployed under Grid
Modernization programs. This case study can be found in Guidehouse’s
Massachusetts Grid Modernization Program Year 2021 Evaluation Report:
Monitoring and Control Section 5.4 Case Study 3. While the case study highlighted
the benefit of the Circuit Breaker SCADA program, the case study also involved an
underground tie switch from the 4kV Oil Switch Replacement program, which was
used to restore power to customers.

3. 2019, 2020 and 2021 Recommendation: The CKAIDI and CKAIFI reliability-related
Performance Metrics as defined have deficiencies in measuring the effectiveness of Grid
Modernization Investments. Many factors unrelated to the Grid Modernization
investments will affect these metrics in any given year, and it is not possible to
distinguish among these factors using the metrics. For example, the variation in storm
activity between years can cause significant changes in these metrics, as apparently
happened in PY2020. Guidehouse recommends the following: a) Continue to track these
Performance Metrics but establish other methods of isolating the specific impacts of Grid
Modernization investments; and b) Additional Performance Metrics should be explored
to determine if it is possible to capture the actual reliability performance attributable to
the investments. Guidehouse notes that exploration could include: 1) Reviewing the data
and techniques necessary to understand the relationship between circuit reliability and
weather conditions, vegetation management cycles and other reliability drivers that are
independent of the grid modernization investments; ii) Expanding the use of case studies
to cover a greater proportion of the investments—more outage cases examined on more
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circuits; ii1) Leveraging new processes and collecting data to more efficiently perform
outage case studies, and perhaps extrapolate these results to a broader set of circuits to
understand investment performance with more certainty; and iv) Comparing number of
customers out and customer minutes of interruption (“CMI”) that occurred, with the
number of customers out and CMI that would have occurred without Grid Modernization
investments.

a) The Company acknowledges this 2019, 2020 and 2021 recommendation. The
Company does have concerns with the accuracy of tracking some of the potential data
points mentioned. Other data points, such as feeder length, customer counts, location,
etc., are provided annually as part of Attachment B (Data Reporting Template) of this
Report. The Company is open to considering other metric options through the
currently on-going proceeding regarding performance metrics for the 2022-2025
GMP and AMI Investment Plan. As noted in other recommendations, the Company
does not have a mechanism to identify or tag a specific device within its operational
systems so that it relates to the program responsible for deploying that asset (e.g.,
Grid Mod programs, base capital programs, large reconductoring projects, or
weather-related events).

b) The Company did not explore tracking the data mentioned in this recommendation
beyond what is already provided in its Annual Reports and attachments due to the
above-mentioned concern. However, after this recommendation was made, the
Company did further leverage the case study approach where conditions could be
identified and verified. The case studies also include reasonable calculations of CMI
that occurred with the customers out and CMI that would have occurred without the
Grid Modernization investment.

c) As noted, the Company further leveraged the case study approach because benefits
were verifiable and quantifiable through studying individual outage events involving
Grid Modernization devices.

. 2020 and 2021 Recommendation: The use of currently defined CKAIDI and CKAIFI
reliability- related Performance Metrics—which are circuit level metrics—has increasing
challenges over time as circuits are re-configured or retired and new circuits are
constructed. The comparability of each circuit in the program year to its baseline depends
on that circuit not having been reconfigured or significantly changed (e.g., a normally
open switch between circuit segments is changed to operate as normally closed, changing
the customer counts and outage measurements on that circuit). The number of circuits
that are comparable between baseline and program year is reduced year after year as
more circuits change due to ongoing operation of the system. Explore metrics that are
robust to these operating changes to help ensure that Grid Mod investment assessment
based on these metrics are not misleading, and that they are able to better capture the
impact of the investment.

a) The Company acknowledges this 2020 and 2021 recommendation and recognizes that
the CKAIDI and CKAIFI reliability-related performance metrics have increasing
challenges over time as circuits get reconfigured or retired and new circuits are
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constructed.

As noted in the previous recommendation, after this recommendation was made, the
Company did further leverage the case study approach where conditions could be
identified and verified. The case studies also include reasonable calculations of CMI
that occurred with the customers out and CMI that would have occurred without the
Grid Modernization investment.

