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Dear Ms. Massaro:

Enclosed for filing with the Public Utilities Commission (PUC) is an original and ten
copies of the Company’s! Grid Modernization Plan (GMP) pursuant to Article 11, Section C.15.b
of the Amended Settlement Agreement (ASA) approved by the PUC at its Open Meeting on
August 24, 2018 in Docket Nos. 4770 & 4780.2

The Company’s filing consists of a detailed proposal to implement its Rhode Island
GMP. The GMP, which is being filed concurrently with the Company’s Updated Advanced
Metering Functionality (AMF) Business Case, is an informational guidance document that
presents a holistic plan of activities and investments expected to be necessary to manage the
electric distribution grid more granularly considering a range of Distributed Energy Resource
(DER) adoption levels through 2030. Specifically, the GMP includes a five-year implementation
plan, a ten-year roadmap, and a comprehensive benefit-cost analysis (BCA), which the Company
developed consistent with the PUC’s Benefit-Cost Framework adopted in Docket 4600.°
Through this filing, the Company is requesting PUC approval of the GMP and BCA for the
purpose of allowing the Company to present future grid modernization investment proposals,
consistent with the approved GMP, for cost-recovery in the Company’s Infrastructure, Safety
and Reliability Plan filings and/or general rate case proceedings.

Grid modernization does not refer to a single project or even program, but rather a long-
term strategic initiative to meet the evolving expectations of customers safely and reliably. To
that end, the Company’s GMP presents a coordinated and integrated plan to address three key
unmet needs in Rhode Island: (1) operational needs, by enabling cost-effective solutions for
distribution system issues caused by customer DER adoption; (2) customer needs by providing

! The Narragansett Electric Company d/b/a National Grid (the Company).
2 See Docket Nos. 4770 & 4780, Report and Order No. 23823 (May 5, 2020).

3 See Investigation Into the Changing Electric Distrib. Sys. and the Modernization of Rates In Light of the Changing
Distrib. Sys., Docket No. 4600, Report and Order No. 22851 (July 31, 2017).
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them with more energy savings opportunities, clean energy options, simpler and lower-cost DER
interconnections, reliability improvements, and greater choice and control in addressing their
energy needs compared to a future without grid modernization; and (3) taking further steps to
achieve clean energy goals.

The Company has undertaken a thoughtful and thorough approach to developing the
GMP. This process, which spanned approximately two years, included engagement with
stakeholders through the AMF/GMP Subcommittee of the Power Sector Transformation
Advisory Group, as well as other targeted deep-dive sessions with the Division of Public Utilities
and Carriers and the Office of Energy Resources, and a workshop and two additional technical
sessions with the PUC. The GMP expands significantly on the initial grid modernization plans
filed with the Company’s Power Sector Transformation Vision and Implementation Plan in
Docket No. 4780, including addressing feedback from stakeholders and the PUC. Table 1.1 of
the GMP details how the GMP addresses each of the relevant grid modernization requirements
within the ASA.

In support of the Company’s GMP, this filing includes the pre-filed direct testimony and
attachments of Stephen Lasher. Schedule SL-1 contains the GMP Business Case. Also enclosed
are the GMP Implementation Plan (Attachment A), the Appendix (Attachment B), and the
confidential BCA (Attachment C), provided as an Excel file.

This filing also includes a Motion for Protective Treatment in accordance with Rule
1.3(H)(3) of the PUC Rules of Practice and Procedure, 810-RICR-00-00-1-1.3(H)(3)
(Rule 1.3(H)), and R.I. Gen. Laws § 38-2-2(4)(B). The Company seeks protection from public
disclosure of the confidential BCA in Attachment C. Due to the size and voluminous nature of
the Excel file, the Company is providing the PUC with the confidential Excel file via the PUC’s
secure website and marked as “Contains Privileged and Confidential Information — Do Not
Release.” Accordingly, the Company has not included redacted copies of this material for the
public filing.

Thank you very much for your time and attention to this matter. If you have any
questions, please contact Jennifer Brooks Hutchinson at 401-784-7288.

Very truly yours,

Jennifer Brooks Hutchinson
Enclosures

CcC: John Bell, Division
Leo Wold, Esg.
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MOTION OF THE NARRAGANSETT ELECTRIC
COMPANY D/B/A NATIONAL GRID FOR PROTECTIVE
TREATMENT OF CONFIDENTIAL INFORMATION

National Grid® hereby respectfully requests that the Rhode Island Public Utilities
Commission (PUC) provide confidential treatment and grant protection from public disclosure of
certain confidential, competitively sensitive, and proprietary information submitted in this
proceeding, as permitted by Rule 1.3(H)(3) of the PUC Rules of Practice and Procedure, 810-
RICR-00-00-1-1.3(H)(3) (Rule 1.3(H)), and R.1. Gen. Laws § 38-2-2(4)(B). National Grid also
hereby requests that, pending entry of that ruling, the PUC preliminarily grant National Grid’s
request for confidential treatment pursuant to Rule 1.3(H)(2).

l. BACKGROUND

On January 21, 2021, National Grid submitted its Grid Modernization Plan (GMP)
Business Case in the above-captioned docket. In that filing, the Company filed its BCA Model
in Excel format as Attachment C to the Pre-Filed Direct Testimony of Stephen Lasher (the BCA
Model). The BCA Model contains confidential and proprietary commercial and financial

information that the Company ordinarily would not share with the public.

! The Narragansett Electric Company d/b/a National Grid (National Grid or the Company).



Therefore, the Company requests that, pursuant to Rule 1.3(H), the PUC afford
confidential treatment to the BCA Model.
1. LEGAL STANDARD

Rule 1.3(H) provides that access to public records shall be granted in accordance with the
Access to Public Records Act (APRA), R.I. Gen. Laws § 38-2-1, et seq. APRA establishes the
balance between “public access to public records” and protection “from disclosure [of]
information about particular individuals maintained in the files of public bodies when disclosure
would constitute an unwarranted invasion of personal privacy.” Gen. Laws 8 38-2-1. Under
APRA, all documents and materials submitted in connection with the transaction of official
business by an agency are deemed “public records” unless the information contained in such
documents and materials falls within one of the exceptions specifically identified in Gen. Laws
8 38-2-2(4). See id. § 38-2-3. To the extent that information provided to the PUC falls within
one of the designated exceptions to the public records law, the PUC has the authority under the
terms of APRA to deem such information as confidential and to protect that information from
public disclosure.

APRA provides that the following types of records shall not be deemed public:

Trade secrets and commercial or financial information obtained

from a person, firm, or corporation that is of a privileged or
confidential nature.

Id. § 38-2-2(4)(B).

The Rhode Island Supreme Court has held that when documents fall within a specific
APRA exemption, they “are not considered to be public records,” and “the act does not apply to
them.” Providence Journal Co. v. Kane, 577 A.2d 661, 663 (R.l. 1990). Further, the court has

held that “financial or commercial information” under APRA includes information “whose



disclosure would be likely either (1) to impair the Government’s ability to obtain necessary
information in the future, or (2) to cause substantial harm to the competitive position of the
person from whom the information was obtained.” Providence Journal Co. v. Convention Ctr.
Auth., 774 A.2d 40, 47 (R.1. 2001) (internal quotation marks omitted). The first prong of the test
is satisfied when information is voluntarily provided to the governmental agency, and that
information is of a kind that would customarily not be released to the public by the person from
whom it was obtained. Id. at 47.

1. BASIS FOR CONFIDENTIALITY

The BCA Model contains confidential and proprietary commercial and financial
information relating to the Company’s business operations. The Company ordinarily does not
make it available to the public. The Company has provided it on a voluntary basis to assist the
PUC with its decision-making in this proceeding. Therefore, this information satisfies the APRA
exception found in Gen. Laws § 38-2-2(4)(B).

The BCA Model constitutes “commercial or financial information” to which the APRA
public disclosure requirements do not apply. See Gen. Laws § 38-2-2(4)(B); Kane, 577 A.2d at
663. The Company therefore respectfully requests that the PUC grant protective treatment to the
BCA Model and take the following actions to preserve its confidentiality: (1) maintain the BCA
Model as confidential indefinitely; (2) not place the BCA Model on the public docket; and (3)
disclose BCA Model only to the PUC, its attorneys, and staff as necessary to review this docket.

IV. CONCLUSION

For the foregoing reasons, National Grid respectfully requests that the PUC grant its

Motion for Protective Treatment of Confidential Information.



Respectfully submitted,

THE NARRAGANSETT ELECTRIC
COMPANY d/b/a NATIONAL GRID

By its attorney,

Jennifer Brooks Hutchinson, Esq. (#6176)
National Grid

280 Melrose Street

Providence, Rl 02907

(401) 784-7288

Dated: January 21, 2021
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Introduction
Mr. Lasher, please state your name and business address.
My name is Stephen Lasher. My business address is 447 Dexter Street, Providence,

Rhode Island 02907.

By whom are you employed and in what capacity?

I am employed by National Grid USA Service Company, Inc. (Service Company) and
currently hold the position of Principal Engineer in the Grid Modernization Solutions
Group under the US Electric Business Unit. My responsibilities include supporting The
Narragansett Electric Company d/b/a National Grid’s (the Company) transition to a
modern electric grid through identification and evaluation of potential next opportunities,

technologies, or processes to provide measurable value to customers in Rhode Island.

Please describe your educational background and professional experience.
I graduated from the University of Cincinnati with a Bachelor of Science Degree in Civil
and Environmental Engineering in 1997 and from the Massachusetts Institute of

Technology with a Master of Science Degree in Mechanical Engineering in 1999.

I joined National Grid in 2016 as a Principal Engineer in the Advanced Grid Engineering
Group under the New Energy Solutions Business Unit, and later | joined the Grid

Modernization Solutions group under the Electric Business Unit. My responsibilities
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have included the following: technical lead for Niagara Mohawk Power Corporation’s
Reforming the Energy Vision Distributed System Platform Demonstration Project in
Buffalo, New York; technical lead for National Grid’s Non-Wires Alternative (NWA)
project deferral calculations; co-author of National Grid’s Grid Modernization Strategy

Roadmap; and business lead for the Company’s Grid Modernization Plan (GMP).

Prior to joining National Grid, | spent nearly two decades working on projects relating to
clean and emerging energy technologies, including solar energy, smart grid, energy
storage, electric vehicle, and microgrid projects. From 1999 to 2010, | was employed by
Arthur D. Little Inc. and later by TIAX LLC, both Cambridge Massachusetts-based
consulting and technology development companies, as an Engineer, Program Manager,

Group Manager, and Business Development Leader.

From 2010 to 2012, 1 was employed by Satcon Technology Corporation, a Boston-based
solar inverter company, as its Director of Business Development for Research and

Development and later as its Director of Product Management for Central Inverters.

From 2012 to 2014, | worked as a consultant to small businesses, providing technical and
market insights, driving new product development programs, and helping capture new
business and outside funding opportunities for the development and commercialization of

emerging energy technologies.
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From 2014 to 2015, | was employed by eNow Inc., a Warwick, Rhode Island-based
manufacturer of solar power solutions for the transportation sector, as its Vice President

of Business Development.

Immediately prior to joining National Grid, from 2015 to 2016, | was employed by
Sensata Technologies, Inc., an Attleboro, Massachusetts-based manufacturer of sensors
and controls for a broad range of markets and applications, as its North American Market

Manager for Performance Sensors.

Have you previously testified before the Rhode Island Public Utilities Commission
(PUC) or any other regulatory commissions?

Yes, | testified regarding the volt-VAR optimization (VVO) program as part of the fiscal
year (FY) 2021 Infrastructure, Safety and Reliability Plan in Docket No. 4995. Also, |
presented updates regarding the Company’s Grid Modernization Plan (GMP) filing to the
PUC at the Power Sector Transformation (PST) Workshop on April 9, 2019 and the PUC

Technical Sessions held on November 5, 2019 and September 24, 2020.
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Purpose and Structure of Testimony

Please describe the purpose of this testimony.
The purpose of this testimony is to present the Company’s GMP and request that the
PUC approve the GMP Business Case and benefit-cost analysis (BCA) for the purpose of

allowing the Company to make grid modernization investment proposals in the future.

This testimony addresses the requirements of the Amended Settlement Agreement
approved by the PUC at its Open Meeting on August 24, 2018, in Docket No. 4770
(referred to herein as, the ASA). Article I1, Section C.15 of the ASA required the
Company to file a comprehensive GMP that would provide a full assessment of the
various modernization initiatives under consideration by the Company, including an
explanation and evaluation of how the initiatives relate to each other. This testimony, the

GMP Business Case, and supporting attachments each address this requirement.

How is the testimony structured?

Sections | and Il are the Introduction, and Purpose and Structure of the Testimony.
Section 111 explains the need for grid modernization today. Section IV provides an
overview of the GMP. Section V describes stakeholder engagement and their
involvement in the development of the GMP. Section VI discusses the GMP approach

and development, and Section VI gives an overview of proposed GMP investments.
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Section VII1 describes the BCA performed for all the investments envisioned in the

GMP, and Section IX concludes the testimony.

Have you included any attachments as part of your testimony?
Yes, | am sponsoring the following attachments, which were prepared or compiled under
my direction and supervision:
e Schedule SL-1 is the GMP Business Case, which includes the following
attachments:
o Attachment A is the GMP Implementation Plan;
o0 Attachment B is the GMP Appendix, which includes technical and
planning details that support the GMP Business Case and Implementation
Plan; and

o Attachment C is the GMP BCA Model - CONFIDENTIAL

Why Rhode Island Needs Grid Modernization Now

Please briefly describe the changes to the energy landscape leading to the need to
manage the distribution system with more granularity.

Significant change is occurring across the energy industry due to changing customer
behavior and expectations, including increasing adoption of distributed energy resources

(DERS) such as renewable distributed generation (DG), beneficial electrification, electric
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vehicles (EVs), electric heat pumps (EHPs), and advanced “smart” technologies to

actively manage energy use in customers’ homes and places of businesses.!

Utilities and stakeholders often reference these trends as a shift from one-way flow of
electricity and information, moving from the utility to the customer, to two-way flow of
electricity and information. While the “one-way” electric power system has served utility
customers well for decades, the new demands on the electric grid from technology
advances and increased customer adoption of DERSs have created a two-way electric
power system that is more dynamic and less predictable. Whereas electricity distribution
equipment historically has required only local autonomous control settings, without the
need for remote monitoring or real-time controls, the emerging model of two-way flow of
information and energy requires the Company to manage the distribution system with
more granularity, including more real-time visibility into the distribution system and

increased ability to communicate energy usage information to customers.

Q. How does the proliferation of DERs, particularly DG, impact the distribution
system?
A. The coincidence of DER injections from renewable generation sources like solar and

wind DG does not align well with traditional customer electric loads (i.e., base loads) and

! DERSs refer to resources sited close to customers that can provide for electricity generation or flexible demand.
Examples of electricity generation DERs include solar DG, wind DG, and combined heat and power. Examples of
flexible demand DERs include energy storage, EVs, and EHPs.
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new consumption demands expected from beneficial electrification solutions like EVs

and EHPs. For example, solar DG output typically peaks between 11 a.m. and 1 p.m. in
the early spring, while current base load demand peaks between 5 p.m. and 7 p.m. on the
hottest days of the summer. Unmanaged load from residential EV charging is also likely

to occur between 5 p.m. and 7 p.m. when customers return home from work.

Therefore, future loads from solar and wind DG will continue to reduce minimum load
periods (e.g., 11 a.m. until 1 p.m. in the early spring), which can create high-voltage
issues on the distribution system; while unmanaged future loads from EV charging will
likely increase peak load periods (e.g., 5 p.m. until 7 p.m. in the summer), which can
create low-voltage and thermal overload issues on the distribution system. This mismatch
between renewable DG injections and peak load periods results in a less efficient load
factor, large swings in voltage, and thermal overloads, which results in higher costs to

rate payers.

What does the Company mean by “grid modernization?

The Company uses the term “grid modernization” to refer to those investments associated
with managing the distribution system with more granularity to create a platform of
solutions that enables more DERSs to connect, while also giving customers more control

over their energy decisions, reducing energy use, and improving reliability. Grid
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modernization is not a single project or even program, but rather a long-term strategic

initiative to meet the evolving behavior and expectations of customers safely and reliably.

How does the Company interconnect DERs to the distribution system today?

There is currently little real-time visibility of the grid downstream of the substation,
limiting the Company’s ability to monitor loading (i.e., kW) and voltage. Therefore,
when DERs are studied for interconnection, to prevent reliability and safety issues for
neighboring customers, on the distribution system today, system planners need to use
conservative assumptions during the interconnection application phase. This can result in
interconnection costs that may be higher than interconnection costs if more granular
information was available. In addition, system operators need to use conservative
assumptions during the operating phase, which to date, have not reduced DER
performance, but as DG saturation continues to grow, could result in the need to reduce a

specific DG project’s power output.

With the proliferation of DERs comes an increasing complexity in managing core
compliance obligations such as system load, voltage, and protection systems that are the
key to distribution system safety and reliability. The Company’s Distribution Planning
and Asset Management (DPAM) engineers analyze the impact of DERSs on the
distribution system’s performance at the commencement of discrete System Impact Study

(SIS) agreements. The analyses conducted identify potential concerns due to specific
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DER interconnections and system modifications required to maintain compliance. Studies
consider all interconnected and proposed DERs within the analysis. System modifications
are assigned to the project to make sure the project will not cause reliability or safety

issues with neighboring customers.

Modifications range from significant infrastructure upgrades to the suggestion of
reducing the size of a planned DER project. As DER adoption expands, more
components of the distribution, subtransmission, and the transmission system become
impacted. In addition, the distribution system is continuously reconfigured for other
reasons (e.g., reliability, thermal, voltage, arc flash performance), so as DG saturation
continues to grow, it can become increasingly difficult to assign specific system

modifications to any one DER interconnection project.

Likewise, the Company’s Control Center operators analyze the impact of DERs on the
distribution system’s performance where monitoring is available. Based on the lack of
granular monitoring or real-time load flow, and without localized forecasting, operators
make conservative estimates when it comes to DER and their contribution to power
aspects of the grid. Today, operators sometimes need to take DERs offline during
abnormal events, but in the future, unplanned DER curtailment could be more
widespread. As DER levels increase in high DER penetration areas, operators would

work with DPAM engineers to curtail DERs on a seasonal basis using conservative



10

11

12

13

14

15

16

17

18

19

20

21

THE NARRAGANSETT ELECTRIC COMPANY
d/b/a NATIONAL GRID

RIPUC Docket No. 5114

Grid Modernization Plan

Witness: Stephen Lasher

Page 10 of 61

assumptions to ensure voltage and thermal overloads are not possible under “worst case”
scenarios. For example, “seasonal curtailment” might be required whereby the Company
would need to curtail renewable DG anytime the estimated maximum seasonal DG output

of the installed capacity could potentially exceed the design limitations of the system.

As more Rhode Island customers adopt DERs, the dynamism and complexity of the
distribution system will continue to increase. DER-related distribution planning and
operating issues have already begun to emerge in isolated areas, and they will become
more systematic at higher DER penetrations. At the distribution level, upgrades
including feeder additions, substation expansions, substation additions, and utilization of
higher voltage class distribution feeders have been required to interconnect DERS in
targeted areas of high penetration. DER curtailment, although not widespread at this time,
will become more common as incremental DER additions exceed system requirements

for safe and reliable service.

Why does Rhode Island need to invest in grid modernization?

Rhode Island needs grid modernization investments now to meet the three categories of
need described in the GMP Business Case and summarized below: (i) operational needs;
(i) customer needs; and (iii) clean energy needs. Without investments in grid
modernization based on a well-coordinated and integrated GMP, distribution system

infrastructure investments would be made in an uncoordinated manner, rather than

10
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holistically through a comprehensive set of feeder-level investments that provide the
highest overall net benefits for customer energy savings, DER integration, and reliability.
Transforming Rhode Island’s electric distribution system will take time and must proceed
thoughtfully and strategically now to avoid widespread issues associated with increased

DER interconnections in the future.

Please describe the unmet operational needs driving the need for grid
modernization now.

Unmet operational needs include enabling cost-effective solutions for distribution system
issues caused by customer DER adoption. These issues are localized today, but without
grid modernization, they are expected to become systemic in 5-10 years. Grid
modernization will enable the Company to cost-effectively address these system issues
and provide customers and DER developers with better access to the electric distribution
system compared to a future without grid modernization, including reducing DER
interconnection cost, improving DER operation, and improving the overall DER
experience (e.g., streamlined DER interconnection processes, better customer and third

party information sharing and services).

Investments in grid modernization based on a well-coordinated and integrated GMP will
allow for an expanded toolbox of solutions to the complex issues arising from high DER

penetration and customers’ desire for choice and control over their energy needs. GMP

11
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investments will allow the Company to not just simply interconnect, but to integrate

DERs into distribution system operations for the benefit of all customers.

Please describe the unmet customer needs driving the need for grid modernization
now.

The Company recognizes that the energy landscape is rapidly changing, and today’s
customers expect more from their utility. Customers expect their utility to not only
provide safe, reliable, and affordable energy, but also increasingly expect cleaner energy
options, greater choice and control over their energy use, and delivery of energy services
in a simple and convenient way. The Company must invest in grid modernization
technologies in order to meet these evolving expectations by providing them with more
energy savings opportunities, cleaner energy options, lower-cost DER interconnections,
reliability improvements, and greater choice and control in addressing their energy needs
compared to a future without grid modernization. Deployment of advanced metering
functionality (AMF) in particular will provide customers with the personalized insights
and tools needed to better inform their energy decisions and manage their energy costs.
AMF coupled with other grid modernization investments will enable more granular
operation of the distribution system for the benefit of customers, including lower energy

use, cleaner energy, more affordable DER adoption, and improved reliability.

12
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To continue to serve customers under evolving customer behavior and expectations, the
transition to managing the grid more granularly, both in time and location, must begin

now.

Q. Please describe the unmet clean energy needs driving the need for grid
modernization now.

A. Rhode Island’s clean energy needs include achieving ambitious clean energy goals like
the State’s goal of 80 percent greenhouse gas (GHG) emissions reductions by 2050 (i.e.,
80x50 goal) established by the Resilient Rhode Island Act, and Governor Raimondo’s
January 2020 Executive Order 20-01, Advancing a 100% Renewable Energy Future for

Rhode Island by 2030 goal (i.e., 100x30 goal).?

Grid modernization investments will help Rhode Island meet its clean energy goals by
enabling greater customer energy savings and DER adoption. Enabling DER adoption, in
particular renewable DG, EV, and EHP adoption, is a key driver for meeting the State’s
clean energy needs because it will enable customers to reduce their overall carbon
footprint, including reducing transportation-related emissions that make up 40 percent of

the State’s carbon dioxide emissions.® Grid modernization investments will help reduce

2See R.I.G.L. § 42-6.2; see also Executive Order 20-01, Advancing a 100% Renewable Energy Future for Rhode
Island By 2030 (January 17, 2020) (setting forth the state’s clean energy goals); see also Utility Dive, Rhode Island
Governor Wants State To Be Fastest to 100% Renewable Energy (January 21, 2020) (providing an overview of Executive Order
20-01), https://www.utilitydive.com/news/rhode-island-governor-wants-state-to-be-fastest-to-100-renewable-energy/570700/

3 See U.S. Energy Information Administration, 2017 Data, Energy-Related CO, Emission Data Tables, at Table 4
(State energy-related carbon dioxide emissions by sector) (Released May 20, 2020),
https://www.eia.gov/environment/emissions/state/

13


https://www.utilitydive.com/news/rhode-island-governor-wants-state-to-be-fastest-to-100-renewable-energy/570700/
https://www.eia.gov/environment/emissions/state/

10

11

12

13

14

15

16

17

18

19

THE NARRAGANSETT ELECTRIC COMPANY
d/b/a NATIONAL GRID

RIPUC Docket No. 5114

Grid Modernization Plan

Witness: Stephen Lasher

Page 14 of 61

the costs and other barriers to interconnect new DERs in Rhode Island (see “unmet
operational needs” answer above), which will drive more DER adoption and investment

in the State.

These three areas of need - operational, customer, and clean energy - demonstrate that the
Company must act now to progress grid modernization in Rhode Island. Taking the next
concrete step now will ensure that the electric grid does not hinder customer
empowerment or achievement of clean energy goals or create higher costs for customers

in the long run.

What will happen if Rhode Island opts not to invest in grid modernization?
Taking a “do nothing” approach will negatively impact the State’s electric distribution
system, customers, and clean energy goals, as summarized below:

e A “do nothing” approach for the distribution system will negatively impact DER
interconnections in Rhode Island, with a number of DER projects likely unable to
proceed or requiring significant reduction in scale as a result of interconnection and
operating costs exceeding their financing ability. Currently, these issues present
themselves locally in disparate locations. Over time, as DER penetration increases,

these issues will become systemic across the State.
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e A “do nothing” approach for customers means lost opportunities for greater insights
into and control over their energy use and lost opportunities for substantial energy
savings and reliability improvements for all customers.

e And a “do nothing” approach for clean energy will impede renewable DG adoption
rates and make EV charging infrastructure more-costly, putting some of the State’s

ambitious clean energy goals out of reach.

In short, opting not to invest in grid modernization based on a well-coordinated and
integrated GMP will make the changes in the electric distribution system already
underway more expensive for customers in the long run and less able to generate desired
benefits, and will create systemic strain on the electric distribution system. On the other
hand, grid modernization based on a well-coordinated and integrated GMP will help

maximize operational, customer, and clean energy benefits for all customers.

GMP Overview

What is the purpose of the GMP?

The GMP presents a holistic plan of activities and investments that the Company expects
to be necessary to manage the electric distribution grid more granularly considering a
range of customer DER adoption levels through the period ending in 2030. The GMP

consists of a five-year implementation plan, a ten-year roadmap, and a comprehensive

15



10

11

12

13

14

15

16

17

18

19

20

THE NARRAGANSETT ELECTRIC COMPANY
d/b/a NATIONAL GRID

RIPUC Docket No. 5114

Grid Modernization Plan

Witness: Stephen Lasher

Page 16 of 61

Benefit-Cost Analysis (BCA) for stakeholders to review and the PUC to approve for the
purpose of allowing the Company to make grid modernization proposals in the future.
The Company developed the GMP with significant input and participation from Rhode

Island PST stakeholders over a two-year period.

The Company recognizes that planning over a ten-year time horizon requires flexibility
given the significant variables such as the rate of customer DER adoption and the pace of
technological advancement. Accordingly, the GMP proposes a flexible and sequenced
plan of investments subject to review and adjustment by stakeholders and the PUC

throughout the GMP’s ten-year horizon.

What is the GMP’s scope?

The GMP focuses on the distribution planning and operations tools that the Company
needs or will need to effectively and efficiently manage the more dynamic loading of the
electric distribution grid in Rhode Island safely, reliably, and cost-effectively. Although
grid modernization can benefit the New England region’s overall energy system,
including the electric transmission system, bulk generation, and the heating and
transportation sectors, the investments needed to modernize the other parts of the overall

energy system outside Rhode Island are beyond the scope of this GMP.
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What updates has the Company made to the GMP from its filing in Docket No.
47807

The GMP expands on the investment plan provided in Docket No. 4780 and addresses
stakeholder input as required in the ASA. In Docket No. 4780, the Company presented its
AMF proposal and a suite of foundational grid modernization investments. The AMF
and foundational grid modernization investments presented in Docket No. 4780 are
reflected in the GMP Business Case and Updated AMF Business Case in a manner

consistent with the ASA.

In addition, the GMP includes a comprehensive set of grid modernization investments
through 2030, including investments that would be included in future rate cases and other
filings, most notably the Company’s annual ISR plans. GMP updates also include
external stakeholder feedback, particularly feedback from the PST Advisory Group’s
GMP and AMF Subcommittee. The GMP provides both a quantitative and qualitative
BCA, five-year implementation plan and ten-year roadmap for each category of
investment, and additional supporting information including detailed planning analysis
results to better describe the distribution system needs and power system, customer, and

societal benefits expected from the grid modernization investments.
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Does the GMP encompass all of the Company’s grid modernization efforts?

No. The GMP does not represent the Company’s entire capital plan nor does it cover the
full range of innovative efforts occurring across the Company. The Company has
multiple “modernization” efforts underway across the organization, including programs
addressing customer experience transformation, asset management, and work force
enablement. Other modernization efforts include asset management and Zero-Sequence
Voltage (3V0) initiatives proposed in the Company’s ISR plans, the use of specific
NWA:s in the Rhode Island System Reliability Procurement (SRP) Plans, and the
development of customer-facing programs including energy storage and EV programs in
Docket No. 4780. The GMP presented here recognizes, aligns with, and complements
these initiatives; however, the breadth of many of these initiatives are beyond the scope
of the GMP. The GMP focuses on the distribution planning and operations-related
investments that are, or will be, needed to effectively and efficiently manage more

dynamic loading of the grid safely, reliably and cost effectively.

Does the GMP align with distribution planning efforts?

Yes. Identifying grid modernization opportunities to maintain safe and reliable service to
customers is, and always has been, an integral element of core distribution system
planning. The GMP is a product of distribution planning and is intended to ensure that
the electric distribution system can safely, reliably, and cost effectively accommodate the

DERs adopted by customers. The Company’s planning engineers performed a
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distribution planning assessment through 2030 in support of the GMP utilizing existing

planning criteria.

The analysis performed in support of the GMP required development of new integrated
planning processes, as well as new data sets and decision-support tools. The lessons
learned from the GMP effort, such as time series load forecasting (i.e., forecasting 8,760
hours each year rather than a handful of peak hours each year) and load flow analysis,

will be incorporated into future Area Planning Studies as appropriate.

Please elaborate on how the GMP will leverage future Area Planning Studies.

The improved monitoring and control from the deployment of grid modernization (i.e.,
AMF, Advanced Distribution Management System (ADMS), Feeder Monitoring Sensors,
and other advanced field devices) will permit planners to use more granular coincident
data in the development of system planning models, where conservative assumptions may
have been used as model inputs in the past. These more precise models will improve the
analysis that drives Area Planning Studies as well as Interconnection Studies in response

to customer load and interconnection applications.

The GMP models used to assess the distribution system impacts due to various future
load forecast scenarios required assumptions as to the timing and location of load growth

and customer DER adoption. Therefore, for location specific investments, such as the
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deployment of advanced controls for voltage regulation or relay protection, the GMP can
only estimate the expected scale of future need. Detailed deployment plans will be
developed through the annual planning process and periodic Area Planning Studies. New
technologies discussed in the GMP will be included for consideration in the planners’
tool kit and the actual deployment plans for these programs will be presented in future
annual ISR plans. Examples of this include the following: prioritization of feeders for
advanced field device and optimization application (e.g., Volt-VAR Optimization (VVO)
/ Conservation Voltage Reduction (CVR), Fault Location, Isolation and Service
Restoration (FLISR)) deployments to maximize benefits according to the Docket 4600
Framework, and locations of new protective devices and control upgrades to support

reverse power flow to maintain safety and reliability.

How are Company employees equipped to understand, develop and oversee
implementation of grid modernization activities?

The Company and its employees are committed to delivering a clean, reliable, and
affordable energy future for customers. In order to execute this vision, the Company has
established internal groups that are responsible for delivering large programs like AMF,
ADMS, and other grid modernization investments, including ensuring accountability and

best practices are established and followed.
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The Company has undertaken efforts to enable and educate employees to understand,
construct, and oversee implementation of grid modernization solutions and technologies.
The Company has developed and maintains standards and work methods for dealing with
the grid modernization equipment and technology. The Company is also integrating grid
modernization into the formal training programs for all employees delivered through our
Learning and Development organization. The current approach to training includes both
local in-person training and engagement and will be supplemented with video and digital
training capabilities. Additional training for Control Center personnel has been planned to
include ADMS road shows, a sandbox learning environment, as well as multi-day

training for all users.

In addition, in order to instill support for grid modernization activities across the
organization, the Company has evaluated and begun educating all its employees about
grid modernization in the following ways:

e Conducted 34 interviews in 16 different business areas across the Company to help
ascertain the level of understanding and buy-in from its employees related to its grid
modernization efforts.

e Conducted Change Management Check In surveys and found favorable agreement
with the Company’s efforts in its Case for Change, Change Capability, Culture,
Resourcing, Sponsorship & Support, and Training Readiness categories based on

responses from nearly 800 employees.
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e Developed a Grid Modernization Leadership Video answering questions related to
grid modernization. The video is being distributed to all Electric Business Unit
(EBU) employees to provide context and an introduction to grid modernization.

e Launched internal communications including “Grid Modernization Minutes” and

“Grid Mod Change Story.”

What action would the Company like the PUC to take with respect to the GMP?
The Company requests the PUC approve the five-year implementation plan, ten-year
investment roadmap, and BCA as set forth in the GMP for the purpose of allowing the
Company to make grid modernization investment proposals that are consistent with the
approved GMP in future ISR plans or rate proceedings. PUC approval of these
components will provide regulatory clarity for the Company to undertake the activities

described in the GMP.

Is the Company including a request for cost recovery with the filing of the GMP?
No. The Company will present cost recovery proposals for specific grid modernization
investments to the PUC for review and approval within future ISR plans and rate cases.
While the GMP is not seeking cost recovery, an updated business case supporting the
Company’s AMF proposal is being filed concurrently with the GMP, and the Company
will seek approval for cost recovery from the PUC for AMF investments as part of that

filing.
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Will the Company provide updated BCAs in future filings?

Yes. In addition to seeking approval now for the BCA presented in the GMP, the
Company understands that it has an obligation to demonstrate that the grid modernization
investments have a strong business case, including providing updated BCA results, when

seeking cost recovery of the investments in future filings.

Stakeholder Engagement

How has the Company engaged with stakeholders to develop the GMP?

The Company, in partnership with the Rhode Island Division of Public Utilities and
Carriers (the Division) and the Rhode Island Office of Energy Resources (OER),
established the PST Advisory Group in October 2018 and formed the GMP and AMF
Subcommittee to gather stakeholder input for the development of the GMP and the
Updated AMF Business Case, which the Company will file concurrently with this GMP.
Subcommittee members include representatives with a variety of interests, as prescribed
by the ASA, including advocates for environmental, clean energy, low-income

communities, non-regulated power producers, businesses, and community interests.

The meetings covered all topic areas identified as part of the ASA, as well as additional
topics raised by stakeholders. The initial phase of formal meetings was held between

October 2018 and January 2019. The formal meetings covered specific topics to garner
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initial stakeholder input and seek alignment of proposals laid out by the Company, such
as customer and clean energy needs, future state scenarios, customer value streams, and
Docket 4600 alignment, among others. The second phase of meetings, held between
February 2019 and September 2020, sought to continue reviewing and refining the
Company’s proposals while providing additional opportunities for stakeholders to
provide feedback on key elements of the Company’s plan, including a review of key
filing deliverables. Specific to the GMP, the Company also hosted in-depth, deep dive
discussions and demonstrations of the GMP’s feeder- and state-level distribution
modeling and BCA assumptions, methodologies, and preliminary results that allowed

stakeholders the opportunity to ask specific questions.

This two-year long collaborative process provided a valuable opportunity to gather and
incorporate stakeholder input into the development of all aspects of the Company’s
proposal. To that end, the Company sought to drive meaningful discussion among
members of the GMP and AMF Subcommittee through transparency and responsiveness

to stakeholder questions.

How has the Company engaged with the PUC over the course of developing the
GMP?
The Company, together with the PST Advisory Group, participated in a Workshop at the

PUC on April 9, 2019, and Technical Sessions at the PUC on November 5, 2019, and
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remotely on September 24, 2020, to provide status updates on the various work streams,
including the work of the GMP and AMF Subcommittee. At the PUC open meeting on
April 23, 2019, Commissioners and Staff provided the Company with feedback on the
April 9, 2019 Workshop. This feedback highlighted the PUC’s interest in seeing a
holistic plan for grid modernization and AMF so the PUC could understand all the costs
associated with achieving the benefits listed in the BCA and explore the effects on the

proposal of different levels of customer DER adoption.

How has the Company incorporated stakeholders’ and the PUC’s feedback in
developing the GMP?

Based on feedback from the PUC and GMP and AMF Subcommittee, the Company
added additional milestone meetings and extended the proposed filing date to permit
additional stakeholder feedback on the GMP and its integration with the Updated AMF
Business Case. The Company also expanded the relevant sections of the GMP and
Updated AMF Business Case to address the PUC’s stated concerns and the additional
input of the GMP and AMF Subcommittee, including by adding a “low customer DER
adoption scenario” to explore the effects on the proposal of a wider range of adoption of

DERs.
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Does the GMP comply with the ASA?
Yes. The ASA required the Company to file a comprehensive GMP and identified several
elements that the GMP must include. The proposed GMP includes each of these

elements, as summarized in Table 1.1 of the GMP.

Does the GMP align with the Docket 4600 Goals?

Yes. Table 1.2 in the GMP Business Case explains how the GMP advances each of the
Docket 4600 goals for the “new” electric system.

Additionally, the GMP advances the customer-facing goals identified in Docket 4600:
empowerment of customers to manage their costs; use of customer education and
engagement programs to provide all customers with the information and tools to optimize
their electricity consumption; and creation of opportunities to reduce energy burden. The
GMP investments, particularly investments in AMF, advance all these goals as well. For
example, AMF advanced pricing capability will allow customers to manage their costs by
enabling new pricing mechanisms that attribute costs and benefits more equitably; the
AMF Customer Engagement Plan (CEP) will educate customers about their energy
choices; and AMF Customer Energy Management Portal (CEMP) will provide increased
information and tools empowering customers to optimize their electricity consumption.

Details are presented in the Updated AMF Business Case.

26



10

11

12

13

14

15

16

17

18

19

20

THE NARRAGANSETT ELECTRIC COMPANY
d/b/a NATIONAL GRID

RIPUC Docket No. 5114

Grid Modernization Plan

Witness: Stephen Lasher

Page 27 of 61

VI.

GMP Approach and Development

What approach did the Company take to select the appropriate grid modernization
investments?

To select a set of grid modernization solutions that will meet Rhode Island’s needs
through 2030, the Company followed a stepwise approach. First, the Company identified
the GMP goals and objectives based on customers’ expectations and the PUC’s Guidance
on Goals, Principles and Values for Matters Involving the Narragansett Electric Company
d/b/a National Grid in Docket No. 4600 (Docket 4600 Guidance Document). Next, the
Company developed modeling scenarios using a range of customer DER adoption
assumptions with varying levels of renewable DG interconnection and beneficial
electrification adoption through 2030. Once these were developed, a future state
assessment was conducted to study these scenarios, which led to a set of necessary grid
modernization functionalities and potential benefit impacts. Then, the Company
identified a proposed solution set and ten-year roadmap necessary to realize those
functionalities and benefit impacts. Finally, the Company developed a detailed BCA
based on the solutions identified in the ten-year roadmap and internal estimates for the
costs and benefits of the portfolio of solutions. The BCA is discussed later in this

testimony and in detail in Section 8 of the GMP Business Case.

What vision of the future did the Company use in developing the GMP?
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The Company’s vision focused on the confluence of factors that has led to the need for
grid modernization investments: Customers are adopting DERs at increasing rates;
customers’ expectations are evolving with respect to having greater choice, control, and
affordability; state policy objectives seek greater integration of clean energy alternatives;
and technologies are available or under development to manage the grid more granularly.
With these opportunities in mind, the Company envisions a future with greater DER
penetration than today, in which customer DERs can be managed to improve the
affordability and efficiency of grid operations. The scope and scale of customer DER
adoption is a key variable in this vision and is, for the most part, beyond the direct control
of the Company. Therefore, the Company has considered multiple future state scenarios
of DER adoption rather than a single static forecast of the future to develop its vision for

the GMP.

Please elaborate on the future state scenarios that the Company considered in
developing the GMP.

While the Company expects a high-DER adoption future, there is uncertainty with
respect to where and when DER interconnections will occur. Therefore, the Company
developed two primary customer DER adoption scenarios to “bookend” a range of
possible future outcomes: 1) low customer DER adoption (i.e., Low DER) scenario based
on historic (2018-2020) DER adoption rates with an annual reduction in renewable DG

adoption over time; and a 2) higher DER adoption (i.e., High DER) scenario consistent
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with achieving Rhode Island’s 2050 goal of 80 percent greenhouse gas emissions

reductions compared to a 1990 baseline.

The DER adoption assumptions in the Low DER Scenario are equivalent to the “Low
Case” of the Company’s 15-year distribution planning forecast.* The Company assessed
the probability of the Low Case occurring to be between 5-20%, depending on the DER
load forecast. Specifically, solar DG, EV, and demand response forecasts were assigned a
probability of 5% each; Energy Efficiency was assigned a probability of 10%; and EHPs,
which do not have a significant impact on the overall GMP cost or benefit assessment

through 2030, were assigned a probability of 20%.

The DER adoption assumptions in the High DER Scenario are consistent with the “High
Case” of the Company’s 15-year distribution planning forecast and are similar to Rhode
Island’s Executive Climate Change Coordinating Council (EC4) Greenhouse Gas
Emissions Reduction Plan. The Company assessed the probability of the High Case
occurring to be between 5-35%, depending on the DER load forecast. Specifically, solar
DG forecast, which has a significant impact on the overall GMP cost and benefit
assessment, was assigned a probability of 35%; EV forecast was assigned a probability of
10%; and Energy Efficiency, Demand Response (DR), and EHP forecasts were assigned

a probability of 5% each.

4 See The Narragansett Electric Company, 2021 Electric Peak (MW) Forecast, 15-Year Long-Term 2021 to 2035
(Revl, Jan. 6, 2021), https://ngrid.apps.esri.com/NGSysDataPortal/RI/index.html
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Considering these scenarios, the Company evaluated the potential future DER impact on
state-wide load curves for each hour of the year through 2030. Additionally, the
Company created detailed distribution load flow models on a small representative sample
of distribution feeders to identify the scale and magnitude of local operational constraints
that would arise under the various loading scenarios with and without grid modernization

investments out to 2030.