As noted, the Company further leveraged the case study approach because benefits
were verifiable and quantifiable through studying individual outage events involving
Grid Modernization devices. The Company is open to considering other metric
options through the currently on-going proceeding regarding performance metrics for
the 2022-2025 GMP and AMI Investment Plan.

2020 & 2021 Recommendation: Current metrics do not provide an understanding of how
M&C and ADA investments facilitate easier interconnection, or more capacity, of DER
added to the system. This observation has been made previously, and this
recommendation was made last year, but bears repeating. Consider developing additional
metrics and/or performing pilot projects that utilize the installation of ADA and M&C
investments at DER locations to understand the value or benefits that are provided. This
would provide actual data on the effectiveness of these investments to support DER
integration.

a)

b)

The Company agrees that ADA and M&C type investments at utility scale DER
locations are required to provide the granular data to be able to monitor and control
DER and that such projects are needed to build this capability. The recommendation
to develop additional metrics to determine the value of this equipment at DER
locations to facilitate easier interconnection is difficult to quantify. The ADA and
M&C investments are for equipment to enable better monitoring and control, and the
use case to be able to facilitate more DER on the distribution system is to be able to
curtail output during specific periods of time.

The Company did consider the recommendation to build a pilot project to prove the
value. One such project is the Company’s investment in Dynamic DER Interface in
the 2022-2025 term. This project’s scope is to deploy a device at DER facilities to
provide the monitoring and control of the DER’s smart inverters back into the
Company’s ECS.

The Company is currently planning out the Dynamic DER Interface project and
selecting the specific locations to deploy the equipment to monitor and control.
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6. 2020 and 2021 Recommendation: Case studies show detailed functioning and impact of
GMP devices, and they are proving to be a useful tool in understanding the effectiveness
of the Grid Modernization investments. Based on case studies performed, the M&C
investment is yielding reliability and service delivery benefits to customers for each of
the Distribution Companies. Guidehouse makes the following recommendations: a)
Continue to perform case studies in future evaluations, and increase the use of case
studies where practicable, to analyze the mitigation of customer outages and help
determine the effectiveness of Grid Modernization investments in improving reliability
and service delivery; and b) Continue the deployment of M&C technologies as part of the
Grid Modernization Program and continue to monitor progress (including through
amended or additional metrics to be determined by the Department).

a) The Company agrees with both parts of this 2020 and 2021 recommendation.

b) The Company continued to work with Guidehouse to perform case studies and plans
to continue that process for the 2022 evaluation process. The Company also included
further M&C investment within its 2022-2025 GMP and expects to continue
monitoring progress of M&C investments through existing metrics or through
amended or additional metrics to be determined by the Department.

c¢) The Company is currently implementing this recommendation through continued
M&C investments as part of the 2022-2025 GMP.
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VI. Company-Specific Reporting - NSTAR Electric
A. Advanced Inverters

The Company neither planned nor performed any work on advanced inverters in 2022. The Company
expects to kick off the project and commence procurement activities in 2023. Please see Section II1.C for
further information.

B. Power Quality Monitoring
a. Detailed description of the technology implementation

The Power Quality Monitoring program will provide remote access and storage of power quality data so
that detailed information from disturbance events can be evaluated by the Company’s System Planning,
Protection and Controls (“P&C”) Engineering, and Distribution Engineering teams and shared with
customers. Access to this type of information at select substations will provide the Company with a new
set of very granular data that will both increase situational awareness of disturbances and provide insights
into the downstream effects. Using this information, the Company will determine root causes and potential
remediation measures, thus aiding commercial and industrial (“C&I”) customers in providing appropriate
situational awareness and/or developing mitigation strategies for disruptions that occur outside predefined
thresholds.