What did the Company conclude based on the future state assessment of these

scenarios?

Based on the future state scenario assessment, the Company determined that the current

levels of renewable DG adoption will need to continue, and beneficial electrification

adoption will need to increase significantly to achieve the 80x50 goal. The Company also

made the following key findings based on the feeder-level assessment of the Low DER

and High DER scenarios:

e Distribution operating issues, which are already emerging in isolated areas in Rhode
Island, will become more systemic at higher DER penetrations.

e Although there will be some coincidence between commercial “workplace” EV
charging and the timing of solar DG injections, there is generally a mismatch between

solar DG injections and typical late day and evening residential EV charging.
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High levels of renewable DG adoption will impact the grid more significantly during
light loading (e.g., off-peak) periods than peak periods. During light loading periods,
significant renewable DG curtailment may be required.

High penetrations of DER will significantly impact voltage regulation: beneficial
electrification will lead to more low voltage violations, and renewable DG injections
will lead to more high voltage violations during light loading periods. Therefore,
advanced voltage control schemes will be required to manage voltage during both on-
peak and light loading periods.

Significant swings in loading and the increasing prevalence of two-way power flows
caused by renewable DG will require more adaptive relay protection schemes to
properly coordinate circuit breakers to ensure worker safety and the reliable operation
of the grid.

The Company will need enhanced data handling and processing power for both
distribution system planning and real-time grid operations. For this GMP study, a

labor-intensive manual process was used that will not be sustainable at scale.

The technology to operate electric grids has advanced, making this the appropriate time

to implement new solutions that will address today’s constraints cost-effectively while

being flexible enough to expand in capability to address future needs and opportunities as

they evolve.
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VII.

Overview of Proposed GMP Investments

What grid modernization investments are necessary to integrate the growing
number of DERSs cost effectively and in a manner that will yield net benefits to
customers?

The GMP outlines the portfolio of projects and initiatives that the Company expects to be
necessary to leverage customer data and manage the distribution grid more granularly to
1) give customers more energy choices and information; 2) ensure reliable, safe, clean,
and affordable energy to benefit Rhode Island customers over the long term; and 3) build

a flexible grid to integrate more clean energy generation.

The GMP reflects continued investment in the foundational grid modernization
technologies approved in Docket No. 4770, including for the Rhode Island System Data
Portal, Geographic Information Systems (GIS) Data Enhancements, ADMS Core
Functionality, Underlying IT Infrastructure, Appropriate Cyber Services, and

Telecommunications (Network Management).

The GMP also envisions new grid modernization investments in AMF, Advanced Field
Devices (i.e., Feeder Monitoring Sensors, Advanced Capacitors and Regulators,
Advanced Reclosers and Breakers), Advanced ADMS Applications (i.e., Protection and

Arc Flash, Integrated VVO/CVR, FLISR), Operational Telecommunications (OpTel)
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Strategy, Distributed Energy Resource Management System (DERMS), and Innovation

and Technology Readiness (ITR) projects.

What does the Company propose as the timeline for these investments?

The 2030 Roadmap presents a sequenced progression of grid modernization investments,
deploying field devices in a targeted and incremental fashion, and developing IT
platforms that are flexible and scalable. Implementation plans will deliver initial
foundational functionalities, which include enhancements and upgrades to existing and
approved investments in GIS, ADMS, Underlying IT Infrastructure, Appropriate Cyber
Services, and Telecommunications (Network Management); as well as development and
deployment of new investments in AMF, ADMS-based application solutions (i.e.,
Protection and Arc Flash App, VVO/CVR App, FLISR App), OpTel Strategy, and
DERMS. Likewise, the installation of Advanced Field Devices (i.e., feeder monitoring
sensors, and advanced capacitors, regulators, reclosers, and breakers) and VVO/CVR will
be identified and recommended via traditional planning processes and incorporated into

the Company’s capital investment plans and annual ISR filings.

This approach will allow the Company to address evolving customer expectations and
leverage new technologies, programs, and services to meet customer needs. Project plans
for future investments will be presented in their appropriate forums at the appropriate

time throughout the horizon of the GMP. This iterative process enables on-going
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engagement and review and greatly reduces risks. The Grid Modernization Roadmap
presented in Section 5.7: 2030 Roadmap of the GMP Business Case summarizes the
solutions, expected timing, and expected filing for cost recovery of GMP investments

over the next ten years.

What is the level of maturity and corresponding implementation detail of the
project/program investments identified in the GMP?

The GMP includes projects at different levels of maturity. Projects in the initial years of
the plan are relatively mature and have detailed implementation plans, whereas
investments later in the plan, or those that will be scaled in response to system needs
through traditional planning cycles, are in some cases less mature (e.g., Protection and

Arc Flash Application, DERMS) and have less detailed plans at this time.

Why does the Company propose new investment in AMF?

AMF is a foundational component of the GMP. The Updated AMF Business Case, filed
concurrently with the GMP, provides the Company’s justification for investment in
AMF. In brief, the Company’s current metering infrastructure, which primarily leverages
automated metering reading (AMR) technology, is incapable of meeting evolving
customer expectations and the increasingly granular needs of the distribution electric
grid. For example, current AMR meters cannot provide energy usage data with the

granularity or frequency required to deliver personalized energy insights and
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recommendations or to provide the actionable information needed to support improved
grid management. Furthermore, approximately 60 percent of the electric AMR meters
currently in the field will reach the end of their estimated 20-year life during calendar

years 2023-2024 and will need to be replaced.

Investment in AMF will address these needs by empowering customers enhanced
understanding, choice, and control over their energy consumption. Toward this end, AMF
will enable them to reduce energy usage through greater insights about their energy cost
drivers, personal usage, and new product and service offerings. AMF data and remote
capabilities will also provide support to grid-side applications within the scope of the

GMP, increasing operational efficiency, and better supporting the integration of DERs.

Additional information is included in the Updated AMF Business Case and the pre-filed

joint testimony of Company witnesses Kristoffer P. Kiefer and Stephen Lasher.

Why does the Company propose to continue investing in the Rhode Island System
Data Portal?

The Company considers the System Data Portal (Portal) to be an important investment to
align with the need for improved data and transparency to Company planning

information. The initial version of the Portal has been established, can be accessed
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online,® and currently provides information on Company Reports (planning process and
criteria, load forecasts, and completed distribution planning area studies), Distribution
Asset Overview (a geographic overview of distribution circuits including technical
specifications of circuits and substations), Heat Maps (a geographic representation of
circuit loading), Hosting Capacity (a geographic representation of DER hosting capability
by distribution feeder), and NWAs (a link to National Grid’s central NWA website for

information on non-wires alternative opportunities).

The content of the Portal is expected to expand and evolve over time as new tools, data,
and analysis are developed. The Company has delivered and continues to maintain the
Portal as part of the ASA. The Company recovered the costs for tasks associated with the
Initial Version of the Portal, and the Initial Version of the Hosting Capacity Map through
the 2018 System Reliability Procurement (SRP) Report filing. The Company is currently
recovering operational and maintenance expense for full implementation and continued

support costs for the Portal through base distribution rates approved as part of the ASA.

Why does the Company propose investment in Feeder Monitoring Sensors?
The dynamic impacts of DER on the distribution system’s performance require granular
understanding of voltage, loading, and other characteristics of various parts of the

distribution system (i.e., situational awareness) to assure service is maintained within

5 The System Data Portal can be accessed online at https:/ngrid.apps.esri.com/NGSysDataPortal/RI/index.html.
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acceptable service quality standards in an efficient manner. In the absence of data,
operators and distribution system planners must make conservative assumptions with
respect to the coincidence of load and DER operation, leading to more restrictive hosting
capacity assessments and less than optimal operational actions. Feeder Monitoring
Sensors (Sensors), in combination with other investments described in the GMP, provide
more accurate data for hosting capacity calculations, which benefit DG and other DER
customers and providers looking for the most economical locations for their projects. In
addition, the near real-time power measurements provided by these Sensors enable
engineering and operations personnel to better manage capacity and voltage along
individual feeders, ultimately resulting in lower costs to all National Grid customers

through optimization (e.g., VVO/CVR, FLISR).

The Company has been deploying remote interval monitoring sensors and control for new
substations and feeders for several years. To date, the Company has deployed 44 Feeder
Monitoring Sensors on 19 feeders from 6 substations in Rhode Island as part of the
Company’s VVO/CVR Pilot program. Deployment on an additional 14 feeders is
anticipated through the Company’s FY 2021 ISR Plan. The GMP proposes investment in
interval Feeder Monitoring Sensors on between 60-100% of primary distribution feeders,
at least at the head of the feeder at or near the substation, for compliance with voltage and

thermal protection requirements as customer DER adoption grows.
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Why does the Company propose investment in Advanced Capacitors and
Regulators?

For a customer’s electrical equipment to operate as expected, it must be connected to a
source that is operating within an allowable voltage range. In the past, voltage regulation
was relatively predictable. Since electrical resistance of the system and the load cycles
were very predictable, the control settings on capacitors and regulators were simple,
autonomous, and only needed to be adjusted occasionally in concert with periodic
planning reviews. These simple autonomous settings, however, will be insufficient to
maintain compliance with voltage standards for feeders with a high level of intermittent
renewable generation and two-way power flows. Specifically, load-based DERs, such as
EVs, are forecasted to create under-voltage issues during peak load periods, and
generation-based DERs, such as solar and wind DG, are forecasted to create overvoltage
during light load periods. The proposed Advanced Capacitors & Regulators would adjust
system voltages up or down in a dynamic manner to accommodate the variable output of
these DER technologies. In addition, the voltage control and near real-time power
measurements provided by these devices enable engineering and operations personnel to
better manage capacity and voltage along individual feeders, ultimately resulting in lower

costs to all National Grid customers through optimization (e.g., VVO/CVR).

To date, the Company has deployed 122 advanced capacitors and 52 advanced regulators

on 19 feeders from 6 substations in Rhode Island as part of the Company’s VVO/CVR
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Pilot program. Deployment on an additional 14 feeders is anticipated through the

Company’s FY21 ISR Plan. The GMP proposes investment in Advanced Capacitors &
Regulators on between 60-100% of primary distribution feeders for increased customer
energy savings and compliance with voltage protection requirements as customer DER

adoption grows.

Why does the Company propose investment in Advanced Reclosers and Breakers?
The distribution system has traditionally been built to ensure adequate available capacity
at all times by building the necessary distribution system capacity to accommodate
forecasted peak loading on extreme weather days in accordance with the Company’s
planning criteria. Designing the system to meet these worst-case scenarios assuming
one-way power flow eliminated or lessened the need for day-to-day load management for
distribution grid management. However, new DER loads do not align well with
traditional load shapes, and DER can be located anywhere on the distribution system,
resulting in possible two-way power flow, overloads in the reverse direction under light
load conditions, and desensitization of protection systems during fault conditions.
Similar to voltage management, the increasing complexity of the grid will require a
transition away from simple autonomous controls to control schemes that are integrated

across an entire feeder.
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The proposed Advanced Reclosers & Breakers would adjust system power flow in a
dynamic manner to accommodate the variable output of these DER technologies. In
addition, the load control and near real-time power measurements provided by these
devices enable engineering and operations personnel to better manage capacity and
voltage along individual feeders, ultimately resulting in lower costs to all National Grid

customers through optimization (e.g., FLISR).

To date, the Company has deployed 453 advanced reclosers on over 200 feeders in
Rhode Island as part of customer requests for DER interconnections (22 midline reclosers
and 66 point of common coupling reclosers)® and Company reliability improvement
programs (365 midline reclosers). The GMP proposes investment in Advanced Reclosers
& Breakers on between 60-100 percent of primary distribution feeders for increased
reliability and compliance with thermal protection requirements as customer DER

adoption grows.

Why does the Company propose to continue investing in GIS Data Enhancements?
GIS is a geographic-based technology that combines the power of maps with the function
of a database. The Company currently utilizes GIS as its authoritative source for
distribution asset information and network configuration (i.e., “connected model”). GIS

information is utilized in several business processes including distribution system project

& Point of common coupling or “PCC” means the point where the generating facility's local electric power system
connects to the utility's electric system.
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design, load flow modeling, outage management, and analysis models. As grid operations
increasingly require granularity, accuracy, and timeliness of data to achieve the benefits
associated with advanced systems functionality, GIS will be the foundation on which

many of these systems are built.

While the existing GIS and data sets maintained by the Company have been fit-for-
purpose to date, the introduction of new uses for GIS integration, such as for ADMS
applications and hosting capacity analysis, requires change. Without addressing the data
as well as system performance and functionality requirements, the Company cannot take
full advantage of the benefits that ADMS and advanced analytics platforms offer.
Implementing the GIS Data Enhancement project will enable network models to be
developed consistently and efficiently for distribution system planning, hosting capacity
analysis, and operations utilizing ADMS. These efforts are foundational to enable the

desired granular, accurate and timely management of the grid envisioned in this GMP.

GIS data improvements and data hardening are underway. This work includes field data
verification, data validation, making required changes, and implementing a data quality
monitoring process. In addition, changes to baseline GIS to allow for new asset types,
new equipment, expanded attributes, and characteristics is also in progress. Going
forward, GIS data cleanup and data model changes will continue and changes to GIS to

support these requirements for ADMS will be progressed.
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Why does the Company propose to continue investing in ADMS Core
Functionality?

Currently, operators rely on static system models and the distribution status information
in SCADA (where available) to make operations decisions. For planned and emergency
feeder reconfigurations, the operators utilize historic data, such as seasonal peak loading
information, to help predict future conditions. Historically, system loading patterns have
been somewhat predictable with regions, substations, and even individual feeders
generally following similar trends. This is changing with the proliferation of DER, and

locational variability is increasing.

In addition, any advanced automation schemes (e.g., VVO/CVR) are currently built as
stand-alone functions. The operators can monitor the actions of the programs via the
SCADA system, but they run independently based on “as-designed” feeder
configurations rather than adapting to the real-time “as-switched” feeder configuration.
This means that these automated schemes may be disabled for any configuration of the

distribution grid out of its normal “as-designed” state.

Finally, over the last decade, the Company has deployed a growing number of field
devices integrated with the existing SCADA system (e.g., Feeder Monitoring Sensors,
Advanced Capacitors & Regulators, Advanced Reclosers & Breakers), such that the

amount of data brought back from distributed devices has increased significantly. This
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proliferation of remote telemetered devices on the distribution system is already straining
the capacity of the existing SCADA system, which includes both transmission and

distribution (T&D) device data.

Please elaborate on the proposed ADMS investment.

The proposed ADMS investment is an integrated grouping of hardware and software
necessary for Distribution Control Center operations to provide greater visibility,
situation awareness, and optimization of the electric distribution grid as well as improved
efficiencies through automating multiple control center processes. The Company believes
ADMS is a critical platform for the integration and operational management of DERs as
their impact on grid performance grows, and ADMS will incorporate real-time data into
useful solutions from an ever-growing number of Advanced Field Devices, DERs, and
AMF data as it becomes available. For example, when planning to reconfigure the grid,
ADMS will allow the operators to simulate the future state (i.e., reconfigured grid) to test
the reconfiguration approach and ensue the most efficient switching that yields optimal
power quality. DERs will be operationally integrated into the ADMS network model to
allow operators to assess their effect on the grid, as well as leverage them for support

where possible.

In addition, ADMS will become the platform that coordinates multiple functions on a

common “as-switched” network model. By incorporating control and automation capable
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grid devices (e.g., Advanced Capacitors & Regulators, VVO, and FLISR) with the
centralized ADMS platform, these technologies can operate in abnormal grid
configurations, further supporting operations and adding value. Finally, the deployment
of a new DSCADA system will enable management of the proliferation of data from

remote telemetered devices on the distribution system to ensure continued reliability.

The project will be implemented utilizing a phased approach putting different modules
and functionality into service over the next five years. This will maximize value add and
benefits realization as early as possible as well as help to align ADMS with critical
dependencies such as GIS and data model expansion and RTU separation. To date, the
Company has completed an analysis and scoping effort for the development of the
ADMS, including capturing business capabilities and requirements, analyzing affected
operational procedures and training requirements, selecting vendors, procuring hardware

and software, and building/testing infrastructure.

Why does the Company propose to continue investing in Underlying IT
Infrastructure?

Managing the distribution system more granularly in order to safely, reliably, and cost
effectively meet customer’s evolving expectations will depend on the Company’s ability
to manage, analyze, and share underlying information or data. Managing high levels of

DER integration while ensuring electrical network stability and performance will rely on
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deeper and faster insight into asset performance, operating conditions, and customer
demand. As the Company deploys more Advanced Field Devices, AMF, and other
technologies, there will be an enormous growth of incoming data. The following
Underlying IT Infrastructure investments in Data Management, Enterprise Integration
Platform, and Corporate Pl Historian are necessary to enable grid modernization

functionalities and realize its full benefits.

Data Management: Future investments will build foundational data management
capabilities by enabling enhanced data governance across key datasets. This project will
implement necessary data management tools and processes to ingest data, catalog data,
and assess and improve data quality. This centralized platform will be used to
measure/monitor critical data elements and their accuracy, integrity, completeness, and
consistency to support continuous data improvement. Setting this foundation is critical to
establishing the longer-term vision of a data management platform, which will be
necessary in the future as the amount of data collected and need for data continues to

grow.

Enterprise Integration Platform: Grid modernization applications will leverage the
Enterprise Integration Platform to integrate various objects within and outside the
Company to enable secure exchange of information between systems, services, and

devices. This investment will provide all the necessary integrations between the various
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grid modernization applications such as ADMS, Telecommunications Operations
Management System (TOMS), and VVO/CVR; corporate applications such as GIS; and

external applications as necessary.

Corporate Pl Historian: Future investments will permit engineering, asset management,
and advanced analytics teams secure access to this information without affecting
performance of the operational systems. The environment will be used to support internal
modeling, analysis, and reporting needs. In addition, this project will allow the Company
to consolidate data currently stored in separate systems and data stores, reducing

complexity and enabling further analytical insights.

To date, the Company has completed an architecture assessment of the current integration
tools in use, and their fitment for the Grid Modernization Program. The program level
conceptual solution has been established to address the needs of the Enterprise
Integration Platform and Data Management. Integration Platform infrastructure and
license components have been provisioned, and the first set of reusable integration
frameworks, adapters and services are currently in development. Work on Corporate Pl

Historian has not yet begun.

Why does the Company propose to continue investing in Appropriate Cyber

Services?
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The Company considers cybersecurity a necessary capability in order to operate a safe,
reliable and cost-effective electric distribution system. Cybersecurity protects customers
and electric grid operations from a vast array of threats. As more intelligent devices,
including third-party devices, are interconnected and integrated with utility operations,
the number of potential targets increases, as does the need for a robust cybersecurity

program.

The Company proposes a risk-based cybersecurity approach that encompasses people,
processes, and technologies and that recognizes that the electric grid is changing from a
relatively closed system, to a complex, highly interconnected environment. The

Implementation Plan details the specific proposed investments.

To date, applicable cyber security threats have been mapped to the grid modernization
business capabilities to assess how they may be impacted by those threats if they were to
be realized. In addition, the implementation plan for the integration of cyber security
services and the grid modernization workstreams have been drafted to ensure services are
available when needed. During the next rate year, Appropriate Cyber Services will be
deployed and/or enhanced to support the grid modernization workstreams, and detailed
requirements and design will be started. Elements of cyber security have already been
delivered as part of the Enterprise Service Bus investments (part of Enterprise Integration

Platform).
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Why does the Company propose continued and new investment in
Telecommunications?

A secure and robust OpTel network is a foundational element to the GMP. The Company
currently utilizes several different communications technologies for the collection of
customer meter and transmission and distribution system data. The existing
communication networks that support these functions are suitable for grid data
requirements at the current time. However, these networks must be upgraded and
expanded to support future grid modernization and enable greater reliability, control,

monitoring, and security of the distribution assets.

Considering the breath of communications options and the evolution of technology, the
Company understands that a flexible strategy is required when deploying communication
systems. In particular, the OpTel system must be designed in a fashion that permits an
efficient refresh of network technologies. No single telecommunications and networking
system will economically meet all requirements in all areas. Therefore, the Company is
planning for a private network across the service territory that provides coverage in a

reliable and economic manner.

The proposed OpTel Strategy includes investments to build out and operate a private
network, which will provide the majority of communications for the new distribution

devices such as those supporting customer DERs. Aside from the added benefits of

48



10

11

12

13

14

15

16

17

18

19

THE NARRAGANSETT ELECTRIC COMPANY
d/b/a NATIONAL GRID

RIPUC Docket No. 5114

Grid Modernization Plan

Witness: Stephen Lasher

Page 49 of 61

greater network control and reliability in transitioning from a public carrier solution to a
private one, a key driver of this change is to reduce long-term costs (i.e., commercial
cellular run-the-business (RTB) costs) that increase with every new grid device added.
Given the increasing adoption of DG and future EV adoption, plus the grid modernization
initiatives needed to support these, the Company anticipates a significant number of

endpoint nodes that will need connectivity.’

The large increase in connected devices anticipated in the future would result in
significant commercial cellular RTB costs if investments are not made in OpTel Strategy.
With significant future cost coming from increasing cellular connectivity, this is the

appropriate time for the Company to invest in a private network.

The Company must also enhance its ability to plan and manage the growing class of
controllable assets. As part of the approved Telecommunications (Network
Management) investment, the Company is reviewing its current methods, which lack
features for graphical and logical circuit planning, design, and evaluation. Adding new
tools and developing interfaces to current systems will improve maintenance and

operations.

" Considering the two bookend DER adoption scenarios, the Company anticipates that an additional 2,400 new
distribution devices under the Low DER Scenario (primarily advanced field devices) and 11,400 new distribution
devices under the High DER Scenario (primarily EV charging devices) will need to be outfitted with
telecommunications and be connected into the Distribution Control Center systems.
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To date, significant work has been initiated in evaluating new core network equipment
(Tier 1 & 2), developing a private wireless network solution (Tier 3), evaluating
incremental telecommunication bandwidth investments, and procuring and setting up
TOMS that will maintain all telecommunications equipment and services (Network
Management). For the greatest operational efficiency, each initiative is being developed
across National Grid’s Rhode Island, New York, and Massachusetts service areas
because the same technology solutions and approaches are being considered and

proposed for each state.

Why does the Company propose investment in VVO/CVR Platforms?

VVO benefits customers by reducing demand and energy use through CVR.2 The VVO
control schemes coordinate multiple voltage regulating devices of a feeder to achieve
optimal CVR performance. On average, expected benefits are estimated to be about 3%
reduction in energy and peak demand on feeders equipped with Sensors, Advanced
Capacitors & Regulators, and the VVO/CVR Platform. Customers realize benefits
through reduced costs for electric energy and system capacity, which result in lower bills

compared to a future case without the VVO/CVR Platform.

The Company currently uses a stand-alone VVVO controller for its VVO deployments but

anticipates transitioning to an ADMS-based VVO/CVR solution to reduce costs and gain

8 CVR enables the operation of distribution feeders at lower overall voltages to reduce electricity consumption from
customer appliances.
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efficiencies due to automation onto a single control platform with an *“as switched”
network model allowing optimized solutions when the grid is in abnormal states. The
Company anticipates that a VVVO application will be incorporated in the third phase of the
ADMS project. Also, in that same time frame, the Company expects customer-level
voltage information to be available through AMF and believes an incremental 1%
reduction in energy and peak demand can be achieved if this more granular voltage data

is used to fine tune the VVVO control scheme.

To date, the Company has implemented VVO/CVR on 19 feeders from 6 substations in
Rhode Island. Deployment on an additional 14 feeders is anticipated through the
Company’s FY 2021 ISR Plan based on the initial positive results. VVO/CVR
deployment is expected to increase to between 20-36 feeders per year as early as FY23 in
coordination with the Sensor and Advanced Capacitor & Regulator deployments

described earlier.

Why does the Company propose new investment in Fault Location, Isolation and
Service Restoration (FLISR)?

Investment in FLISR will help the Company continue to provide reliable service to
customers by reducing the duration of service interruptions. As more reclosers with
advanced controls are deployed and integrated with the Distribution Control Center

systems, the automation of isolation and service restoration is possible. Switching steps
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that could take an hour or more may be possible in less than one minute. To achieve this,
feeder tie switches will need to be outfitted for remote control and a centralized FLISR
control scheme application enabled on the ADMS platform. The Company intends to
identify targeted FLISR field deployments through planning studies incorporated into
annual ISR plans considering the expected impact on customer interruptions and
customer minutes of interruption that could be saved through automation. FLISR
deployment will be coordination with the Sensor and Advanced Recloser & Breaker

deployments described earlier.

Why does the Company propose new investment in DERMS?

Under high customer DER adoption scenarios, a suite of DERMS tools are necessary to
integrate customer controlled DER resources with grid operations. The Company expects
that the scope and scale of DERMS functionalities will increase and evolve as customer
DER adoption increases and new programs for load management (e.g., DR, flexible DG,
EV charging, energy storage, microgrid coordination) become available. The flagship
role of a DERMS is to dispatch DER in a manner that maintains the security of the
distribution system while ensuring an optimal economic solution. To do so, DERMS
must have functionalities that include resource registration, forecasting, resource

optimization, activation, measurement and verification and settlement.
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An objective of the GMP is to better leverage DER and customer programs, including
demand response but also flexible DG, EV charging, and energy storage programs, in
support of distribution grid operations for the benefit of all customers. As such, the long-
term plan is to expand and enhance the types of resources that can be managed through a
DERMS and to integrate DERMS with ADMS to optimize distribution grid performance.
The Company expects that DERMS functionalities will be deployed as the applications

become available and are beneficial to support grid and market operations.

Why does the Company propose new investment in ITR Projects?

ITR Project investments will fund the pilot projects necessary to support cost-effective
deployment of the future grid modernization investments presented in the GMP,
particularly investments that are less-well defined, like DERMS, or investments with
emerging functionality that can be further explored to increase net benefits, like the
System Data Portal, AMF, ADMS, VVO/CVR, or FLISR. This approach is similar to the
Company’s successful VVO/CVR Pilot program being funded through annual ISR
filings. ITR projects will enable the Company to work with the industry to evaluate and
test early versions of some of the future GMP solutions and functionalities on a small
scale, so the most cost-effective and beneficial functionalities and use cases can be

developed for large-scale deployment.
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VIII.

Benefits/Cost Analysis

How did the Company account for the benefits of Grid Modernization?

Many of the GMP benefits have been quantified using the Docket No. 4600 Benefit-Cost
Framework (the Docket 4600 Framework) the PUC adopted in Docket No. 4600° based
on detailed analysis, including detailed feeder-level and state-level modeling of the future
state scenarios. Where the Docket 4600 Framework did not provide full guidance, the
Company used well-established BCA methodologies from other Company BCA efforts,
including the Energy Efficiency Program’s BCA and Rhode Island Test. The source for
many of the avoided cost value components is the ASEC 2018 Study, Avoided Energy
Supply Components in New England: 2018 Report prepared by Synapse Energy
Economics for AESC 2018 Study Group, October 24, 2018. In many cases, the
quantifiable benefit is an avoided cost that is calculated based on the difference (or

“delta”) between a Reference Case and the Grid Modernization cases.*®

In cases where benefits cannot be quantified due either to lack of data or lack of accepted
method, the Company conducted a qualitative analysis of benefits, consistent with the

Docket 4600 Framework. These qualitative benefits, if considered as part of the overall

%See Investigation Into the Changing Electric Distrib. Sys. and the Modernization of Rates in Light of the Changing
Distrib. Sys., Docket No. 4600, Report and Order No. 22851 at 23 (July 31, 2017).

10 Note that the BCA does not include benefits (or costs) associated with the future DER deployments compared to
today (e.g., future decrease in GHG emissions reduction due to renewable DG adoption), only benefits compared to
the Reference Case, which is assumed to have the same level of DER adoption (i.e., installed renewable DG
nameplate) as the Grid Modernization cases.
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BCA, increase the benefit-cost ratio and potentially make the grid modernization

investments even more valuable and cost-effective for customers.

How did the Company identify the potential benefits of the GMP investments?

The Company surveyed internal and external BCAs for similar investments, including
several other AMF and grid modernization plan utility filings to understand the scope of
the BCA and provide a benchmark for benefit and cost categories to be included in the
Company’s BCA. The results of the survey, included in the Appendix to the GMP, show
that the scope and breadth of the Company’s BCA for Rhode Island is more thorough
than the other filings in the survey as a result of the Company having applied the Docket

4600 Framework and detailed modeling of a future distribution system in Rhode Island.

What benefits did the GMP quantify?

The GMP BCA quantifies and monetizes the following categories of benefits:

Avoided O&M Costs
e OPEX Labor Efficiency: Improvements in operational efficiency, such as eliminating
AMR meter reading, or reducing meter investigations and visits to connect and

disconnect service.

95



10

11

12

13

14

15

16

17

18

19

20

THE NARRAGANSETT ELECTRIC COMPANY
d/b/a NATIONAL GRID

RIPUC Docket No. 5114

Grid Modernization Plan

Witness: Stephen Lasher

Page 56 of 61

e Avoided Legacy OPEX Investments: Avoiding “legacy” OPEX system investments,
including RTB telecoms costs from existing Advanced Field Devices and future

DERs, due to the proposed grid modernization investments.

Avoided Capital Costs

e Avoided Legacy CAPEX Investments: Avoiding “legacy” CAPEX system
investments, such as AMR hardware replacement and installation costs, due to the
proposed grid modernization investments.

e Avoided D-System Infrastructure Cost: Improvements in load optimization due to the
ability of the system operator to autonomously or remotely control power flows on
the distribution system, either by rearranging the distribution feeders or optimizing
power output from renewable DERSs, rather than investing in traditional “wires”
solutions (e.g., reconductoring, substation upgrades) to relieve thermal or voltage

constraints due to DER adoption.

Customer Benefits - Empowerment

e Improved Customer Choice & Control: Improvements in customer energy usage
information sharing, third party information sharing, and access to third party service
providers, which empowers customers to better understand and prioritize among

solutions to best manage energy usage and costs.
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Improved DER Experience: Improvements that enable an improved customer DER
experience, such as better DER location selection, streamlined DER interconnection
processes, flexible interconnection options, reductions in time to interconnect, and
better customer and third-party information sharing and services.

More Equitable Cost Allocation: Improvements in the ability to allocate costs to
different classes of customers in a way that more precisely reflects their respective
contributions to system-level costs and will support development of more cost-
reflective rates and pricing that limit cross-subsidization.®

More Equitable Benefit Allocation: Improvements in the ability to allocate benefits to
compensate customer- or third-party owned DERSs in a way that is more reflective of
actual system benefits (e.g., shift from current net energy metering programs to

location- and market-based DER pricing).

Customer Benefits — Energy Savings

Reduced Customer Energy Use: Reductions in electrical energy used by a customer,
which can be a result of customer action based on enhanced energy use insights (e.g.,
AMF-based High Bill Alerts) or integrating AMF with in-home technologies; or
utility action, such as operating distribution feeders at lower overall voltages (within
ANSI limits) to reduce electricity consumption from customer appliances (e.g.,

VVOICVR).
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Reduced System Capacity Requirements: Reductions in system capacity requirements
in either the generation, transmission or distribution systems, which can be a result of
customer action based on enhanced energy use insights (e.g., AMI-based High Bill
Alerts), integrating AMF with in-home technologies, or responding to TVR to reduce
demand for energy during peak demand periods; or utility action, such as operating
distribution feeders at lower overall voltages (within ANSI limits) to reduce peak

demand from customer appliances (e.g., VVO/CVR).

Customer Benefits — Reliability Improvements

Reduced Outage Notification Time: Reductions in customer outage durations due to
AMF remote metering and the ability of the system operator to quickly identify an
outage and reconfigure the system rather than waiting for phone calls from customers
to identify an outage.

Reduced Outage Restoration Time: Reductions in customer outage durations due to
the ability of the system operator and control system to quickly generate switch
orders (i.e., ADMS-based SOM) or locate and isolate a fault and restore power (e.g.,

FLISR) rather than waiting for field crews to locate and restore power.

Customer Benefits — Avoided Bulk Energy Purchases

Reduced DG Curtailment: Reductions in DG curtailment during the interconnection

application stage or during operations due to the ability of the system operator to
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manage DERs and optimize power output from renewable DG rather than relying on

seasonal curtailment to avoid thermal or voltage constraints.

Societal Benefits

e Reduced Customer Energy Use: Reductions in non-embedded central power plant
emissions of carbon dioxide (CO>), sulfur dioxide (SO.), and oxides of nitrogen
(NOx) resulting from reductions in electrical energy used by a customer, which can be
a result of customer action (e.g., AMF-based High Bill Alerts) or utility action (e.g.,
VVO/CVR).

e Reduced DG Curtailment: Reductions in non-embedded central power plant
emissions of CO», SO, and NOx resulting from the ability of the system operator to
manage DERs and optimize power output from renewable DG rather than relying on

seasonal DG curtailment to avoid thermal or voltage constraints.

How does the Company quantify the value of enabling greater DER integration?

A fair comparison of the grid modernization investments to the counterfactual case
without grid modernization (i.e., Reference Case) requires customer DER adoption be an
exogenous variable in the GMP BCA. Therefore, the Company did not attempt to
estimate the difference in the amount of renewable DG that could be interconnected in
the grid modernization cases compared to the Reference Case, where many DG projects

are likely to be uneconomic by 2030 under high DER adoption scenarios. Instead, the
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Company quantified the value of enabling greater DER integration using two of the

benefit categories summarized above:

e Avoided D-System Infrastructure Cost benefit based on the difference between the
estimated traditional infrastructure upgrade costs necessary to accommodate future
DG interconnections in the Reference Case compared to the grid modernization cases

e Reduced DG Curtailment benefit based on the difference between the estimated
seasonal curtailment in the Reference Case and the optimized power output (i.e.,

granular curtailment) that is possible in the grid modernization cases

What costs were included in the GMP BCA?

The Company developed estimates for all incremental Company costs necessary to
deploy and maintain the grid modernization investments through the end of the 20-year
BCA evaluation period (FY22-FY41), including capital expenditures (CAPEX),
operating expenditures (OPEX), and RTB costs for all solutions presented in the GMP
roadmap. There were no incremental customer costs identified as being necessary to

enable the GMP compared to the Reference Case.

Do the envisioned benefits of grid modernization investment outweigh the costs?
Yes. The Company estimates that the quantified benefits of the proposed GMP
investment outweigh the costs by over 50 percent (Benefit-Cost Ratio (BCR) = 1.51) in

our base case future scenario with low customer DER adoption and by 160 percent (BCR
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= 2.60) in our base case future scenario with higher customer DER adoption. In addition,
the GMP discusses a number of additional benefits from the proposed investments,

including Economic Development, Enhanced Load Shift, Rest-in-Pool DRIPE, Customer
Empowerment and Choice, and Prosumer Benefits, that are not included in the base case

BCR estimates but are addressed qualitatively or as a sensitivity analysis.

Based on the BCA results, should the PUC approve the GMP?

Yes. The Company requests that the PUC approve the GMP as a roadmap for grid
modernization investments over the next ten years, and the accompanying BCA. Not
only do the GMP investments realize significant quantifiable benefits compared to not
investing in grid modernization, including reduced customer energy use, outage
restoration time, DG curtailment, and avoiding certain O&M and capital investment
costs, but the Company also believes the investments will further the customer

experience and facilitate choice and control.

Conclusion

Does this conclude your testimony?

Yes.
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Executive Summary

The Narragansett Electric Company d/b/a National Grid (National Grid or the Company) is
pleased to share this 2021 Rhode Island Grid Modernization Plan (GMP). The GMP is an
informational guidance document that presents a holistic plan of activities and investments
expected to be necessary to manage the distribution electric grid more granularly considering a
range of Distributed Energy Resources (DER)* adoption levels through the period ending in
2030. The GMP includes a five-year implementation plan, a ten-year roadmap, and a
comprehensive benefit-cost analysis (BCA) for stakeholders to review and the PUC to approve
for the purpose of allowing the Company to make grid modernization investment proposals in
the future. As described below, the GMP expands significantly on the initial grid modernization
plans submitted previously to the PUC under Docket 4770 and addresses input from stakeholders
from the past two years.

The Company uses the term “grid modernization” to refer to those investments associated with
managing the distribution system with more granularity to create a platform of solutions that
enables more DER to connect while also giving customers more control over their energy
decisions, reducing energy use, and improving reliability.? Grid modernization is not a single
project or even program, but rather a long-term strategic initiative to meet the evolving
expectations of customers safely and reliably.

Significant change is occurring across the energy industry due to changing customer behavior
and expectations, including increased adoption of DERs like renewable distributed generation
(DG), beneficial electrification (BE), and advanced “smart” technologies that can actively
manage energy use in customers’ homes and places of businesses. Adoption of these DER
technologies is critical to enabling customer empowerment and meeting State clean energy goals.
However, interconnecting them into the existing electric system infrastructure is becoming
increasingly difficult and expensive. Rhode Island needs a well-coordinated and integrated grid
modernization plan now in order to meet the unmet Operational, Customer, and Clean Energy
needs summarized below.

Operational Needs: Operational needs include enabling cost-effective solutions for distribution
system issues caused by customer DER adoption. These issues are localized today, but without
grid modernization, they are expected to become systemic in 5-10 years. Grid modernization will
enable the Company to cost-effectively address these system issues and provide customers and

! DER is defined here as a resource sited close to customers that can provide electricity generation (e.g., solar DG,
wind DG) or flexible demand (e.g., energy storage, EVSs, electric heat pumps).

2 Energy savings here refers to savings in the future compared to no investment in grid modernization (e.g., without
VVO/CVR or AMF customer energy insights). However, because the primary energy goal for Rhode Island is
decarbonization, customers’ overall energy use may increase in the future compared to today, as more EVs and
electric heat pumps are adopted.
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DER developers with better access to the electric distribution system compared to a future
without grid modernization, including:

Reduced DER Interconnection Costs: DER developers and customers will experience
lower DER interconnection and other costs due to the ability of the Company to
autonomously or remotely control power flows on the distribution system rather than
investing in traditional “wires” solutions (e.g., reconductoring, substation upgrades) to
interconnect DERs. Reducing interconnection costs is expected to result in fewer DER
project applications being reduced in size or cancelled altogether.

Improved DER Operation: DER developers and customers will be able to continue to
operate DERSs in the future without significant energy curtailment due to the ability of the
Company to optimize DER load rather than relying on seasonal curtailment to maintain
thermal and voltage compliance.® Reducing DER curtailment is expected to result in
higher DER utilization that can support continued adoption of renewable DG and
accelerated adoption of EVs and other DERs throughout the State.

Improved DER Experience: Grid modernization investments enable improved customer
DER experience, such as better DER location selection, streamlined DER interconnection
processes (e.g., flexible interconnection options, reductions in time to interconnect), and
better customer and third-party information sharing and services.

In addition, a significant portion of the Company’s current automated meter reading (AMR)
technology is reaching the end of its design life and needs to be replaced. Details on this
operational need are presented in the Updated AMF Business Case.

Customer Needs: Customers increasingly want more affordable, cleaner, and more reliable
energy that they can manage and control. Grid modernization investments enable the Company
to meet customers’ evolving expectations by providing them with more energy savings
opportunities, cleaner energy options, simpler and lower-cost DER interconnections, reliability
improvements, and greater choice and control in addressing their energy needs compared to a
future without grid modernization, including:

Lower Energy Use: Customer will have more opportunities to reduce their energy use
due to the ability of the Company to provide greater customer energy insights and control
(see Greater Customer Control described below) and operate distribution feeders at lower
overall voltages (within ANSI limits), which will reduce electricity consumption and
peak demand from customer appliances.

3 Seasonal curtailment means the Company would need to curtail renewable DG anytime the estimated maximum
seasonal DG output of the installed capacity was predicted to exceed the system design limitations of the system.

67



Schedule SL-1

THE NARRAGANSETT ELECTRIC COMPANY
d/b/a NATIONAL GRID

RIPUC Docket No. 5114

In Re: Grid Modernization Plan (GMP)

GMP Business Case

Page 3 of 124

e Cleaner Energy: Customers will have a smaller carbon footprint due to reduced energy
use and increased utilization of renewable resources (see Lower Energy Use and
Improved DER Operation described above).

e Affordable DER Adoption: Customers will have more affordable options to invest in
their own DER technologies in areas where these technologies are most cost-effective
due to the ability of the Company to reduce costs and other barriers to interconnect and
operate DERs (see Reduced DER Interconnection Costs and Improved DER Experience
described above).

e Improved Reliability: Customers will experience reduced outage restoration times due to
the ability of the Company to more quickly locate and isolate a fault and restore power
rather than waiting for customers to report outages and field crews to locate and restore
power.

e Greater Customer Control: Customers will have better control over their energy bills with
the ability to take action based on enhanced energy use insights, integrating AMF with
in-home technologies, and responding to future pricing mechanisms like time-varying
rates to reduce demand for energy during peak demand periods.

Clean Energy Needs: Rhode Island’s clean energy needs include achieving ambitious clean
energy goals based on the Resilient Rhode Island Act and Governor Raimondo’s Executive
Order 20-01, Advancing a 100% Renewable Energy Future for Rhode Island by 2030.# Grid
modernization investments will help Rhode Island meet its clean energy goals by enabling
greater customer energy savings and DER adoption. Enabling DER adoption, in particular
renewable DG, EV, and EHP adoption, is a key driver for meeting the State’s clean energy needs
because it will enable customers to reduce their overall carbon footprint, including reducing
transportation-related emissions that make up 40% of the State’s carbon dioxide (COz)
emissions.®> Grid modernization investments will help reduce the costs and other barriers to
interconnect new DERs in Rhode Island (see Reduced DER Interconnection Costs and Improved
DER Experience described above), which will drive more DER adoption and investment in the
State.