This will be accomplished via the installation of Power Quality Monitoring devices and corresponding
communications infrastructure to enable the collection and storage of power quality event data at the
distribution circuit / feeder level. This will be accomplished via proprietary patent-protected SMART
Block® equipment that is manufactured by Fischer Block Inc. and capable of waveform and RMS raw
data capture via wave iQ™ software infrastructure. This Program specifically targets substations feeding
large C&I customers in eastern Massachusetts where there is a record of power quality and disturbance
event history impacting sensitive customer equipment. There is insufficient access to power quality
information and event data at these substations currently, and this Program installs proprietary equipment
that facilitates the collection and storage of this information. The Power Quality Monitoring equipment
provides capabilities to capture data from the full duration of disturbance events. The equipment also
cross-triggers and records data from all other station devices to provide a more complete collection of
event data that can be extremely beneficial post-event analysis.

b. Information regarding data collection and analysis from the technology

The data collected through this investment allows for post-event analysis and evaluation by P&C
Engineering to confirm correct protection system operations, and by the System Planning team to develop
solutions, if needed, for out-of-specification voltage fluctuations that affect customers, particularly
customers with sensitive load requirements. This event data can also be shared with customers to better
evaluate their protection, generation, and building system response to events that occur on the system. For
example, the Company will be able to discern on which phase a fault occurred, how it propagated, etc.
This data allows for sub-cycle monitoring and recording of events which, when combined with
configurable triggering thresholds, provides automatic email notification to the subject matter expert
personnel for both awareness and analysis.
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c. Description of benefits realized as the result of implementation (including an
analysis of the effectiveness of the technology in identifying the cause of the power
quality issues of the C&I customers associated with the substation where the
technology has been deployed)

The power quality data will help the Company determine root causes of power quality disturbance events
and potential remediation measures, thus aiding C&I customers in providing appropriate situational
awareness and/or developing mitigation strategies for disruptions that occur outside predefined thresholds.
The power quality meters installed at Station 819 during the 2018-2021 GMP are in the early stages of
calibration and data collection, and therefore, complete benefits have not yet been realized.

d. Description of any actions taken to resolve the power quality issues the technology
is deployed to detect

Currently, the implementation of this technology at Station 819 from the 2018-2021 GMP is going through
calibration and data collection. Although the Company utilized the data to provide insight into the nature
of the event to one customer fed out of Station 819, the complete benefit will be achieved with the
collection of multiple events, followed by determining potential remediation measures. Power quality
monitoring devices that are included as part of the 2022-2025 GMP will be deployed starting in 2024.

e. Lessons learned/challenges and successes

e The initial development and deployment of the first power quality monitoring system during the 2018-
2021 GMP positioned the Company to deploy additional 2022-2025 power quality investments more
efficiently. The Company has an existing relationship with the supplier of the monitors who will be
used for the 2022-2025 deployment. With regards to data collection and benefits, the internal key
players and functional area support have been identified as part of the first station deployment and
current processes used for the Station 819 deployment are scalable and are expected to be able to be
applied once future station monitors are deployed.

e Early analysis indicates that large C&I customers may experience power quality issues outside of
predetermined thresholds. This is a challenge and requires the Company to further analyze power
quality complaints outside of the predetermined thresholds to better understand all customer
complaints and the potential need for an additional threshold to effectively monitor customer
disturbances and future mitigation solutions.

I Actual v. planned implementation and spending, with explanations for deviation
and rationale

Not applicable. No spending occurred on the 2022-2025 Power Quality Monitoring stations by December
31, 2022.

g Performance on implementation/deployment

Not applicable for year ending December 31, 2022. No deployments occurred on the 2022-2025 Power
Quality Monitoring stations by December 31, 2022.
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h. Key milestones

e May / June 2022 — Portfolio review of targeted stations to confirm applicability with Program
initiatives and identify any overlapping capital work.

o July / August 2022 — Development of program level authorization documents and individual
station initial funding requests.

e September / October 2022 — Approvals of program level authorization / individual station initial
funding requests.

e November / December 2022 — Issuance of request for proposal package for engineering / design
support and material services and contract negotiations with Fischer Block to support the entirety
of the Program.

1. Updated projection for the rest of the four-year GMP term

Refer to Figure 33 and Figure 34 below for the Company’s 2022-2025 unit and capital spending
projections for the Power Quality Monitoring program.

Figure 33 Power Quality Monitoring Capital Spending Projection Summary ($)

Capital Spending (S)
Investment Preauthorized Device Type 2022 2023 2024 2025 2022-2025
Monitoring & ’ :
rer X - 1,952,000 1.400,000 1.400,000 4,752,000
Control (SCADA) Power Quality Monitors

* Information contained within the 2022-2025 Projection column are estimates and subject to change.

Figure 34 Power Quality Monitoring Capital Unit Projection Summary (# of Units)

Unit Deployment (# of Units)

Investment i ] 2022 2023 2024 2025 2022-2025
Preauthorized Device Type L s Lo i
Category : Actual Projection | Projection | Projection | Projection
Monitoring & . :
rer j 0 0 3 2 5
Control (SCADA) Power Quality Monitors

* Information contained within the 2022-2025 Projection column are estimates and subject to change.

C. Substation Automation (Relays)
a. Description of feeder revisions or substitutions

The Company has not made any feeder revisions or substitution under the Substation Automation program
in 2022. In 2023, as station walk downs are completed, it is likely that some feeder revisions will occur.
The initial list of stations and feeders targeted has been provided below, and the Company will summarize
changes if they occur in future annual reports.
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Figure 35 Substation Automation Station and Feeder Summary

Substation Nltl;::;efsl;lts

Silver (30A) 6
Amberst (17K) 8
Breckwood (20A) 12
Framingham (STA 240) 12
Canton (STA 470) 15
Brighton (STA 329) 30
Prospect (STA 819) 34
Andrews Square (STA 106) 32
Medway (STA 65) 8
Wareham (STA 714) 2
West Pond (STA 737) 5
Industrial Park (STA 636) 7
Roslindale (STA 13) 18
Commonwealth Ave (STA 36) 20
Jackson St, Newton (STA 369) 11
Rockingham Ave (STA 468) 11
Osterville (STA 913) 3
Maynard (STA 355) 5
Dedham (STA 20) 9

b. For each revision or substitution, explanation that it meets the requirements of grid

modernization preauthorization, maximizes customer benefits, and is not a
business-as-usual investment

Not applicable. The Company has not made any feeder revisions or substitutions under the Substation
Automation program in 2022.
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KEEGAN WERLIN LLp

ATTORNEYS AT LAW
99 HIGH STREET, Sulte 2900
BOSTON, MASSACHUSETTS 02110 TELECOPIER:

(617)951- 1354
(617)951-1400

July 1, 2022

Mark D. Marini, Secretary
Department of Public Utilities
One South Station, 5" Floor
Boston, MA 02110

Re:  Petition(s) of Massachusetts Electric Company and Nantucket Electric Company, d/b/a
National Grid (D.P.U. 15-120), Fitchburg Gas and Electric Light Company d/b/a Unitil
(D.P.U. 15-121), and NSTAR Electric Company d/b/a Eversource Energy (D.P.U. 15-
122) for Approval by the Department of Public Utilities of its Grid Modernization Plan(s)

Dear Secretary Marini:

On behalf of Massachusetts Electric Company and Nantucket Electric Company, d/b/a
National Grid, Fitchburg Gas and Electric Light Company d/b/a Unitil, and NSTAR Electric
Company d/b/a Eversource Energy (collectively, the “EDCs”), enclosed please find the 2021
Evaluation Reports for Advanced Distribution Automation, Advanced Distribution Management
System/Advanced Load Flow, Communications, Monitoring and Control, and Volt-Var
Optimization prepared by Guidehouse Inc., the Grid Modernization evaluation consultant, on
behalf of the EDCs in the above-referenced proceedings.

Thank you for your attention to this matter. Please contact me with any questions.
Sincerely,

ARy

Kerri A. Mahoney, Esci.

Enclosures

cc: Tina Chin, Hearing Officer
Kerri Phillips, Hearing Officer
Susan Geiser, Hearing Officer
D.P.U. 15-120, 15-121, and 15-122 Service Lists
D.P.U. 21-40, 22-41, 22-42 Service Lists
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Massachusetts Grid Modernization
Program Year 2021 Evaluation Report:
Advanced Distribution Automation
(ADA)

Massachusetts Electric Distribution Companies

Submitted by:

Guidehouse Inc.