Without investments in grid modernization based on a well-coordinated and integrated GMP,
distribution system infrastructure investments will continue to be piecemeal and not optimized in

4 See Executive Order 20-01, Advancing a 100% Renewable Energy Future for Rhode Island By 2030 (January 17,
2020); See also Resilient Rhode Island Act, R.1.G.L. § 42-6.2 (setting forth the state’s clean energy goal to meet
80% greenhouse gas emissions reduction by 2050, referred to herein as the 80x50 Goal).

> See U.S. Energy Information Administration, 2017 Data, Energy-Related CO, Emission Data Tables, at Table 4
(State energy-related carbon dioxide emissions by sector) (Released May 20, 2020),
https://www.eia.gov/environment/emissions/state/
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a way that benefits all customers and meets the identified needs. In addition, the Company
believes the electric distribution system will be a roadblock to achieving clean energy goals and
the Company and State will be ill-prepared for the clean energy transition. If the Company takes
a “do nothing” approach and does not invest in grid modernization, increasing interconnection
cost will slow renewable DG adoption rates below the current level, EV charging infrastructure
will be more costly, and customer participation in DER and Energy Efficiency programs will be
limited. These consequences of a “do nothing” approach will put some of the State’s ambitious
clean energy goals out of reach.

Transforming Rhode Island’s electric distribution system is a journey that will take time and that
must be undertaken in a thoughtful and strategic manner. The Company believes that now is the

right time to take the next concrete step in that journey to empower customers and meet the
operational and clean energy needs of the next decade.

1. Introduction

1.1. Docket No. 4770

In November 2017, the Company submitted an application for approval of changes in electric
and gas base distribution rates in Docket No. 4770 (2017 Rate Case),® along with a Power Sector
Transformation (PST) Vision and Implementation Plan (PST Plan).” The PST Plan proposed a
suite of investments, including grid modernization solutions and a state-wide deployment of
Advanced Metering Functionality (AMF), to modernize the State’s energy infrastructure.
Following several months of discovery, testimony, and technical sessions before the PUC, the
Company and the intervening parties filed an Amended Settlement Agreement (ASA) that
resolved all disputed issues in both dockets, which the PUC approved at an Open Meeting on
August 24, 2018.

The ASA included an initial, limited set of grid modernization investments as part of a three-year
Multi-Year Rate Plan (MRP), and further required the Company to file a comprehensive Grid
Modernization Plan (GMP) and Updated AMF Business Case, which describes how each
integrates with the other and includes, among other requirements, a transparent, updated BCA
that fully incorporates the Benefit-Cost Framework adopted by the PUC in its written Report and

6 See The Narragansett Elec. Co. d/b/a National Grid, Application for Approval of a Change in Elec. and Gas Base
Distribution Rates, Docket No. 4770 (November 27, 2017) [hereinafter the 2017 Rate Case].

7 See Id.; see also The Narragansett Elec. Co. d/b/a National Grid, Proposed Power Sector Transformation (PST)
Vision and Implementation Plan, Docket No. 4780 (November 28, 2017) (Following review of the filings, the PUC
docketed the rate case and PST Plan filings separately.).
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Order in Docket No. 46008 (Docket 4600 Framework) and the PUC’s Guidance on Goals,
Principles and Values for Matters Involving the Narragansett Electric Company d/b/a National
Grid (Docket 4600 Guidance Document).® Table 1.1, below details how the GMP addresses
each of the relevant grid modernization requirements within the ASA. Section 1.6 below
discusses in more detail how the GMP aligns with the Docket 4600 goals.

8 See Investigation Into the Changing Electric Distrib. Sys. and the Modernization of Rates In Light of the Changing
Distrib. Sys., Docket No. 4600, Report and Order No. 22851 (July 31, 2017). .

9 See Pub Util. Comm’n Guidance on Goals, Principles and values for Matters Involving the Narragansett Elec.
Co. d/b/a National Grid, Docket 4600-A (October 27, 2017) [hereinafter Docket 4600 Guidance Document].
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Table 1.1: Amended Settlement Agreement Terms Mapping to GMP Section

ASA Grid Modernization Terms

GMP Business Case or Other GMP Document
Sections

Objectives for the electric grid to advance the Goals for
the Energy System and Rate Design Principles, and
potential visibility requirements of the benefit-cost
framework in Docket 4600 Guidance Document

Section 1.7: Alignment with Docket 4600 Goals

A plan and explanation of how the selected investments
and implementation plan address risks of redundancy or
obsolescence

Section 3: Risk Management Approach
Implementation Plan: all sections

Explanation of the role of currently active programs

Section 4: Current Grid Modernization Activities

A plan and explanation for the integration and leveraging
of customer-side technologies and resources in the near
and long-term

Section 4.3: Complimentary and Supporting
Elements

Section 7: AMF Roadmap and Grid
Modernization Integration

A description of how the GMP, in particular the
distribution planning components, addresses the
relationship between electrification of heating and
transportation and energy efficiency to allow for the
furtherance of overall reduced peak demand while also
encouraging electrification of heating and transportation

Section 3.2: Future State Scenarios

Section 4.3.2: Load Management Programs
Appendix — Section 4: Distribution Planning
Process

Appendix — Section 5: Load Forecasting Details
Appendix — Section 7: Feeder-Level Analysis
Details

Full assessment of the various initiatives being
contemplated, including an explanation and evaluation
of how the initiatives link to each other. The assessment
will consider short and long-term initiatives to include
active and future programs.

Section 5: Planning Analysis and
Recommendation

Implementation Plan: all sections

Functionalities to achieve [the] objectives

Section 5.5: Functionality and Benefit Impacts
Assessment
Appendix — Section 8: Functionality Definitions

Review of options for candidate technologies to deliver
those functionalities

Section 5: Planning Analysis and
Recommendation

Implementation Plan: all sections

Updated AMF Business Case (separate filing)

An implementation plan that provides a detailed
explanation of the prioritization, sequencing, and pace of
investments

Implementation Plan: all sections

Investments and technology deployments planned
through the end of any proposed AMF implementation

Section 5.6: Proposed Solution Set
Section 5.7: 2030 Roadmap

Section 7: AMF Roadmap and Grid Mod
Integration

Implementation Plan: all sections
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GMP Business Case or Other GMP Document

ASA Grid Modernization Terms .
Sections

Implementation plans outlining the details and
technologies over a five-year horizon plus an outline of
how this plan aligns with the longer term (i.e., a ten-year
roadmap). The GMP will provide a roadmap of potential | e Section 5.7: 2030 Roadmap
investments beyond the term of the current multi-rate e Implementation Plan: all sections
plan (MRP); requests to fund those investments will be
included as part of a general rate case, MRP, or ISR Plan
filings.

Identification of the possible communications solutions
that address current and future needs and support a
wide array of potential grid modernization programs and

e Implementation Plan — Section 11: Operational
Telecommunications
e Appendix — Section 9: OpTel Strategy Details

activities
Explanation of congruency with grid modernization e Section 1.8: Alignment with National Grid
activities in New York and Massachusetts Jurisdictions

e Section 8: BCA Evaluation Under Docket 4600
e Appendix — Section 11: Benefit Cost Analysis
Details

Transparent, updated benefit cost analyses that fully
incorporate the Docket 4600 framework

In addition, the ASA required the Company to engage with stakeholders via a newly created PST
Advisory Group to develop the GMP and Updated AMF Business Case. Through the PST
Advisory Group, the Company formed a GMP and AMF Subcommittee that launched in October
2018. The GMP and AMF Subcommittee has engaged with the Company over the course of
numerous meetings between October 2018-October 2020 and has provided valuable input to the
development of the GMP and the Updated AMF Business Case. Details about this collaboration
can be found in the AMF Business Case filing under Section 2.1: PST Advisory Group GMP and
AMF Subcommittee Engagement.

1.2. GMP Approach

The Company is actively engaged in shaping grid modernization activities within the industry.
Employees regularly participate in and take leadership roles in Institute of Electrical and
Electronics Engineers (IEEE) working groups and standards committees, National Electric Code
(NEC) committees, Electric Power Research Institute (EPRI) research programs and advisory
councils, The Centre for Energy Advancement through Technological Innovation (CEATI)
interest groups and taskforces, the U.S. Department of Energy (DOE) advisory group concerning
the Next-Generation Distribution System Platform (DSPx) Modern Distribution Grid
guidelines,'® and Rhode Island PST stakeholder engagements. The Company leveraged this

1o DOE’s Modern Grid Initiative works with public and private partners to develop the concepts, tools, and
technologies needed to measure, analyze, predict, protect, and control the grid of the future. Multi-volume guidance
documents are available on the Pacific Northwest Laboratory’s website, https://gridarchitecture.pnnl.gov/modern-
grid-distribution-project.aspx
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experience and selected best practices to develop a systematic approach to evaluating grid
modernization investments including their costs and benefits to Rhode Island.

The intent of the GMP is to efficiently leverage the functionalities of updated technologies, new
programs, and services to meet evolving customer needs. To accomplish this and select a set of
grid modernization solutions that will meet Rhode Island’s needs through 2030, the Company
followed the stepwise approach outlined in Figure 1.1.

Inputs Planning Analysis Outputs
| |

. | Modeling |
Qranina R Nata

Altarnativa I Plan \/alua

-

| Issue& Opportunity ldentification | "~ [T T

Figure 1.1: lllustration of GMP Solution Assessment Approach

This approach and the 10-year (2030) roadmap are discussed in detail in Section 5 of this GMP
Business Case.

1.3. Benefit Cost Analysis

The Company developed a detailed BCA, which compared the grid modernization investments
envisioned out to 2030 to a “reference case” with no grid modernization investments (i.e.,
traditional investments only). The Company’s GMP BCA is consistent with the Docket 4600
Framework, and is discussed in detail in Section 8: BCA Evaluation Under Docket No. 4600.
This BCA is one of the few grid modernization filings to perform a full quantitative BCA
specifically on grid modernization investments, including a “Grid Modernization Only Case”
that excludes costs and benefits due to AMF.*! To ensure a comprehensive BCA that covers all
potential benefits and costs introduced by grid modernization, the Company engaged with a wide
variety of subject matter experts both within and external to the Company (e.g., PST Advisory
Group), reviewed and participated in industry and government forums, and surveyed several
other utility filings to understand the scope of the purported grid modernization benefits.

Through this engagement and research, the Company was able to quantify a number of important
grid modernization benefits and costs, and when quantification was not possible, the Company

11 Dayton Power & Light filed its Distribution Modernization Plan with the PUC of Ohio in December 2018 and
included a full BCA for both its GMP and AMF filings, but the scope of the benefit assessment differs from the
Company’s assessment. Xcel Energy filed its Integrated Distribution Plan with the PUC of Minnesota November
2019 and included a full BCA for component technologies. Other filings have focused primarily on AMF benefits
and costs. Details are provided in Attachment B, the Appendix.
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included a discussion of qualitative benefits. The Company quantified many of the benefits
resulting from grid modernization investments using detailed state-wide and feeder-level
modeling of the 2030 future state scenarios and well-established BCA methodologies and input
assumptions. This qualitative analysis is discussed more fully in Section 8.6: Qualitative
Assessment.

1.4. Accountability

National Grid is committed to delivering on grid modernization investments. There are
several uncertainties associated with the evolution of the grid that are out of National Grid’s
control, including the actual pace of DER penetration over time and the corresponding system
impacts as determined through on-going distribution planning processes, the evolution of
complementary policies and programs, and the state of grid modernization implementation;
however, the Company has created several external and internal measures that will hold it
accountable to what is within its control.

The GMP Roadmap is intended to guide the development of future investment plans, but not
lock them in since the form and function of the distribution system is evolving and is expected to
change significantly over the period of the GMP. In addition to the GMP Roadmap, the
Company fully expects to adapt and adjust its plans considering the many metrics presented in
Section 6.2: Reporting Metrics. These metrics will be reported annually throughout the horizon
of the GMP to ensure the timely and effective deployment of solutions and realization of
benefits. Project plans for future investments will be presented in their appropriate forums at the
appropriate time throughout the horizon of the GMP. This iterative process enables on-going
engagement and review and reduces risks.

1.5. Value for Rhode Island

The value of the proposed grid modernization investments for Rhode Island is captured in both
the quantitative and qualitative components of the BCA. Quantified net benefits are estimated to
be between $250-$932 million (20-year NPV) depending on customer DER adoption, assuming
the full suite of grid modernization investments is made, including full deployment of AMF.

Figure 1.4 summarizes the results of the BCA for two grid modernization deployment cases -
grid modernization only without AMF (Grid Mod Only Case)*? and full grid modernization with
AMF (Full Grid Mod Case)*® and two future state scenarios representing the low and high

12 Grid Mod Only case assumes grid modernization solutions (e.g., smart controllers, DER optimization using active
power control) excluding AMF are used to integrate DG and better accommodate BE.

13 Full Grid Mod Case assumes grid modernization solutions including AMF with TVR are used to integrate both
DG and BE (e.g., EV charging optimization using load shifting), enable increased customer choice and control, and
provide a better customer experience.
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customer DER adoption forecasts (i.e., Low DER and High DER). For a given scenario, benefits
of both grid modernization cases (i.e., Grid Mod Only or Full Grid Mod) were estimated based
on a comparison to a “reference case”, which assumed traditional infrastructure investments —
without grid modernization.!* Descriptions and detailed results for each case and scenario are
presented in Section 7: BCA Evaluation Under Docket 4600 of the GMP Business Case.

. 51,600 RCR =7 A0

5, Sr

Low DER - Grid Mod High DER - Grid Mod Low DER - Full Grid  High DER - Full Grid
Ml MNinlv MMad MM

Figure 1.4: Summary of BCA Estimates for all Grid Modernization Cases and DER Adoption Scenarios®®

The quantitative BCA results in hundreds of millions of dollars in net benefits for Rhode Island
customers on a 20-year NPV basis. Benefits exceed costs for all four alternatives and all benefit-
to-cost ratios (BCR) are well above one. Additional economic development, regional, and
qualitative benefits evaluated and described in the GMP Business Case would add to the
quantified value.

BCA results also indicate that the proposed GMP benefits are significantly enhanced with AMF,
particularly in the Low DER adoption scenario where benefits are driven primarily by customer
energy savings. AMF benefits are much less dependent on the DER adoption scenario than the
benefits of the Grid Mod Only Case.

14 Note that the BCA does not attempt to compare the benefits and costs of a future state to today’s current state,
instead it compares only the benefits and costs of a future Grid Modernization Case compared to a future Reference
Case without grid modernization.

15 The Full Grid Mod Case results are based on the AMF benefits and costs for the AMF “base case” (i.e., Opt Out,
Mid Results, RI+NY Deployment) option. Details are provided in the Updated AMF Business Case filing.
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1.6. GMP Filing Overview

The GMP consists of four documents: (1) this GMP Business Case, which explains the need,
value, and accountability for grid modernization investments, as well as a solutions assessment
roadmap and BCA based on the PUC’s Docket No. 4600 Framework; (2) the Implementation
Plan as Attachment A, which explains how grid modernization will be implemented over the
next five years; (3) an Appendix as Attachment B, which includes technical and planning details
that support the GMP Business Case and Implementation Plan; and (4) the confidential BCA
Model, as Attachment C. The GMP significantly expands on the initial grid modernization plans
provided in Docket No. 4770 and addresses input from the past two years from the GMP and
AMF PST Subcommittee stakeholders.

The scope of the GMP focuses on the distribution planning and operations-related investments
that the Company needs or will need to effectively and efficiently manage more dynamic loading
of the grid in a safe, reliable and cost-effective fashion. It should be noted that the GMP does not
represent the Company’s entire capital plan nor does it cover the full range of innovative efforts
occurring across the Company. In addition, the GMP only addresses the electric distribution
needs in Rhode Island. Although grid modernization can benefit the State’s and region’s overall
energy system, including the electric transmission system, bulk generation, and even the States’
heating and transportation sectors, the investments needed to modernize the other parts of overall
energy system are outside of the scope of this GMP.

A major investment in the GMP is AMF; therefore, the GMP highlights key areas of AMF and
GMP integration. For example, the Implementation Plan provides a summary of the AMF
proposal, and Section 7 of the GMP Business Case highlights how AMF integrates with GMP
capabilities to empower customers with greater control of their energy usage and supports more
efficient operation of the distribution system. In addition, the Company is filing the Updated
AMF Business Case in accordance with the ASA, concurrently with the GMP, for the PUC’s
review and approval. The Updated AMF Business Case seeks recovery of costs for full
deployment of AMF and provides detailed information concerning the need, value, and
accountability for AMF investments, including a separate comprehensive BCA for the
incremental AMF-related costs and benefits.

The Company is not seeking cost recovery for any other grid modernization solutions as part of
this GMP filing. Instead, such requests for cost recovery will be presented to the PUC for review
via future filings in existing forums such as the Infrastructure, Safety, and Reliability (ISR) Plans
and general rate case filings.

1.7. Alignment with Docket No. 4600 Goals

The PUC’s Docket No. 4600 Guidance Document specifies that any proponent of a program
proposal with associated cost recovery will need to meet the Docket No. 4600 goals, principles,
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and framework.*® While this GMP is not seeking cost recovery at this time, the Company has
still provided an explanation of how the GMP advances, detracts from, or is neutral to each of
the goals for the “new” electric system, as outlined in Docket No. 4600, in Table 1.2.

16 Docket 4600 Guidance Document, supra note 9 at 2.
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Table 1.2: Alignment of GMP Investments with Docket No. 4600 Goals

Goals For “New”
Electric System

Advances? / Detracts From? /Is Neutral To?

Provide reliable,
safe, clean, and
affordable energy
to Rhode Island
customers over the
long term (this
applies to all
energy use, not just
regulated fuels)

Advances: The Company’s GMP investments are foundational enablers necessary to
efficiently and cost-effectively manage two-way power flows in a reliable, safe, clean, and
affordable manner. The GMP’s top priority is to ensure the electric distribution grid
continues to operate within compliance of planning criteria and service quality standards,
but also to leverage opportunities to optimize performance to enhance customer
benefits where they are cost effective.

Specifically, GMP investments can reduce customer energy use and distribution system
capacity requirements directly though voltage optimization and conservation control
schemes (i.e., VVO/CVR), which enables the operation of distribution feeders at lower
overall voltages to reduce electricity consumption and peak demand from customer
appliances. AMF can contribute to incremental benefits in this area by integrating
granular AMF voltage data into VVO/CVR control schemes. In addition, AMF will enable
customers to become more active in managing and reducing their energy usage through
enhanced energy use insights (e.g., AMF-based High Bill Alerts) or integrating AMF with
in-home technologies.

GMP investments will also avoid multiple utility costs, thereby creating the possibility of
improved affordability for Rhode Island customers, including better management of:

¢ Distribution system O&M costs

e Distribution system infrastructure capital costs

e Transmission system infrastructure capital costs

e Bulk energy purchases

In addition, GMP investments can reduce customer outage restoration times through the
addition of advanced reclosers, breakers, and fault location, interruption, and service
restoration (FLISR) control schemes. AMF has the potential to increase reliability further
by enabling better outage management and reduced outage notification times due to
autonomous meter outage notifications, which allow field personnel to restore power
more quickly without relying on customer calls and substation monitoring.

Strengthen the
Rhode Island
economy, support
economic
competitiveness,
and retain and
create jobs by
optimizing the
benefits of a
modern grid and
attaining

Advances: The GMP investments will help more Rhode Island customers reduce their
energy costs and earn additional revenue by enabling them to invest in their own DER
technologies in areas that are most cost-effective for these resources. In addition, GMP
construction spending will create additional jobs in Rhode Island. Indirectly, GMP impacts
are felt in the local supply chain, since industries are providing goods and services for the
GMP implementation. Induced impacts are felt mainly in the local service sector, such as
increased retail activity and hiring as the direct and indirect workers spend a portion of
their incomes locally.?’

7 Full economic development impacts assessment is presented in the Appendix document.
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Goals For “New”
Electric System

Advances? / Detracts From? /Is Neutral To?

appropriate rate
design structures

Address the
challenge of
climate change and
other forms of
pollution

Advances: GMP investments will reduce greenhouse gases (GHGs) and other harmful
emissions by enabling reduced energy use (e.g., VVO/CVR, High Bill Alerts) and renewable
DG curtailment. The investments will also enable more cost-effective interconnection and
better utilization of clean DERs (e.g., solar DG, EVs, EHPs) into the electric distribution
grid, which will reduce Rhode Island’s reliance on more carbon-intensive energy
technologies. Finally, additional emissions reductions will be realized due to a reduction
in utility “truck rolls” resulting from improvements in operational efficiency.

Prioritize and
facilitate increasing
customer
investment in their
facilities (efficiency,
distributed
generation,
storage, responsive
demand, and the
electrification of
vehicles and
heating) where that
investment
provides
recognizable net
benefits

Advances: Grid modernization investments can reduce DER interconnection costs and
enable improved customer DER experience, such as better DER location selection,
streamlined DER interconnection processes, flexible interconnection options, reductions
in time to interconnect, and better customer and third-party information sharing and
services. By reducing costs and other barriers to interconnect, grid modernization will
help more Rhode Island customers invest in their own DER technologies in areas where
these technologies are most cost-effective. In addition, AMF will provide more granular
energy usage data to enable customers to better understand and choose among DER
offerings (i.e., DG, storage, EV, DR, and Energy Efficiency solutions) to better manage
their energy usage and costs.

Specifically, GMP investments will facilitate cost-effective customer investment in DERs
by enabling:

¢ Load optimization to relieve thermal or voltage constraints due to DER adoption
rather than relying on traditional “wires-based solutions”

¢ Improved efficacy of Energy Efficiency and DR programs by providing more
granular data to customers (e.g., detailed billed energy use, in-home displays)

e Third-party programs and offerings that will drive innovation and provide
additional value to customers, while encouraging new industry participants to
enter the market with new customer offerings

e Savings on EV charging costs by virtue of future time-varying pricing that
incentivize customers to displace EV charging to off-peak times

¢ Higher hosting capacity on the distribution system to accommodate higher
penetrations of DERs at lower cost

¢ More cost-effective DER investment due to system information sharing via the
System Data Portal

In the future, a distributed energy resource management system (DERMS), in
combination with an Advanced Distribution Management System (ADMS) and other GMP
investments, will enable optimization of DER output (e.g., reduced DER curtailment) and
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Goals For “New”
Electric System

Advances? / Detracts From? /Is Neutral To?

provide the necessary information, operations and settlement services to DER providers,
which are required to efficiently integrate DER into the distribution system.

Appropriately
compensate
distributed energy
resources for the
value they provide
to the electricity

system, customers,

and society

Advances: The GMP investments are necessary to assess the locational and temporal
value DER may provide to the electric system. In the near-term, grid modernization will
help identify and fairly compensate non-wires alternative (NWA) projects. In the longer
term, grid modernization, combined with new DG tariffs and TVR enabled by AMF, could
more directly and accurately compensate DERs for their value.

Appropriately
charge customers
for the cost they
impose on the grid

Advances: The GMP does not propose utility revenue requirements, cost allocation or
rate design at this time. However, per the ASA, the Updated AMF Business Case includes
assumptions to develop a future time varying rate proposal. AMF, in combination with
time varying rates and other GMP investments, will enable new pricing and allocation
mechanisms to attribute costs more equitably.

Appropriately
compensate the
distribution utility
for the services it
provides

Advances: The ability to monitor two-way power flows will allow the Company to better
understand the impacts of DER and assess the value that the grid provides to both
consumers (i.e., rate payers) and producers (i.e., DER customers) and with this enhanced
understanding the Company should be better positioned to develop innovative and
appropriate rates.

Align distribution
utility, customer,
and policy
objectives and
interests through
the regulatory
framework,
including rate
design, cost
recovery, and
incentive

Advances: The GMP includes a detailed BCA that is aligned with the Docket No. 4600
regulatory framework in order to better align distribution utility, customer, and policy
objectives. In addition, specific GMP investments like the System Data Portal will provide
transparency concerning system needs and opportunities for interested stakeholders,
thereby fostering a more collaborative approach to distribution system planning and
operations. AMF provides improved customer data access through the Customer Energy
Management Platform (CEMP) and Home Area Network (HAN), as well as facilitating
easier data sharing among customers and third parties using Green Button Connect
(GBC).®® It also enhances existing customer programs in EE, DR, and EVs as outlined in
the Updated AMF Business Case and its Customer Engagement Plan. When coupled with
future rate designs and incentives, AMF also aligns customer and utility interests with
policy objectives by providing customers with greater choice and control over energy
usage while providing the Company with better visibility of its distribution system,
leading to a cleaner, more efficient electric distribution grid.

Finally, stakeholder engagement has been a large component of the GMP and AMF filings
and through this forum, the Company and stakeholders have worked to ensure customer
and policy objectives and interests are addressed. Through this GMP, the Updated AMF
Business Case, and future regulatory filings, the Company will continue to align grid
modernization with customer, distribution utility, and policy objectives and interests.

18 Descriptions and other details about CEMP and GBC are presented in the Implementation Plan and the Updated
AMF Business Case.
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Through discussions with the GMP and AMF Subcommittee, a need was identified to address
goals that are not only grid facing, but also customer facing. Docket No. 4600 identifies the
following customer-facing goals:

e Empower customers to manage their costs

e Customer education and engagement programs to provide all customers with the
information and tools to optimize their electricity consumption

e Provide opportunities to reduce energy burden

The GMP investments, particularly investments in AMF, advance these goals as well. For
example, AMF’s advanced pricing capability will allow customers to manage their costs by
enabling new pricing mechanisms that attribute costs and benefits more equitably, and AMF’s
Customer Engagement Plan (CEP) presents how the company will engage, educate and empower
customers to understand and realize the benefits of AMF, including the choices available to
them. As part of the CEP, AMF’s Customer Energy Management Platform (CEMP) will provide
increased information and tools so customers can understand and optimize their electricity
consumption. Details are presented in the Updated AMF Business Case filing.

1.8. Alignment with National Grid Jurisdictions

The Company and its affiliates operate distribution systems in Rhode Island, Massachusetts and
New York. Grid modernization plans have been presented in regulatory forums in each of these
jurisdictions. While there are differences in prioritization that may impact the timing of
implementation in each jurisdiction, the jurisdictions share the same vision and roadmap for grid
modernization. Therefore, opportunities exist to leverage synergies that will support multiple
jurisdictions. The Control Center and Back Office investments presented in Section 5.7: 2030
Roadmap provide the greatest opportunity for synergies, including investments in Geographic
Information System (GIS) Data Enhancements, Advanced Distribution Management System
(ADMS) Core Functionality, Underlying Information Technology (IT) Infrastructure, and
Appropriate Cyber Services. Consequently, the deployment of certain solutions in the GMP
would be performed through the National Grid USA Service Company so that costs can be
shared and equitably allocated to all affiliated operating companies that utilize the solution.

On May 10, 2018, the Massachusetts Department of Public Utilities (DPU) approved certain grid
facing elements of the Massachusetts Electric Grid Modernization Plan and deferred
authorization of the Massachusetts Electric AMF Plan. In doing so, the DPU stated that it
believes AMF is an important element within grid modernization; however, it would seek further
details on the relative costs and benefits through a future proceeding. In response to the terms of
the regulatory approval, the Company’s Massachusetts affiliates are currently progressing the
following grid modernization elements: feeder monitoring sensors, advanced grid devices to
enable VVO and FLISR, ADMS/SCADA, and communications and information/operational
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technologies (i.e., underlying IT infrastructure, appropriate cyber services, and
telecommunications network management).

On July 2, 2020, the DPU opened an investigation on customer facing grid modernization
elements, focused on whether “targeted deployment of advanced metering functionality to
electric vehicle (EV) customers” will yield benefits that justify the costs. The DPU solicited
comments on eight questions from the Massachusetts electric distribution companies and other
stakeholders. The Company filed comments on August 13, 2020 and reply comments on
September 4, 2020. As part of the investigation, the DPU hosted four technical conferences,
addressing issues related to the status of existing meters, trends in meter deployment, AMI meter
functionality, back-office systems, TVR, municipal aggregation, and AMI opt-out provisions.*®
The Massachusetts docket is open, and the Company’s Massachusetts affiliates remain
committed to working with the DPU as part of the process to further refine and advance their
AMF/AMI proposals.

On March 15, 2018, the New York Public Service Commission (PSC) approved a rate case
settlement agreement that included several grid modernization elements and required the
development of a revised AMF business case to be filed with the PSC on a later date. In
response to the terms of the settlement agreement, the Company’s upstate New York affiliates
are progressing the following grid modernization elements: feeder monitoring sensors, advanced
grid devices to enable VVO (FLISR was deferred until after 2021), ADMS, underlying IT
infrastructure, appropriate cyber services, and telecommunications. In addition, a revised
business case for AMF deployment in upstate New York was submitted to the PSC on November
15, 2018. In November 2020, the PSC issued two orders approving plans to deploy
approximately 3 million electric AMI meters and 1.24 million AMI-enabled gas modules across
Upstate New York. Additional details on this approval can be found in the Updated AMF
Business Case. The Company filed a new rate case on July 31, 2020 with a plan that includes
proposals to further progress the previously approved grid modernization investments and
expand with additional grid modernization investments including FLISR.

In addition to the Company’s efforts in Rhode Island and our affiliates” work in other
jurisdictions, the Company is actively engaged in shaping grid modernization activities within
the industry more broadly. Employees regularly participate in and take leadership roles in PST
stakeholder engagements, Institute of Electrical and Electronics Engineers (IEEE) working
groups and standards committees, National Electric Code (NEC) committees, Electric Power

19 See Investigation by the Dep’t of Pub. Util. on its own Motion into the Modernization of the Elec. Grid — Phase II,
Docket D.P.U. 20-69 [hereinafter MA Grid Mod Phase Il Investigation], Memorandum Regarding Agenda for
November 17, 2020 and November 20, 2020 Technical Conferences (November 4, 2020); see also MA Grid Mod
Phase Il Investigation, Memorandum Regarding Agenda and Registration Links for December 3, 2020, and
December 4, 2020 Technical Conferences (November 25, 2020).
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Research Institute (EPRI) research programs and advisory councils, The Centre for Energy
Advancement through Technological Innovation (CEAT]) interest groups and taskforces, and the
U.S. Department of Energy (DOE) advisory group concerning the Next-Generation Distribution
System Platform (DSPx) Modern Distribution Grid guidelines.?°

1.9. Efforts in Other States

According to the DOE, today’s electric grid lacks “the attributes necessary to meet the demands
of the 21% century and beyond.”?! Grid modernization, then, would refer to any and all efforts to
bring the electric grid into alignment with current and future needs. While the term has been used
to encompass a broad array of initiatives, common themes include improving the grid’s
responsiveness, interactivity, and resilience.?? Drivers of grid modernization across the country
include emerging technologies, evolving consumer demands, cyber security concerns, extreme
weather events, and a broadly shared desire — among utilities, regulators, policy makers, and the
public — to reduce the GHG emissions associated with electricity production and support the
development of low-carbon energy infrastructure.

Interest in grid modernization among utilities and utility regulators has increased in recent years.
Because it involves identifying and prioritizing a suite of near-term investments in new and
emerging technologies to enable unprecedented capabilities in an uncertain future, grid
modernization is among the most complex challenges that utilities, regulators, and stakeholders
grapple with today. Consequently, the Company’s efforts to address grid modernization in Rhode
Island, and the leadership shown by the Rhode Island PUC in this area, are of national interest
and significance.

A summary of notable recent grid modernization developments in other states is presented in
Attachment B, the Appendix. As the summary shows, grid modernization is a complex, wide-
ranging issue (or set of issues) that utilities and commissions have approached in different ways
across the United States. Common themes of successful efforts include: the establishment of a
strong value proposition; a gradual, phased approach; a clear vision for proposed investments,
expressed in a detailed roadmap; robust stakeholder engagement; and utility accountability for
delivering results.

20 DOE’s Modern Grid Initiative works with public and private partners to develop the concepts, tools, and
technologies needed to measure, analyze, predict, protect, and control the grid of the future. Multi-volume guidance
documents are available on the Pacific Northwest Laboratory’s website, https://gridarchitecture.pnnl.gov/modern-
grid-distribution-project.aspx

2L https://www.energy.gov/grid-modernization-initiative

22 https://nccleantech.ncsu.edu/wp-content/uploads/2019/05/Q12019_gridmod_exec_final.pdf
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1.10. Grid Modernization Platform

The Company has leveraged the DOE DSPx guidance documents in creating its implementation
plan and roadmap. The grid modernization technology options considered in the GMP consist of
many of the “Core Components” and “Modular Optimizing Applications” presented in DOE’s
Modern Grid Initiative. The Modern Grid Initiative describes Core Components as the essential
technologies that provide a foundation for a modern distribution grid. The Core Components
create a base of functionalities necessary for a smarter grid (i.e., data acquisition, monitoring and
control, system modeling and analytics) that enables the Company to more effectively manage
the grid to maintain safe and reliable service. The Core Components will also support additional
functionalities from Modular Optimizing Applications that will bring long-term value to
customers including customer enablement and grid optimization by more effectively managing
utilization of the grid through enhanced engagement with customers and DER providers.

The GMP proposed here presents the Core Components as a portfolio of foundational grid
modernization investments that should be evaluated as a whole. Figure 1.1 below conceptually
illustrates the Core Component layers and the Modular Optimizing Application elements that
represent a modern distribution grid. The figure has been adapted from a figure in the DOE
Modern Grid Initiative to show those elements being progressed by this GMP.
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Figure 1.1: Grid Modernization Platform for Rhode Island

2. Today’s Grid

2.1. Background

Across the U.S. and globally, the energy landscape is changing. As technology advances and
customers have greater opportunity to manage their energy needs through personalized load
management and adoption of renewable DG, EVs, and electric heat pumps (EHPs), demands on
the grid are becoming more dynamic and less predictable. Utilities and stakeholders often
reference this as a shift from one-way flow of electricity and information, moving from the
utility to the customer, to two-way flow of electricity and information.
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In Rhode Island, programs such as the Renewable Energy Growth (REG) Program and evolving
customer expectations due to the continual and rapid digitization of customer information have
changed the one-way power system paradigm.? Customers can now export electricity back to
the grid and, if eligible, participate in net energy metering (NEM) or REG programs, and many
are beginning to expect their “smart appliances” or “smart homes” to be able to communicate
with the utility so they can better manage their energy use. Therefore, the Company believes it is
not possible to continue with the status quo. Rhode Island needs to invest in grid modernization
and other smart energy infrastructure that will improve customer satisfaction, support positive
local economic impacts within Rhode Island®* and create a more resilient, flexible, and agile
energy grid.

The Company is seeing dramatic increases in renewable DG applications, particularly solar DG.
Figures 2.1 and 2.2 show the increasing trends in the number of renewable distributed generation
(DG) applications and megawatts (MW) of capacity interconnected in Rhode Island over the past
ten years. In calendar year 2019 alone, the Company interconnected over 100 MW of DG, which
was a 24 MW (31%) increase over 2018 and a 66 MW (192%) increase over 2017.

23 Digitization refers to investment and installation of additional grid sensors and two-way communicating devices,
including smart meters, requires a substantial investment in underlying telecommunications, operational data
management, system performance modeling and evaluation tools, and both underlying physical and cyber security.
As such, a core component of the modern distribution grid is the management of and interaction with an increasing
volume and diversity of data — illustrating the vital importance in how we gather, transmit, and store data within and
across our systems.

24 Net economic impacts were estimated using the REMI regional economic model of the Rhode Island economy.
Details of the analysis are included in Attachment B, the Appendix.
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Figure 2.1: New DG Applications Interconnected Through December 2019
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Figure 2.2: New DG Nameplate Capacity Interconnected Through December 2019
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In addition, the Company currently has about 777 MW of DG projects in queue (i.e., “pending”),
with 60% at the initial stages of the interconnection application process and 40% in the final
stages.?® Assuming a historic interconnection rate of between 30-45%, there would be an
additional 230-350 MW interconnected likely within the next 1-3 years. The uptick has been
attributed in part to an expansion of the Public Entity definition for remote net metering in Rhode
Island. A continuation of renewable and DG incentive programs in Rhode Island coupled with
the existing Federal Investment Tax Credit are expected to continue to drive application volumes
for at least the next 3-5 years.

The Company is also seeing dramatic increases in the size of larger “complex” applications as
third-party developers attempt to realize greater economies of scale and pursue Rhode Island’s
Community Solar incentive programs. On average, solar DG projects interconnected in 2019
were essentially 5 times larger in size (MW nameplate) than in 2016, and in fact, the Company is
currently studying multiple DG projects in excess of 20 MW in Rhode Island.

Rhode Island needs grid modernization investments now in order to meet the three categories of
unmet need described in the subsections below: operational, customer, and clean energy.
Without a well-coordinated and integrated GMP, distribution system infrastructure investments
would be made in an uncoordinated manner, rather than holistically through a comprehensive set
of feeder level investments that provide the highest overall net benefits for energy savings, DER
integration, and reliability, and not optimized in a way that benefits all customers and meets the
identified needs. Transforming Rhode Island’s electric distribution system is a journey that will
take time and that must be undertaken in a thoughtful and strategic manner. It is important to
take the next concrete step in the journey now to ensure that the electric grid does not hinder
customer empowerment or achievement of clean energy goals and does not create higher costs in
the long run.

2.2. Operational Needs

Unmet operational needs include enabling cost-effective solutions for distribution system issues
caused by customer DER adoption. These issues are localized today, but without grid
modernization, they are expected to become systemic in 5-10 years. Grid modernization will
enable the Company to cost-effectively address these system issues and provide customers and
DER developers with better access to the electric distribution system compared to a future
without grid modernization, including:

e Reduced DER Interconnection Cost: DER developers and customers will experience
lower DER interconnection and other costs resulting in fewer DER project applications
being reduced in size or cancelled altogether

% Final stages of the interconnection application include those in Conditional Approval, Design, Construction, and
Meter Installation stages.
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e Improved DER Operation: DER developers and customers will be able to continue to
operate DERSs in the future without significant energy curtailment resulting in higher
DER utilization that can support continued adoption of renewable DG and accelerated
adoption of EVs and other DERs throughout the State

e Improved DER Experience: Grid modernization investments enable improved customer
DER experience (e.g., better DER location selection, streamlined DER interconnection
processes, better customer and third-party information sharing and services)

In addition, the Company’s current AMR meter fleet is reaching the end of its design life and
needs to be replaced. Details on this operational need are presented in the Updated AMF
Business Case.

The subsections below summarize some of the many operational issues resulting in the need for
grid modernization.

2.2.1. Interconnection Issues

Over the last few years, Rhode Island has seen a large increase in the number of applications for
solar DG, low but increasing levels of EV and EHP adoption, and broader participation and
interest in opportunities to lower electric bills and/or take advantage of new revenue streams.
However, some of the challenges associated with interconnecting DERS are increasing.
Receiving local permitting approval, getting proper financing in place, and high site costs
(including utility system upgrades to interconnect) are all risks associated with DER projects.
Currently, due to these and other issues, between 50-70% of DG applications are cancelled prior
to completing the project. The high saturation of current and proposed DERSs being seen in
Rhode Island today, and the need for additional distribution capacity to accommodate these
higher levels of DER proposals, has prompted transmission level studies under the ISO-NE
requirements which add time, and, in many cases, costs to this process.

Exacerbating many of these issues is the fact that the electric systems serving the areas with the
most potential for DG development Rhode Island are areas designed to serve small amounts of
load for one-way power flow. Generally speaking, the Company is seeing a high level of DG
aggregation in rural areas where there is available land, but the electrical systems in these rural
areas often do not have the available hosting capacity and are not robust enough to interconnect
larger DG sites that introduce multi-directional power flow. Issues resulting from DER
interconnections in these areas often include voltage, power quality, and protection coordination.
System modifications including substation modifications, line reconductoring, advanced control
and monitoring, and advanced protection schemes are required to maintain compliance
obligations. Substation and distribution line and equipment upgrade, and modification
investments can be in the multi-millions of dollars and take in excess of 12 — 24 months to
execute.
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As a result of the increasing demand for DG interconnections, the existing hosting capacity on
many feeders in Rhode Island has decreased dramatically. Figure 2.3 shows the level of DG that
would be able to be interconnected on all 3-phase feeders in Rhode Island without requiring
significant distribution system upgrades.?® This hosting capacity map was generated using the
Rhode Island System Data portal and includes only the currently interconnected DG in the state.
As can be seen, most feeders west of the State, and pockets in the south and east of the State,
have less than 300 kW of hosting capacity left. The situation is much worse when the pending
DG applications are included.

Figure 2.3: Rhode Island System Data Portal Hosting Capacity Map

This lack of hosting capacity throughout much of Rhode Island means that costly system
upgrades will be necessary for interconnecting most new DG projects. As a result,
interconnection costs have increased dramatically over the last few years for both smaller-scale
and large-scale DG projects. Figure 2.4 summarizes the interconnection costs tracked by the
Company for proposed DG projects in the last four and a half years. As can be seen,
interconnection costs have recently increased over 440% for smaller DG projects (<1 MW) and
790% for large DG projects (>1 MW) since 2015. DG interconnection costs in Rhode Island are
expected to rise even more substantially in the future. Cost estimates from the Western
Massachusetts Study by the Company’s affiliate in Massachusetts, which has seen even more

% Three-phase feeders are all feeders with 3 wires to accommodate 3-phase power. 3-phase feeders are typically
mainline feeders but can also include side taps (past fuses), which would typically not be mainline.
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rapid solar DG growth than Rhode Island, have resulted in DG project interconnection costs of
over $2,000/kW on average, and some interconnection costs are over $5,000/kW, due to DG
saturation.