77 South Bedford Street, Suite 400
Burlington, MA 01803

Telephone (781) 270-8300
Guidehouse.com

Reference No.: 209941
July 1, 2022

guidehouse.com  This deliverable was prepared by Guidehouse Inc. for the sole use and benefit of, and pursuant to a client
relationship exclusively with Massachusetts Electric Distribution Companies (“Client”). The work presented
in this deliverable represents Guidehouse’s professional judgement based on the information available at
the time this report was prepared. Guidehouse is not responsible for a third party’s use of, or reliance upon,
the deliverable, nor any decisions based on the report. Readers of this report are advised that they assume
all liabilities incurred by them, or third parties, as a result of their reliance on the report or the data,
information, findings, and opinions contained in the report.
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Executive Summary

Introduction

As a part of the Grid Modernization Plan (GMP), the Massachusetts electric distribution
companies (EDCs) are investing to enable Advanced Distribution Automation (ADA) on selected
circuits across their distribution networks. These investments enable greater automation and are
intended to enhance reliability, facilitate integration of DERs, and provide other grid and
customer benefits.

This evaluation focuses on the progress and effectiveness of the Massachusetts Department of
Public Utilities (DPU) preauthorized ADA investments for each EDC toward meeting the DPU’s
grid modernization objectives for Program Year (PY) 2021.

Evaluation Process

The DPU requires a formal evaluation process, including an evaluation plan and evaluation
studies, for the EDCs’ preauthorized GMP investments. Guidehouse' is completing the
evaluation to help ensure a uniform statewide approach and to facilitate coordination and
comparability of evaluation results. The evaluation’s objective is to measure the progress made
toward the achievement of the DPU’s grid modernization objectives. The evaluation uses the
DPU-established Infrastructure Metrics and Performance Metrics along with a set of Case
Studies to understand if the GMP investments are meeting the DPU'’s objectives.

The original Evaluation Plan was submitted to the DPU by the EDCs in a petition for approval on
May 1, 2019. Modifications to this original Evaluation Plan were made to 1) request changes to
the reporting schedule to accommodate Performance Metrics data availability timing, as
discussed in response to DPU EP-1-1 submitted on February 6, 20202, and 2) to extend the
Grid Modernization term period from the original 3 year term to a 4 year term as ordered by the
DPU in its May 12, 2020 Order.® Modifications to the original Evaluation Plan were submitted to
the DPU by the EDCs in a petition for approval on December 1, 2020. The modified Evaluation
Plan has been used to develop the analysis and evaluation provided below in this document.

Table 1 illustrates the key Infrastructure Metrics, Performance Metrics, and Case Studies
(shown as Other metrics in the table) relevant for the ADA evaluation by EDC.

" Guidehouse LLP completed its acquisition of Navigant Consulting, Inc, in October of 2019. The two brands are now
combined as one Guidehouse.
2 Submitted to Massachusetts DPU 15-120, 15-121, 15-122

3 Order (1) Extending Current Three-Year Grid Modernization Plan Investment Term; and (2) Establishing Revised
Filing Date for Subsequent Grid Modernization Plans; DPU 15-120-D/DPU 15-121-D/DPU 15-122-D; May 12, 2020.
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Table 1. ADA Evaluation Metrics

Metric

ADA Evaluation Metrics ES NG
Type
M System Automation Saturation* v v
M Number of Devices or Other Technologies Deployed v v
IM Cost for Deployment v v
IM Deviation between Actual and Planned Deployment for the Plan Year v v
IM Projected Deployment for the Remainder of the 3-Year Term v v
PM Nur’r_lbers of Customers that Benefit from GMP-Funded Distribution Automation v v
Devices
PM Grid Modernization Investments’ Effect on Outage Durations v v
PM Grid Modernization Investments’ Effect on Outage Frequency v v
PM Eversource Customer Outage Metric v
PM National Grid Specific Metric: Impact of ADA Investments on Customer

Minutes of Interruption (CMI) for Main-Line Interruptions
Other  Case Studies v v

*The EDCs are responsible for these metric calculations and the calculations are not addressed in this evaluation
IM = Infrastructure Metric, PM = Performance Metric, ES = Eversource, NG = National Grid

Source: Guidehouse Stage 3 Evaluation Plan filed December 1, 2020

The EDCs shared the data supporting the Infrastructure Metrics, Performance Metrics and Case
Studies with the evaluation team. Guidehouse presents results from analysis of Infrastructure
Metrics data in Section 3.2 and the Performance Metrics Data in Section 4.2.