DG Interconnection Cost (all projects), S/kW

2015 2016 2017 2018 2019 2020

— <1 MW >1MW

Figure 2.4: DG Interconnection Cost Trends

How and when Rhode Island moves forward with grid modernization and other distribution
infrastructure changes can have wide reaching effects on DG interconnection costs, availability
of clean energy, and customer control over their energy use. Independent System Operator New
England (ISO-NE) states in their 2019 Regional Electricity Outlook report that opposition or
impediments to infrastructure decisions will only exacerbate New England’s energy-security
constraints:

The rate of policy and technological change occurring has a profound and complex
impact on how grid resources operate and participate in the markets, how the 1ISO
plans and runs the grid, and how consumers use and even pay for grid services.
The interaction between consumers and the electric grid will continue to evolve as
consumers become more dependent on, and gain more control over, their electricity
supply, but the importance of reliable, affordable electricity to society’s safety,
comfort, and prosperity remains unchanged. 2’

27 1SO-New England, 2019 Regional Electricity Outlook, 9 (2019), https://www.iso-ne.com/static-
assets/documents/2019/03/2019 reo.pdf
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With such a complex change comes a need to reevaluate existing processes. To start the
reevaluation, a comprehensive understanding of existing distribution planning processes and
current system capabilities is required.

2.2.2. Distribution System Issues

Customers are already interconnecting renewable DG, driving EVs, and participating in demand
response (DR) programs at increasing rates. The electric industry expects this trend will continue
and will likely escalate as customers’ expectations and technologies evolve. As customers adopt
more DERSs, the distribution system is becoming more dynamic and complex. Each new DER
interconnection has a physical impact on the grid and creates new challenges and opportunities
for distribution system planning and operations. In Rhode Island, distribution operating issues
are already beginning to emerge in isolated areas due to DG interconnections, and these issues
will become more systematic as more DGs, EVs, and other DERs are adopted. Current system
impact issues where the Company cannot maintain system reliability or safety due to DER
projects without system upgrades, include:

e Overloading of conductor, line equipment, station regulators, and supply transformers

e Increase of overvoltage during minimum load conditions due to DG and in some cases
low voltage during peak conditions

e Power quality and voltage fluctuation concerns in rural areas with less robust electric
systems

e Ground fault overvoltage concerns

e Islanding concerns with mix of rotating and inverter-based generation with different
islanding algorithms

e Protection coordination concerns, specifically desensitization of ground fault protection

e Exceeding equipment short circuit ratings

These issues are already causing the Company to develop and recommend system upgrades to
accommodate new DER projects, which in some cases, result in DER project size reductions or
project cancellations due to the high costs to customers and third-party developers

(see Section 2.2.1: Interconnection Issues). Specific examples of system issues and DER project
impacts, where the construction cost and timeline to integrate a DER resulted in negative
economic impacts or significant project size decrease, are summarized in Attachment B, the
Appendix document.

2.2.3. Distribution Planning Limitations

The long-term design of electric distribution system starts with forecasting. Focusing on
maintaining a reliable system, the Company has historically used a peak load forecast.
Traditionally, if a part of the distribution system could perform during the peak load period, it
was assumed it could perform safely and reliably during any other period of the year. The
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overall approach starts with the metered peak load, which includes reductions for DER that
might be operating at the time of the peak. Then, the load can be forecasted using economic
factors. Next, estimates for existing energy efficiency, DR, and solar PV are added back and EV
loads taken out of the metered values to create a “reconstructed” load set. In parallel, forecasts
for new energy efficiency, DR, solar PV, and EV loads are created. The near-final (before
weather adjustment) load forecast traditionally used for planning purposes includes the
reconstructed load along with the reductions and additions from new energy efficiency, DR,
solar PV, and EV forecasts.

The last step is to consider weather. Three scenarios are presented each considering different
temperature and humidity impacts to the load. The weather scenarios are termed 50/50, 90/10,
and 95/5, where there is a 50%, 10%, and 5% chance respectively that actual weather exceeds
the scenario assumptions. Distribution planning uses the 95/5 weather adjusted forecast to
ensure the system performs reliably. A Company forecast report, including all the DER and
weather adjustments is issued each Fall. Details are presented in Attachment B, the Appendix.

The forecasting descriptions above include those parts of the current process that require careful
consideration as the distribution system evolves. First, the assumption that “a system designed
around peak loading will perform under any other time of the year” becomes less certain each
year. Increasingly, the Company’s distribution planning team uses load forecasts for many
different seasons and other periods of time (e.g., weekday versus weekend).?® Second, as DER
penetration increases, it becomes increasingly important to be able to accurately disaggregate
system meter data into its load and generation components so that the component forecasts will
have an accurate basis. Third, the type of DER components included in the forecast could
increase to include distribution-level loads not currently considered, including heat
electrification, energy storage, and wind generation. Each new component creates a new
forecasting complexity.

After forecasting is complete, planning analysis is conducted to evaluate system performance
and develop necessary recommendations for distribution system infrastructure and (when
feasible) non-wires alternative (NWA) investments. Planning analysis is conducted in a variety
of manners including area studies, complex customer interconnection studies, program studies,
targeted reliability studies, and annual screening analysis. All analysis methods follow general
problem solving steps such as:

e Scoping and Data Gathering
e Modeling
e Issue and Opportunity Identification

28 Currently, the Company forecast includes 24-hour peak day profiles for the summer and winter seasons to show
how peaks times can shift over time due to DERs. Company forecasts also include 24-hour average day profiles for
the summer and winter season, shoulder months, and weekday vs. weekend to show what typical weekday and
weekend loads are during average, or non-peak producing weather, and lower load shoulder seasons.
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e Alternative Analysis
¢ Plan Recommendation

The effort and speed of each step is catered to the activity. When conducting annual system-
wide screening, the data gathering needs to be simple and fast as the scope of the effort is very
large and the output is a simple screen, and the alternative analysis and plan recommendation
steps are not done since the intent of the screen is to inform and prioritize the more complex
studies. When conducting an area study on a subset of the system with a complex modeling and
analysis effort, the data gathering is more complex, and the alternative analysis and plan
recommendation are critical outputs. Each step is described in further detail in Attachment B,

the Appendix.

The planning process above includes certain aspects that require careful consideration as the
distribution system evolves. First, planners currently rely on some manually collected data or
approximated data. As the system evolves and more DER and field device data is generated, the
time-consuming manual collection of data will become unwieldy, and the approximated data will
become more uncertain. Second, the analysis tools need to change to accommodate substantial
increases in data that represent many time periods across a year. Table 2.1 shows how the data
requirements increase with the number of time periods considered. The Company is currently
conducting Annual Peak and Light Load analyses for some of the Company’s area studies, but
the Company will need to move towards All Hour (i.e., 8760 hours/year) analyses as more DERS
are introduced and granular control is required, which is a necessary functionality of the GMP.

Table 2.1: Single Feeder Example Showing Growing Data Needs

Annual Peak Annual Peak Seasonal Monthly Peak All Hours
Analysis Type AGElED + Light Load Peak + Light + Light Load (8760
Analysis Load Analysis Analysis hours/year)
Time Periods 1 2 8 24 8,760
Example # Feeder Sections 3,000 3,000 3,000 3,000 3,000
Variables Per Section 6 6 6 6 6
Data Requirements 18,000 36,000 144,000 432,000 157,680,000

In summary, fundamental improvements are needed to the data inputs to forecasting and
planning. While the fundamental physics of electricity requiring analysis of voltage, current, and
power will never change, the data to evaluate these parameters more granularly and with greater
precision is increasing exponentially. This will require the proposed GMP investments, which
include new methods to obtain the data and new tools to process the data.

2.2.4. Grid Design and Capability Limitations

The existing distribution system is designed and operated to maximize reliability in a safe,
efficient, and affordable manner. The system is designed to accommodate customer electrical
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requirements with respect to how and when they demand power from the grid. Load utilization
trends have been studied over many years to identify the extremes of peak usage. With

these peaks identified, the system has been designed with simple autonomous controls. In the
past, a system designed to handle voltage and loading concerns during the peak load periods
would inherently be sufficient during off-peak periods. Specifically, the legacy distribution grid
has been designed under the following paradigms:

Voltage?®

e Voltage drop during peak periods is greater than voltage drop during off-peak periods
e Voltage levels decrease from the source end of the feeder to the remote ends of the feeder

Loading®

e Loading is highest during periods of peak consumption
e Load levels decrease from the source end of the feeder to the remote ends of the feeder

Fault Current3!

e Fault current decreases from the source end of the feeder to the remote ends of the feeder

Thus, the legacy distribution grid leads to fairly straightforward sensing and monitoring
requirements that can be accomplished with autonomously controlled devices. Of course,
improvements and advancements in autonomous control have occurred over time and are
continuing. Examples of autonomously controlled devices are provided in Table 2.2.

Table 2.2: Example of Autonomously Controlled Devices on Distribution Feeders

Current Standard

E le Devi Pri | i
Category xample Device rior Standard Control/Sensing Control/Sensing
Voltage Switched Capacitor Time Clock — No Sensing Eilfecz::;iencgh?:rlr:?s/R\zallZs)_ On-
No Control — On-Site Sensing and | Analog Signal — On-site Sensing
Loading Substation Ammeter | Monitoring (i.e., Manual Reads with Remote Monitoring (EMS

requiring Crew Dispatch)

RTU)

Fault Current

Recloser

Electromechanical Relay — On-Site
Sensing

Solid State Relay — On-Site
Sensing

In prior years, capacitors could be set using the historical load cycle with time clock controls.
There was no on-site sensing for these installations, meaning these devices did not sense current
or voltage. Common settings included switching the capacitor on at 10:00 AM as daily load was
expected to increase and switching the capacitor off at 10:00 PM as the evening load was

2 Voltage is electric potential or potential difference expressed in volts.
%0 Load is the amount of power being consumed on the electric system at any given moment.
3L Fault current is any abnormal electric current. An open-circuit fault occurs if a circuit is interrupted by some

failure.
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expected to drop. With current levels of DER penetration, dependence on a daily load cycle is
no longer possible and the need for on-site sensing is increasing. In response, the Company has
revised its standard capacitor control to an electromechanical relay that is activated based on
current (i.e., amps) and voltage (i.e., volts) at its location and switches the capacitor on or off as
necessary. The Company currently replaces fixed and time-clock switched capacitor banks on an
opportunistic basis or as a part of an energy conservation program such as the Company’s Volt-
Var Optimization / Conservation Voltage Reduction (VVO/CVR) Pilot.

For loading information, the Company has relied on source-end substation ammeters. Through
modeling, the source-end loading information has been allocated throughout a distribution feeder
using the “peak planning” and “one-way flow” characteristics described above. In prior years,
the substation ammeters were recorded by crews during regularly scheduled inspection efforts.
Under the Company’s ongoing Energy Management System (EMS) Program, the ammeter data
is passed through the substation’s Remote Terminal Unit (RTU) at various time intervals. Today
approximately 65% of the Company’s distribution substations report interval information into
the EMS.

System protection is another key requirement of any grid modernization plan. Fault currentis a
high level of amperes that flow from all generation sources into a short circuit (i.e., fault
location) until it is cleared by a protective fuse, recloser or breaker. When fault current only
comes from large, central generators connected to the transmission system, protective devices
with on-site fault current sensing could be placed in series and set sequentially so that
downstream devices operated first. Although the relays that sense the fault current have
improved, offering an increased variety of settings, the fundamental sequential operation
methodology has not changed.

In summary, some improvements have been made and continue to be made in sensing and
control of the distribution system. However, these improvements still only support autonomous
one-way devices and source-end (i.e., substation) sensing is still used to predict remote-end
performance. In addition, while the Company currently replaces fixed and time-clock based
switched capacitor banks on an opportunistic basis or as a part of an energy conservation
program such as VVO/CVR, the current pace of deployment of such advanced capacitors and
other advanced field devices is not enough to keep pace with the accumulation of DER loads
forecasted in the next 10 years.

2.3. Customer Needs

Customers increasingly want cleaner, more reliable, and more affordable energy that they can
manage and control. Grid modernization investments enable the Company to meet customers’
evolving behavior and expectations by providing them with more energy savings opportunities,
cleaner energy options, simpler and lower-cost DER interconnections, reliability improvements,

96



Schedule SL-1

THE NARRAGANSETT ELECTRIC COMPANY
d/b/a NATIONAL GRID

RIPUC Docket No. 5114

In Re: Grid Modernization Plan (GMP)

GMP Business Case

Page 32 of 124

and greater choice and control in addressing their energy needs compared to a future without grid
modernization, including:

e Lower Energy Use: Customer’s will have more opportunities to reduce their energy use
due to the ability of the Company to provide greater customer energy insights and control
(see Greater Customer Control described below) and operate distribution feeders at lower
overall voltages

e Cleaner Energy: Customers will have a smaller carbon footprint due to reduced energy
use and increased utilization of renewable resources (see Lower Energy Use described
above and Improved DER Operation described in Section 2.2: Operational Needs)

e Affordable DER Adoption: Customers will have more affordable options to invest in
their own DER technologies in areas where these technologies are most cost-effective
(see Reduced DER Interconnection Costs and Improved DER Experience described in
Section 2.2: Operational Needs)

e Improved Reliability: Customers will experience reduced outage restoration times due to
the ability of the Company to more quickly locate and isolate a fault and restore power

e Greater Customer Control: Customers will have better control over their energy bills with
the ability to take action based on enhanced energy use insights, integrating AMF with
in-home technologies, and responding to future pricing mechanisms

If the Company takes a “do nothing” approach, customers will not have important insights into
or control over their energy use, and they will miss out on substantial energy savings, reliability
improvements, and important health and societal benefits like air pollutant emissions reductions.
In addition, customers and developers wishing to install renewable DG will face rapidly
increasing interconnection costs, and customers will face higher costs (and/or lower benefits) to
adopt other DERs like EVs, energy storage, and DR, which will limit customer choice and
control. With AMF, in particular, customers will benefit from enhanced outage and restoration
management, and enhanced control over energy management and costs, including improved
access to timely energy usage data, personalized insights and recommendations on ways to save
money throughout their billing cycle, and greater access to third-party vendors offering
innovative energy solutions.

In addition to these changing customer experience expectations, the grid needs to be managed
more granularly, both in time and location, to continue to serve customers safely and reliably
under changing grid conditions. The available technology to operate electric grids has advanced
so that now is an appropriate time to implement new solutions that will cost effectively address
today’s constraints while being flexible enough to expand in capability to address future needs
and opportunities as they evolve.
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2.4. Clean Energy Needs

The Company is committed to achieving the State’s clean energy policy goals and believes well-
coordinated and integrated grid modernization investments are essential to meeting these goals.
Recently, the Company launched a Clean Energy Promise to share our perspective on advancing
clean energy in Rhode Island.®? Included in the Company’s Clean Energy Promise are four Clean
Energy Pathways, including a commitment to optimize networks to deliver greater value,
resiliency, and reliability, which can be achieved with grid modernization. The Company also
strongly supports achieving the State’s 80x50 Goal under the Resilient Rhode Island Act;
Governor Raimondo’s 100x30 Goal;*® and the New England Governors’ call for the
modernization of the regional electricity system in order to achieve regional goals for clean,
affordable, and reliable electricity.>*

The Company believes our GMP represents the core investments necessary to meet these goals.
The GMP’s High DER Scenario was developed based on achieving the State’s 80x50 Goal and
is consistent with The Executive Climate Change Coordinating Council’s (EC4) Greenhouse Gas
Emissions Reduction Plan (see Section 3.2: Future State Scenarios). The Company is also
working with external stakeholders to evaluate other, even more aggressive, DER adoption
scenarios, including scenarios that achieve the Governor’s 100x30 Goal.

Grid modernization investments will help Rhode Island meet its clean energy goals by enabling
greater customer energy savings and DER adoption. Enabling DER adoption, in particular
renewable DG, EV, and EHP adoption, is a key driver for meeting the State’s clean energy needs
because it will enable customers to reduce their overall emissions, including transportation-
related emissions that make up 40% of the State’s carbon dioxide emissions. Grid modernization
investments will help reduce the costs and other barriers to interconnect new DERSs in Rhode
Island, which will drive more DER adoption and investment in the State.

Without grid modernization, the Company believes the electric distribution system will be a
roadblock to achieving clean energy goals and the Company and State will be ill-prepared for the
clean energy transition. If the Company takes a “do nothing” approach and does not invest in
well-coordinated and integrated grid modernization investments, increasing interconnection cost
will slow renewable DG adoption rates below the current level, EV charging infrastructure will
be more-costly, and customer participation in and impact from future DER and energy efficiency
programs will be limited. These consequences of a “do nothing” approach will put some of the
State’s ambitious clean energy goals out of reach.

32 hitps://www.nationalgridus.com/clean-energy-promise-ri

33 https://www.nationalgridus.com/News/2020/10/National-Grid-Releases-Statement-on-New-England-Governors-
8217-Call-for-Modernization-of-Regional-Electric-System-/

34 See New England States Committee on Electricity (NESCOE), New England’s Regional Wholesale Electricity
Markets and Organizational Structures Must Evolve for 21st Century Clean Energy Future (2020),
http://nescoe.com/wp-content/uploads/2020/10/Electricity System Reform GovStatement 140c¢t2020.pdf
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3. Risk Management Approach

3.1. Managing Uncertainties

Developing a 10-year plan in a fast-changing environment requires acknowledgement that there
are a number of uncertainties. Key uncertainties associated with the GMP include the pace, scale
and location of DER adoption; technological advancement; and the development of
complementary programs and services to be leveraged in the management of the distribution
grid. A precise future state is difficult to predict due to the many factors that influence future
demands on the distribution system, including future federal, state and local policies, regulations,
and requirements; technology options and their costs; market maturity and barriers; and customer
preferences. This uncertainly creates risks with respect to the scope and timing of investments
within the GMP and the benefits to be achieved.

The Company has taken several steps to better understand these uncertainties and manage the
associated risks, most notably creating this GMP including a 10-year roadmap to guide the
development of grid modernization projects and programs. As discussed in this section, the
Company has engaged with the GMP and AMF Subcommittee, participated in grid
modernization research and industry forums, evaluated multiple Rhode Island future state
scenarios, leveraged industry standard designs, performed a BCA following Docket No. 4600
guidance, and developed a flexible and sequenced plan of investments that can be reviewed and
adjusted throughout the horizon of the plan in the appropriate regulatory forums. By these
means, the GMP seeks to proactively identify needs and manage the implementation of the plan
such that functionalities are delivered “just in time” so as not to be a barrier to progressing the
stated objectives nor be overly costly.

3.2. Future State Scenarios

Based on the uncertainties described above, the Company recognizes that the scope and timing
of the GMP investments may vary and has therefore evaluated multiple future state scenarios in
developing the GMP. At one end of the spectrum, the low DER customer adoption scenario
(Low DER Scenario) assumes a conservative adoption of renewable DG, EVs and EHPs based
on historic (i.e., 2018-2020) DER adoption rates with an annual reduction in renewable DG
adoption over time. These assumptions result in a low cumulative nameplate capacity (i.e., MW)
installed for DG, and low cumulative energy (i.e., kWh) demand for beneficial electrification
(BE) by 2030.%° This scenario is based on the “Low Case” presented in the Company’s 15-year
distribution planning forecast.®® The Company assessed the probability of the Low Case

% Beneficial electrification includes EVs, EHPs, and other electrification opportunities that reduce overall emissions
and energy costs for customers.

%The Narragansett Electric Company, 2021 Electric Peak (MW) Forecast, 15-Year Long-Term 2021 to 2035 (Revl,
Jan. 6, 2021), https://ngrid.apps.esri.com/NGSysDataPortal/RI/index.html
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occurring to be between 5-20%, depending on the DER load forecast. Specifically, Solar DG,
EVs, and DR forecasts were assigned a probability of 5% each, Energy Efficiency was assigned
a probability of 10%, and EHPs, which don’t have a significant impact on the overall GMP cost
or benefit assessment, were assigned a probability of 20%.%’

While this level of low DER adoption assumption would have been well suited for ensuring safe,
reliable, and affordable service in long-term distribution planning when peak loading was the
primary concern (e.g., low voltage, overloads), it is increasingly ill-suited when significant DG is
adopted on a given feeder and minimum (or negative) load is a major concern (e.g., high voltage,
reverse power flow). In addition, over the 10-year horizon of the GMP, if the Company only
considered the Low DER Scenario there would be a significant risk of “underbuilding” the grid,
which would become a barrier for meeting evolving customer needs and increased DER
interconnection expectations.

Considering scenarios with less conservative DER adoption assumptions allows the Company to
monitor appropriate sign posts to proactively address distribution system needs in a timely
fashion recognizing the processes and lead times required for the planning, testing, and
deployment of GMP investments are much longer than the potential for rapid adoption of
customer DER technologies, some of which can be purchased and in-use in a matter of hours or
days (e.g., EVs, EHPs) at the individual customer-level. However, if the Company only
considered high customer DER adoption scenarios (e.g., High DER Scenario, High DG Scenario,
High BE Scenario) there would be a risk of “overbuilding” the grid, which would result in
underutilization of distribution assets and would not maximize net benefits.

Therefore, the Company developed a set of possible customer DER adoption scenarios for
consideration as part of the GMP. The GMP uses the range of DER adoption assumptions in the
scenarios to evaluate the range of impacts the Company could expect on the distribution system
in the future. Evaluating more than one future state scenario will also help regulators and other
stakeholders make policy, investment, and other decisions that provide timely value in multiple
future states.

1. Low Customer DER Adoption (Low DER) Scenario — Conservative adoption of
renewable DG, EVs and EHPs based on historic (2018-2020) DER adoption rates with a
10% annual reduction in renewable DG adoption over time; DER adoption assumptions
are consistent with the “Low Case” of the Company’s 15-year distribution planning
forecast.

2. High Customer DER Adoption (High DER) Scenario — Higher adoption of a range of
DER technologies including renewable DG, EV and EHP consistent with achieving

37 Probability assignments were based on group consensus of internal subject matter experts and sum to
100% for one of four scenarios. The probabilities for each DER forecast are assumed to be independent of each
other.
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Rhode Island’s 2050 goal of 80% GHG emissions reductions compared to a 1990
baseline (i.e., 80x50 Goal); DER adoption assumptions are consistent with the “High
Case” of the Company’s 15-year distribution planning forecast® and are similar to Rhode
Island’s Executive Climate Change Coordinating Council (EC4) Greenhouse Gas
Emissions Reduction Plan.3940

3. High Customer DG Adoption (High DG) Scenario — High adoption of renewable DG
based on achieving the State’s 80x50 Goal, but assuming a more conservative adoption of
EV and EHP.

4. High Customer BE Adoption (High BE) Scenario — High adoption of EV and EHP based
on achieving the State’s 80x50 Goal, but assuming a more conservative adoption of
renewable DG; EV and EHP adoption assumptions are consistent with National Grid’s
Northeast Pathways Study.

Each scenario is defined by its 2030 customer DER adoption assumptions summarized in Table
3.1. The DER assumptions are based on the Company’s review of industry forecasts and input
from internal subject matter experts. Details are also presented in the Attachment B, the
Appendix.#

Table 3.1: 2030 Customer DER Adoption Assumptions for Future State Scenarios

2030 Future State Scenario Assumptions 1) Low DER 2) High DER 3) High DG 4) High BE
EVs On-Road, total number 9,000 243,000 80,000 400,000
EHPs In-Use, total households <1,000 82,000 30,000 110,000
Solar DG, MW installed 950 1,400 2,100 800
Wind DG, MW installed 85 270 270 270

Hourly (i.e., 8760 hours/year) demand forecasts were created for each DER type and added to

the Rhode Island “base load” (including economic growth and energy efficiency reductions) to
assess the distribution system impacts of each scenario. These hourly forecasts were used in a
“top-down” assessment of aggregated net load duration curves for Rhode Island to identify

38 The Company assessed the probability of the High Case occurring to be between 5-35%, depending on the DER
load forecast. Specifically, Solar DG forecast, which has a significant impact on the overall GMP cost and benefit
assessment, was assigned a probability of 35%; EV forecast was assigned a probability of 10%; and Energy
Efficiency, DR, and EHP forecasts were assigned a probability of 5% each. Probability assignments were based on
group consensus of internal subject matter experts and sum to 100% for one of four scenarios. The probabilities for
each DER forecast are assumed to be independent of each other.

39 EC4, Rhode Island Greenhouse Gas Emissions Reduction Plan (December 2016).

40 Acadia Center, 2030 Energy Vision: Transitioning to a Low-Emissions Energy System in the Northeast 201.7.

41 Note that the High DER customer adoption scenario used in the GMP is not exactly the same as the “High Case”
published in the Company’s 2020 Electric Peak Forecast. The GMP High DER scenario was developed to be
consistent with meeting the 80x50 Goal, so DER adoption is a little higher than the Company’s 2020 Forecast “High
Case.”
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potential impacts and opportunities at a macro level, and a “bottom-up” assessment using
detailed feeder-level load flow models to identify the emergence of local constraints through the
year 2030. Evaluating the scenarios at this level of granularity enables the Company to
understand both the long-term needs but also provides insight as to the emergence and
progression of the needs so that a more sequenced and flexible GMP can be implemented.

To simplify the computations necessary to develop a quantitative BCA, the Company selected
the Low DER and High DER scenarios for the detailed BCA. The Company believes these two
scenarios “bookend” the range of issues the Company will likely encounter on the distribution
system in the future. The High DG and High BE scenarios were modeled as part of the Future
State Assessment, but they were not quantified in the BCA.

3.3. Leveraging Industry Standards and Flexible Designs

As noted in Section 1.7 Alignment with National Grid Jurisdictions, the Company is actively
engaged in shaping grid modernization activities within the industry, including ongoing work
with IEEE, NEC, EPRI, CEATI, and DOE. The Company has taken what it has learned from
these industry engagements to shape this GMP. In addition, the Company proactively explores
new technology opportunities through industry events such as DistribuTECH, IEEE Power and
Energy Society Transmission and Distribution (T&D) conferences and frequent engagements
with vendors. As promising technologies are identified, the Company assesses the new
equipment for inclusion within its Distribution Standards so that it may be safely, reliably and
cost effectively deployed and integrated within grid operations. Standardizing on devices
included in the GMP such as capacitors, regulators, reclosers and their advanced controllers and
telecommunications radios allows for cost effective design, procurement and personnel training.
For similar reasons, the Company also seeks to leverage common platforms and information
management to the extent possible. For example, the Company’s control center applications for
EMS, Outage Management System (OMS), and the proposed ADMS will share a common
platform, and the Company’s GIS models will be the basis for load flow modeling for both
planning and operations.

3.4. Benefit-Cost Analysis

To evaluate the cost effectiveness of the grid modernization portfolio of investments, considering
the system impacts that may arise over the range of the future state scenarios, the Company has
developed a quantitative BCA for the GMP that is aligned with Docket No. 4600 Guidance. The
GMP BCA is intended to compare the relative costs and benefits of GMP investments
anticipated through 2030. The assessment compares distribution system plans that utilize
technologies that provide integrated modern grid capabilities (referred to as the grid
modernization cases) to a plan that is limited to more traditional infrastructure upgrades and
autonomously controlled equipment (referred to as the reference case). The scope of the BCA is
limited to Company investments in grid modernization, and therefore the GMP BCA is not
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intended to evaluate if the customer DER adoption scenarios or policy targets themselves are
cost effective.

In addition to providing information in terms of how the quantifiable benefits and costs compare
for the range of future scenarios, the GMP BCA also provides the Company and external
stakeholders with a better understanding of the key factors that impact the quantifiable benefits
and costs and allows all parties to focus future efforts on better understanding and influencing
those factors in a positive way.

3.5. Roadmap and Implementation Plan Approach

The GMP proposes a series of grid modernization investments over the course of the 10-year
horizon rather than proposing to implement the full suite of investments that could be needed via
a single project or program. Maintaining a longer-term roadmap to guide near-term
implementations will foster stakeholder engagement, aid in identifying synergies between
projects, ensure maximization of net benefits, and create efficiencies through standardization.
Cost recovery requests for each grid modernization investment will be made through future
filings in existing forums including annual ISR Plans and future rate cases, and possibly System
Reliability Procurement (SRP) and annual Energy Efficiency proceedings as the need arises. In
addition, the Company believes it would be most appropriate if the GMP were refreshed on at
least a three- to five-year cycle in concert with future rate case proceedings. In doing so, a
current GMP would act as a reference document in support of the grid modernization
investments included with applicable filings submitted to the PUC for review and approval.

The 10-year roadmap in Section 5.7: 2030 Roadmap and the 5-year implementation plans in the
Implementation Plan document, present a sequenced progression of investments, deploying field
devices in a targeted and incremental fashion, and developing IT platforms that are flexible and
scalable. For example, the suite of Control Center and Back Office tools utilized by distribution
system operators will operate off a common expandable ADMS platform. The ADMS platform
will be developed in phases that begin with core functionalities such as as-operated load flow
modeling and state estimation. Expanding the capabilities of the platform to gain additional
benefit with functionalities such as VVO/CVR, FLISR, and advanced protection is expected to
occur in future phases that will be justified on their individual merits and presented in future rate
cases.

Likewise, the installation of feeder monitoring sensors, and advanced capacitors, regulators,
reclosers, and breakers will be identified and recommended via traditional planning processes
and incorporated into the Company’s capital investments plans and annual ISR filings. The
Company has existing standard designs and equipment that will be utilized for near-term
installations. If more enhanced functionality becomes necessary, such as the use of stat-var
compensators, smart inverters, and adaptive relays, the Company standards will be updated to
make the new tools available to the Company’s engineers and designers.
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The GMP is a flexible and sequenced plan of investments that can be reviewed and adjusted
throughout the horizon of the plan in the appropriate regulatory forums. Importantly, the GMP
proposes a set of foundational infrastructure investments through multi-year rate cases with
commonalities across all future DER scenarios that ensure flexibility regardless of future
customer DER adoption. Investments in advanced field devices will be requested through annual
ISRs as needed based on on-going assessment of the load forecast and its potential impact on the
distribution system. By these means, the GMP seeks to proactively identify needs and manage
the implementation of the plan such that functionalities are delivered “just in time” so as not to
be a barrier to progressing the stated objectives nor be overly costly.

In addition, the effectiveness of the GMP and the pace and scale of its implementation will be
impacted by the evolution of future policies, regulations, and requirements. These impacts are
further discussed in Section 4.3, Complementary and Supporting Elements. While the
development of these complementary policies, regulations, and requirements is beyond the scope
of the GMP, assumptions concerning their future authorization are inherent in the GMP roadmap
and associated BCA.

3.5.1. Annual ISR Reviews

Recognizing that the ISR Plans contain a one-year review of the Company’s pending capital
investments and spending plan, many of the GMP investments may be submitted for formal
review in future ISR Plans. For example, DG may develop in the western portion of the state
such that the Company determines the area is experiencing the risks described within this GMP.
At that time, the Company would progress a project or projects to deploy advanced field devices
on the feeders in that area as part of the ISR Plan and in alignment with this GMP. While no two
feeders are exactly alike in terms of distance, customers, and number of devices, this GMP
evaluated a range of sample feeders to provide a reasonable indication of expected results, which
has been used to develop the implementation plans, roadmap, and estimate the GMP benefits and
costs.

The GMP will also serve to align future ISR proposals with the overarching GMP functions and
goals to avoid obsolescence and redundancy. As the Company advances projects, it would do so
in a comprehensive manner considering the other programs and projects within the ISR plans.
For example, grid modernization efforts in any area need to be closely aligned with the EMS
program and VVVO/CVR programs that may be a part of the ISR Plan. Specifically, substation
and telecommunications efforts would be coordinated to gain efficiencies. In this manner, the
Company can demonstrate that its proposals are efficient considering the state of the system at
the time of proposal, and that they are as aligned as reasonably possible with a variety of future
states. In addition, the tools the GMP will provide for distribution planning in general will
provide a much more granular look at where and how NWA projects could provide system
solutions.
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The Company also recognizes that technology, policies, and procedures can change faster than
contemplated within this 10-year roadmap. This could impact what projects are ultimately
presented in future ISR plans. For example, high penetrations of smart inverters, the associated
telecommunications infrastructure, and the tariffs, policies, and procedures to establish an
operations-focused DER Management System (DERMS) might require advancing DERMS
functionalities faster than anticipated. This, in turn, may necessitate a change in the number of
advanced capacitors proposed within future ISR Plans compared to the volume presented in this
GMP. The Company will continue to analyze the evolving energy system and adjust the grid
modernization investment proposals as necessary.

3.5.2. Periodic Rate Case Authorizations

Investments included in the ISR are generally limited to Company’s capital investments, but
many of the GMP investments include IT systems and other back office systems that can be
leveraged by other National Grid affiliates (e.g., GIS, ADMS, Cyber Security). These shared
assets will generally be owned by the National Grid USA Service Company and the costs for the
Company’s use of those systems will be accounted for through an allocated annual operating and
maintenance (O&M) rental expense. The cost recovery of these, and other, expenses will
generally be presented in periodic multi-year rate case proceedings and more details on these
proposals will be presented at that time.

3.5.3. Innovation and Technology Readiness Projects

The Company proposes to continue to develop a better understanding of uncertainties and
manage risks by undertaking Innovation and Technology Readiness (ITR) pilot projects.
Through the ITR pilot projects, the Company will continue to engage with the GMP and AMF
Subcommittee and participate in grid modernization technology evaluation in order to refine the
assumed GMP costs, benefits, and implementation plans, so they can be reviewed and adjusted
throughout the horizon of the plan.

ITR investments will fund the pilot projects necessary to support cost-effective deployment of
the future grid modernization solutions presented in the GMP, particularly solutions that are less-
well defined, like DERMS, or solutions with additional functionality that can be further explored
to increase net benefits, like the System Data Portal, AMF, ADMS, VVO/CVR, or FLISR. The
Company anticipates selecting 2-3 ITR topic areas and prioritizing one project per topic
consistent with GMP goals and objectives. The Company anticipates completing up to three ITR
projects in each of two phases coinciding with two future rate case periods, or up to six projects
total over six years. Completion of each phase is assumed to be over the term of each rate case
(i.e., 3 years each). Overall, ITR projects will help identify and evaluate GMP innovation and
technology readiness opportunities and will enable the Company to implement grid
modernization as quickly and cost-effectively as possible and provide the most value to
customers. Details are presented in the Implementation Plan document.
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4. Current Grid Modernization Activities

4.1. 2017 Rate Case Funding for Grid Modernization

Under the terms of the ASA, the Company is already progressing efforts on a number of
initiatives including developing requirements for, and in some cases implementing, the following
solutions: AMF Business Case, System Data Portal, GIS Data Enhancements, ADMS Core
Functionality, Underlying IT Infrastructure (i.e., Enterprise Service Bus, Data Lake, and
Advanced Data Analytics), Appropriate Cyber Services, and Operational Telecommunications.

During Rate Year 1 (September 2018 — August 2019) of the MRP, the Company created and
staffed an internal organization to support the consistent and coordinated activities of all the
shared investments for grid modernization. This included establishing a Project Management
Office and establishing the program frameworks and controls for managing the broad portfolio.
The Company progressed an effort to define and develop a Grid Modernization Capability
Model as part of defining the business and technical architecture for the program. The model is
intended to serve as a foundation to support traceability of capabilities back to strategic
objectives and guide the development of future use cases, requirements, technical architecture,
and technical decisions.

During Rate Year 2 (September 2019 — August 2020), the Company used the capability model to
inform the development of a broader business and technical architecture. This effort looked at
the holistic grid modernization portfolio and developed a conceptual technical model and
technical design principles to guide the various investment areas. The Company also looked at
the broader real estate of solutions to determine whether the grid modernization requirements
and capabilities could be supported through extending existing products and solutions or
pursuing more fit for purpose products and solutions.

Below is a summary of the specific work completed to date under the current MRP for each
specific technology investment area.

e AMF Business Case: The Company has refined and updated the AMF Business Case
based on extensive feedback from the GMP and AMF Subcommittee, updated Company
forecasts and research, updated cost inputs from the Company’s AMF Request for
Solution (RFS), and the expanded application of the Docket No. 4600 Benefit-Cost
framework, among others. Subcommittee feedback was gathered through a series of
stakeholder collaboration meetings and stakeholder review of materials during that time.
Feedback from the subcommittee was used to enhance all components of the AMF
proposal (e.g., Business Case, BCA, and all supporting attachments).
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System Data Portal: The Company has delivered and continues to maintain the System
Data Portal. The costs incurred to date and planned for the rest of Rate Year 3 are based
on maintenance and support, enhancement requests, and the underlying infrastructure
expense. The Company added two full-time equivalents (FTES) to its workforce through
Rate Year 2, including one incremental FTE in the Asset Data & Analytics (ADA) group
in December 2018 and one incremental FTE in Distribution Planning & Asset
Management (DPAM) in June 2019. While there are no specific data portal
enhancements identified at this time, new enhancements are expected to originate from
collaborative consultation between the Company and external stakeholders through SRP
planning or other forums.

GIS Data Enhancements: The Company has initiated and is progressing the GIS Phase
1 project with an expected completion date of June 2021. This Phase 1 work will deliver
upgrades and changes to our GIS platform to accommodate new asset types, equipment
and data attributes (data model changes), and additional tools and enhanced features to
manage data quality and improve processes in GIS. GIS data improvements and data
hardening are underway, which includes general data cleanup as well as changes to
baseline GIS to allow for new asset types, new equipment, expanded attributes, and
characteristics. Going forward, GIS data cleanup and data model changes will continue
and changes to GIS to support these requirements for ADMS will be progressed.

ADMS: The Company has completed an analysis and scoping effort for the development
of the ADMS project. Business capabilities and system requirements have been captured.
Phase 1 ADMS system design activities are complete, major vendor contracts are in
place, and hardware and software have been procured. Infrastructure build out and system
testing are in progress. A thorough analysis of operational procedures affected by the
rollout of an ADMS as well as a review of change impacts and training requirements is
complete. This will ensure the solution fits as designed into the Company’s operations, is
properly adopted, and delivers expected benefits. Going forward, the project will be
implemented utilizing a phased approach putting different modules and functionality into
service over the next four years. This will maximize value and benefits realization as
early as possible as well as help to align ADMS with critical dependencies such as GIS
Data Enhancements and RTU Separation work. The Company has also procured an
enterprise software license from the PI software vendor and has conducted preliminary
architecture discussions on the deployment architecture for the new Distribution Pl
Historian platform.

RTU Separation: As part of the overall ADMS work stream, the Company also
performed detailed scoping and planning of the initial RTU Separation work, completed
RTU Separation for five substations, and initiated engineering and design for two of the
three planned major RTU separation projects.
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e Underlying IT infrastructure: The Company has completed an architecture assessment
of the current integration tools in use, and their fitment for the Grid Modernization
Program. In addition, the Enterprise Service Bus (ESB) platform has been selected and
requirements, design and development efforts in progress are expected to be completed
and placed into service for all jurisdictions by December 2021. The Data Lake effort was
initiated in Rate Year 2 and is expected to complete the initial platform in August 2021
and then be placed into service for all jurisdictions. The Advanced Analytics effort
experienced alterations to the initial assumptions based on the planning and scoping for
ESB and Data Lake initiatives but planning and scoping have been completed including
requirements for Data Catalog and Data Quality, Business Capabilities, High Level Data
Use Cases, and Preliminary Data Source identification.

e Cyber Security: Applicable cyber security threats have been mapped to the grid
modernization business capabilities to assess how they may be impacted by those threats
if they were to be realized. In addition, the implementation plan for the integration of
cyber security services and the grid modernization workstreams have been drafted to
ensure services are available when needed. During the next rate year, appropriate Cyber
Services detailed requirements and design will be started for all jurisdictions and will be
deployed and/or enhanced to support the grid modernization workstreams.

e Telecommunications: The Company initiated planning and scoping to engineer, design,
manage, and deliver a network of devices and connectivity in collaboration with the
preferred vendor for AMF. The Company also initiated the planning and scoping for the
Data Lake and Advanced Analytics efforts, which will inform incremental
telecommunication bandwidth investments. New telecommunication needs for AMF and
other grid modernization investments will continue through the next rate year.

A summary of each major grid modernization project approved in the 2017 Rate Case, Company

spending to date (and projected spending through RY3), and cost recovery status is presented in
Table 4.1.
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Table 4.1: Grid Modernization Project Spending for 2017 Rate Case Investments*

Grid Modernization Project RY1 RY2 RY3 (projected) Cost Recovery Status
Spend, $ million (Real$) 2018-2019 2019-2020 2020-2021

AMF Business Case $2.01 $S0.24 $0.09 Approved in 2018 MRP
System Data Portal $0.23 $S0.47 $0.47 Approved in 2018 MRP
GIS Data Enhancements $0.07 $0.87 $1.58 Approved in 2018 MRP
ADMS $0.06 $1.86 $4.03 Approved in 2018 MRP
RTU Separation $0.06 $0.05 $0.21 Approved in 2018 MRP
Underlying IT infrastructure $0.00 $0.25 $0.99 Approved in 2018 MRP
Cyber Security $0.00 $0.27 $0.82 Approved in 2018 MRP
Telecommunications $0.01 $0.33 $1.12 Approved in 2018 MRP
Total $2.44 $4.34 $9.31

4.2. Other Grid Modernization Activities

In addition to the 2017 Rate Case funding for initial Service Company investments in grid
modernization, the Company has also deployed advanced field devices and VVO/CVR on select
feeders over the last 3-5 years. The Company has deployed VVO/CVR capability through
approved investments in feeder monitoring sensors, advanced capacitors and regulators, and a
stand-alone VVO/CVR control platform through Company’s VVO/CVR Pilot program funded
through the ISR. To date, the Company has implemented VVVO/CVR on 19 feeders from 6
substations in Rhode Island. Implementation of VVVO/CVR has included the deployment of 44
feeder monitoring sensors, 122 advanced capacitors, and 52 advanced regulators. Deployment on
an additional 14 feeders at three substations is anticipated through the Company’s FY21 ISR
Plan*® based on the initial positive results. The Company has also deployed 453 advanced
reclosers on over 200 feeders in Rhode Island as part of customer requests for DER
interconnections (22 midline reclosers and 66 PCC reclosers)* and all other Company programs
requiring new reclosers including for safety/reliability, damage/failure, and asset replacement
(365 midline reclosers).

The 2018 ASA only covered a three-year period ending in Rate Year (RY) 2021 and the most
recent ISR only covers a one-year period ending in FY21. The roadmap and implementation
plans presented in this GMP provide information related to progress on that initial work as well
as future efforts associated with grid modernization envisioned from 2021 (FY22) through 2030
(FY31).

42 ADMS Core Functionality investments include DSCADA/ADMS and Distribution PI Historian project spending
and RY3 projections. Underlying IT Infrastructure investments include ESB, Data Lake, and Advanced Analytics
project spending and FY3 projections.

43 See The Narragansett Elec. Co. d/b/a National Grid, 2021 Electric Infrastructure, Safety, and Reliability Plan,
Docket No. 4995 (Submitted December 20, 2019) [hereinafter FY 2021 ISR Plan].

44 Point of common coupling or “PCC” means the point where the generating facility's local electric power system
connects to the utility's electric system.
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4.3. Complementary and Supporting Elements

4.3.1. Polices, Requlations, and Requirements

The effectiveness of the GMP and the pace and scale of its implementation will be impacted by
the evolution of future policies, regulations, and requirements. Therefore, the Company is
implementing the GMP investments over time, with continued engagement from technology
developers, regulators, and other stakeholders. While the development of these future policies,
regulations, and requirements is beyond the scope of the GMP, assumptions concerning their
future authorization are inherent in the GMP roadmap and associated BCA.

The following potential future policies, regulations, and requirements are expected to impact the
evolution of the GMP:

e Time-Varying Rates: The GMP envisions that time-varying rates (TVR) will be a
primary driver of load shifting through customer load management programs.*® The
Updated AMF Business Case includes the Company’s intent to file a TVR proposal in the
next suitable filing before the AMF solution becomes operational. As customers become
accustomed to TVR, more advanced rates that better align price signals to electricity
costs can be implemented to help shift customer demand away from higher cost periods
of time.*® It should be noted that the AMF meters being proposed as part of the GMP
have interval metering and the ability to perform over the air software and firmware
updates to allow re-programming as needed. Therefore, any expansion or changes to
TVR can occur without requiring the meter to be replaced.

e DG Tariffs, Flexible Interconnection Standards, and Distribution System Operating
Requirements: The GMP envisions that some combination of an expanded DG
interconnection tariff with some level of flexibility on how DG can or should operate,
and/or operating requirements for grid injections from DG and energy storage will be
necessary to optimize DER output for the benefit of the grid, customers, DER developers,
and society. Current practices whereby DERs are not dispatchable will be problematic at
high DER penetration levels, and future policies and regulations on the interconnection
tariff and operating requirements will need to consider how best to leverage these
technologies. It should be noted that the same reprogrammable and interval AMF meters
being proposed for rate-paying customers will also be used for most DER customers.
Therefore, any expansion or changes to the DG tariff could occur without requiring the
DER meter to be replaced. In addition, the use of raw interval data can be manipulated by

4 Customer load management programs are defined here as customer-facing programs that can be used by
distribution planners and operators to better manage the distribution system to achieve compliance or optimization
goals.

46 “More advanced rates” may reference mechanisms such as Real Time Pricing, residential demand charges, and
others discussed in Attachment C of the Updated AMF Business Case.
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the AMF’s meter data management system (MDMS) to allow for numerous billing
scenarios, including time varying rates.

e Smart Inverters: The variable nature of many DERs, especially distributed solar and
wind generation, presents voltage and frequency challenges on the electric grid. One
promising technical solution to help address these challenges is so-called “smart
inverters.” Unlike traditional inverters that are designed to run at unity power factor,
smart inverters can absorb and generate reactive power to help reduce fluctuations in the
output voltage of the facility as well as help manage voltage on the distribution system.
Smart inverters can also reduce their output power generation at times to avoid escalating
system conditions (i.e., over-frequency conditions) and can respond to power curtailment
commands, which could be delivered viaa DERMS when excessive DER power is being
pushed back to the transmission system. Therefore, the Company has included a smart
inverter demonstration in the 2021 Energy Efficiency Plan. If approved, this
demonstration will improve power factor and provide voltage support. If this
demonstration is successful, the Company will look to add on more power quality
improvement strategies with smart inverters in future Energy Efficiency Plans.
Additional details about smart inverters are presented in Attachment B, the Appendix.

4.3.2. Load Management Programs

With granular data obtained by advanced field devices and AMF, the electric distribution system
could more effectively progress residential and small commercial DER market-facing or
customer-facing programs, which customers and other stakeholders are increasingly interested
in. Likewise, the effectiveness of the GMP solutions will be impacted by the pace, scale, and
effectiveness of various DER market-facing and customer-facing programs, particularly load
management programs.

Customer-facing load management programs, like energy efficiency and DR programs, can be
used to lower the cost of wholesale electricity, reduce the bulk system’s peak demand, and
address generation, transmission, and distribution constraints. DER market-facing load
management programs, like the NWA program, are still evaluating the role that DERSs can play
in helping to address distribution-level constraints and reducing distribution-level peak demand.
In the future, under high DER penetration scenarios, load management programs including DR,
EE, NWA, EV, and Energy Storage programs can be used in combination with TVR and/or new
DG tariffs to not only reduce bulk and distribution-level peak loads, but also shift customer loads
to times when excessive DG output power exceeds the grid’s ability to accommodate the load.
Details are provided in Section 7.3: Quantitative Benefit-Cost Analysis.

The following current and potential future load management programs are expected to impact the
evolution of the GMP:
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Energy Efficiency: Although today’s energy efficiency portfolio generates system
benefits at capacity, transmission, and distribution levels, the portfolio is generally
focused on bulk system level (capacity and transmission) and not the constraints of the
local distribution system. The Company envisions future energy efficiency customer
offerings that will optimize demand side resources to achieve an efficient and resilient
grid on both the wholesale and distribution levels. The Company has been working, and
will continue to work, to progress the integration of Distribution Planning with Energy
Efficiency to further identify opportunities to address constraints on the distribution
system, which can lower the cost of electricity delivery. New enhancements to the
Energy Efficiency program will be proposed through annual Energy Efficiency Plan
filings.

Demand Response (DR): Building within the energy efficiency programs, both
residential and commercial DR programs play a critical role in helping Rhode Island
contribute its share to peak load reduction and improving power quality, which produces
system benefits at the capacity, transmission, and distribution levels. However, like the
rest of the energy efficiency portfolio, DR today is generally focused on the bulk system
level and not the constraints of the local distribution system. The Company is looking
into extending the DR programs to provide support to distribution-level NWASs using
existing DR and DERMS infrastructure. Today, the Company’s DR programs utilize a
DERMS that is exclusively used for behind-the-meter (BTM) distributed energy
resources (DERs). The management of front-of-the-meter (FTM) resources such as
power plants, solar farms, and Company owned resources are not within the purview of
the energy efficiency portfolio. Today, the Company’s DERMS manages DERs such as
Wi-Fi thermostats, electric vehicles, and batteries, generators, CHP, solar inverters,
HVAC systems, lighting systems, industrial processes, and other BTM DERs. Current
BTM DERMS functionalities include handling customer/vendor registration, event
dispatch, and performance calculations. New enhancements to the DR program will be
proposed through annual Energy Efficiency Plan or SRP filings. In the future, an
extended DERMS deployment, including FTM functionalities, envisioned by this GMP,
will enable DR performance for more customer DERSs. In addition, the deployment of
AMF for residential and small commercial customers will establish a basis for the
implementation of TVR, in turn providing improved price signals to residential and small
commercial customers, which could provide wholesale-level peak-load reduction.

Non-Wires Alternatives (NWA): NWA is an inclusive term for any targeted electrical
grid investment that is intended to defer or remove the need to construct or upgrade
components of a distribution and/or transmission system, or “wires investment.” NWA
projects are required to meet the specified electrical grid need and be cost-effective
compared to the traditional “wires” investment. An NWA project can include any action,
strategy, program, or technology that meets this definition and these requirements. In the
near-term, grid modernization will help identify and fairly compensate NWA projects,
which may result in an increase of NWA projects. The NWA process will also benefit
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from more granular system operational data, customer load data, and other information
from AMF and advanced field devices, as planners will be able to better evaluate and
forecast system loads and better predict the timing (e.g., time of day, month of year) of
potential thermal or voltage issues. This refined understanding of the system constraints
will enable a better understanding of the NWA need, permit NWA design optimization,
and facilitate more cost-effective NWA projects. In the longer term, grid modernization,
combined with new revised rules on DG operation and TVR, may reduce or possibly
eliminate the need for what are considered NWAs today; as the integration of TVR,
energy efficiency, DG, and DR become part of the modern grid.

e Energy Storage: The Energy Storage Demonstration approved in Docket No. 4770 will
support customers in adopting energy storage technologies in the near-term. This
program can positively contribute to changes in customer preferences for energy
management and help uncover the best value proposition for energy storage. The current
residential, commercial, and industrial customer DR programs also include the
management of BTM energy storage for peak load reduction. In the future, with more
granular system operational data enabled by advanced field devices and AMF, and the
overall management and control enabled by ADMS and DERMS, customer’s energy
storage assets can be used to help manage load on the distribution system for the benefit
of all customers. New enhancements to energy storage programs will be proposed
through future rate cases, annual Energy Efficiency Plans, and/or the SRP plans.

e Transportation and Heat Electrification: The Electric Transportation Initiative
approved in Docket No. 4770 and future Beneficial Heat Electrification programs will
support customers in adopting BE technologies in the near-term.*” These programs can
positively contribute to changes in customer preferences for a shift towards clean energy
and electrification that customers seek. If not properly managed, new electrification loads
can have a negative impact on the distribution system by increasing peak load.*®
However, if properly managed through a well-coordinated and integrated GMP that
employs load management techniques along with TVR, these new electrification loads
can be shifted away from periods of peak demand on the distribution system to periods of
low demand and/or high DG output, which can reduce distribution infrastructure
investment, and, in the future, can help minimize negative load periods due to excess
renewable DG output. New enhancements to BE programs will be proposed through
future rate cases, annual Energy Efficiency Plans, and/or the SRP plans.

47 Currently, the Company’s energy efficiency programs do not provide incentives for customer conversions from
delivered fuels-based heating to electrification of heating with heat pumps.

48 Although the Company believes future EHP loads are not likely to impact the Rhode Island distribution system
peak load as a whole in the next 10 years, local impacts may be felt in areas pre-disposed to winter peak loading
issues and with high early adoption of EHPs, particularly adoption of air source heat pumps. Air source heat pumps
have higher electric demand than ground source heat pumps, particularly at lower ambient temperatures.

113



Schedule SL-1

THE NARRAGANSETT ELECTRIC COMPANY
d/b/a NATIONAL GRID

RIPUC Docket No. 5114

In Re: Grid Modernization Plan (GMP)

GMP Business Case

Page 49 of 124

4.3.3. Transmission System Costs

The Rhode Island GMP presents a holistic plan of activities and investments expected to be
necessary for Rhode Island’s changing distribution electric system. The distribution system is the
portion of the electric system that is composed of medium-voltage (35 kV to 4 kV)
subtransmission lines,*® substations, distribution feeders, and related equipment that transport the
electricity commodity to and from customer homes and businesses and that link customers to the
high-voltage (115 kV and above) transmission system. The Transmission-Distribution interface
(T-D interface) is the physical point at which the transmission system and distribution system
interconnect. This point is often the demarcation between federal and state regulatory
jurisdiction. It is also a reference point for electric system planning, scheduling of power and, in
ISO and Regional Transmission Organization (RTO) markets, the reference point for
determining Locational Marginal Prices (LMP) of wholesale energy.

Although future distribution system activities and investments will impact the transmission
system, and vice versa, it is beyond the scope of this GMP to evaluate the suite of transmission-
level activities and investments that would be necessary in the future. For example, when the
Renewable Energy Growth program began in the late 2000s, it also expanded the eligibility for
remote net metering applications, which has resulted in multiple renewable “distributed
generation” interconnection applications (e.g., multiple 10 MW Solar DG projects) for the same
location. The resulting “distributed generation” capability at the location can be greater than 20
MW, which requires a transmission study. These types of large interconnections (>20 MW) often
require the construction of dedicated substations and related T&D equipment, similar to off-
shore wind or other large “bulk generation” projects. Therefore, the activities and investments
needed to accommodate these large renewable generation projects are specifically excluded from
the Rhode Island GMP due to the fact that these installations are largely accommodated at the
transmission and bulk system levels.

Below is a summary of the key differences between these very large “distributed generation”
installations and traditional DG installations.

Traditional DG Projects (<5 MW)
e Traditional DG projects can help reduce peak load on the distribution system, which
could potentially defer some peak load-related distribution system infrastructure
investment in some locations (at least in the near-term)

e Grid modernization investments will help reduce interconnection costs

49 In Rhode Island, the subtransmission system includes distribution circuits typically between 15kV class and 35kV
class, which can supply other distribution substations, large DG, or customers with high electric loads.

114



Schedule SL-1

THE NARRAGANSETT ELECTRIC COMPANY
d/b/a NATIONAL GRID

RIPUC Docket No. 5114

In Re: Grid Modernization Plan (GMP)

GMP Business Case

Page 50 of 124

e System Data Portal can typically help guide customers and third-party DER developers
towards locations with lower interconnection costs (i.e., locations with higher hosting
capacity)

e Grid modernization will likely help reduce transmission system upgrade costs if any are
needed

Very Large-scale “DG” Projects (>5 MW)

e Very large-scale “DG” projects will not help reduce peak load on the distribution system
because these large projects typically require a dedicated substation and new
wires/conductors

e Grid modernization will not likely help reduce interconnection costs

e System Data Portal will not be very useful for such large systems — high interconnection
costs are unavoidable under the current paradigm

e Grid modernization can help reduce some transmission-system upgrade costs, but there
will likely still be large transmission system upgrade costs regardless of grid
modernization

However, the distribution-level investments proposed as part of the GMP can still have a
beneficial impact on the transmission system. For example, without grid modernization
investments, the current high saturation of existing and proposed DG projects has already
resulted in the need for additional capacity from the Company’s transmission provider, New
England Power (NEP), and potentially new T-D interfaces will need to be constructed (e.g.,
substations and transmission lines). These transmission system capacity additions have a
significant cost, which can be avoided or reduced in the future using the proposed grid
modernization technologies that can better manage loads on the distribution system. In addition,
GMP investments will provide increasing levels of information and visibility on the distribution
system, which can be passed on to ISO-NE, so they can better manage transmission-level loads.
Transmission-level benefits relating to streamlining DER interconnections and reduced
transmission study costs are addressed qualitatively in Section 8.6: Qualitative Assessment.

5. Planning Analysis and Recommendation

This GMP considers grid modernization needs through the year 2030 (FY31). Customer
expectations, available technology, and policy and regulatory objectives are expected to evolve
over this horizon, therefore the GMP must consider a range of possible future needs and be
flexible enough to adapt in a timely and efficient manner. For this reason, the GMP considered a
number of future scenarios and evaluated the range of potential impacts on the distribution
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system. Considering these evaluations, the GMP 2030 Roadmap seeks to plan and operate the
grid in a more granular fashion so that all available resources (utility, customer and third party)
can be utilized to most cost-effectively meet the identified needs and stated objectives.

The GMP seeks to develop capabilities that result in an ability for the Company to proactively
plan for the needs of the grid and operate in a fashion that is responsive to customer expectations.
Grid modernization is not accomplished through a single project or program. Rather, grid
modernization is an evolutionary journey on which the Company has already begun. Grid
modernization will be deployed in a phased manner and integrated over time. Flexibility has
been built in to allow the ability to maximize net benefits and realize new functionalities where
and when they are needed.

5.1. Overview

To select a set of grid modernization solutions that will meet Rhode Island’s needs through 2030,
the Company followed the stepwise approach outlined in Figure 5.1, which is consistent with the
Planning Analysis steps presented in Section 2.2.3: Distribution Planning Limitations. First,
GMP objectives were identified based on customers’ expectations and state goals, particularly
Docket No. 4600 “goals of the new electric system.” Then, modeling scenarios were developed
using a range of customer DER adoption assumptions with consideration of the GMP objectives.
Next, a future state assessment was conducted to study these scenarios, which led to a set of
necessary grid modernization functionalities and potential benefit impacts. Then, a proposed
solution set and ten-year roadmap necessary to realize those capabilities and functionalities were
identified. Finally, a detailed BCA was developed based on the solutions identified in the 10-
year roadmap and internal estimates for the costs and benefits of the portfolio of solutions. The
BCA is discussed in more detail in Section 8: BCA Evaluation Under Docket 4600.

Planning Analysis

Inputs ) Modeling ! Outputs
Scoping & Data Alternative Plan

Gathering . o Analysis Recommendation|
Issue & Opportunity Identification

Customer Functionality
Expectations GMP. Modeling Future State and Benefit Proposed 10-Year Benefit-Cost

and State Objectives Scenarios Assessment Impact Solution Set Roadmap Analysis

Goals Assessment

Figure 5.1: lllustration of GMP Solution Assessment Approach

5.2. Goals and Obijectives

The first step was to identify the GMP goals and objectives based on customers’ expectations
and needs, State goals, including a review of the relevant Dockets, particularly Docket No. 4600
“goals of the new electric system”, which are presented in Section 1.6: Alignment with Docket

116



Schedule SL-1

THE NARRAGANSETT ELECTRIC COMPANY
d/b/a NATIONAL GRID

RIPUC Docket No. 5114

In Re: Grid Modernization Plan (GMP)

GMP Business Case

Page 52 of 124

No. 4600 Goals. The Docket No. 4600 goals embrace the important question of “What can and
should the new electric system be able to accomplish?”” Evaluation of these expectations and
goals resulted in three key GMP goals. Table 5.1 shows the alignment between the Docket No.
4600 goals and GMP goals.

Table 5.1: Alignment Between Docket No. 4600 Goals and Rhode Island GMP Goals

Docket No. 4600 Goals GMP Goals
Empower customers to manage their costs
Customer education and engagement programs to provide all customers
with the information and tools to optimize their electricity consumption
Provide opportunities to reduce energy burden
Prioritize and facilitate increasing customer investment in their facilities
(efficiency, distributed generation, storage, responsive demand, and the
electrification of vehicles and heating) where that investment provides
recognizable net benefits
Appropriately charge customers for the cost they impose on the grid
Appropriately compensate distributed energy resources for the value
they provide to the electricity system, customers, and society
Provide reliable, safe, clean, and affordable energy to Rhode Island
customers over the long term (this applies to all energy use, not just

1) Give customers more energy
choices and information

regulated fuels) 2) Ensure reliable, safe, clean, and
Strengthen the Rhode Island economy, support economic affordable energy to benefit
competitiveness, and retain and create jobs by optimizing the benefits Rhode Island customers over
of a modern grid and attaining appropriate rate design structures the long term

Appropriately compensate the distribution utility for the services it

provides

Address the challenge of climate change and other forms of pollution

Align distribution utility, customer, and policy objectives and interests 3) Build a flexible grid to integrate
through the regulatory framework, including rate design, cost recovery, more clean energy generation

and incentive

In addition, by working with internal and external stakeholders to develop a shared vision of the
future, specific GMP objectives were identified for each GMP goal. Developing a shared vision
involved assessing where the distribution grid is now (see Section 2: Today’s Grid) and where it
can realistically expect to be in the future. Ten key objectives developed as part of this visioning
are summarized below. Each key objective is categorized under the most relevant GMP goal:

1) Give customers more energy choices and information
a) Inform customers about their energy use and energy choices
b) Provide enhanced energy management capabilities
c) Enable customers to invest in their own DER technologies and promote investment in
areas that are most cost effective for these resources
d) Ensure that all customer and grid facing data is kept safe, secure, private, stored and
maintained through robust data governance and management
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2) Ensure reliable, safe, clean, and affordable energy to benefit Rhode Island customers over

the long term

a) Develop a more efficient grid through greater monitoring and control of grid side and
customer side devices

b) Ensure safety and reliability are maintained or improved with increasing levels of DER
adoption

c) Ensure new pricing and allocation mechanisms to attribute costs and benefits more
equitably

3) Build a flexible grid to integrate more clean energy generation
a) Enable higher penetration of clean DERs into the grid
b) Effectively manage emerging two-way power flows in a reliable, safe, clean and
affordable manner
c) Enable better assessment of the locational and temporal value DER may provide to the
electric system

5.3. Modeling Scenarios

To assess the scope and scale of potential distribution system needs over the ten-year horizon of
the GMP, the Company developed multiple customer DER adoption scenarios with varying
levels of renewable DG interconnection and BE adoption within the transportation and heating
sectors. While a high customer DER adoption future is envisioned, there is uncertainty with
respect to where and when the DER will be interconnected. Therefore, two primary customer
DER adoption scenarios were developed to “bookend” a range of possible future outcomes: 1) a
low DER adoption (Low DER) scenario based on historic (2018-2020) DER adoption rates with
an annual reduction in renewable DG adoption over time, and 2) a higher DER adoption (High
DER) scenario consistent with achieving Rhode Island’s 2050 goal of 80% greenhouse gas
emissions reductions compared to a 1990 baseline (80x50 goal). Based on the High DER
Scenario assessment, the Company determined that the current levels of renewable DG adoption
will need to continue and beneficial electrification adoption will need to increase significantly in
order to achieve the 80x50 goal. Scenario details are provided in Section 3.2: Future State
Scenarios.

To properly model future DER impacts, research was conducted on a variety of DER categories
to enable modeling for planning analysis. For example, inverter efficiency and hourly solar
incidence was gathered for solar PV.>® Similarly, EV research included battery types, state
mileage averages, charger characteristics, and charger use coincidence.®® Then, emission
reductions were tied to DER type, and DER types and amounts tied to power load cycles for
planning analysis. New techniques were applied to existing planning tools to handle 8,760 hours
per year across multiple years and across a variety of load and generation types. The Company

50 primarily using National Renewable Energy Laboratory’s PVWatts Calculator, https://pvwatts.nrel.gov/
51 Started with U.S. Department of Energy’s EVI-Pro tool, https://afdc.energy.gov/evi-pro-lite
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used a manual, labor-intensive process leveraging existing tools to complete this GMP analysis,
noting that new advanced planning tools would be necessary in the very near future.

5.4. Future State Assessment

Considering these scenarios, the Company evaluated the potential future DER impact on state-
wide load curves for each hour of the year (i.e., 4,760 hours/year) through 2030. Additionally,
detailed distribution load flow models were created on a small representative sample of
distribution feeders to identify the scale and magnitude of local operational constraints that
would arise under the various loading scenarios with and without grid modernization investments
out to 2030. Summaries of both the feeder-level and state-level modeling are provided below,
and details are presented in Attachment B, the Appendix.

5.4.1. Feeder-Level Analysis

With the ability to model the future, the next step was to determine the system-level issues of
that future. The Company divided this task into two parts: compliance and optimization.
“Compliance” is assumed to be the traditional utility purpose of managing loading and voltage
within guidelines and managing protection systems to maximize reliability and worker and
public safety. “Optimization” refers to a refinement to the traditional utility goals that enables
additional customer benefits. For example, with the necessary advanced controls in place for
proper voltage compliance, voltage optimization (i.e., VVO/CVR functionality) can be added to
provide customer energy savings. Specifically, the Company’s DER Enabling Investments
recently proposed in the FY21 ISR Plan is an example of a compliance investment,> while the
Company’s VVO/CVR pilot program funded through the FY18-21 ISR plans is an example of an
optimization investment. Similarly, with the necessary protection systems upgraded (i.e.,
advanced reclosers and breakers) to handle DER flows and cycles for compliance, FLISR
becomes a very cost-effective additional optimization investment. As a result, the capabilities
and functionalities of the future system remain the same — management of voltage, loading, and
reliability but with an eye towards optimization opportunities.

Key findings from the feeder-level analysis include:

e Distribution operating issues (e.g., high voltage, protection system coordination), which
are already beginning to emerge in isolated areas in Rhode Island, will become more
systemic at higher DER penetrations.

e Although there will be some coincidence between commercial “workplace” EV charging
and the timing of solar DG injections, there is generally a mismatch between solar DG
injections and typical late day and evening residential EV charging.

52 See FY 2021 ISR Plan, supra note 43.
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e High levels of renewable DG adoption will impact the grid more significantly during
light loading (e.g., off-peak) periods than peak periods. During light loading periods,
significant renewable DG curtailment may be required (see State-Level Analysis below).

e High penetrations of DER will significantly impact voltage regulation: BE will lead to
more low voltage violations during on-peak periods, and renewable DG injections will
lead to more high voltage violations during light loading periods. Therefore, advanced
voltage control schemes will be required to manage voltage during both on-peak and light
loading periods.

e Significant swings in loading and the prevalence of two-way power flows caused by
renewable DG will require more adaptive relay protection schemes to properly coordinate
circuit breakers to ensure worker safety and the reliable operation of the grid.

e The Company will need enhanced data handling and processing power for both
distribution system planning and real-time grid operations. For this GMP study, a labor-
intensive manual process was used that will not be sustainable at scale. Similarly,
processing certain cases required many hours to complete.

Without a well-coordinated and integrated GMP, the Company would need to design and build
traditional distribution infrastructure to accommodate future DER growth and address the issues
described above.

5.4.2. State-Level Analysis

The High DER Scenario modeled as part of the state-level analysis resulted in a net load curve
with several negative load periods due to the prevalence of renewable DG, particularly solar
DG. This means that renewable DG would be in excess of load - or in other words, at times
there would be more renewable DG available than Rhode Island customers needed at that time.
Figure 5.2 shows the minimum, maximum, and average daily state-level load cycle across
seasons projected for 2030 under the High DER Scenario. The figure shows the load bounds
during a particular hour in a season within which the system is expected to perform. Across each
day within a season, the system load could be at any point between the minimum and maximum
lines. As can be seen in Figure 5.2, negative load occurs during some daytime hours when too
much electricity is fed into the grid from renewable DG in relation to customer demand. Unless
this negative load can be eliminated, high voltages and thermal congestion will result. Note that
this load projection is based on the High DER Scenario forecast for Rhode Island and excludes
off-shore wind generation or other transmission-connected wholesale generation.
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Figure 5.2: State-level load cycle across seasons projected for 2030 under the High DER Scenario

Under a low regional renewable generation future and with no constraints on the transmission
system, a valid assumption might be that excess renewable DG from Rhode Island could be
exported to surrounding states. However, the Future State Assessment under the High DER
Scenario assumes that the surrounding states in the region, all of whom participate in the
Regional Greenhouse Gas Initiative (RGGI), will have similar renewable generation adoption,
such that exporting excess generation to other states will be challenging. Even if other states in
the region could easily absorb the excess generation from Rhode Island, the necessary state and
regional transmission system capacity could require significant upgrades under the High DER
Scenario. Transmission-level upgrades to address thermal overloads or voltage issues can cost
developers and ratepayers tens of millions of dollars and take between 5-7 years to complete.>

Therefore, the GMP assumes DG curtailment, rather than upgrading the transmission system and
exporting excess generation, is the most viable option for most excess renewable DG generation
through 2030 under the High DER Scenario. However, without grid modernization investments,
grid issues due to excess DG generation can’t be monitored or managed (i.e., curtailed) in a
granular manner using sensors, ADMS, smart inverter controls, DERMS, or other means. So, the
Future State Assessment “Reference Case” (without grid modernization) assumes the Company
would need to curtail renewable DG anytime the estimated maximum seasonal DG output of the
installed capacity was predicted to exceed the design limitations of the system, which in this case
is the estimated seasonal minimum load for the State. This “seasonal curtailment” results in an

53 National Grid, Central & Western MA ASO Cluster Study Update (March 19, 2020),
https://ngus.force.com/servlet/servlet.FileDownload?file=0150WW00000E0Gc8
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average renewable DG curtailment of 20% of its annual energy output under the High DER
Scenario by 2030.

This level of renewable DG curtailment would not only make most DG projects uneconomic, it
also goes against Rhode Island’s environmental and economic goals. This level of curtailment
significantly reduces the output from the renewable plants in which the State has invested, and it
would require the State to overbuild renewable resources and potentially increase renewable DG
incentives in order to meet the State’s Clean Energy Goals (e.g., 80x50, 100x30 Goal). The level
of solar DG curtailment envisioned in the High DER Scenario Reference Case would not be
acceptable for most DG projects, but without grid modernization investments, alternatives are
limited. Possible alternatives to renewable DG curtailment include the following:

e Load Shifting: Options to enable load shifting include advanced DR programs,
particularly targeting loads from future EV charging and integrated customer energy
storage. However, shifting customer load to periods when renewable generation is most
abundant (i.e., 7 am — 3 pm for solar DG) reliably and at the large scale necessary for the
High DER Scenario is not envisioned to be possible without the customer information,
granular monitoring, and control that are central to AMF and other grid modernization
investments.

Dedicated Energy Storage: Electrochemical (i.e., battery), kinetic, thermal, or other
forms of energy storage are promising approaches to absorb excess renewable DG power
and discharge the excess power during periods of high demand, but their ability to shift
load to address excess renewable DG requires granular monitoring and control that are
central to the grid modernization investments. In addition, costs for most energy storage
technologies are still very high. To absorb the amount of daily excess renewable energy
necessary in the High DER Scenario would require a significant amount of energy
storage at relatively high cost.>

e Transmission System Expansion: Expanding the current transmission system so the
State’s excess renewable DG can be exported to other states and regions that could cost-
effectively utilize it is outside of the GMP’s scope of work. Because export feasibility is
greatly dependent on size, location, and timing of the DG, it is difficult to estimate what
types of transmission infrastructure investments will be necessary. If significant
upgrades are necessary, transmission investment will be costly, take many years to

%4 For example, utility-scale lithium-ion battery systems large enough to accommaodate the largest potential negative
load period in the Reference Case would need to be sized for at least 550 MW and 2,800 MWh (assuming 8-9 hours
of charging during solar peak periods and 8-9 hours of discharging during other load periods each day) under the
High DER Scenario. The costs for such a network of batteries could exceed $800 million in CAPEX assuming
$300/kWh for the battery system. By comparison, the GMP investments in the High DER Scenario total $537
million in CAPEX for all GMP solutions (nominal 20-year cost) excluding AMF and provide significant additional
benefits beyond avoiding seasonal DG curtailment.
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complete, and result in suboptimal benefits compared to grid modernization investments.
While a full-scale transmission system buildout to accommodate all potential excess
renewable DG generation in the State is not likely to be a cost-effective solution through
2030, targeted transmission expansion is expected to provide important benefits and
complement distribution-level grid modernization.

¢ Renewable Power-to-gas (P2G): Renewable P2G uses water and renewable electricity
to generate hydrogen gas. The resulting hydrogen gas can be used directly or combined
with natural gas or biogas or combined with carbon dioxide to produce methane or
liquefied petroleum gas (LPG). While this approach holds promise in the longer-term, it
is not expected to be cost effective on a State-wide scale due to high capital and energy
costs and low utilization factors before 2030.

The most likely outcome based on these limitations, and without investments in grid
modernization, is that renewable DG adoption would be significantly inhibited in the State.
Renewable DG projects would be uneconomic due to excessive curtailment requirements,® or
due to substantial energy storage or transmission upgrade costs. Therefore, the State would likely
need to introduce much higher DG incentives to offset the additional DG project costs, or DG
adoption in the State would be restricted such that achieving the State’s clean energy goals could
be at risk.

5.5. Functionality and Benefit Impacts Assessment

Next, the Company was able to determine the grid modernization capabilities and functionalities
necessary to address the issues identified by the Future State Assessment consistent with the
GMP goals and objectives. To identify the full set of potential grid modernization functionalities
that could address the issues, the Company considered the functionalities identified by the DOE
Modern Grid Initiative (DSPx) guidance for applicability in Rhode Island during the horizon of
the GMP.>® The DOE DSPx multi-volume guides offer a comprehensive view of the potential
technologies and functionalities needed to effectively manage the evolving distribution grid. The
Company has actively participated in workshops and provided feedback in support of the DOE’s
development of these guides.

Subject matter experts from across the Company evaluated each DSPx functionality for its
relevance to the objectives of the Rhode Island GMP and its ability to address the issues
identified by the Future State Assessment. Based on this evaluation, a set of necessary grid

%5 Large DG curtailment requirements, typically anything greater than 10%, can result in unfavorable DG project
economics.

6 DOE’s Modern Grid Initiative works with public and private partners to develop the concepts, tools, and
technologies needed to measure, analyze, predict, protect, and control the grid of the future. Multi-volume guidance
documents are available on the Pacific Northwest Laboratory’s website, https://gridarchitecture.pnnl.gov/modern-
grid-distribution-project.aspx
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modernization functionalities for Rhode Island was selected. For example, the Future State
Assessment identified the need for greater voltage and load control, so a number of grid
modernization functionalities were selected to address these needs. Each functionality was then
categorized based on its overall grid modernization capability, including: Data Acquisition
capabilities that are required to better integrate and control monitoring and control devices in the
field; Monitoring & Control and System Modeling & Analytics capabilities that can be used by
distribution system planners and operators for improved planning and operations; Customer
Enablement capabilities that can be used by both rate-paying customers and DER customers to
enable customer choice and control; and Optimization capabilities that can be used with the other
grid modernization capabilities to optimize the distribution system for the benefit of customers.

The selected functionalities and capabilities are presented in Table 5.2. Definitions for each key
functionality are presented in Attachment B,the Appendix.

Table 5.2: Rhode Island Grid Modernization Capabilities and Functionalities

Grid Modernization Capability Grid Modernization Functionality

Operational Information Management

Data Acquisition Cyber Security

Operational Telecommunications

Observability (Monitoring & Sensing)

Monitoring & Control Distribution grid control (i.e., voltage control and fault
management for compliance, flow control and state estimation)
Distribution System Representation (Network Models)

Grid Optimization

Advanced Metering (Customer Information, Advanced Pricing,
Customer Enablement Remote Metering)

Distribution System Information Sharing

Voltage Control for Optimization

Optimization Reliability Management

DER Operational Control

System Modeling & Analytics

After the necessary functionalities were selected, subject matter experts were further engaged to
develop a set of potential benefit impacts for each functionality. The Company evaluated the
DOE DSPx documents and BCAs conducted for other Company programs (e.g., EE, DR, NWA)
to ensure a comprehensive list of potential benefit impacts were considered. The Company also
surveyed several other utility filings for AMF and grid modernization plans. The results of the
survey are included in Attachment B, the Appendix. The expected benefit impacts are presented
in Table 5.3 for each selected grid modernization functionality.
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Table 5.3: Expected Benefit Impacts for Each Functionality

Grid Modernization
Functionality

Expected Benefit Impacts

Customer Information

e Reduces system capacity requirements and customer energy use by

encouraging customers to reduce their energy use based on enhanced
insights (such as high usage alerts) from more granular, timely energy usage
data; and potentially integration with in-home technologies

Enhances customer choice and control by providing customers with
improved energy usage information and access to third party service
providers, empowering customers to better understand and prioritize
among solutions to best manage energy usage and costs; and allows for
innovative demand-side management programs

Advanced Pricing

Reduces system capacity requirements and customer energy costs by
enabling customers to respond to price signals that can reduce demand for
energy during peak demand periods, and/or increase demand for energy
during negative load (i.e., excess renewable DG) periods

Remote Metering

Improves operational efficiency by enabling the Company to eliminate O&M
costs associated with meter reading, investigations, and visits to connect and
disconnect service

Reduce average outage duration for customers due to improved outage
notification capabilities

Distribution System
Information Sharing

Enables improved DER location selection, streamlined DER interconnection
processes, reductions in time to interconnect, and better customer and third
party information sharing and services by showing customers and DER
providers where the most cost-effective interconnection locations are on the
distribution system

Observability
(Monitoring & Sensing)

Enables system planners and operators to design and operate the
distribution system in a more flexible and efficient manner. This functionality
is a foundational element and supports all other key functionalities.

Power Quality
Management

Reduces system capacity requirements and customer energy use by enabling
the system operator to manage voltage impacts of renewable DERs and
operate distribution feeders at lower overall voltages (within ANSI limits),
which reduces electricity consumption and peak demand from customer
appliances

Distribution Grid
Control

Enables the system operator to rearrange the distribution feeders and
maximize the load-to-generation balance to avoid thermal issues

Distribution System
Representation
(Network Models)

Provides a topological model of the physical distribution system and
customer and DER connectivity. This functionality is a foundational element
and supports all other key functionalities.
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Table 5.3: Expected Benefit Impacts for Each Functionality

Grid Modernization

R . Expected Benefit Impacts
Functionality P : P

e Enables the system operator to autonomously or remotely control power
flows on the distribution system and optimize power output from DERs
rather than investing in traditional “wires” solutions (e.g., reconductoring,
substation upgrades) to relieve thermal or voltage constraints

Grid Optimization

e Provides the ability to perform dynamic assessment of the state of the
distribution system to inform real-time contingency planning, system
operations including switching plans, and operational controls and DER
dispatch. This functionality is a foundational element and supports all other
key functionalities.

Operational Analysis &
Forecasting

Operational e Provides operational data recording, processing, and storage to support
Information operational businesses functions and processes. This functionality is a
Management foundational element and supports all other key functionalities.

e Provides protection of cyber assets (e.g., computer hardware and software,
information) from theft, damage, disruption or misdirection of the services

Cyber S it
yber securty they provide. This functionality is a foundational element and supports all
other key functionalities.
Operational e Provides highly reliable connectivity under both normal and degraded

system operating conditions. This functionality is a foundational element and
supports all other key functionalities.
e Reduces customer outage time by enabling the system operator to quickly
identify and reconfigure the system rather than waiting for phone calls from
Reliability customers to identify an outage, and field crews to locate and restore
Management outages
e Reduces customer outage time by enabling the system operator to quickly
develop efficient and optimal switch orders

Telecommunications

e Reduces DG curtailment by enabling the system operator to manage DERs
and optimize power output from renewable DG rather than relying on
seasonal curtailment to avoid thermal or voltage constraints

e Streamlines DER interconnections by enabling larger and lower cost DER
interconnections

DER Operational
Control

As can be seen, each key functionality resulted in one or more expected benefit impacts. Benefits
are described in more detail in the Implementation Plan document, and a detailed benefit impact
assessment is presented in Section 8: BCA Evaluation Under Docket No. 4600. Details
describing how AMF supports each of the GMP functionalities are presented in

Section 7: AMF Roadmap and Grid Modernization Integration.
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5.6. Proposed Solution Set

Next, an Alternative Analysis was conducted by subject matter experts from across the Company
to evaluate the most appropriate solutions that enable the key functionalities listed in Table 5.2.
The Company drew upon its experience demonstrating and deploying grid modernization
solutions in Rhode Island, Massachusetts, and New York, and reviewed and considered solutions
identified by external experts (e.g., DOE DSPx, EPRI, CEAT]I) to ensure the most cost-effective
solutions were selected for applicability in Rhode Island during the horizon of the GMP.

Table 5.4 summarizes the selected solutions to progress each of the modern grid functionalities
identified in Table 5.2 and 5.3. Solutions highlighted in orange are those that include investments
for which funding was approved in the 2017 Rate Case or ISR dockets. Solutions highlighted in
blue are future investments envisioned in this GMP. Future investments would be presented for
cost recovery in future rate cases, ISR plans, or AMF docket considering the “sign posts”
discussed in Section 6: Accountability.
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Table 5.4: Solutions Selected for Each Functionality

Grid Modernization Functionality

Selected Solutions

Advanced Metering (Customer Information,
Advanced Pricing, Remote Metering)

AMF (CEMP, GBC, Integration w/ In-Home Technologies,
Interval Energy Usage Data, Remote Interval Meter Reading,
Remote Connect & Disconnect)

Distribution System Information Sharing

System Data Portal

Observability (Monitoring & Sensing)

AMF (Load & Voltage Data)

Feeder Monitoring Sensors (Compliance)
Advanced Capacitors & Regulators (Compliance)
Advanced Reclosers & Breakers (Compliance)

Power Quality Management for Compliance

ADMS Core Functionality (Voltage Control)

Advanced Capacitors & Regulators (Compliance)

Power Quality Management for Optimization

Advanced Capacitors & Regulators (Optimization)
Feeder Monitoring Sensors (Optimization)
Existing VVO/CVR Platform

AMF (Load & Voltage Data); ADMS-based VVO/CVR Platform>’

Distribution Grid Control

ADMS Core Functionality (DSCADA)

Advanced Reclosers & Breakers (Compliance)
ADMS-based Protection & Arc Flash Application®®
AMF (Load & Voltage Data)

Distribution System Representation (Network
Models)

GIS Data Enhancements

Grid Optimization

ADMS Core Functionality (System Monitoring, State Estimating,
Switching)

AMF (Load & Voltage Data)

Operational Analysis & Forecasting

ADMS Core Functionality (Visualization, Simulation & Analysis)

Operational Information Management

Underlying IT Infrastructure (Data Management, Enterprise
Integration Platform, Corporate PI Historian)

Cyber Security

Appropriate Cyber Services

Operational Telecommunications

Network Management (INOC, TOMS, DMX)

OpTel Strategy (Private Network)

Reliability Management

Advanced Reclosers & Breakers (Optimization)
AMF (Automated Outage & Restoration Notification, Granular
Fault Location); ADMS-based FLISR>®

DER Operational Control

DERMS
AMF (Remote Interval Meter Reading, Load & Voltage Data,
Operational Telecommunications (Tier 3))

5" ADMS-based VVVO/CVR will also contribute to Power Quality Management for Compliance and Distribution
Grid Control as more DERs are adopted, particularly in the High DER Adoption Scenario.