Data Management

Guidehouse worked with the EDCs to collect data to complete the ADA evaluation for the
assessment of Infrastructure Metrics, Performance Metrics and Case Studies. A consistent
methodology was used across investment areas and EDCs for evaluating and illustrating EDC
progress toward the GMP metrics.

Table 2 summarizes data sources used throughout the evaluation of ADA in PY2021. Section
3.1.1 provides further details each of the data sources.
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Table 2. ADA Data Sources

Data Source Description

Planned device deployment and cost information from each EDC’s
appendix to the 2020 GMP Annual Report (filed April 1, 2021). Data is
used as the reference to track progress against the GMP targets and is
referred to as the GMP Plan in summary tables and figures throughout
the report.

All PM-related data are from these 2021 GMP Annual Report
Appendices. In addition, data collected as part of EDC Data Template
2021 Grid Modernization (below) was compared to the data submitted by the EDCs to the DPU in
Plan Annual Report”3° the 2021 Grid Modernization Plan Annual Reports and associated
Appendix 1 filings. The evaluation team confirmed the consistency of the
data from the various sources and reconciled any differences

Captures planned and actual device deployment and spend data. Actual
device deployment and cumulative spend information were provided by
work order ID and specified at the feeder- or substation-level as
appropriate. Carryover device deployment information and estimated
carryover spend for 2022 were provided as well.
Eversource’s GMP Extension request, which was approved by the DPU
Eversource’s 2021 DPU-  on February 4, 2021. Includes budgets for PY2021 deployment at the
Filed Plan'® Investment Area level. This data source is included in the “EDC Plan” for
Eversource planned spend at the Investment Area level.

2020 Grid Modernization
Plan Annual Report*55¢

EDC Device Deployment
Data Template

Source: Guidehouse analysis

Guidehouse reviewed all data provided upon receipt and conducted a detailed QA/QC of data
inputs used in analysis of Infrastructure Metrics and Performance Metrics. These QA/QC steps
include checks to confirm each of the required data inputs are accounted for and can be
incorporated into analysis. Additional information about the QA/QC process is covered in
Section 4.1.2.

Findings and Recommendations

Table 3 summarizes the Infrastructure Metrics results for each EDC’s ADA investment area
through PY 2021. Based on reported data, Eversource made significant progress in ADA device
deployment in 2021. It met deployment target for underground oil switch replacement. It met

4 Massachusetts Electric Company and Nantucket Electric Company d/b/a National Grid, Grid Modernization Plan
Annual Report 2020. Submitted to Massachusetts DPU on April 1, 2021 as part of DPU 21-30

5 NSTAR Electric Company d/b/a Eversource Energy, Grid Modernization Plan Annual Report 2020. Submitted to
Massachusetts DPU on April 1, 2021 as part of DPU 21-30.

6 Fitchburg Gas and Electric Light Company d/b/a Unitil, Grid Modernization Plan Annual Report 2020. Submitted to
Massachusetts DPU on April 1, 2021 as part of DPU. 21-30.

7 Massachusetts Electric Company and Nantucket Electric Company d/b/a National Grid, Grid Modernization Plan
Annual Report 2021. Submitted to Massachusetts DPU on April 1, 2022 as part of DPU 22-41.

8 NSTAR Electric Company d/b/a Eversource Energy, Grid Modernization Plan Annual Report 2021. Submitted to
Massachusetts DPU on April 1, 2022 as part of DPU 22-40.

9 Fitchburg Gas and Electric Light Company d/b/a Unitil, Grid Modernization Plan Annual Report 2021. Submitted to
Massachusetts DPU on April 1, 2022 as part of DPU. 22-42

10 Grid Modernization Program Extension and Funding Report. Submitted to Massachusetts DPU on July 1, 2020 as
part of DPU 15-122.
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91% of overhead recloser deployment target, with remaining 9 under way and slated for 2022
commissioning. Eversource worked to trouble-shoot challenges with its 4kV underground loop
scheme but could not make sufficient progress within an acceptable timeframe and therefore
made the decision to discontinue the investment in 2022.

National Grid commissioned 14 FLISR schemes in PY2021 (52 devices) and put another 27
devices in-service (fully installed, pending commissioning in 2022). COVID-19-related resource
constraints and supply chain delays contributed to National Grid carrying over some 2021
planned work to 2022.

Table 3. ADA Infrastructure Metrics Summary

Infrastructure Metrics Eversource Nat|<_)na|
Grid
Devices 602 101
GMP Plan Total, PY2018-2021
Spend, $M $60.89 $8.71
Number of devices or other # Devices Deployed 577 73
IM-4  technologies deployed PY2018- .
2021* % Devices Deployed 96% 72%
Total Spend, $M $60.46 $9.28
IM-5  Cost for Deployment PY2018-2021*
% Spend 99% 106%
Deviation Between Actual and % On Track (Devices) 83% 65%
IM-6
Planned Deployment for PY 2021 % On Track (Spend) 97% 112%
Projected Deployment for the # Devices Remaining 9 59
IM-7 H *% ..
Remainder of the GMP Term Spend Rema|n|ng, $M $045 $316

Source: Guidehouse analysis of 2020 GMP Annual Reports and 2021 EDC Data
*The metric names have been slightly changed here to clarify the time span used in analysis.

**This metric has been interpreted here as the “carryover” spending that the EDC is planning in 2022 or beyond to
complete their most recent 4-year term plan totals. These most recent totals were included in the EDCs’ 2020 Grid
Modernization Plans, which targeted the planned units and spending to be completed through PY2021.

Figure 1 highlights planned versus actual spend in ADA for each of the EDCs. The sections that
follow include detailed differences between planned and actual spend.
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Figure 1. ADA Spend Comparison (2018-2021, $M)
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Note: Includes the Eversource planned spend for PY2021, set forth the in the GMP Extension and Funding Report,
filed on July 1, 2020.

Source: Guidehouse analysis of 2020 GMP Annual Reports, GMP Extension and Funding Report, and 2021 EDC
Data

Table 4 summarizes key findings related to Guidehouse’s ADA evaluation for each EDC.
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Table 4. Summary of Infrastructure Metrics Findings for ADA Investment Area

EDC Summary of Findings

e Eversource’s ADA circuit selection criteria included minimizing customer zone
sizes, targeting poor reliability areas, and minimizing cost.

e Eversource performed significant pre-planning and built organizational capacity to
deploy GMP devices on schedule and on budget relative to the Plan filed on April
1, 2020.

e Eversource managed well the unforeseen disruption of the Covid-19 pandemic. In
PY 2020, Eversource exceeded 3-year deployment targets over the original 2018-
2020 GMP term for three out of four ADA investments.

e InPY 2021, Eversource met underground oil switch replacement target. It also met
91% of overhead recloser deployment target. Eversource pivoted to a different
area work center for resources mid-year to attempt to meet the overhead recloser
target but fell slightly under target. In hindsight, Eversource suggests it could have
pivoted earlier or employed a contracting strategy. The remaining 9 reclosers are
slated for 2022 commissioning.

e The underground auto-restoration loop scheme was discontinued. This was first-
of-a-kind technology for Eversource. Eversource SCADA-commissioned 18
devices but encountered software and communication issues in getting the
devices to operate as a loop scheme. After performing engineering and
troubleshooting in 2020 and 2021, Eversource discontinued the investment.
Lessons learned include the need to fully understand the communications
requirements (latency, bandwidth, capacity) of a major new technology.
Eversource surmises that with continued dedication of time and resources the
challenges could be overcome, but determined this was not the best path forward.
Alternative approaches will be explored as part of the ADMS investment.

Eversource

Eversource managed its spending closely to original pre-authorized budget. This
meant continually re-evaluating the portfolio of investments and re-adjusting. As a
result, Eversource’s four-year ADA spending from 2018-2021 ($60.9 million) came
close to DPU pre-authorized budget of $58 million.