%8 ADMS-based Protection & Arc Flash will also contribute to Distribution Grid Control as more DERs are adopted,
particularly in the High DER Adoption Scenario.

%9 ADMS-based FLISR will also contribute to Distribution Grid Control as more DERs are adopted, particularly in

the High DER Adoption Scenario.
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The elements of the GMP are very inter-related and new capabilities will be achieved through
their effective integration. A number of functionalities can be enabled by more than one solution,
and a number of the solutions contribute to enabling more than one grid modernization
functionality. In practice, most functionalities require more solutions than are listed. For
example, almost all functionalities require foundational investments in GIS, ADMS, Underlying
IT Infrastructure, Appropriate Cyber Services, and Network Management.

Table 5.5 below summarizes what each of the solutions is and what it does in the context of the
GMP. Detailed descriptions are presented in the Implementation Plan document.
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Table 5.5: Grid Modernization Solution Definition Summary

Grid Modernization
Solution

What it is? What it does?

AMF

Smart metering technology that will capture and transmit customer energy usage data
on an hourly or sub-hourly basis. This technology enables customer energy
management (e.g., CEMP), customer energy information sharing (e.g., GBC), advanced
pricing options (e.g., TVR), remote metering and service (e.g., on/off) capabilities, and
granular distribution system information.

System Data Portal

Internet-based portal that provides distribution data to Rhode Island customers and
third-party DER developers, so they can identify areas where DERs will likely be most
beneficial and avoid areas where integrating DERs may be problematic or costly. The
proposed GMP investment will encompass continued maintenance and development of
the existing portal with relevant distribution system and planning information to
facilitate DER integration in the best locations and as cost-effectively as possible.

Feeder Monitoring
Sensors

Accelerated deployment of interval power measurement devices that can monitor
distribution system performance remotely and help manage capacity and voltage along
individual distribution feeders.

Advanced Capacitors
& Regulators

Accelerated deployment of capacitors and regulators with advanced controls and
sensing to manage voltage within ANSI voltage standards, targeting those areas and
feeders with existing DER penetration and the greatest voltage compliance risk.

Advanced Reclosers

Accelerated deployment of reclosers and breakers with advanced controls and sensing
to ensure distribution equipment is operated within its rated capacity and that faults on

& Breakers the system are cleared efficiently, targeting those areas and feeders with existing DER
penetration and the greatest overload and/or protection coordination risk.

GIS Data Enhanced software and processes that will be used as the authoritative source for
distribution asset information and network configuration (i.e., connected model) to

Enhancements . . .
support ADMS and other requirements of the integrated modern grid.

ADMS Core Software and hardware that will support distribution control room operations by

Functionality

providing greater visibility, situation awareness, and optimization of the distribution
system.®0

ADMS-based
Protection & Arc
Flash Application

Software that will support implementation of adaptive protection systems that can
respond to changing fault conditions to properly coordinate circuit protective devices to
ensure worker safety and the reliable operation of the grid.

Data Management

IT platform to house internal and external data (e.g., asset, meter, land development,
weather, real estate) that will ensure the proper data are made available for analytics
and that these data are properly controlled.

Enterprise
Integration
Platform®?

IT platform that can be leveraged to integrate various objects within the network and
enable the exchange of information between systems, services and devices.

Corporate PI
Historian

IT service that records hundreds of thousands of pieces of raw operational data
generated by intelligent electronic devices being monitored and controlled in a
modernized grid SCADA system.
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(S L e Sl What it is? What it does?

Solution
. IT services to protect customers and electric grid operations from a vast array of threats
Appropriate Cyber . . . . .
Services from new vectors as more devices, including third-party devices, are connected and
integrated with utility operations.
Network IT communications technologies that collect meter and T&D system data to support
Management AMF and the integrated modern grid.
Operational telecommunications (OpTel) investments to develop a secure, private
OpTel Strategy OpTel network to accommodate the Company’s electric distribution system with

improved performance and cost-effectiveness.

Accelerated deployment of software with control schemes to coordinate multiple
VVO/CVR Platform voltage regulating devices (i.e., Advanced Capacitors & Regulators) on a feeder to
achieve optimal CVR performance and reduce customer demand and energy use.
Software with overlaying control scheme to coordinate multiple load management
devices (i.e., Advanced Reclosers & Breakers) on a feeder to achieve fast, reliable, and
safe FLISR, which can reduce customer outage restoration time.

Suite of software tools to integrate customer controlled DER resources with grid
DERMS operations, including dispatching DER in a manner that maintains the security of the
distribution system while ensuring an optimal economic solution.

Small-scale pilot projects designed to mimic important aspects of key

ITR Pilot Projects topics/investments of the GMP that require further investigation prior to full-scale roll
out, reducing the risks to rate payers.

ADMS-based FLISR
Application

In short, the portfolio of projects and initiatives presented in the GMP focuses on the need to
leverage granular customer data, manage the distribution grid more granularly, and build a
flexible grid to 1) give customers more energy choices and information; 2) ensure clean, reliable,
and affordable energy to benefit Rhode Island customers over the long term; and 3) integrate
more clean energy generation into distribution planning and operations for the benefit of
customers.

5.7. 2030 Roadmap

The Company’s grid modernization roadmap initially focuses on foundational elements of a
future grid that can be enhanced as needed over time to deliver new functionalities where and
when they are needed. Examples of this approach include the phasing of ADMS functions and
the deployment of Advanced Field Devices based on planning studies and proposed as part of
annual ISR plans. Figure 5.2 summarizes the solutions, expected timing, and expected filing for
cost recovery of GMP investments over the next ten years. Solutions highlighted in yellow are
those that include investments that are aligned with the recent rate case and ISR dockets, and
solutions highlighted in blue are future investments envisioned in this GMP.

8 Includes Remote Terminal Unit (RTU) separation, which is an expanded effort to modify or replace hardware to
segregate distribution data from transmission data to avoid potential security concerns and enable integration of
RTU’s into the DSCADA and ADMS.

61 Referred to as Enterprise Service Bus (ESB) in the 2017 Rate Case.
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Figure 5.2: Rhode Island Grid Modernization Solutions Roadmap

As can be seen, the GMP’s initial investments are focused on the foundational elements,
including Customer Enablement, Control Center & Back Office, Telecommunications, and
Advanced Field Devices. Deployment of Advanced Field Devices will be driven by future DER
forecasts and planning study reviews to ensure the grid can be operated in compliance with
existing standards and targets. Opportunities to optimize performance for the benefit of
customers will be targeted to the areas of greatest value by leveraging the foundational
investments with additional Modular Optimizing Applications, like VVO/CVR, FLISR, and
DERMS. Innovation and Technology Readiness (ITR) investments will fund the pilot projects
necessary to support cost-effective deployment of optimizing applications that can maximize
customer benefits. This approach will allow the Company to efficiently leverage the
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functionalities and new technologies, programs, and services to meet evolving customer
expectations and grid needs.

The 2030 Roadmap presents a sequenced progression of grid modernization investments,
deploying field devices in a targeted and incremental fashion, and developing information
platforms that are flexible and scalable. Implementation plans will deliver initial foundational
functionalities, which include enhancements and upgrades to existing Rate Case investments in
GIS, ADMS, Underlying IT Infrastructure, Appropriate Cyber Services, and Network
Management (Telecommunications); as well as development and deployment of new
investments in AMF, OpTel Strategy, ADMS-based application solutions (i.e., Protection and
Arc Flash App, VVO/CVR App, FLISR App), and DERMS. Likewise, the installation of
Advanced Field Devices (i.e., feeder monitoring sensors; and advanced capacitors, regulators,
reclosers, and breakers) and an Existing VVO/CVR Platform will be identified and
recommended via traditional planning processes and incorporated into the Company’s capital
investment plans and annual ISR filings.

5.8. Alignment with Ongoing Activities

The GMP investments align with and support ongoing planning activities. First, the GMP
investments will improve the planning process by providing granular feeder data from Advanced
Field Devices or even more granular AMF data for planning area studies. With the additional
data and the functionality provided by GMP assets, planners can move from recommendations
focused on peak and light load periods to recommendations focused on all times of the year.
This will improve both the timing and scope of the planned investments presented in the annual
ISR filings.

In addition to improvements to the area study and planning processes, certain programs and
devices currently approved through the ISR and SRP filings will be affected. For example, the
capital investment plan considered within the annual ISR filing includes control center and field
device investments. ISR programs like the EMS Program can be adjusted to include grid
modernization so EMS functionality is provided at substations in coordination with feeders being
modernized. Similarly, pending replacement of field devices will be evaluated to grid
modernization standards to prevent early obsolescence. Proposed investments in NWA projects
or planned improvements to the System Data Portal, which are included in SRP filings, may also
be impacted by GMP investments. For example, the GMP considers DERMS as an important
investment that effectively enables wide-scale NWA projects to assist with system operations.
DERMS-related NWA investments would be described within SRP.

While grid modernization can enable a more efficient management of the grid, complementary
policies and customer programs will also be necessary to incent customers and third parties to
actively participate in energy management to optimize the overall efficiency of the grid. For
example, customer energy programs proposed through the Energy Efficiency and DR program
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plans will be coordinated with GMP investments so synergies between grid modernization and
customer programs can be realized. Details are provided in Section 4.3.2 Load Management
Programs.

6. Accountability

National Grid is committed to delivering on grid modernization investments. There are several
uncertainties associated with the evolution of the grid that are out of National Grid’s control,
including the actual pace of customer DER adoption over time and the corresponding system
impacts as determined through on-going distribution planning processes, and the evolution of
complementary policies and programs. Nevertheless, the Company has created several external
and internal measures that will hold us accountable to what is within our control.

Externally, the Company will present project plans for future investments in their appropriate
forums at the appropriate time throughout the horizon of the GMP. This iterative process
enables on-going engagement and review and reduces risks. The Company fully expects to adapt
and adjust its plans considering a number of external factors, including the Load Forecasting
Metrics presented below. The Company will also monitor and share Implementation and
Performance Metrics based on Company-specific infrastructure deployment metrics and
distribution system performance metrics. This information will be provided annually as part of a
proposed GMP compliance report that will be shared on the System Data Portal for transparency
to all stakeholders. In addition, through the ITR Pilot projects, the Company will continue to
engage with the GMP and AMF Subcommittee and participate in grid modernization pilot
projects in order to refine the assumed GMP costs, benefits, and implementation plans, so they
can be reviewed and adjusted throughout the horizon of the plan.

Internally, transformation focused offices within the Company are responsible for the delivery of
large programs and ensuring that accountability and best practices are established and followed.
There is also an internal effort underway to educate employees on grid modernization activities.
See section 6.3 for details. Overseeing these measures is National Grid’s Net Zero by 2050 Plan,
in which the Company has developed a framework to achieve net zero GHG emissions by 2050,
including emissions that result from the sale of electricity and gas to our customers, by focusing
our work in ten areas. One of the ten areas of focus is enabling and optimizing DG by further
investing in grid modernization for the benefit of all customers.

6.1. Forums for Requlatory Review

The evolution of a two-way distribution system will impact all elements of the electric business
and therefore will be impacted by decisions made in several regulatory forums. The associated
Updated AMF Business Case presented in concert with this GMP, is the only element seeking a
new or off-cycle review and approval for cost recovery from the PUC.
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The deployment of Advanced Field Devices, which are driven by needs identified through
distribution planning, will be presented and reviewed as part of annual ISR plans. Investments in
the Company’s Control Centers and Back Offices, Operational Telecommunications, and
Modular Optimizing Applications can usually be leveraged by multiple National Grid
subsidiaries, and therefore these systems will generally be owned by the National Grid Service
Company. Costs for the usage of these systems by the Company (i.e., The Narragansett Electric
Company) will be accounted for as O&M in the form of annual rental fees, and cost recovery
will generally be presented and accounted for through periodic general rate case filings. In
addition, there are several complementary customer offerings that will enable the cost-effective
management of load and DER impacts to the grid, which are not included in this GMP. The
stakeholder engagement, program development, and cost recovery review of these programs will
likely take place in EE, DR, and SRP proceedings.

6.2. Reporting Metrics

The GMP proposes a flexible and sequenced plan of investments subject to review and
adjustment by stakeholders and regulators throughout the GMP’s ten-year horizon. By these
means, the Company proposes to monitor and report on three sets of metrics on an annual basis
throughout the horizon of the GMP to ensure timely and effective solutions are deployed and
benefits realized: Load Forecast Metrics, Implementation Metrics, and Performance Metrics. The
Implementation and Performance Metrics proposed here are based on the Company-specific
infrastructure and Statewide performance metrics that the Company reports on in its
Massachusetts affiliate in Docket D.P.U. 15-120.%2 These metrics will be provided annually as
part of a proposed GMP compliance report that will be shared on the System Data Portal for
transparency to all stakeholders.

Load Forecast Metrics: The scale and timing of the deployment of the many of the grid
modernization investments will be driven primarily by needs identified through distribution
planning studies and DER interconnection studies, which are based on the Company’s load
forecast, which is informed by the actual pace of DER penetration over time and DER related
policies and programs (e.g., State solar DG programs, Company EV and EHP programs). In
order to properly forecast the distribution system load and estimate individual feeder and
substation needs, the Company plans to monitor the following metrics on an annual basis
throughout the horizon of the GMP. Although these metrics are not driven by the GMP
investments, they will be monitored so that the GMP can adapt appropriately to the evolving
environment.

62 See Petition of Massachusetts Elec. Co. and Nantucket Elec. Co. d/b/a National Grid for Approval by the Dep’t of
Pub. Util. of its Grid Modernization Plan, Docket D.P.U. 15-120, Order at 200, 201 (May 10, 2018).
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DER Interconnections (installed and in queue)

o

O o0O0oo

Wind DG (nameplate kW)

Solar DG (nameplate kW)

Energy Storage (nameplate kW)

EHP Heating Demand (peak load kW)
EV Charging Demand (peak load kW)

Dispatchable DR (available kW and kWh registered and number of dispatch events)

(0}
(0}
o

Customer DR Programs (i.e., residential, C&lI)

NWA Projects (e.g., company-owned or contracted third-party DER)

Energy Storage (i.e., customer solutions through customer DR programs, NWA, or
other means)

Implementation Metrics: In order to ensure grid modernization solutions are deployed
according to plan, the Company plans to track the deployment progress of GMP investments by
monitoring the following metrics on an annual basis throughout the horizon of the GMP.

Advanced Field Devices: number of devices installed and in-service, number of feeders
covered, cost for deployment, deviation between actual and planned deployment

(0]

o
o
o

AMF (see Updated AMF Business Case for details)
Feeder Monitoring Sensors

Advanced Capacitors & Regulators

Advanced Reclosers & Breakers

Control Center and Back Office: number of feeders and substations
commissioned/complete, cost for deployment, deviation between actual and planned
deployment

o
(0}

(0}
o

GIS Data Enhancements

ADMS Core Functionality (RTU separations, ADMS load flow models,
ADMS/DSCADA control capability)

Underlying IT Infrastructure

Appropriate Cyber Services

Operational Telecommunications: number of communication devices, or nodes, or miles
of fiber installed, and/or service area coverage; cost for deployment; deviation between
actual and planned deployment

Modular Optimizing Applications: number of feeders commissioned, cost for
deployment, deviation between actual and planned deployment

o
(0}
o

VVO/CVR
FLISR
DERMS
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e ITR Pilot Projects: summary of 2-3 ITR topic areas, projects selected, GMP goals and
objectives, cost for pilot demonstration, and expected costs and benefits of the fully
deployed solution

Performance Metrics: In order to determine if expected grid modernization benefits are being
realized, the Company plans to track the performance of GMP investments by monitoring the
following metrics on an annual basis throughout the horizon of the GMP.

e System-Level Impacts (Narragansett Electric)
0 Peak Loading (MW, date, time)
0 Minimum Loading (MW, date, time)
0 Load Range (peak — minimum)
o0 Load Factor (average / peak)

e AMF (see Updated AMF Business Case for details)

0 Remote Metering: effect on outage notification timing (change before and after AMF
commissioning), operational efficiency savings, additional energy and peak demand
savings with VVO/CVR

o Customer Information: energy savings, peak demand savings

o0 Advanced Pricing: energy savings, peak demand savings

e Modular Optimizing Applications
o VVOI/CVR: energy savings, peak demand savings, loss reduction, power factor
improvement
0 FLISR: number of FLISR operations, effect on outage duration and frequency (SAIFI
and SAIDI change before and after FLISR commissioning)
o0 DERMS: number of interconnections with capability, capacity factor improvement

6.3. Company Support for Grid Modernization Implementation

The Company and its employees are committed to delivering a clean, reliable, and affordable
energy future for customers. In order to execute this vision, the Company has established
transformation focused groups that are responsible for delivering large programs like AMF,
ADMS, and other grid modernization investments, including ensuring accountability and best
practices are established and followed.

The Company has undertaken efforts to enable and educate employees to understand, construct
and oversee implementation of grid modernization solutions and technologies. The Company
has developed and maintains standards and work methods for dealing with the grid
modernization equipment and technology. The Company is also integrating grid modernization
into the formal training programs for all employees delivered through our Learning and
Development organization. The current approach to training includes both local in-person
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training and engagement and will be supplemented with video and digital training capabilities.
Additional training for Control Center personnel has been planned including ADMS road shows,
a sandbox learning environment as well as multi-day training for all users.

In addition, in order to instill support for grid modernization activities across the organization,
the Company has evaluated and begun educating all its employees about grid modernization in
the following ways:

Conducted 34 interviews in 16 different business areas across the Company to help
ascertain the level of understanding and buy-in from its employees related to its grid
modernization efforts.

Conducted Change Management Check In surveys and found favorable agreement with
the Company’s efforts in its Case for Change, Change Capability, Culture, Resourcing,
Sponsorship & Support, and Training Readiness categories based on responses from
nearly 800 employees.

0 Rhode Island-based personal had noted more favorable responses in most categories
compared to their peers.
0 Increases were seen compared to past surveys in the following areas:

®  Awareness of grid modernization investments and their benefits

" Awareness of grid modernization being one of the ways National Grid is
transforming

®  Engagement for learning about and/or preparing for the company’s grid
modernization investments

Developed a Grid Modernization Leadership Video answering questions related to grid
modernization. The video is being distributed to all Electric Business Unit (EBU)
employees to provide some context and an introduction to grid modernization.

Launched internal communications including “Grid Modernization Minutes” and “Grid
Mod Change Story” as shown in Figure 6.4 below.

o Grid Modernization Minutes are quick, fun, and bite-size piece of information usually
sent via email to all Company employees to educate or communicate updates about
the projects or technology.

o0 Grid Modernization Change stories act as the anchor for future communications
related to grid modernization. The change stories are being widely distributed across
the organization, as posters, 3-D table top cubes, emails and videos.
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Grid Modernization Minutes Grid Mod Change Story
The purpose of the Grid Modernization Minute is The purpose of the change story is to act as the
a quick, fun, and bite size piece of information to anchor for future communications related to Grid
educate or communicate updates about the Modernization.
projects or technology The change story will be widely distributed across

the organization, as posters, 3-D table top cubes,

Example Topics Include: . t S i
emails and Grid Modernization at a Glance Video

ADMS

FLISR

\AYe]

System Connectivity

Safety

Figure 6.4: Grid Modernization Internal Communications

7. AMF Roadmap and Grid Modernization Integration

The granular, timely energy usage information provided by AMF will empower customers with
enhanced understanding, choice, and control over their electricity consumption, enabling
customers to reduce energy bills through greater insights about their energy cost drivers, personal
usage, and new product and service offerings. AMF data and remote capabilities will also
provide support to grid-side applications within the scope of the GMP, increasing operational
efficiency, improving customer energy cost reductions, and better supporting the integration of
DERs.

As highlighted in the Implementation Plan document, AMF is an integral part of the GMP 2030
Roadmap. While the Implementation Plan summarizes the Company’s AMF proposal, costs,
benefits and five-year implementation plan, this section highlights how the AMF roadmap and
functionalities are critical to achieving GMP objectives. In the Updated AMF Business Case, all
functionalities enabled by AMF are categorized in three phases, as described in Table 7.1. The
subsequent sub-sections highlight some of these functionalities and how they enable key GMP
functionalities.
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Table 7.1: AMF Functionalities, Funding and Timeline
Deployment .. .. . .
. Description Costs and Benefits included in the AMF Business Case?
Timeline
Functionalities enabled by
Near-Term initial AMF
Functionalities implementation; all Yes — All costs and benefits are included in Updated AMF
Available Upon associated benefits Business Case and the GMP (Full Grid Mod Case) BCAs
Deployment included in Updated AMF
Business Case
Future Future functionalities i
uH . . ! .ure unctionatties in No — Advanced functionalities are qualitatively discussed in
Functionalities various stages of . .
(5-10 years) development and testing Updated AMF Business Case but costs and benefits are not
. included in either the GMP or AMF BCAs; functionalities

Future by AMF vendors that will . T

; . require additional would be proposed in future filings if and when they are
Functionalities g . . deemed beneficial to Rhode Island customers
(>10 years) evaluation and funding

7.1. AMF Near-Term Functionalities

AMF near-term functionalities, available upon deployment of AMF meters, are foundational®® to
achieving three key grid modernization functionalities and provide significant enhancements to
six others, allowing for better observability, planning, and control of the distribution system and
DERs. The following Table 7.2 is a brief summary of how AMF near-term functionalities are
important enablers for most of the key GMP functionalities. Please see the Updated AMF
Business Case for a full list and descriptions of AMF-enabled functionalities.

8 Foundational means the GMP functionality would not be possible without AMF.
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Table 7.2: AMF Near-Term Functionalities & Impact on Rl GMP Functionalities

RI GMP Key Functionality

AMF Near Term Enabling Functionality

AMF Impact on
GMP Functionality

Customer Information

CEMP, GBC, Integration w/ In-Home Technologies

Foundational

Advanced Pricing

Interval Energy Usage Data

Foundational

Remote Metering

Remote Interval Meter Reading, Remote Connect &
Disconnect

Foundational

Observability (Monitoring &

. Load & Voltage Data Enhancement
Sensing)
Power Quality Management Load & Voltage Data Enhancement
Distribution Grid Control Load & Voltage Data Enhancement
Grid Optimization Load & Voltage Data Enhancement
Reliability Management Automated Outage & Restoration Notification, Enhancement
Granular Fault Location
R te Int | Meter Readi Load & Volt Dat
DER Operational Control emote Interval Vieter Reading, Loa oftage Lata, Enhancement

Operational Telecommunications (Tier 3)

Further detail related to AMF impacts on GMP functionalities is included below:

e Customer Information: The Company’s AMF solution proposal provides access to
timely, granular energy usage information for all customer classes through three primary
channels: 1) CEMP through web and mobile devices, 2) GBC that will be accessible from
the CEMP, and 3) directly from the meter in real-time through a home-area-network
(HAN). AMF also empowers customers to reduce their energy costs using enhanced
insights (such as high bill alerts) on more granular, timely energy usage data through the
CEMP or using integration with in-home technology.

e Advanced Pricing: AMF provides customer and DER level interval energy usage
information required to support TVR and customer load management programs that can
be used to shift energy consumption between time periods to reduce energy costs and/or
alleviate location specific constraints on the delivery system.

¢ Remote Metering: AMF improves operational efficiency by enabling the Company to
eliminate O&M costs associated with AMR meter reading, investigations and visits to
connect and disconnect service.

e Observability (Monitoring & Sensing): AMF provides granular and timely customer
load data to support actionable information on the operating state and condition of the
distribution grid and DER assets necessary for safe, secure, and reliable operation.

e Power Quality Management: An incremental 1% VVO/CVR-based reduction in energy
and peak demand is expected to be achieved by integrating granular AMF voltage data
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into the VVVO control schemes due to better awareness of feeder voltages compared to
using only voltage data from Advanced Field Devices.

e Distribution Grid Control: Granular and timely customer load data from AMF
supports more accurate load flow calculations, enabling the system operator to rearrange
the distribution feeders and maximize load-to-generation balance to avoided thermal
Issues.

e Grid Optimization: AMF provides granular customer load data from interval power
monitoring at the customer level, which provides a step change in available data for grid
planning and operations. While the latency of AMF data is not the same as operational
SCADA data from Advanced Field Devices, appropriate analytics of the AMF data will
significantly improve the load flow models used by distribution planners and within the
proposed ADMS for distribution system operators. Today, feeder level data combined
with generic load shape analysis is used to model remote end feeder performance. AMF
provides more granular data that can be aligned with other system data to create actual
loading and voltage profiles at all points along a feeder. This complete data set can be
modeled directly and more detailed load and DER forecasts can be developed for
planning and operational needs.

e Reliability Management: AMF provides autonomous outage notifications, alerting the
Company to trouble before receiving customer outage calls. Integrating this functionality
with the Company’s OMS (via an ADMS) will reduce time from initial outage to
Company notification, and enhance the Company’s overall outage response capabilities.
AMEF also provides restoration notifications enabling the Company to verify whether
power has been restored to all meters, reducing the need for crews to verify restoration
and alerting the Company if some meters are still out of power. In addition, AMF
provides granular outage data at the customer level, increasing the accuracy of fault
location capabilities of an ADMS. More accurate fault location improves operational
efficiency through a reduction in field crew hours and vehicle miles traveled, and it
improves the isolation and restoration capabilities of FLISR.

e DER Operational Control: AMF supports DER optimization by providing the interval
energy and voltage data at the customer level required for verification and settlement of
DER services provided to or received from the grid. AMF also enables the exchange of
information and/or control with all residential and small commercial (<25 kW) DER
technologies through AMF’s investment in a Tier 3 (FAN) operational
telecommunications, which would not be possible without AMF investment.®* The use of

84 Currently, the Company requires a dedicated phone line, RTU, and interval meter for all distributed generation
greater than 25 kW, but there are not meter requirements for systems smaller than 25 kW.
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this data by outside parties will be subject to the Data Governance Plan, which is part of
the Updated AMF Business Case filing.

7.2. AMEF-Enabled Future Functionalities

A key design attribute of the AMF solution is the flexibility and adaptability of the solution to
meet evolving customer and grid needs. The solution the Company is implementing represents
the latest generation of maturing AMF technology®® where the solution capabilities include over-
the-air firmware upgrades and grid-edge computing platform capabilities, supporting software
applications that are deployable to the meters for both grid- and customer-facing use cases.

The Company believes the grid-edge computing platform will enable a number of additional
future functionalities that build on the near-term functionalities. Table 7.3 describes some of the
AMF functionalities that the Company believes could be evaluated in 5-10 years and those that
could be evaluated 10 years and beyond, and how they would integrate with and enhance other
grid modernization functionalities. Note however, that costs and benefits of these advanced
functionalities are not estimated or included in either the GMP or AMF quantitative BCAs.
Additional AMF-enabled future functionalities are described in greater detail in Section 5.3:
Roadmap for AMF-Enabled Functionalities of the Updated AMF Business Case filing.

Table 7.3: AMF Future Functionalities and Rl GMP Functionalities

RI GMP Key | AMF Future Enhancing AT e R

Functionality Functionality
Observability . . Allows meters to define their location at the transformer- and
o Grid Mapping / . . L
(Monitoring . feeder-level to better collate GIS data while providing better insights
. Locational Awareness .

and Sensing) to load forecasting, voltage and outage management systems.
Enables voltages on the distribution network to be analyzed at the

Power Quality | Intelligent Voltage meter level, which can be used to optimize the asset life of

Management | Monitoring transformers while ensuring power delivery at acceptable voltage

ranges and power quality standards. Exceptions are reported.
Supports service restoration using analytics at the meter to identify
Reliability Distributed Outage power on/off signals along with voltage data to quantify power
Management | Detection outages for segments of the distribution system, which are then
integrated into an OMS to support service restoration.

Allows autonomous management locally and intelligently by

DER . Active Demand integrating customers with HAN devices to support DR in
Operational . s . . .
Control Response accordance with utility demand events. Integration with EV charging

stations can provide additional DR benefits while facilitating BE.

8 Gartner Report, Hype Cycle for Smart Grid Technologies (2017).
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7.3. Additional AMF Synergies with the GMP

In addition to playing an integral role in enabling key GMP functionalities and achieving GMP
objectives, AMF implementation provides considerable cost synergies and additional benefits to
the overall GMP roadmap. First, the ability of AMF to provide granular load and voltage data
enables the GMP deployment of Feeder Monitoring Sensors to be reduced by 67%.% Second,
AMF implementation requires some of the same Underlying IT Infrastructure, Cyber Services,
and Network Management investments that are also critical to support other GMP objectives.
Thus, AMF implementation creates the opportunity for additional benefits that can build off
these foundational GMP investments. Additional details including a comparison of quantified
costs and benefits of a case without AMF (i.e., Grid Mod Only Case) and a case with AMF (i.e.,
Full Grid Mod Case) are provided in Section 8: BCA Evaluation Under Docket No. 4600.

8. BCA Evaluation Under Docket No. 4600

This section presents a comprehensive BCA consistent with the PUC’s written Report and Order
in Docket No. 4600 and the PUC’s Guidance Document.®’ In its Report and Order in Docket No.
4600, the PUC held that the 4600 Framework should serve as a starting point in making a
business case for a proposal and should not be the exclusive measure of whether a specific
proposal should be approved. The PUC recognized that there may be outside factors that need to
be considered regardless of whether a specific proposal is determined to be cost-effective or not,
such as statutory mandates or qualitative considerations, and that such application is consistent
with the PUC’s broad regulatory authority in setting just and reasonable rates. Therefore, the
BCA presented here uses the 4600 Framework to evaluate the cost-effectiveness of investments
in grid modernization.

8.1. Approach

The GMP BCA follows the following key principles to assess the cost-effectiveness of the grid
modernization portfolio:

e Counterfactual Treatment: Future grid modernization investments are compared to the
Reference Case in a consistent and comprehensive manner.

e Energy Policy Goals: To the extent possible, the BCA accounts for Rhode
Island’s various policy goals. In particular, the High DER scenario assumes a future state
that is consistent with the Resilient Rhode Island Act’s 80x50 Goal.

e Symmetry: BCA includes all quantifiable costs and benefits for each investment.

8 This avoided sensor cost is included as an AMF benefit in the AMF BCA.
67 See Docket 4600 Guidance Document, supra note 9.
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e Forward Looking: BCA captures costs and benefits of the ten-year GMP portfolio of
solutions over the assumed 20-year life of the grid modernization investments,
disregarding sunk costs and benefits.

To ensure the BCA covered all the potential benefits and costs introduced by grid modernization
investments, the Company surveyed several other utility filings for AMF and grid modernization
plans to understand the scope of the BCA (i.e., which grid modernization functionalities and
investments were included) as well as the type of cost-effectiveness test that was being applied
(e.q., least-cost/best fit, societal cost test). This survey also provided a benchmark for benefit and
cost categories to be included in the Company’s grid modernization BCA. The results of the
survey are included in Attachment B, the Appendix and show that the scope and breadth of the
Company’s BCA for Rhode Island is more thorough than the other filings in the survey as a
result of the Company having applied the Docket No. 4600 Framework and detailed modeling of
a future distribution system in Rhode Island. Details for Dayton Power and Light’s (DP&L) Grid
Modernization Plan and Xcel Energy’s Integrated Distribution Plan, the only other filings in the
survey that performed stand-alone quantitative BCA for grid modernization solutions without
AMF, are also presented in Attachment B, the Appendix.

Due to the significant customer benefits enabled by AMF, and because the Company has a
separate AMF filing, two separate, but consistent, quantitative BCA models were developed:
GMP BCA model and an incremental AMF BCA model. The GMP BCA model assumptions and
results are described in detail in this section and the AMF BCA is described in detail in the
Updated AMF Business Case filing. The following key assumptions are used in the base case
BCAs for both the GMP and AMF:

e Nominal Discount Rate = 6.97% (After-Tax WACC)
e Labor Escalation = 3.00%
e Non-Labor Escalation = 2.26%

Because the GMP and AMF BCA models used a consistent approach and input assumptions, the
results of the two BCA models can be combined to show the overall grid modernization portfolio
benefits and costs (i.e., Full Grid Mod Case). However, the detailed BCA assumptions and

results presented in this section are focused on the GMP BCA model (i.e., Grid Mod Only Case).

8.2. Alternatives Evaluation

The Company’s BCA considers two different customer DER adoption scenarios and two
different grid modernization deployment cases, resulting in four alternatives evaluated. These are
summarized in Table 7.1. The Low and High DER adoption scenarios are used to evaluate the
range of impacts the Company could expect on the distribution system in the future due to
customer adoption of DERs. The Grid Mod Only and Full Grid Mod deployment cases are meant
to highlight the contribution of AMF to the cost-effectiveness of the entire grid modernization
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portfolio of solutions. Each scenario is compared to a Reference Case, in which no grid
modernization measures are deployed and only traditional solutions are used to interconnect DG,
accommodate BE, transmit only monthly customer energy information, and communicate with
customers as is generally done today. The benefits calculated in the BCA are a direct result of the
new capabilities and functionalities enabled by grid modernization investments compared to the
“traditional” solutions assumed in the Reference Case.

The two grid modernization deployment cases are:

e Grid Modernization Solutions without AMF (Grid Mod Only Case): assumes grid
modernization solutions without AMF are used to integrate DG and enable customer
energy savings and reliability improvements

e Full Grid Modernization Solutions including AMF (Full Grid Mod Case): assumes
grid modernization solutions including AMF with TVR are used to integrate both DG and
BE (e.g., EV charging optimization using load shifting) and enable customer energy
savings, reliability improvements, increased customer choice and control, and a better
customer experience

The two customer DER adoption scenarios are summarized below. Details are presented in
Section 3.2: Future State Scenarios.

e Low DER Scenario: Conservative adoption of renewable DG, EVs and EHPs based on
historic (2018-2020) DER adoption rates with an annual reduction in renewable DG
adoption over time

e High DER Scenario: Higher adoption of a range of DER technologies including
renewable DG, EV and EHP consistent with achieving Rhode Island’s 2050 goal of 80%
greenhouse gas emissions reductions compared to a 1990 baseline

Together, these two DER scenarios “bookend” the range of issues the Company will likely
encounter on the distribution system in the future and are therefore used as the two scenarios for
the Company’s BCA. The scope of the BCA is limited to utility investments - therefore, the
results are not intended to evaluate whether the potential DER adoption scenarios or policy
targets themselves are cost effective. Importantly, the BCA does not include environmental or
other benefits (or costs) associated with future DER deployments (i.e., GHG emissions reduction
due to an increase in renewable DG adoption) compared to today. These benefits (and costs)
compared to today would be accounted for by the individual DER programs or policies that are
developed to achieve the deployment levels assumed.

The combination of the two grid modernization cases deployed under two DER adoption
scenarios results in four alternatives to be compared with a Reference Case, as shown in
Table 8.1.
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Table 8.1: Grid Modernization Evaluation of Alternatives Matrix

Grid Modernization Alternatives

Low DER Scenario

High DER Scenario

Grid Mod Only Case (without
AMF)

Grid Mod Only solutions without
AMF (AMR only) and lower adoption
of DERs

Grid Mod Only solutions without
AMF (AMR only) and higher
adoption of DERs

Full Grid Mod Case (with AMF)

Full Grid Mod solutions including
AMF and lower adoption of DERs

Full Grid Mod solutions including
AMF and higher adoption of DERs

Within each scenario (Low DER or High DER), the customer DER adoption assumptions are
consistent, regardless of what assumptions are made regarding grid modernization deployment.
However, the deployed grid modernization technologies, programs, and policies will be different
in the Reference Case, Grid Mod Only Case, and Full Grid Mod Case, as presented in Table 8.2.

Table 8.2: 2030 Future State Assumptions

Future State Assumptions

Reference Case |

Grid Mod Only Case |

Full Grid Mod Case

Customer DER Adoption

Same across all cases for given scenario (Low DER or High DER)

Grid Infrastructure Technology

Traditional Solutions®®

Grid Modernization
Solutions

Grid Modernization
Solutions

Metering Technology

AMR

AMR

AMF

Customer Load Management
Programs

Existing Energy
Efficiency & DR, System
Data Portal

Future Energy Efficiency
& DR, System Data
Portal, NWA

Future Energy Efficiency
& DR, System Data
Portal, NWA, BE with
TVR, and new programs
unlocked by AMF®°

DG Policies and Programs

Existing Electric Service
Bulletin (ESB), Seasonal
Curtailment

Updated ESB, Flexible
Interconnection
Standards, Smart
Inverters, Granular
Curtailment

Updated ESB, Flexible
Interconnection
Standards, Smart
Inverters, Granular
Curtailment, AMF for
small-scale DER

Rate Policies and Programs

NEM, monthly energy
billing

New DG Tariffs for
large-scale DER

New DG Tariffs for
large- and small-scale
DER, TVR

A fair comparison of the grid modernization investments to the counterfactual case without grid
modernization (i.e., Reference Case) requires customer DER adoption be an exogenous variable
in the GMP BCA. Therefore, the Company did not attempt to estimate the difference in the

% Traditional solutions include line reconductoring or installing new feeders and new conductor routes, but also
includes field devices, like capacitors, regulators, and reclosers to accommaodate increasing levels of DG.

% Such new programs unlocked by AMF in the Full Grid Mod Case could include: targeted customer engagement,
behavioral Energy Efficiency & DR/pay for performance programs, new evaluation, measurement & valuation
(EM&V) options, and eventually perhaps remote home energy audits and continuous whole home/business energy

optimization programs.
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amount of renewable DG that could be interconnected in the grid modernization cases compared
to the Reference Case, where many DG projects are likely to be uneconomic by 2030 under the
High DER Scenario (see State-Level Analysis section for details). Instead, the Company
quantified the value of enabling greater DER integration using two of the benefit categories
summarized in Section 8.3: Avoided D-System Infrastructure Cost:

e Avoided Distribution System (D-System) Infrastructure Cost benefit based on the
difference between the estimated traditional infrastructure upgrade costs necessary to
accommodate future DG interconnections in the Reference Case compared to the grid

modernization cases

e Reduced DG Curtailment benefit based on the difference between the estimated seasonal
curtailment in the Reference Case and the optimized power output (i.e., granular
curtailment) that is possible in the grid modernization cases

8.3. Benefit Impacts

For the purposes of estimating power system, customer, and societal benefits that are aligned
with each GMP goal, the Company developed several benefit impact areas, which are quantified
in the BCA. Each quantified benefit impact area has been aligned with a particular GMP goal in

Table 8.3.

Table 8.3: Alignment Between Rhode Island GMP Goals and Quantified Benefit Impacts

Rl GMP Goal

Benefit Impact Area

1) Give customers more energy choices and information

Improved Customer Choice & Control

Improved DER Experience

More Equitable Cost Allocation

More Equitable Benefit Allocation

2) Ensure reliable, safe, clean, and affordable energy to

benefit Rhode Island customers over the long term

OPEX Labor Efficiency

Avoided Legacy OPEX Investments

Avoided Legacy CAPEX Investments

Reduced Customer Energy Use

Reduced System Capacity Requirements

Reduced Outage Notification Time

Reduced Outage Restoration Time

3) Build a flexible grid to integrate more clean energy
generation

Avoided D-System Infrastructure Cost

Reduced DG Curtailment

Each benefit impact area has been defined and categorized based on the GMP and AMF benefit

categories below.
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Avoided O&M Costs

OPEX Labor Efficiency: Improvements in operational efficiency, such as eliminating
AMR meter reading, or reducing meter investigations and visits to connect and
disconnect service.

Avoided Legacy OPEX Investments: Avoiding “legacy” OPEX system investments,
including RTB telecoms costs from existing Advanced Field Devices and future DERS,
due to the proposed grid modernization investments.

Avoided Capital Costs

Avoided Legacy CAPEX Investments: Avoiding “legacy” CAPEX system investments,
such as AMR hardware replacement and installation costs, due to the proposed grid
modernization investments.

Avoided D-System Infrastructure Cost: Improvements in load optimization due to the
ability of the system operator to autonomously or remotely control power flows on the
distribution system, either by rearranging the distribution feeders or optimizing power
output from renewable DERs, rather than investing in traditional “wires” solutions (e.qg.,
reconductoring, substation upgrades) to relieve thermal or voltage constraints due to DER
adoption.

Customer Benefits - Empowerment

Improved Customer Choice & Control: Improvements in customer energy usage
information sharing, third party information sharing, and access to third party service
providers, which empowers customers to better understand and prioritize among
solutions to best manage energy usage and costs.

Improved DER Experience: Improvements that enable an improved customer DER
experience, such as better DER location selection, streamlined DER interconnection
processes, flexible interconnection options, reductions in time to interconnect, and better
customer and third-party information sharing and services.

More Equitable Cost Allocation: Improvements in the ability to allocate costs to different
classes of customers in a way that more precisely reflects their respective contributions to
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system-level costs and will support development of more cost-reflective rates and pricing
that limit cross-subsidization.

e More Equitable Benefit Allocation: Improvements in the ability to allocate benefits to
compensate customer- or third-party owned DERSs in a way that is more reflective of
actual system benefits (e.g., shift from current net energy metering programs to location-
and market-based DER pricing).

Customer Benefits — Energy Savings

e Reduced Customer Energy Use: Reductions in electrical energy used by a customer,
which can be a result of customer action based on enhanced energy use insights (e.g.,
AMF-based High Bill Alerts) or integrating AMF with in-home technologies; or utility
action, such as operating distribution feeders at lower overall voltages (within ANSI
limits) to reduce electricity consumption from customer appliances (e.g., VVO/CVR).

e Reduced System Capacity Requirements: Reductions in system capacity requirements in
either the generation, transmission or distribution systems, which can be a result of
customer action based on enhanced energy use insights (e.g., AMI-based High Bill
Alerts), integrating AMF with in-home technologies, or responding to TVR to reduce
demand for energy during peak demand periods; or utility action, such as operating
distribution feeders at lower overall voltages (within ANSI limits) to reduce peak demand
from customer appliances (e.g., VVO/CVR).