Eversource has deployed distribution automation on portions of its system for
several years. The ADA investment has been some of the newest distribution
automation, but overall Eversource has a higher level of saturation for this type of
technology than, say, National Grid. In some cases, Eversource installed ADA
devices on circuits that already had pre-existing ADA devices on other locations
on the circuit. Eversource ADA investments have focused, among other benefits,
on reducing zone size to 500 customers.
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EDC Summary of Findings

o National Grid targeted feeders with poor reliability performance for ADA
investments.

e National Grid’'s PY2019 ADA deployment targets were pushed to PY2020. In late
2020, National Grid commissioned two FLISR schemes. In PY2021,
commissioned 14 FLISR schemes (52 devices) and began work on six more
schemes which will be commissioned in 2022. 27 devices are in-service as of
year-end 2021 which means they are installed and operational but not Grid Mod-
commissioned.

e National Grid installed some of its ADA devices at strategic tie points between
circuits. Tie reclosers are expected to have enhanced reliability and redundancy
benefits for customers. However, reconductoring and pole upgrades are
sometimes needed to ensure that load can be shifted safely between circuits,
adding to the project costs.

National ¢ National Grid adapted its work practices to meet the challenge of the COVID-19

Grid pandemic. National Grid carried over some of PY2021 planned work to 2022 due
to COVID-19-related equipment delays, resource constraints, and a policy to
minimize planned outages when people are working from home.

e National Grid plans to operate GMP ADA devices using a public cellular network to
keep projects moving forward. National Grid is evaluating a 700MHz private radio
communications network and if found to be acceptable will use a combination of a
public cellular and private communications for new GMP ADA devices.

e National Grid’s cost to deploy the investment is greater than originally forecasted.
Based on the historical cost to install the equipment, is it estimated that the total
cost to complete the work will be 145% of the original forecasted budget

e National Grid is beginning its effort to deploy the ADA investment and has limited
ADA on its system. As such the saturation of ADA devices is low on a system-
wide perspective. This should provide an opportunity to improve reliability as
saturation increases and National Grid continues to leverage this investment.

Source: Guidehouse analysis

Table 5, Table 6, and Table 7 summarize the Performance Metric Results for the ADA
Investment Area in PY2021. Table 5 shows the results for the Performance Metric that analyzes
the Effect on Outage Duration (CKAIDI) and Table 6 shows the results for the Effect on Outage
Frequency (CKAIFI). In both tables, the baseline and PY2021 results are summarized for both
system-wide circuits and ADA circuits. Table 7 presents the results for the ADA-specific
Performance Metrics: Numbers of Customers that Benefit from GMP Funded Distribution
Automation Devices, Average Zone Size (Eversource-specific metric), and Average Main-Line
Customer Minutes of Interruption (National Grid-specific metric).
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Table 5. ADA Performance Metrics Summary: CKAIDI

2015-2017 Avg. CKAIDI (Baseline) 2021 CKAIDI (Program Year)
Eversource ADA System-wide ADA Circuits System-wide ADA Circuits
w/ EMEs w/o EMEs w/EMEs w/o EMEs w/ EMEs w/o EMEs w/ EMEs w/o EMEs
CKAIDI Statistics
Total Circuits 2,071 2,071 234 234 2,071 2,071 234 234
Total Circuits with
Non-zero Customers 1,658 1,658 233 233 1,572 1,572 224 224
% Zero CKAIDI 22% 22% 1% 1% 29% 35% 5% 8%
Average CKAIDI 133 105 643 66 667 74
Change from
Baseline (Baseline -
Plan Year) -510 39 -515 59
© Change from

Baseline -383% 37% -338% 44%

154 139 1,289 82 1,339 89

2015-2017 Avg. CKAIDI (Baseline) 2021 CKAIDI (Program Year)
National Grid ADA System-wide [ ADA Circuits System-wide [ ADA Circuits
w/ EMEs w/o EMEs w/ EMEs w/o EMEs w/ EMEs w/o EMEs w/ EMEs w/o EMEs
CKAIDI Statistics
Total Circuits 1,076 1,076 30 30 1,076 1,076 30 30
Total Circuits with
Non-zero Customers 1,073 1,073 30 30 1,042