Customer Benefits — Reliability Improvements

e Reduced Outage Notification Time: Reductions in customer outage notification time due
to AMF remote metering and the ability of the system operator to quickly identify an
outage and reconfigure the system rather than waiting for phone calls from customers to
identify an outage.

e Reduced Outage Restoration Time:’* Reductions in customer outage durations due to the
ability of the system operator and control system to quickly generate switch orders (i.e.,
ADMS-based SOM) or locate and isolate a fault and restore power (e.g., FLISR) rather
than waiting for field crews to locate and restore power.

0 It is important to note that achievement of certain outcomes to more equitable cost or benefit allocation may
require both the more granular customer and system information supported by GMP as well as additional regulatory
and/or legislative activity.

"L This benefit is based on sustained outages (as opposed to momentary outages), which are defined as lasting longer
than 5 minutes.
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Customer Benefits — Avoided Bulk Energy Purchases

e Reduced DG Curtailment: Reductions in DG curtailment during the interconnection
application stage or during operations due to the ability of the system operator to manage
DERs and optimize power output from renewable DG rather than relying on seasonal
curtailment to avoid thermal or voltage constraints.

Societal Benefits

e Reduced Customer Energy Use: Reductions in non-embedded central power plant
emissions of CO2, SO, and NOx resulting from reductions in electrical energy used by a
customer, which can be a result of customer action (e.g., AMF-based High Bill Alerts) or
utility action (e.g., VVO/CVR).

e Reduced DG Curtailment: Reductions in non-embedded central power plant emissions of
COo, SO2, and NOx resulting from the ability of the system operator to manage DERs and
optimize power output from renewable DG rather than relying on seasonal curtailment to
avoid thermal or voltage constraints.

Additional qualitative benefit impact areas were identified and categorized based on the GMP
benefit categories in Table 8.4. Each of the qualitative benefits and their drivers are described in
Section 8.6: Qualitative Assessment. These benefits will continue to be evaluated and could be
quantified in future BCA results as additional data and methods are developed.

151



Schedule SL-1

THE NARRAGANSETT ELECTRIC COMPANY

d/b/a NATIONAL GRID

RIPUC Docket No. 5114

In Re: Grid Modernization Plan (GMP)
GMP Business Case

Page 87 of 124

Table 8.4: Rhode Island GMP Qualified Benefits and Drivers

Grid Modernization Qualitative Benefits and Drivers

Energy Savings

Operations

AP LB Benefit Impact Area Benefit Driver
Category
OPEX Labor Efficiency OpTel Network Refresh
Avoided Legacy OPEX Investments Flexible OpTel Network
Avoided O&M Improved Long-Term Forecasting for Planning Granular Data
Costs Granular Data
Improved Operational Efficiency Mobile Dispatch
Protection Coordination
Improved Customer Choice and Control Customer Information Sharing
Customer - -
R Improved DER Experience DER Integration
Benefits — - -
More Equitably Cost Allocation Granular Data
Empowerment - - -
More Equitably Benefit Allocation Granular Data
Reduced Customer Energy Use Network Model Integration
Reduced Customer Energy Costs Enhanced Load Shift
Customer -
. Improved Short-Term Forecasting for
Benefits — Granular Data

Reduced System Loss

Local Generation Sources

Optimized Reactive Power Control

Customer
Benefits —
Reliability
Improvements

Reduced Customer Outages

Granular Data

OpTel Network Refresh

Improved Restoration Times

Mobile Dispatch

Improved Storm Recovery

Granular Data and Distributed
Automation

Improved Resilience

Situational Awareness and Distributed
Automation

Improved Customer Satisfaction

Outage Notification

Grid Modernization Performance Benefits

Reliable OpTel Private Network

Societal Benefits

Economic and Environmental Benefits

DER Integration

Reduced Damage from Wide-scale Blackouts

Situational Awareness

Improved Grid Stability and Data Protection

Cyber Security

8.4. Quantitative Benefit-Cost Analysis

The grid modernization BCA uses the Rhode Island Test framework, as established by Docket
No. 4600, to identify where grid modernization solutions contribute to specific cost or benefit
categories. Where possible, these benefits are quantified. In cases where benefits cannot be
quantified due either to lack of data or lack of accepted method, the Company conducted a
qualitative analysis of the benefits, consistent with the Docket No. 4600 Framework.
qualitative explanation of benefits is provided in Section 8.6: Qualitative Assessment.

152



Schedule SL-1

THE NARRAGANSETT ELECTRIC COMPANY
d/b/a NATIONAL GRID

RIPUC Docket No. 5114

In Re: Grid Modernization Plan (GMP)

GMP Business Case

Page 88 of 124

As described in Section 5.5 Functionality and Benefit Impacts Assessment, many of the
functionalities and benefits available through the GMP occur when multiple solutions interact.
This increases the challenge for stakeholders and decision-makers who would like to consider
GMP solutions on an individual solution basis. In general, the overall GMP benefit-cost ratio
(BCR) is presented in terms of the full portfolio of inter-related investments. However, to
accommodate stakeholder’s interest in incremental AMF BCA results, the GMP has evaluated
two separate grid modernization deployment cases (i.e., Full Grid Mod and Grid Mod Only) to
evaluate the incremental impact of AMF.

8.4.1. Summary BCA Results

A summary of the quantitative BCA results is shown in Figure 8.1 for the Full Grid Mod and
Grid Mod Only cases. The blue bar in each scenario represents the costs of deploying the grid
modernization program portfolio, and the orange bar represents the quantified benefits of the
program. The High DER and Low DER scenarios are intended to bookend the range of costs and
benefits based on uncertain future customer DER adoption levels. The Full Grid Mod Case
results are based on the AMF BCA model results for the AMF “base case” (i.e., Opt Out, Mid
Results, RI+NY Deployment) option. Details are provided in the Updated AMF Business Case
filing.
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Figure 8.1: Summary of BCA Estimates for all Grid Modernization Cases and DER Adoption Scenarios’?

The strong correlation of BCA results with DER customer adoption is to be expected since many
of the non-AMF investments in the GMP (i.e., Advanced Field Devices) are assumed to be
deployed to safely and reliably integrate and manage DER growth. The Company assumes a
slower adoption of DERs in the Low DER scenario will drive a slower deployment of Advanced
Field Devices each year, while in the High DER scenario, the deployment of Advanced Field
Devices is increased rapidly to address the larger number of system issues expected to be caused
by the higher DER adoption. In this way, the Company can avoid significant “traditional
solution” costs in addition to realizing additional customer benefits, like VVO/CVR-based
customer energy savings and FLISR-based reliability benefits. Therefore, benefits are larger in
the High DER Scenario due to the larger avoided traditional solution costs as well as the larger
number of customers benefiting from grid modernization.

Note that additional benefits described in Section 8.5: Sensitivity Analysis and Section 8.6:
Qualitative Discussion are also significant.

The quantified cost and benefit results for each case are summarized below for both the Low
DER and High DER customer adoption scenarios:

2 The Full Grid Mod Case results are based on the AMF benefits and costs for the AMF “base case” (i.e., Opt Out,
Mid Results, RI+NY Deployment) option.
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e Full Grid Mod Case: There is a significant variation in the BCA results depending on
the assumed level of customer DER adoption. High DER Scenario costs are 20% higher
and benefits are 106% higher than the Low DER Scenario. The resulting BCR estimates
are 1.51 for the Low DER Scenario and 2.60 for the High DER Scenario (71% increase).
Importantly, both DER adoption scenarios result in BCRs that are much greater than one,
meaning the benefits significantly outweigh the costs for the Full Grid Mod Case.

e Grid Mod Only Case: The BCA results for the Grid Mod Only deployment case also
varied for each DER adoption scenario. High DER Scenario costs are 37% higher and
benefits are 204% higher than the Low DER Scenario. The resulting BCR estimates are
1.23 for the Low DER Scenario and 2.73 for the High DER Scenario (122% increase). In
this case, both DER adoption scenarios result in BCRs that are greater than one, although
the Low DER BCR is closer to one than the Full Grid Mod Case (with AMF).

e Incremental AMF: The benefits of incremental AMF investment, which are shown as
the difference in benefits between the Full Grid Mod and Grid Mod Only cases in Figure
8.1, are large under both DER adoption scenarios, but they are particularly significant
under the Low DER Scenario, where AMF benefits increase the GMP net benefits from
$61 million to $250 million (NPV 20-year) and the BCR increases from 1.23 to 1.51. In
other words, AMF increases the GMP’s net benefits under a wide range of customer DER
adoption scenarios due to enhancements to grid-side benefits and enablement of
customer-side benefits that would not be possible without AMF.

Alternative BCA Formulations

The effect of alternative BCA formulations for a range of key input assumptions is shown in
Table 8.4. These sensitivities all produce BCRs greater than 1 with some as high as 3.95 (i.e.,
“Grid Mod Only — High DER — Economic Development Included”). Also, note that both
“Enhanced Load Shift Included” and “DG Curtailment Benefit Excluded” have no effect on the
Low DER Scenario because renewable DG curtailment is not projected to be necessary in that
scenario.
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Table 8.4: Summary of Benefit-Cost Ratios for Alternative BCA Formulations

Grid Mod Alternative Formulation Full Grid Mod Case Grid Mod Only Case
Benefit-Cost Ratios Low DER High DER Low DER High DER

Base Case 1.51 2.60 1.23 2.73
Economic Development Included 2.06 3.55 1.81 3.95
ROP DRIPE Included 2.25 3.61 1.64 3.44
Societal Discount Rate 1.75 2.97 1.37 2.99
Enhanced Load Shift Included 1.51 2.66 1.23 2.84
DG Curtailment Excluded 1.51 2.00 1.23 1.77
FLISR SAIFI Excluded 1.41 2.47 1.04 2.52

Annual Costs and Benefits

Estimated annual costs and benefits are shown in Figure 8.2 for the “Grid Mod Only — High
DER” case. Most costs occur throughout the program based on deployment schedules developed
by the Company for each grid modernization solution. Note that these costs include the revenue
requirement for capital investments in Advanced Field Devices. The revenue requirement cost
contribution continues through FY41, even though Advanced Field Device deployment ends in
FY31. Most benefits occur in the later years due to steady deployment of grid modernization and
its associated benefits compared to the Reference Case as DER adoption progresses. Simple
payback, or the length of time an investment reaches a break-even point, is estimated to be
achieved in less than six years based on the quantified costs and benefits included in this GMP.
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Figure 8.2: Annual BCA Results for Grid Mod Only Deployment and High DER Adoption

Annual results for the Low DER scenario are presented in Attachment B, the Appendix. All cost
and benefit results are described in more detail in Section 8.4.2 Cost Estimation and Section
8.4.3: Benefit Estimation.

8.4.2. Cost Estimation

The Company developed cost estimates for all solutions included in the GMP for both Grid Mod
Only and Full Grid Mod deployment cases under both the Low DER and High DER scenarios.
The cost estimates used in the BCA include all costs incurred to deploy and maintain the grid
modernization investments through the end of the BCA evaluation period, including capital
expenditures (CAPEX), operating expenditures (OPEX), and run-the-business (RTB) costs for
all solutions presented in the GMP roadmap. Each of these types of cost is described below.

e Capital Expenditures (CAPEX): Labor and non-labor costs related to system
specification, design, testing, equipment and software purchase, installation, and cost of
removal

e Operating Expenditures (OPEX): Typically, labor costs related to strategic work (e.g.,
develop roadmaps, research alternative business systems), evaluation and selection of
alternatives, vendor selection, and training
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e Run the Business (RTB): A type of OPEX that typically extends beyond the plant-in-
service or go-live date for the investment, and includes on-going support (e.g.,
administrative, G&A overhead), software maintenance fees, monthly cellular service
fees, and equipment maintenance

Table 8.5 summarizes the cost categories and associated grid modernization solution investments
for each category.

Table 8.5: Grid Modernization Cost Categories and Solutions

GMP Cost Category GMP Solutions

e AMF Meter and Installation (i.e., AMF Meters)

e System Data Portal

e Feeder Monitoring Sensors

Advanced Field Devices e Advanced Capacitors & Regulators

e Advanced Reclosers & Breakers

e AMF Customer Systems including billing and a CEMP (i.e., AMF
Customer Systems)

e AMF Platform and Ongoing IT Operations (i.e., AMF Platform & IT
Operations)

Control Center and Back Office e GIS Data Enhancements

e ADMS Core Functionality

e Protection & Arc Flash App (ADMS)

e Underlying IT infrastructure

e Appropriate Cyber Services

e AMF Communications Network Equipment and Installation (i.e., AMF
Communications Network)

e Network Management (INOC, TOMS)

e OpTel Strategy

e VVO/CVR (existing and ADMS-integrated platforms)

e FLISR App (ADMS)

e DERMS

e |[TR Pilot Projects

Customer Enablement

Telecommunications

Modular Optimizing Applications

Cost estimates for the Full Grid Mod and Grid Mod Only deployment cases are summarized in
Figures 8.3 and 8.4. As can be seen, most cost categories are similar in each grid modernization
case, regardless of DER adoption scenario. This is because there are certain fixed costs with
solutions deployed for any level of DER adoption. However, Advanced Field Device costs
increase significantly from the Low DER to the High DER scenario due to the assumed
increased device deployment with greater DER adoption.
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Figure 8.3: Cost Estimates for Full Grid Mod Case
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Figure 8.4: Cost Estimates for Grid Mod Only Case
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Cost estimates for each GMP investment are presented in Table 8.6. The major investments for
the Full Grid Mod Case are AMF Meters, AMF Customer Systems, AMF Platform & IT
Operations, Advanced Reclosers & Breakers, and Advanced Capacitors & Regulators. For the
Grid Mod Only Case, OpTel Strategy, ADMS Core Functionality, and Feeder Monitoring
Sensors are additional cost drivers. The top five cost drivers for each case-scenario combination
represent between about 70-80% of the total costs.

Table 8.6: Cost Estimates for All Cases and Scenarios

. . . Full Grid Mod Case Grid Mod Only Case
Grid Mod Cost Estimates, $ million (NPV 20-yr) Low DER High DER Low DER High DER
AMF Meters S 86.01 S 86.01 S - S -
AMF Customer Systems S 5941 | S 5941 | S S -
AMF Platform & IT Operations S 7446 | S 74.46 | S S -
AMF Communications Network S 38 | S 380 | S S -
System Data Portal S 964 | S 964 | S 964 | § 9.64
Feeder Monitoring Sensors* S 1745 | S 3081 | S 1745 | S 30.81
Advanced Capacitors & Regulators S 55.08 | S 96.85 | S 55.08 | § 96.85
Advanced Reclosers & Breakers S 5094 | § 89.98 | S 5094 | § 89.98
GIS Data Enhancements S 1040 | S 1040 | S 1040 | S 10.40
ADMS Core functionality S 26.00 | S 26.00 | S 26.00 | S 26.00
Protection & Arc Flash App (ADMS) S 038 | § 060 | $ 038 | § 0.60
Underlying IT infrastructure S 827 | § 827 | § 827 | § 8.27
Appropriate Cyber Services S 416 | S 416 | S 416 | $ 4.16
Network Management S 13.77 | S 13.77 | S 13.77 | S 13.77
OpTel Strategy S 46.25 S 46.25 S 46.25 S 46.25
Existing VVO/CVR Platform S 4.45 S 7.23 S 4.45 S 7.23
VVO/CVR App (ADMS) $ 044 | $ 071 ] $ 044 | 0.71
FLISR App (ADMS) $ 031 $ 054 | $ 031 ¢ 0.54
DERMS S 9.49 S 9.49 S 9.49 S 9.49
ITR Pilot Projects S 4.98 S 4.98 S 4.98 S 4.98

Total S 485.69 S 583.35 S 262.02 S 359.67

* A reduction in Feeder Monitoring Sensor costs in the Full Grid Mod Case is included as an avoided cost benefit for AMF rather
than a reduction in cost between cases.

The horizon of the GMP spans more than 10 years and the maturity of the cost estimates
presented and utilized in the BCA are of varying levels of refinement. Some of the projects in
the GMP are still in the requirements definition phase of development at this time (e.g.,
DERMS), so these GMP cost estimates are still in the initial stage of estimation. Cost estimates
will be refined over time, and the closer an investment gets to implementation, the more detailed
and precise the estimate will become.
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Also, note that while the cost estimates used in the BCA include all the costs necessary to deploy
and maintain the grid modernization investments, costs associated with complementary and
supporting elements outside of the GMP were excluded from this analysis due to the following
considerations:

e The cost of any potential future policies, regulations, and requirements that may be
necessary to optimize DER output or shift load are assumed to be either insignificant or
cost-neutral, meaning that these costs would be incurred in either the Reference Case or
the Grid Modernization cases.

e The cost and feasibility of the future load management programs that may be necessary to
enable enhanced (i.e., 10%) load shift are too uncertain to estimate at this time.
Therefore, the benefits associated with enhanced load shift capability are not included in
the base case BCA results and are only included in a sensitivity analysis to highlight the
additional benefit possible from more advanced load management programs in the future
(e.g., advanced TVR design, NWA procurement, direct load control programs). See
Section 8.5: Sensitivity Analysis for details.

8.4.3. Benefit Estimation

Many of the GMP functionalities and benefit impacts identified in Section 5.5: Functionality and
Benefit Impact Assessment have been quantified using the Docket No. 4600 BCA methodology
and inputs based on the detailed modeling described in Section 4.3.2: Future State Assessment
and Attachment B, the Appendix. Where Docket No. 4600 did not provide full guidance, the
Company used well-established BCA methodologies from other Company BCA efforts,
including the Energy Efficiency and DR Program’s RI Cost Test. The source for many of the
avoided cost value components is the “Avoided Energy Supply Components in New England:
2018 Report” (AESC 2018 Study) prepared by Synapse Energy Economics for AESC 2018
Study Group, October 24, 2018. This report was sponsored by the electric and gas energy
efficiency program administrators of National Grid in New England and is designed to be used
for cost-effectiveness screening in 2019 through 2021.

The GMP benefit descriptions are presented in Table 8.7. In many cases, the quantifiable benefit
is an avoided cost that is calculated based on the difference (or “delta”) between a Reference
Case and the Grid Modernization cases. Note that the BCA does not include benefits (or costs)
associated with the future DER deployments compared to today (e.g., future GHG emissions
reduction), only benefits compared to the Reference Case, which is assumed to have the same
DER adoption (i.e., installed nameplate) as the Grid Modernization cases.”® Benefits that were
qualitatively addressed are presented in Section 8.6: Qualitative Assessment.

3 These benefits (and costs) compared to today would be accounted for by the individual DER programs or policies
that are developed to achieve the deployment levels assumed.
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Table 8.7: Quantifiable GMP and AMF Benefit Category Descriptions

GMP and AMF Quantitative Benefit Description

Benefit Category Grid Mod Only Case Incremental AMF
OPEX Labor Efficiency due to the ability for the -
system operator to perform remote switching Slli)rrE:i(n:iibnogrnEthcelfrr]echc::Z xehicles and
and reduce communications, step checks, and personnel), enhanced outage
field crew labor costs that would otherwise be manageme'nt capabilities during
required in a manual switching exercise; and storms, as well as reducing meter
due to GIS automation decreasing time spent . o .

Avoided O&M creating and maintaining the various network |nve'st|ga.t|'ons, connecfc/dlsconnect

Costs service visits, and service-related

models used for distribution system planning
and operational models

damage claims

Avoided Legacy OPEX Investments in RTB
telecoms costs from existing Advanced Field
Devices and future DERs, due to the proposed
investments in OpTel Strategy

Avoided Legacy OPEX Investments in
AMR annual software maintenance fees
due to the proposed AMF investment

Avoided Capital
Costs

Avoided Legacy CAPEX Investments in recurring
standalone OMS license, VVO/CVR license (for
existing deployments), and telecommunication
investments necessary to convert DSO to T1
circuit technology due to the proposed
investments in ADMS, ADMS-based VVO/CVR
App, and OpTel Strategy

Avoided D-System Infrastructure Cost from
ratepayers and DER developers due to the ability
of the system operator to autonomously or
remotely control power flows on the
distribution system rather than investing in
traditional “wires” solutions (e.g.,
reconductoring, substation upgrades) to relieve
thermal or voltage constraints due to DER
adoption

Avoided Legacy CAPEX Investments in
residential (AMR) and C&I (MV-90)
meter hardware replacement and
installation costs due to the proposed
AMF investments, and avoided feeder
sensor costs due to enhanced feeder
monitoring enabled by AMF

Customer
Benefits

Reduced Customer Energy Use and System
Capacity Requirements as a result of operating
distribution feeders at lower overall voltages
(within ANSI limits) to reduce electricity
consumption and peak demand from customer
appliances (i.e., VVO/CVR)

Reduced Customer Energy Use due to
an incremental improvement
(additional 1% energy reduction) from
VVO/CVR using AMF granular voltage
data

Reduced Customer Energy Use and
System Capacity Requirements as a
result of customer action based on
more granular and timely energy usage
data, integrating AMF with in-home
energy saving technologies, and
responding to advanced pricing to
reduce demand for energy during peak
demand periods (Reduced System
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GMP and AMF Quantitative Benefit Description
Benefit Category Grid Mod Only Case Incremental AMF
Capacity Requirements only), including
reductions in EV charging during peak
periods
Reduced Outage Notification Time due
to autonomous outage notifications
Reduced Outage Restoration Time due to the alerting the Company to trouble before
ability of the system operator and control receiving customer outage calls.
system to quickly generate switch orders (i.e., Integrating this functionality with the
ADMS-based SOM) and locate and isolate a fault | Company’s Outage Management
and restore power (i.e., Reclosers, FLISR) rather | System (OMS) will reduce time from
than waiting for field crews to locate a fault and | initial outage to Company notification,
restore power resulting in a decrease of total
customer outage time, from occurrence
of the initial outage to resolution.
Reduced DG Curtailment due to the ability of Note: additional Reduced DG
the system operator to manage DERs and Curtailment due to advanced pricing is
optimize power output from renewable DG addressed as a sensitivity analysis case
rather than relying on seasonal curtailment to (i.e., Enhanced Load Shift sensitivity
avoid thermal or voltage constraints case)
Benefits due to a reduction in non-
embedded central power plant
emissions of CO2, SO2, and NOx
resulting from Reduced Customer
Energy Use (i.e., energy insights/high
bill alerts, TVR, and reductions in peak
charging for EV customers)
Benefits due to a reduction in non-embedded Note: additional emissions reduc'?lons
o due to further Reduced DG Curtailment
central power plant emissions of CO, SO, and . .
. . using advanced pricing are addressed
Societal NOx resulting from Reduced Customer Energy as a sensitivity analysis case (i.e
Benefits* Use and Reduced DG Curtailment v

Enhanced Load Shift sensitivity case)

transportation-related emissions

Benefits due to a reduction in

resulting from an improvement in
Operational Efficiency (i.e., reduced
"truck rolls" for meter reading, meter
investigations, and connect/disconnect
service visits)

Note: economic development improvements due to net GMP investments are addressed as
a sensitivity analysis case (i.e., Economic Development sensitivity case)

* Note that while most emissions reductions benefits are included in Societal Benefits, some CO- reduction benefit is included as
Customer Benefits due to “embedded” CO:2 costs associated with requirements of the Regional Greenhouse Gas Initiative

(RGGI).
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The GMP benefit category alignment with Docket No. 4600 benefits is presented in Table 8.8.
Seventeen Docket No. 4600 benefits were quantified in the BCA. Additional Docket No. 4600
benefits are qualitatively addressed in Section 8.6: Qualitative Assessment.

Table 8.8: Quantifiable GMP and AMF Benefit Category Mapping to Docket No. 4600 Benefits

GMP Benefit Category Docket No. 4600 Benefit

Distribution Delivery Costs (Power System Level)

Distribution System Safety Loss/Gain (Power System Level)

Avoided Capital Costs Distribution Capacity Costs (Power System Level)

Energy Supply & Transmission Operating Value of Energy Provided or Saved (Power
System Level)

Avoided O&M Costs

Retail Supplier Risk Premium (Power System Level)

REC Value (Power System Level)

GHG Compliance Costs (Power System Level)

Criteria Air Pollutant and Other Environmental Compliance Costs (Power System
Customer Benefits Level)

Energy Demand Reduction Induced Price Effect (DRIPE)”* (Power System Level)

Electric Transmission Capacity Value (Power System Level)

Forward Commitment Capacity Value (Power System Level)

Distribution System and Customer Reliability/Resilience Impacts (Power System
Level)

Distribution System Performance (Power System Level)

GHG Externality Cost (Societal Level)

Criteria Air Pollutant and Other Environmental Externality Costs (Societal Level)
Public Health (Societal Level)

Non-energy benefits: Economic Development (Societal Level)*

Societal Benefits

* Economic development improvements due to net GMP investments are addressed as a sensitivity analysis case (i.e., Economic
Development sensitivity case)

Benefit estimates for the Full Grid Mod and Grid Mod Only cases are summarized in Figures 8.5
and 8.6. In all cases, the largest single benefit category is Customer Benefits. Also, the Avoided
O&M Costs, Avoided Capital Costs, and Customer Benefits categories exceed grid
modernization costs even before Societal Benefits are included. Benefits increase from the Low
DER to the High DER scenario in both cases due primarily to significantly higher customer
benefits in the High DER Scenario due to the larger number of customers benefiting from grid
modernization.

4 Demand Reduction-Induced Price Effect (DRIPE) is a measurement of the value of demand reductions in terms of
the decrease in wholesale energy prices, resulting in lower total expenditures on electricity or other energy costs
across a given system.
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Full Grid Mod Benefit Estimates, $ million (NPV

Only BenefitEstimates, S million (NPV
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Figure 8.5: Benefit Estimates for Full Grid Mod Case

$1,800
$1,600
$1,400
$1,200
$1,000

$800

$600

$400

Low DER Costs  Low DER Benefits High DER Costs  High DER Benefits

W Societal Benefits M Total Costs

Figure 8.6: Benefit Estimates for Grid Mod Only Case
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Benefit estimates for each specific quantified benefit in the Grid Mod Only Case are presented in
Table 8.9. The top five benefit drivers for each scenario represent between about 60-70% of the
total Grid Mod Only benefits. These top five benefits are summarized below.

Low DER Scenario:

FLISR value of reliability improvement due to Reduced Outage Restoration Times
Energy spot market price savings due to Reduced Customer Energy Use from VVO/CVR
Developer avoided infrastructure savings due to Avoided D-System Infrastructure Cost
from Load Optimization

Non-embedded CO> benefit due to Reduced Customer Energy Use from VVO/CVR
Reclosers value of reliability improvement due to Reduced Outage Restoration Times

High DER Scenario:

Energy spot market price savings due to Reduced DG Curtailment from ADMS/DERMS
FLISR value of reliability improvement due to Reduced Outage Restoration Times
Non-embedded CO; benefit due to Reduced DG Curtailment from ADMS/DERMS
Developer avoided infrastructure savings due to Avoided D-System Infrastructure Costs
from Load Optimization

Energy spot market price savings due to Reduced Customer Energy Use from VVO/CVR

Incremental AMF-related benefits are presented in the Implementation Plan document and
detailed further in the Updated AMF Business Case filing.
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Table 8.9: Detailed Benefit Estimates for Grid Mod Only Case

Grid Mod Only Case Benefit and Impact Category Estimates, $ million (20-

year NPV) Low DER High DER
OPEX Labor Efficiency GIS'network model savings' S 8.24 S 8.24
Avoided I\{Ialntena?nce response savmgs (NRAs) | S 0.82 S 0.82
O&M Costs | Avoided Legacy OPEX (Fe'ili‘:t?negv)'ce RTB telecoms savings $ 110 | $ 1.10
Investments DER RTB telecoms savings S 042 | ¢ 9.53
Standalone OMS license savings S 0.72 S 0.72
Avoided Legacy CAPEX Standalone VVO/CVR license savings S 1.98 $ 1.98
Investments (existing) . '
Avoided DSO to T1 telecoms savings S 3.55 S 3.55
Capital Ratepayer infrastructure savings
Costs Avoided D-System (Small DG) > 13.58 > 47.47
Infrastructure Cost Ratepayer RTB savings (Large DG) S 20.69 S 72.85
(Load Optimization) Developer infrastructure savings S 28.73 S 98.96
(Large DG)
Energy .spot market price savings S £1.09 $ 86.14
Reduced Customer (excluding RGGI cost)
Energy Use (VVO/CVR) Embedded CO; benefit (RGGI cost) S 5.82 S 9.84
DRIPE energy benefit S 1.64 S 2.78
Cross-DRIPE benefit S 0.68 S 1.16
Reduced System Transmission capacity savings S 21.80 S 36.73
Capacity Generation capacity savings $ 14.25 $ 23.96
Requirements
Customer (VWO/CVR) DRIPE capacity benefit S 2.12 S 3.60
Benefits FLISR value of reliability improvement | $ 86.93 S 128.09
Reducec! Outége Beclosers value of reliability g 24,54 $ 43.70
Restoration Time improvement
SOM value of reliability improvement S 2.40 S 1.55
Energy spot market price savings
Reduced DG (excludes RGGI cost) ? i > 19553
Curtailment Embedded CO; benefit (RGGI cost) S - S 23.26
(ADMS/DERMS) DRIPE energy benefit S - S 5.60
Cross-DRIPE benefit S - S 2.34
Reduced Customer Non-embedded CO> benefit S 26.20 S 44.12
Energy Use (VWO/CVR) Public health benefit (SO.) S 4.45 S 7.50
Societal Criteria air pollutant benefit (NOx) S 1.00 S 1.69
Benefits Reduced DG Non-embedded CO> benefit S - S  102.69
Curtailment Public health benefit (SO2) S - S 13.30
(ADMS/DERMS) Criteria air pollutant benefit (NOx) S - S 3.82
Total S 322.76 S 982.62
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The following additional observations can be made for the Grid Mod Only case based on the
benefit analysis and results:

e Avoided O&M Costs due to OPEX Labor Efficiency and Avoided Legacy OPEX
Investments are relatively low compared to the much larger Avoided Capital Costs,
Customer Benefits, and Societal Benefits.

e There are no Reduced DG Curtailment benefits in the Low DER scenario because there
were no periods of negative load (i.e., reverse power flow) based on the Company’s state-
level assessment using the Low DER forecast. However, there could be specific locations
where DG curtailment would be necessary, even in the Low DER Scenario, but this level
of detailed analysis was not undertaken for the GMP.

Note that quantified benefits associated with Enhanced Load Shift and Economic Development
and are not included in the base case benefit estimates in this section. Instead, they are included
in Section 8.5: Sensitivity Analysis.

8.5. Sensitivity Analysis

As described in Section 3: Risk Management Approach, developing a 10-year plan in a fast-
changing environment requires acknowledgement that there are a number of uncertainties.
These uncertainties create risks with respect to the scope and timing of investments within the
GMP and the benefits to be achieved. The Company has taken several steps to better understand
uncertainties and manage the associated risks, most notably creating this 10-year roadmap to
guide the development of projects and programs, the development of two future state scenarios
that “bookend” the range of likely customer DER adoption, and other risk mitigating steps
outlined in Section 3.

In addition to providing information in terms of how the quantified benefits and costs compare
for the range of future scenarios, the GMP BCA also provides the Company and external
stakeholders with a better understanding of the key factors that impact the quantified benefits and
costs and allows both parties to focus future efforts on better understanding and influencing those
factors in a positive way. The following sensitivity analysis evaluates the BCA impact of some
of the key factors quantitatively.

8.5.1. Alternative BCA Formulations

During internal and external (e.g., GMP and AMF Subcommittee) review meetings, stakeholders
identified a number of alternatives to the base case BCA formulation (base case). This section
presents BCA results based on the following alterations to the Company’s base case BCA to
show how these alternative BCA formulations affect the GMP cost-effectiveness. The first four
alternatives use less conservative assumptions than the base case, while the last two alternatives
use more conservative assumptions than the base case.
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=

Include economic development impacts of GMP investments

Include Rest of Pool (ROP) DRIPE effects

3. Use lower societal discount rate (i.e., Inflation = 3%) instead of the Company’s after-tax
weighted average cost of capital (WACC = 6.97%)

4. Include enhanced load shift impact (i.e., 10% load shift)

5. Exclude renewable DG curtailment benefit

6. Exclude SAIFI value of reliability improvement benefit due to FLISR

no

Economic Development Included

The Docket No. 4600 Framework™ includes consideration of societal economic development
benefits and notes that such benefits can be reflected via a qualitative assessment or,
alternatively, can be quantified through detailed economic modeling. The Company and GMP
and AMF Subcommittee members agree that economic development benefits are important.
However, including these benefits in the base case BCA results can be problematic due to the
relatively high uncertainty associated with these benefits related to GMP investments, which can
discredit other components of the BCA. Additionally, because the benefits can be large, they
create a “masking” effect. For these reasons, the GMP did not consider economic development
benefits in its base case results but included it here as a sensitivity. A more detailed discussion of
economic development benefits can be found in Attachment B, the Appendix and the Updated
AMF Business Case filing (Section 7.6.1 and Appendix 10.5.2).

Economic impacts were quantified using the Regional Economic Models, Inc. (REMI) model of
the Rhode Island economy, which estimates the increased economic activity resulting from GMP
investments. The overall societal impact is measured using the net Rhode Island gross domestic
product (GDP), which encompasses job years, incomes, state tax revenues and the increased
competitiveness of Rhode Island business firms. The Economic Development Impact assessment
for the Full Grid Mod Case investments resulted in $267 million and $553 million increases in
net GDP growth in Rhode Island for the Low DER and High DER scenarios, respectively. Grid
Mod Only investments resulted in $151 million and $437 million increases for the Low DER and
High DER scenarios, respectively. Details are provided in Attachment B, the Appendix.
Including these Economic Development impacts will increase the GMP benefits, which will
increase the benefit-cost ratio.

ROP DRIPE Included

Demand Reduction Induced Price Effect (DRIPE) is the reduction in prices in energy and
capacity markets resulting from the reduction in need for energy and/or capacity due to reduced

5> See Raab Associates, Ltd., Docket 4600: Stakeholder Working Group Process, Report to the Rhode Island Public
Utilities Commission at 16 (April 5, 2017); see also Docket 4600 Guidance Document, supra note 9 (stating,
“[w]here quantification is not possible or not practical, the proponent should so explain. Regardless of whether the
quantification can be fully completed, a qualitative analysis should be included.”).
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demand from electric system investments. AESC provides values for two types of DRIPE
benefits: Intrastate and Rest of Pool (ROP). Intrastate DRIPE benefit takes credit for the reduced
clearing price for Rhode Island customers, while ROP DRIPE benefit takes credit for reduced
clearing price for customers across New England. The base case BCA results exclude ROP
DRIPE based on the interpretation of the RI Test used for this filing, which focuses on benefits
accrued to Rhode Island customers. While the base case BCA includes only Intrastate DRIPE,
stakeholders expressed an interest in seeing results that include the ROP portion of DRIPE as
well. Including ROP DRIPE will increase the GMP benefits, which will increase the benefit-cost
ratio.

Societal Discount Rate

The Company maintains that the most reasonable rate to discount future year costs and benefits
for GMP investments is the Company’s after-tax WACC (currently 6.97% nominal) due to the
fact that the GMP investments are utility investments, and after-tax WACC is the Company’s
effective discount rate. However, stakeholders requested to see results given a lower societal
discount rate. Using a lower nominal discount rate of 3%, which is consistent with the
Company’s 2020 Energy Efficiency Plan discount rate,’® values cash flows in later years more
than a higher discount rate. Since most costs occur in early years, but benefits occur in later
years, the net effect is an increase in the benefit-cost ratio.

Enhanced Load Shift Included

The GMP investments can facilitate load shifting from high demand periods to negative load
periods (i.e., periods of excessive renewable DG generation) by enabling flexible demand.
Examples of longer-term flexible demand include EV charging, stationary energy storage, and
perhaps in the future, electric vehicle-to-grid charging/discharging. These demand loads are
particularly flexible when customer DR programs and AMF with TVR are used to target both
peak load reduction and “negative load filling.” For example, load shift capability provided by
AMF with TVR could enable customers to respond to price signals by reducing energy use
during on-peak demand periods and increasing energy use during negative load periods. This
shifting of energy consumption between time periods can reduce customer energy costs and
maximize renewable generation utilization.”” This load shift would likely be accomplished

6 The Company’s 2020 Energy Efficiency Plan uses a discount rate that appropriately reflects the risks of the
investment of customer funds in energy efficiency; in other words, a discount rate that indicates that energy
efficiency is a low-risk resource in terms of cost of capital risk, project risk, and portfolio risk. The 2020 Energy
Efficiency Plan uses a nominal discount rate of 2.91% (real discount rate of 0.84%).

" The currently envisioned, near-term TVR structure described in the Updated AMF Business Case would only shift
load from the current on-peak periods (i.e., 11 am — 9 pm in the Summer months) to off-peak periods (i.e., 9 pm - 11
am in the Summer months). However, in a future, with higher renewable DG adoption, on-peak and off-peak periods
would change significantly, such that TVR could be structured to shift load away from a later on-peak period.

(e.g., 5 p.m. — 9 p.m.) and to negative load periods when renewable power is most abundant (e.g., 7 a.m. — 3 p.m. for
solar PV).
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through customer response using the most cost-effective flexible demand approach available to
each customer, whether the energy provider uses TVR or some other means of incentive or
compensation (e.g., NWA procurement, direct load control program).

However, the cost and feasibility of the future load management programs that may be necessary
to enable enhanced load shift are too uncertain to estimate at this time. Therefore, the benefits
associated with enhanced load shift capability are not included in the base case, but they are only
included in this alternative formulation to highlight the additional benefit possible from more
advanced load management programs in the future (e.g., advanced TVR design, NWA
procurement, direct load control program).

For this alternative formulation, the Company has envisioned a Load Shift capability equal to
10% of demand (i.e., on-peak period demand to negative load period demand) could be used by
system operators to keep system parameters within predetermined limits without requiring DG
curtailment.”® This alternative BCA formulation also assumes the 10% load shift can be realized
by a future load management program without significant costs, or that the costs would be offset
by other benefits.”®

Under the High DER scenario, an enhanced load shift of 10% was estimated to reduce annual
renewable DG curtailment from 3% down to just 1% by 2030 by enabling customers to respond
to price signals to increase demand for energy during negative load (i.e., excess renewable power
generation) periods. Enhanced load shift was also estimated to reduce system capacity
requirements by enabling customers to respond to price signals to reduce demand for energy
during peak demand periods. These reductions in DG curtailment and system capacity
requirements will increase the GMP benefits in the High DER Scenario, which will improve the
benefit-cost ratio.

FLISR SAIFI Benefit Excluded

The targeted deployment of Advanced Reclosers & Breakers, which is part of the Company’s
GMP, can reduce both the duration and frequency of all outages including momentary outages
(i.e., outages lasting less than 1 min). The addition of FLISR to the deployment of Advanced
Reclosers & Breakers will reduce outage duration and frequency, but only the frequency of
sustained outages (i.e., outages greater than 1 minute). Without FLISR, outage durations might
be an hour or more for some customers while crews are dispatched to locate and isolate the fault

8 National Grid’s Worcester Smart Energy Pilot evaluated the energy and demand savings from current TVR
structures and found load 4.7% (29 kWh per month) weighted average energy savings across the technology groups
for active “critical peak pricing” (CPP) customers over the four years of the pilot. See Navigant, National Grid
Smart Energy Solutions Pilot, Final Evaluation Report (May 5, 2017). Therefore, the Company deemed 10% to be a
high, but not overly aggressive, future load shift estimate assuming an appropriate TVR structure.

9 Note that if the costs exceeded the benefits (i.e., BCA <1), it is assumed the programs would not be progressed in
their relevant filings.
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and restore power to customers downstream of the fault. With FLISR, these steps can be
performed in a matter of seconds, so outages can be converted from sustained to momentary
outages. Typical reliability metrics include outage duration, which is reported based on the
System Average Interruption Duration Index (SAIDI) and outage frequency, which is reported
based on the System Average Interruption Frequency Index (SAIFI). In Rhode Island, SAIFI is
reported based on the frequency of sustained outages lasting greater than 1 minute. So, reducing
customer outages to less than 1 minute will reduce the reported SAIFI.

The GMP’s “FLISR value of reliability improvement” benefit is estimated based on the
monetization of customer impacts as presented in the DOE’s Interruption Cost Estimate (ICE)
Calculator, which uses SAIDI and SAIFI improvements as inputs to the Calculator.® The
Company believes it is appropriate to quantify the FLISR benefit using both the estimated SAIDI
and SAIFI improvements as inputs to the DOE ICE Calculator. However, some internal
stakeholders expressed concern over the uncertainty of the actual customer value of converting a
sustained outage to a momentary outage. Therefore, this sensitivity case was developed to show
the impact to the BCA if SAIFI reductions were excluded for the FLISR benefit. Excluding the
FLISR SAIFI benefit will decrease the GMP benefits, which will reduce the benefit-cost ratio.

DG Curtailment Benefit Excluded

The High DER scenario modeled as part of the Company’s state-level analysis resulted in a net
load curve with several negative load periods due to the prevalence of renewable DG,
particularly solar DG (see Section 5.4.2: State-Level Analysis). This means that renewable DG
would be in excess of load - or in other words, at times there would be more renewable
generation available than Rhode Island customers needed at that time. When too much electricity
is fed into the grid from renewable DG in relation to customer demand, resulting in negative
load, high voltages and thermal congestion will result.

Without grid modernization investments, grid issues due to negative loads cannot be monitored
or managed in a granular manner, so the Company would need to curtail renewable DG anytime
the estimated maximum seasonal DG output of the installed capacity was predicted to exceed the
design limitations of the system, which in this case is the estimated seasonal minimum load for
the State (i.e., seasonal curtailment). This seasonal curtailment results in an average renewable
DG curtailment of 20% of its annual energy output under the High DER Scenario by 2030.

Alternatives to DG curtailment are limited. Possible alternatives and their shortcomings are
addressed in Section 5.4.2: State-Level Analysis. Despite these shortcomings, this alternative
BCA formulation envisions a situation where there is an alternative approach to seasonal DG
curtailment (without grid modernization), and that its CAPEX, OPEX, and RTB costs are zero.

8 The DOE ICE Calculator is a tool designed for electric reliability planners at utilities, government organizations
or other entities that are interested in estimating interruption costs and/or the benefits associated with reliability
improvements. Details are provided at https://www.icecalculator.com/home
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Excluding the DG Curtailment benefit will decrease the GMP benefits for the High DER
Scenario, which will reduce the benefit-cost ratio.

Results

A summary of BCR results for the alternative BCA formulations relative to the Full Grid Mod
Base Case is shown in Figure 8.7. Table 8.10 provides the specific cost and benefit increases
and decreases estimated relative to the Full Grid Mod Base Case. The Company notes that, while
some of the alternative formulations could be combined in an “ala carte” manner to surmise
combined effects (e.g., Economic Development, ROP DRIPE), the effects of the Societal
Discount Rate, Enhanced Load Shift, and DG Curtailment formulations are more complex and
cannot be combined with other alternative formulations without additional analysis.

4.50
4.00 3.55 3.61
3.50 .
- . 27 Q7
Base Case Economic ROP DRIPE Societal Enhanced DG FLISR SAIFI
Development  Included Discount Rate Load Shift  Curtailment Excluded
Included Included Excluded

Alternative BCA Formulation - Full Grid Mod
™ Low DER ® High DER

Figure 8.7: Impact of Alternative BCA Formulations on BCRs — Full Grid Mod Case (20-Year NPV)
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Table 8.10: Impact of Alternative BCA Formulations on BCA Results — Full Grid Mod Case (20-Year NPV)

Low DER High DER
Alternative BCA Formulation — Effect on Effect on Benefit Effect on Effect on Benefit
Full Grid Mod Case, 20-Yr NPV Costs Benefits Cost Ratio Costs Benefits Cost Ratio
($m) ($m) ($m) ($m)

Base Case S486 $736 1.51 $583 $1,515 2.60
Economic Development Included SO $267 2.06 SO $553 3.55
ROP DRIPE Included SO $357 2.25 SO $589 3.61
Societal Discount Rate $166 $402 1.75 $219 $866 2.97
Enhanced Load Shift Included SO SO 1.51 SO $38 2.66
DG Curtailment Excluded SO SO 1.51 SO -$347 2.00
FLISR SAIFI Excluded SO -$51 141 SO -$76 2.47

The quantitative benefits attributed to the GMP with AMF (i.e., Full Grid Mod Case) outweigh
the costs in all alternative scenarios. Including economic development impacts, ROP DRIPE
effects, and a lower societal discount rate all resulted in additional quantified benefits, which
increased the BCRs by between about 15-50% compared to the base case. Including enhanced
load shift capabilities increased the BCR of the High DER Scenario by 3%. Also, while
excluding the FLISR SAIFI and renewable DG curtailment benefits had negative impacts on the
quantified benefits, the BCRs for both the Low DER and High DER scenarios were still much
greater than one, even for the Low DER Scenario.

The summary of BCR results for the alternative BCA formulations relative to the Grid Mod Only
base case is shown in Figure 8.8. Table 8.11 provides the specific cost and benefit increases and
decreases estimated relative to the Grid Mod Only base case.
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Figure 8.8: Impact of Alternative BCA Formulations on BCRs — Grid Mod Only Case (20-Year NPV)

Table 8.11: Impact of Alternative BCA Formulations on BCA Results — Grid Mod Only Case
(20-Year NPV)

Low DER High DER
Alternative BCA Formulation — Effect on Effect on Benefit Effect on Effect on Benefit
Grid Mod Only Case, 20-Yr NPV Costs Benefits Cost Ratio Costs Benefits Cost Ratio
($m) ($m) ($m) ($m)

Base Case $262 $323 1.23 $360 $983 2.73
Economic Development Included SO $151 1.81 SO $437 3.95
ROP DRIPE Included SO $106 1.64 SO $255 3.44
Societal Discount Rate $110 $187 1.37 $162 $575 2.99
Enhanced Load Shift Included SO SO 1.23 SO $38 2.84
DG Curtailment Excluded SO SO 1.23 SO -$347 1.77
FLISR SAIFI Excluded SO -$51 1.04 SO -$76 2.52

The quantitative benefits attributed to the GMP without AMF (i.e., Grid Mod Only case)
outweigh the costs in all alternative scenarios. Including economic development impacts, ROP
DRIPE effects, and a lower societal discount rate all resulted in additional quantified benefits,
which increased the BCRs by between about 10-50% compared to the base case. Including the
enhanced load shift capability increased the BCR by 4% for the High DER Scenario. Also,
while excluding the FLISR SAIFI and renewable DG curtailment benefits had negative impacts
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on the quantified benefits, the BCRs for both the Low DER and High DER scenarios were still
greater than one, even for the Low DER Scenario.

8.5.2. Key Input Assumptions Sensitivity

In order to assess the impact of important variables on the BCA results, a range of values was
developed for a set of key input assumptions for the Grid Mod Only Case. This sensitivity
analysis uses a range of more conservative and less conservative assumptions than the base case,
as summarized below. A separate sensitivity analysis for the incremental AMF investments is
presented in the Updated AMF Business Case.

e Auvoided Cost of Carbon benefit assumption range from 50% to 150% of the base case
input assumption. Note that this sensitivity also addresses the added uncertainty of future
electric sector emissions rates.

0 Base case = $100/ton CO- equivalent based on “global”” marginal abatement cost
estimates assuming carbon capture and sequestration is the least cost abatement
technology?®!

0 Low end of the range was selected to capture future “local” marginal abatement cost
estimates assuming offshore wind is the least cost abatement technology in New
England (e.g., $68/ton CO; equivalent)®

o High end of the range was selected to capture damage cost estimates including
incorporation of extreme risk (e.g., >$125/ton CO; equivalent)®

e Avoided D-System Infrastructure Investment benefit range from 70% to 130% of the
base case avoided cost estimate

0 Base case = $63 million and $219 million (20-year NPV) based on Future State
Modeling results for Low and High DER scenarios, respectively

0 Range of +30% and -30% was selected based on observations in average DG
interconnection costs over the past three years

81 Synapse Energy Economics, Avoided Energy Supply Components in New England: 2018 Report, 143 (Orig.
released March 30, 2018, amended October 24, 2018) (Prepared for AESC 2018 Study Group; based on a Natural
Gas Combined Cycle plant with geological storage.).

82 1d. at 143. Based on the incremental cost of offshore wind estimated to be $30/MWh, and the annual average
marginal emission rate of 0.46 short tons of CO2/MWh based on the U.S. average “uncontrolled emissions factor”
for natural gas generators. Note that most recent electric generator air emissions report from 1SO-NE states that the
marginal emissions factor for ISO-NE generators is 0.33 short tons of CO,/MWh, which would result in a carbon
cost of $90/ton CO- equivalent. 1SO-New England, System Planning, 2018 1SO New England Electric Generator
Air Emissions Report (May 2020).

83 J.X.J.M van der Bergh & W.J.W. Botzen, A Lower Bound of the Social Cost of CO, Emissions, 4 Nature Climate
Change 253-258 (2014).
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e VVO/CVR-based customer energy use and system capacity requirement reduction range
from 2% to 4%

0 Base case = 2.86-2.93% based on early results from the Company’s VVO/CVR Pilot
using Utilidata’s AdaptiVolt technology at five substations in Rhode Island

0 Range was selected to capture the variability of early measurement and verification
(M&V) results from the Company’s VVO/CVR Pilot. The high end of the range also
captures the 4% energy savings the Company’s VVO/CVR industry partner has
demonstrated with other utilities.

e GMP portfolio investment cost assumptions range from 70% to 130% of the base case
input assumption

0 Base case = $262 million and $360 million (20-year NPV) based on CAPEX, OPEX,
and RTB cost estimates for each GMP solution for the Low and High DER scenarios,
respectively

0 Range of +30% and -30% was selected for consistency with the Avoided D-System
Infrastructure Investment sensitivity range

Results
Figures 8.9 and 8.10 show the range of benefit-cost ratios achieved by each key input assumption
sensitivity for the Grid Mod Only Case under the Low and High DER scenarios. A separate

sensitivity analysis for the incremental AMF investments is presented in the Updated AMF
Business Case.
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Figure 8.9: Impact of Key Input Assumption Sensitivity on the Base Case Benefit-Cost Ratio — Grid Mod
Only Case Under the Low DER Scenario
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Figure 8.10: Impact of Key Input Assumption Sensitivity on the Base Case Benefit-Cost Ratio — Grid
Mod Only Case Under the High DER Scenario
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As can be seen, uncertainty in the GMP investment cost estimates creates the widest range of
potential BCR results. Fortunately, a large fraction of the GMP investment cost estimate is based
on the deployment of solutions that the Company has significant experience with, including
Advanced Reclosers & Breakers, Advanced Capacitors & Regulators, and Feeder Monitoring
Sensors. However, an exact cost estimation for all solutions in the GMP can be challenging
given the long time-frame of the GMP analysis. To address this uncertainty, the Company
envisions updating BCA results in concert with cost recovery requests for grid moderation
investments in the appropriate regulatory forum.

Another key uncertainty is the VVO/CVR energy savings, particularly for the Low DER
Scenario, which relies heavily on VVO/CVR energy savings for a large portion of the total
benefits (both customer and societal benefits). Uncertainty in VVVO/CVR energy savings is
expected to be reduced over time as the Company continues VVVO/CVR pilot projects and M&V
in all of its jurisdictions. A summary of the Company’s ongoing and planned pilot projects in all
jurisdictions is presented in Attachment B, the Appendix.

The avoided D-system infrastructure cost and the avoided cost of carbon uncertainties have
relatively smaller impacts, but these estimates will also be updated with the latest information in
concert with cost recovery requests for grid modernization investments in the appropriate
regulatory forum. Details are provided in Attachment B, the Appendix.

8.6. Qualitative Assessment

In addition to the quantified benefits presented in this BCA, per Docket No. 4600 Guidance, the
Company is providing additional non-quantified benefits that should be recognized qualitatively.
These benefits are not quantified at this time due to lack of data or lack of accepted method.
However, these benefits represent important additional grid modernization value, as is explained
in this section. If considered as part of the BCA, these benefits can be thought of as directionally
increasing the BCR and potentially making the grid modernization programs even more valuable
and cost-effective. These benefits will continue to be evaluated and could be quantified in future
BCA results as additional data and methods are developed.

8.6.1. Avoided O&M Cost

OPEX Labor Efficiency due to OpTel Network Refresh: Much of the telecommunications
equipment in the field and at substations are near the product line’s end-of-life where technical
support and replacement parts are more challenging to obtain. With age, the reliability of
electronics deteriorates. Equipment failure during normal operation poses additional repair costs
versus preventative maintenance and technology refresh. With advances in network technology
and modern manufacturing, the new equipment is designed and built for greater longevity and
higher mean time between failure (MTBF). The new equipment also has the capability of
integrating multiple communications systems and physical connections and media, which eases
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transition and cost from legacy equipment as well as provides flexibility for network design and
options. See also Reduced Customer Outages due to OpTel Network Refresh in Section 8.6.2,
below.

Avoided Legacy OPEX Investments due to Flexible OpTel Network: The proposed OpTel
Strategy will enable operational efficiencies and overall cost reduction due to combining
disparate legacy telecommunications systems. Historically, across the utility industry, network
communications have been point solutions driven by a specific requirement of the operating
business. This approach has led to a variety of technologies and systems that were limited to a
single use case. The proposed OpTel Strategy investment will develop a common network
framework that is flexible and standards-based to allow and support many of the current and
forthcoming use cases requiring network connectivity.

Improved Long-Term Forecasting for Planning due to Granular Data: Currently, feeder
level data combined with generic load shape analysis is used to model remote end feeder
performance. The granular data and improved situational awareness from AMF, Advanced Field
Devices, and ADMS provides a step change in available data for grid planning and operations.
This data can be used to more accurately design and plan for future distribution system needs
through better forecasting of where and when DERs will be located, used, and how the
distribution system will perform over time. AMF also provides more timely, granular values that
can be aligned with other system data to create actual loading and voltage profiles at all points
along a feeder. This complete data set can be modeled directly, and more detailed load and DER
forecasts can be developed for planning needs.

Improved Operational Efficiency due to Granular Data: The granular and more frequent
operational and performance data collected from AMF, Advanced Field Devices and ADMS,
will help the Company determine the asset health of equipment and identify where maintenance
should be performed and may help detect asset failures earlier, which would support condition
based maintenance and mitigate possible equipment failure related outages. This can result in
both lower O&M costs and more efficient utilization of field crews and crew time and shorten
“trouble call” and outage response times. See also Reduced Customer Outages due to Granular
Data in Section 8.6.2, below.

Improved Operational Efficiency and Worker Safety due to Mobile Dispatch: Today
dispatchers from the Distribution Control Centers and Storm Rooms utilize OMS to view
customer calls and predicted outage locations. They prioritize the “trouble calls” and outages and
assign them to appropriate field crews based on capability and location as optimally as possible.
ADMS-based Mobile Dispatch will interface with OMS and allow field crews with handheld
devices to assign and dispatch themselves to outages based on their location, capabilities, and
equipment. This can result in more efficient utilization of field crews and crew time and shorten
“trouble calls” and outage response times. In addition, field crews will be able to update details
concerning their time of arrival, incident details once on location, and estimated restoration times
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rather than calling that information into the centralized dispatch locations. In turn, the crews will
receive near real-time updates directly on their devices to enable situational awareness in the
field and reduce field-to-control center process steps increasing time spent on the task at hand.
The proposed Mobile Dispatch pilot project included under the ADMS category of investment
includes a limited deployment of mobile dispatch capabilities to select field personnel, with a
view to explore options to improve the “trouble calls” response and outage restoration process.
Learnings from the pilot will be applied towards developing the de-centralized process flows and
requirements for a full deployment. See also Improved Restoration Times due to Mobile
Dispatch in Section 8.6.2, below.

Improved Operational Efficiency due to Protection Coordination: Without GMP
investments in ADMS, Advanced Field Devices, and an ADMS-based Protection & Arc Flash
App, a labor-intensive process to make the system safe for workers would be required, especially
under high DER adoption scenarios. In cases where DERSs could create protection system
coordination issues or negatively affect arc flash levels, field crews would need to be dispatched
to reprogram protection devices, rearrange the system, or even disconnect DERS at certain times.
In addition, ADMS will utilize real time data via DSCADA to inform the load flow allowing the
protection coordination to be based on the actual state of the network rather than the “normal”
study configuration.

8.6.2. Customer Benefits

Improved Customer Choice and Control due to Customer Information Sharing: AMF and
other grid modernization investments will enable improvements in customer energy usage
information sharing, third-party information sharing, and access to third-party service providers,
which empowers customers to better understand and prioritize among solutions to best manage
energy usage and costs. Specifically, these investments will improve retail competition, flexible
demand, and integration of commodity and energy services. Additionally, these investments will
improve third-party DER markets by enabling more cost-effective DER network access. When
paired with Advanced Pricing, customers will have the opportunity to respond to price signals
and achieve even greater savings. The AMF and other grid modernization capabilities that
provide this benefit include:

e Customer Data Sharing through the CEMP will improve customer’s access to third-party
programs and offerings that are intended to drive innovation and provide additional value
to customers, while encouraging new industry participants to enter the market with new
customer offerings.

e Timely, Granular Customer Load Data (e.g., detailed billed energy use) from Enhanced
Customer Insights & Alerts and Customer Data Sharing through the CEMP will enable
the Company to clearly identify and communicate to customers when and where
customer energy solutions provide the most value to customers and the grid. This will
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help optimize existing customer energy programs, facilitate new programs, and enhance
EE, DR, and conservation offerings. Overall, timely, granular customer load data will
enhance program value and enable customers to better prioritize among solutions to best
manage energy usage and costs.®*

e Granular Customer Load Data from AMF combined with Customer Data Sharing through
the CEMP will enable customers to make informed decisions about participation in
energy management efforts and heating and vehicle electrification.

e Customer Information Sharing and Distribution System Information Sharing through
AMF investment in CEMP and the System Data Portal will improve customer choice and
control and improve DER cost-effectiveness by clearly communicating to customers and
third party DER markets where and when DERs provide the most value to the grid and
are likely to have lower costs and other barriers to interconnect. This will help optimize
existing DER investments, facilitate new ones, and enhance DER offerings, increasing
the value of programs including DG, energy storage, EV, EHP, DR, and enabling
customers to better prioritize among solutions. Details are provided in Section 3: Rhode
Island System Data Portal of the Implementation Plan and the Updated AMF Business
Case.

As AMF analytics continue to evolve, new use cases will be developed. For example, consider
an AMF electric vehicle analytics offering that detects which customers are charging an EV at
their home, determines the size of a customer’s EV charger, and understands charging patterns,
such as peak time charging. The Company could then tailor a targeted marketing program to
enroll those customers into EV rates or use that information to plan infrastructure upgrades
accordingly. The AMF grid-edge computing platform provides a technology platform that will
improve and evolve over time. As more applications are developed and implemented, new
customer solutions will be made available, expanding on the table of AMF Future Functionalities
provided in Section 5 of the Updated AMF Business Case.

Improved DER Experience due to DER Integration: Grid modernization investments enable
improved customer DER experience, such as better DER location selection, streamlined DER
interconnection processes, flexible interconnection options, reductions in time to interconnect,
and better customer and third party information sharing and services. By reducing costs and
other barriers to interconnection, grid modernization will help more Rhode Island customers

8 For example, as discussed in the Section 5 of the Updated AMF Business Case filing, load disaggregation will
provide customers with the ability to view consumption information at the appliance level and make informed
decisions accordingly. Consider a homeowner who observes that the central air conditioner is consuming
considerably more electricity than the previous summer due to aging equipment. The customer may then proactively
choose to upgrade that equipment to a high efficiency option, utilizing an Energy Efficiency program. As the
technology matures, one can envision the ability to provide automated, personalized recommendations to customers.
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invest in their own DER technologies in areas where these technologies are most cost-effective.
The grid modernization capabilities that provide this benefit include:

e Distribution System Information Sharing through the System Data Portal will improve
DER cost-effectiveness by clearly communicating to customers and third party DER
markets where and when DERs provide the most value to the grid and are likely to have
lower costs and other barriers to interconnect.

e Grid Optimization and DER Operational Control through ADMS and DERMS will allow
for a higher level of DER operational integration and could be used to reduce
interconnection costs and enable larger DER interconnections making DERs more cost
effective to deploy in the state.

e Interval Energy and Voltage Data from AMF at the customer level will enable
verification and settlement of DER services provided to or received from the grid.

e Two-way Communications from AMF will enable the exchange of information and/or
control with in-home, business, or grid-connected DER technologies. In the future, this
will provide new opportunities for automated responses to TVRs. For example,
customers with energy storage or an EV charger may have automated controls in the
future that can optimize when to operate, initiating charging when prices are low, and
then, in the case of the storage system, discharging when prices are high.

See also Economic and Environmental Benefits due to DER Integration in Section 8.6.3, below.

More Equitable Cost Allocation due to Granular Data: Grid modernization will enable
improvements in the ability to allocate costs to different classes of customers in a way that more
precisely reflects their respective contributions to system-level costs, and will support
development of more cost-reflective rates and pricing that limits cross-subsidization. Through
the use of future pricing and allocation mechanisms like TVR, AMF and other grid
modernization investments will enable the Company to more accurately reflect the costs of
producing and delivering electricity, which will promote economic efficiency and lead to a
lower-cost system. In addition, when the prices consumers pay are more closely aligned with the
costs they represent, TVR promotes a more fair and equitable allocation of electricity sector
costs.®> AMF and other grid modernization investments are needed to provide granular (both in
time and space) grid-level data.

More Equitable Benefit Allocation due to Granular Data: Grid modernization will enable
improvements in the ability to allocate benefits to compensate customer- or third-party owned

8 As explained in the Updated AMF Business Case filing, Attachment C, the Company is not making a rate design
proposal at this time.
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DERs in a way that is more reflective of actual system benefits (e.g., shift from current net
energy metering programs to location- and market-based DER pricing). Benefits will be
attributed more equitably due to grid modernization investment’s ability to provide better
customer facing program incentives (e.g., DR incentives) and NWA compensation based on the
granular grid-level data. Today, customer load management programs like energy efficiency and
DR are used to lower the cost of wholesale electricity and reduce the bulk system’s peak
demand, and NWA programs address generation, transmission, and distribution constraints
through the use of DERs. In the future, under high DER penetration scenarios, load management
programs including energy efficiency, DR, energy storage, and NWA programs can be used in
combination with TVR and/or new DG tariffs to not only reduce bulk and distribution-level peak
loads, but also shift customer loads to times when renewable DG output power exceeds the grid’s
demand for electricity.

Reduced Customer Energy Use due to Network Model Integration: Beyond FY26, when
VVOI/CVR is centralized and controlled by ADMS rather than the existing standalone
VVO/CVR platform, the Company anticipates additional energy saving benefits beyond what
has been assumed in the quantitative BCA, because the ADMS-based VVO/CVR platform will
operate on the “as-switched” network model informed by underlying real time load flow. This
also allows VVO/CVR to operate when the grid is in an abnormal configuration due to
emergency or planned circuit reconfigurations resulting in additional incremental benefits in
addition to the baseline VVO/CVR energy savings.®® Additional analysis and experience with the
ADMS-based VVO/CVR controller is necessary to accurately quantify this benefit.

Reduced Customer Energy Costs due to Enhanced Load Shift: AMF with TVR and other
grid modernization investments can facilitate load shifting from high demand periods to lower or
even negative load (i.e., excessive renewable DG generation) periods by enabling flexible
demand. Examples of flexible demand include customer DR, EV charging, stationary energy
storage, smart appliances including thermostats, and perhaps in the future, electric vehicle-to-
grid discharging. This shifting of energy consumption between time periods can reduce customer
energy costs, avoid distribution system costs, and maximize renewable generation utilization.
The Enhanced Load Shift sensitivity quantifies improved utilization of renewable generation and
reduced buildout of the distribution system. However, impacts of this large a load shift on
customer energy prices were not quantified due to a number of uncertainties at this time.
However, enhanced load shifting is expected to reduce customers’ energy costs beyond the
energy cost reductions due to the smaller amount of load shift quantified in the base case AMF
results.

Improved Short-Term Forecasting for Operations due to Granular Data: Better forecasting
and monitoring of load, generation, and grid performance enabled by AMF, ADMS (i.e., ADMS-
based load forecasting application), Advanced Field Devices, and DERMS can enable grid

8 The existing standalone VVO/CVR platform is switched off when the grid is operating in an abnormal
configuration.
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operators to actively manage grid demand and grid supply maximizing asset utilization and allow
dispatch of a more efficient mix of generation and ancillary services (e.g., spinning reserve,
frequency regulation)®” and reduce transmission congestion® to reduce generation and
transmission costs, and ultimately, reduce electricity procurement costs on behalf of customers.
Improved forecasting and monitoring of load and generation may also allow for less restricted
DER operation in areas susceptible to system voltage or thermal constraints and allow NWA
assets to be utilized for other beneficial uses if the grid operator can forecast that it does not need
the NWA for reliability needs during a certain time period.

Reduced System Loss due to Shift to Local Generation Sources: Load Optimization and
Reduced DG Curtailment through AMF, Advanced Reclosers & Breakers, ADMS, and DERMS
can reduce the costs to interconnect and operate DG, which will enable more DG and help locate
electricity production closer to the load rather than relying on bulk energy generation. This close
proximity of generation to load will reduce transmission line losses for a given load served, and
ultimately, could reduce electricity procurement costs on behalf of customers.

Reduced System Losses due to Optimized Reactive Power Control: Improved voltage
management enabled by AMF, Advanced Field Devices, ADMS, and VVO/CVR and the ability
to dispatch reactive power through DERMS and customer smart inverters, can improve the
power factor of the system, including remote ends of the feeder. This may help reduce
distribution system losses compared to less granular power factor correction using traditional
methods such as a limited number of line capacitors.

In addition, the current method to addressing voltage issues due to DERs is setting a fixed
absorbing power factor. This functionality can be extremely helpful but is limited in the fact that
it is always absorbing reactive power at a fixed rate even at times when the system doesn’t need
it. Today, the reactive power absorbed often comes from a transmission source, which results in
losses in the system. With investments in DERMS and the ability to adjust power factor settings
dynamically using customer owned smart inverters,® reactive power absorption would only
occur when needed, which can decrease losses in both the DG inverter output power and
generating transmission-sourced VARs.*® EPRI has done some work to quantify this value, but
the value is highly dependent on location of the DER on the feeder and the penetration of DER
on that feeder. Given the complexity of these calculation and the early stage of its development,
the Company has not quantified this benefit in the GMP.

87 Ancillary services are necessary to ensure the reliable and efficient operation of the grid.

8 Grid modernization enables this benefit either by providing lower cost energy or allowing the grid operator to
manage the flow of electricity around constrained interfaces.

8 Smart inverter power factor adjustments can be made seasonally or based on a Volt/Volt-Ampere Reactive (VAR)
function where reactive power is injected based on voltage.

% Electric Power Research Institute, Tailoring IEEE 1547 Recommended Smart Inverter Settings Based on Modeled
Grid Performance (December 2020). https://www.epri.com/research/products/000000003002020102
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Reduced Customer Outages due to Granular Data: The granular and more frequent
operational and performance data collected from AMF, Advanced Field Devices and ADMS,
will help the Company determine the asset health of equipment and identify where maintenance
should be performed and may help detect asset failures earlier, which would support condition
based maintenance and mitigate possible equipment failure related outages. AMF meters will be
capable of providing granular data that can be used to analyze equipment performance such as
transformer health analysis. This will be achieved through ongoing investment and future
expansion of the Data Management investments which includes data capture and storage, data
backhauling requirements, analytics tools, and system integration. In addition, AMF provides
granular outage data at the customer level, increasing the accuracy of fault location capabilities
of ADMS, which can improve the isolation and restoration capabilities of FLISR.

Reduced Customer Outages due to OpTel Network Refresh: Much of the
telecommunications equipment in the field and at substations are near the end of the product’s
useful life. With age, the reliability of electronics deteriorates. Equipment failure during normal
operation poses operational risk and the impact of an unexpected outage is introduced. With
advances in network technology and modern manufacturing, the new equipment is designed and
built for greater longevity and higher mean time between failure (MTBF). See also OPEX Labor
Efficiency due to OpTel Network Refresh in Section 8.6.1, above.

Improved Restoration Times due to Mobile Dispatch: ADMS-based Mobile Dispatch will
interface with OMS and allow field crews with handheld devices to assign and dispatch
themselves to outages based on their location, capabilities, and equipment. This can result in
more efficient utilization of field crew time and shorten outage response time. The proposed
Mobile Dispatch pilot project included under the ADMS category of investment includes a
limited deployment of mobile dispatch capabilities to select field personnel, with a view to
explore options to improve the outage restoration process. Learnings from the pilot will be
applied towards developing the de-centralized process flows and requirements for a full
deployment.

Improved Storm Recovery due to Granular Data and Distributed Automation: While a
reliability benefit was quantified for outages, based on SAIDI and SAIFI reductions from
Advanced Reclosers & Breakers and FLISR, the quantified benefit does not include outages due
to major storm events. However, granular data and improved situational awareness due to the
expansion of both monitoring and control from Advanced Field Devices, supported by ADMS
and other grid modernization investments, allows for quicker fault location confirmation and the
ability for the system operators to remotely sectionalize faulted areas, reconfigure, and restore
customers outside fault areas before field crews arrive on site during storm-related outages.
Automation of these remote control capable devices via a centralized program like FLISR will
allow for the identification of a faulted area and the automated restoration of customers can
provide additional reliability benefits, which have not been quantified to date.
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Improved Resilience due to Situational Awareness and Distributed Automation: Resilience
is the ability to continue operate and deliver power even during a low probability, high-impact
disruption (e.g., hurricane, earthquake, cyber attack) by managing and minimizing potential
consequences that occur as a result of the disruption. Many of the grid modernization
investments will improve resiliency, including the ability for AMF to enable automatic outage
detection and service restoration; Advanced Field Devices and FLISR to enable rapid detection,
isolation and restoration of service via remote or automated control further reducing field
personnel exposure during high impact events; Underlying IT Infrastructure to enable data
management to find opportunities for further resilience improvements; and Appropriate Cyber
Services to reduce the likelihood of a cyber-attack and quickly recover if an attach occurs.

Improved Customer Satisfaction due to Outage Notification: Currently outages are typically
discovered when customers call in and report an outage at their homes. The improved situational
awareness resulting from AMF, Advanced Field Devices and ADMS are likely to reduce or even
eliminate the need for customers to call and report an outage. Instead customers can be notified
on their cell phones directly when an outage occurs, this is likely to improve overall customer
satisfaction and peace of mind. This will also help customers avoid the need to troubleshoot and
investigate an outage during extreme weather conditions.

Grid Modernization Performance Benefits due to Reliable OpTel Private Network: The
proposed OpTel Strategy will enable greater network control, performance and availability
(uptime) than what commercial telecommunications carriers provide. The current
Telecommunications model, which relies heavily on network connectivity provided by
commercial carriers, lacks full visibility and understanding of the Company’s network
performance and outage. The Company must rely on outside service providers to design,
maintain and repair the network, removing elements of control and direction over both network
design and operation. Often, these companies fall short on embracing the criticality of a utility’s
stringent communication network requirements. Only in operating a private wireless network
can total control be accomplished to the highest levels of availability.

8.6.3. Societal Benefits

Economic and Environmental Benefits due to DER Integration: DER development has
driven significant job and GDP growth throughout the United States, as well as here in Rhode
Island. Planning, installation, and financing DER projects employs a significant workforce in the
State. The suite of grid modernization investments described in the GMP will help reduce the
costs and other barriers to interconnect new DERs in Rhode Island, which will drive more DER
investment in the State as opposed to outside of Rhode Island. See Improved DER Experience
due to DER Integration discussion above. Note that this qualitative benefit is different than the
Economic Development benefit that was quantified by the Company as a sensitivity analysis.
The Economic Development benefit is based on the estimated state-level GDP improvement
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from the GMP investments themselves, as opposed to the indirect benefits from increasing DER
growth in the State.

Likewise, DER development is an important driver for meeting clean energy goals and reducing
GHG and criteria pollutant emissions, both of which have a significant environmental and health
benefits to society and Rhode Islanders in particular.

Reduced Damage from Wide-scale Blackouts due to Situational Awareness: Improved
situational awareness and control from AMF, Advanced Field Devices, ADMS, and FLISR can
give grid operators a clearer picture of real time demand and supply as well as near term future
supply and demand on the distribution grid which can allow transmission operations better
coordinate resources and operations between regions. This can reduce the probability of wide-
scale regional blackouts in times of limited capacity or limited transmission assets.

Improved Grid Stability and Data Protection due to Cyber Security: As shared in the
Implementation Plan document, investing in cyber security helps the Company avoid several
risks that may impact grid stability, which includes avoiding wide-scale blackouts. In addition,
investing in Data Security will help the Company better protect customers’ personal data. These
risks can be extremely costly to the Company, its customers, and the State, but they are very
difficult to quantify.

9. Conclusion

This GMP explains the need for cost-effective grid modernization solutions to address electric
distribution system issues caused by increasing customer DER adoption, customers’ evolving
expectations, and State clean energy goals. It also demonstrates that the quantitative BCA for the
Full Grid Mod Case investments results in hundreds of millions of dollars in net benefits for
Rhode Island on a 20-year NPV basis, and all scenarios and alternative formulations evaluated
resulted in benefit-to-cost ratios well above one. Additional qualitative benefits evaluated and
described above only add to the quantified value.

The Company will be held accountable for progressing grid modernization solutions by
implementing a flexible plan with the appropriate oversight and transparency. Accountability
measures will include annual reporting of key metrics, PUC review and approval of future rate
case and annual ISR investments, and continued engagement with the GMP and AMF
Subcommittee. These measures will ensure the Company will be held accountable for deploying
effective solutions and realizing customer benefits in a timely manner. The Updated AMF
Business Case also provides its own portfolio of reporting, risk management, and benefits
guarantee for the AMF investment.
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Transforming Rhode Island’s electric distribution system is a journey that will take time and that
must be undertaken in a thoughtful and strategic manner. It is important to take the next concrete

step in the journey now to ensure that the electric grid does not hinder customer empowerment
and does not create higher costs in the long run.
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1. Overview

This document presents the implementation plans for each solution that create the Grid
Modernization Plan (GMP) portfolio. Each section in this document summarizes the Company’s
current plans for a particular solution and includes the following information:

e Background: Current state of technology, current limitations, and why the solution is
needed

e Goals and Objectives: What the Company plans to accomplish for each solution

e Benefits: Summary of the key benefits of the solution

e Schedule: When the planned tasks and/or actions will occur

e Status: Summary of work completed to date

e Major Tasks: Planned tasks and/or actions

e Cost Estimate: High-level summary of expected capital expenditures (CAPEX),
operating expenditures (OPEX), and run-the-business (RTB) costs over the next 5 years

This Implementation Plan (Plan) is a living document that will be reviewed and updated on an
ongoing basis. Some plans that represent nearer-term investments are more detailed, while
others, that represent longer-term investments, are less detailed at this time owing to the earlier
stage of development. Plans and cost estimates will be refined over time, and the closer an
investment gets to implementation, the more detailed and precise the plan and cost estimate will
become.

Each actionable plan contained within this document has been written by subject matter experts
within the Company, whose organizations support deploying and achieving grid modernization
in Rhode Island. Additional details on the roles and responsibilities and management approach

are presented in Section 6: Accountability of the GMP Business Case.

Benefit Summary

As explained in the GMP Business Case, all solutions are interrelated to each other and enable
various benefit impacts. Table 1.1 summarizes how each of the GMP solutions interrelate, and
how they enable various benefit impacts, which have been qualitatively (Q) or quantitively ($)
addressed in Section 8: BCA Evaluation Under Docket 4600 of the GMP Business Case. Table
1.1 also illustrates the primary solutions that provide each benefit impact, which are highlighted
in green to recognize those solutions providing the most direct benefit impacts. As can be seen,
there are some solution categories, including Underlying IT Infrastructure and Appropriate
Cyber Services, that are not labeled as primary solutions, because they do not have direct benefit
impacts themselves, but they are necessary to enable most, if not all, benefit impacts through
other GMP solutions.
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Table 1.1: Dependencies Between GMP Solutions and Benefit Impacts
Avoided O&M Costs Avoided Capital Costs Customer Empowerment Customer Energy Savings Customer Reliability Improvements ES Rl s
Energy Purchases
GMP Solution / Benefit Impact Area OPEX Labor Avoided Legacy | Avoided Legacy Avoided D- Improved ) Improved DER More Equitable Reduced Reduced S.ystem Reduced Outage | Reduced Outage | Reduced DG
Efficiency @123 A e ErsiEmEr Gz Experience Cosus) Bevneﬂt =t EY Ca'pauty Notification Time |Restoration Time | Curtailment
Investments Investments Infrastructure & Control Allocation Use Requirements
AMF Remote Metering $ S $ S Q Q Q $ S $ Q S
AMF Customer Information Q S S
AMF Advanced Pricing Q Q Q S S*
System Data Portal Q Q
Feeder Monitoring Sensors S S Q Q Q $ S $ $
Advanced Capacitors & Regulators $ S Q Q $ $ $
Advanced Reclosers & Breakers S S Q Q $ S $ $
GIS Data Enhancements $ S S Q Q Q $ S $ S S
ADMS $ $ $ Q Q Q $ $ $ $ $
Underlying IT Infrastructure S S S Q Q Q $ S $ S S
Appropriate Cyber Services S $ $ Q Q Q $ $ $ $ $
Telecommunications $ $ $ $ Q Q Q $ $ $ $ $
VWO/CVR Platforms $ S S S
FLISR App (ADMS-based) S
DERMS $ $ $ S
ITR Projects Q Q Q Q Q Q Q Q Q

*Quantified as a sensitivity analysis only.

Note: solutions that contribute to a quantified benefit impact are denoted with a “$”, and solutions that contribute to a qualified benefit impact are denoted with a “Q”. Primary solutions
contributing to each benefit impact are highlighted in green to recognize those solutions providing the most direct benefit impact.

193



THE NARRAGANSETT ELECTRIC COMPANY
d/b/a NATIONAL GRID

RIPUC Docket No. 5114

In Re: Grid Modernization Plan (GMP)
Implementation Plan

Attachment A

Page 3 of 102

Cost Summary

The five-year cost estimates for each GMP solution are provided in Tables 1.2 and 1.3 for the
High Distributed Energy Resource (DER) and Low DER customer adoption scenarios,
respectively. The cost estimates include all the costs of deploying the grid modernization
solutions, including CAPEX, OPEX, and RTB costs like software maintenance fees and
equipment maintenance.** As shown, investments in AMF, Advanced Field Devices (i.e., Feeder
Monitoring Sensors, Advanced Capacitors & Regulators, Advanced Reclosers & Breakers),
Operational Telecommunications, and ADMS are the primary cost drivers for the first 5 years of
the GMP. In total, the Company estimates investing between $332 and $374 million for all GMP
solutions through fiscal year (FY) 2026, depending on customer DER adoption. These costs
would be recovered through the Company’s annual ISR filings, current and future rate cases, and
potentially a separate AMF docket. Additional cost details for each solution are presented in the
subsequent sections of this Implementation Plan document.

Table 1.2: GMP Solution Cost Estimate Summary — Full Grid Mod Case/High DER Scenario

Full Grid Mod Cost Estimate - High Yri Yr2 Yr3 Yr4 Yr5 5-Yr Tot
DER Scenario, $ million ($2020) FY 2022 FY 2023 FY 2024 FY 2025 FY 2026 FY22-26
AMF* S 21.24 | S 25.50 S 8834 | S 49.05 S 7.54 $ 191.67
System Data Portal S 070 | $ 070 | $ 070 | $ 070 | §$ 070 | $ 3.50
Feeder Monitoring Sensors** S 051 | §$ 274 | S 280 | S 283 | S 287 | S 11.76
Advanced Capacitors & Regulators S 310 | S 935 | $ 942 | $ 943 | S 946 | $ 40.77
Advanced Reclosers & Breakers S 157 | S 9.45 | $ 952 | $ 9.56 | $ 9.60 | $ 39.70
GIS Data Enhancements S 115 | S 1.29 | S 1.02 | S 064 | S 055 | $ 4.64
ADMS S 5.14 S 4.66 S 4.38 S 1.79 S 1.00 S 16.98
Underlying IT infrastructure S 174 | S 1.04 | S 096 | $ 048 | S 044 | $ 4.65
Appropriate Cyber Services S 082 | §$ 031 §$ 0.14 | $ 0.14 | § 014 | $ 1.55
Operational Telecommunications S 11.58 | S 12,14 | S 850 | $ 348 | S 297 | S 38.67
VVO/CVR Platforms S 084 | $ 261 | S 290 | S 076 | § 076 | §$ 7.86
FLISR App (ADMS) $ - | S - | S -1 8 0.00 | $ 012 | $ 0.12
DERMS S - S 2.00 S 2.00 S 2.00 S 2.28 S 8.28
ITR Pilot Projects S - S 1.00 S 1.00 S 1.00 S 1.00 S 4.00
Total S 4839 | §$ 72.78 $ 131.68 S 8187 | $ 39.42 S 374.14

* Costs associated with Underlying IT Infrastructure, Cyber Security, and Operational Telecommunications for the incremental
AMF investment are included in the AMF line item. The AMF costs correspond to a full year of spending for each of the five
project years, and do not align with the respective fiscal year. Please see the Company’s AMF filing for additional detail.

** A reduction in Feeder Monitoring Sensor costs is included as an avoided cost benefit for AMF rather than a reduction in cost
between cases.
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Table 1.3: GMP Solution Cost Estimate Summary — Full Grid Mod Case/Low DER Scenario

Full Grid Mod Cost Estimate - Low Yri1 Yr2 Yr3 Yra Yr5 5-Yr Tot
DER Scenario, $ million ($2020) FY 2022 FY 2023 FY 2024 FY 2025 FY 2026 FY22-26
AMF* S 21.24 | S 25.50 S 88.34 | S 49.05 S 7.54 $ 191.67
System Data Portal S 0.70 | S 070 | $ 070 | § 070 | S 070 | $ 3.50
Feeder Monitoring Sensors** S 051 | S 153 | S 156 | S 158 | § 160 | S 6.77
Advanced Capacitors & Regulators | $ 3.11 | S 521 | § 525 | $ 525 | S 527 | § 24.09
Advanced Reclosers & Breakers S 157 | S 526 | § 529 | $ 531 | S 533 | § 22.77
GIS Data Enhancements S 115 | S 1.29 | S 1.02 | S 0.64 | $ 055 | $ 4.64
ADMS S 5.14 S 4.66 S 4.38 S 1.79 S 0.95 S 16.93
Underlying IT infrastructure S 1.74 | S 1.04 | S 096 | $ 048 | S 044 | $ 4.65
Appropriate Cyber Services S 082 | S 031 | §$ 014 | § 0.14 | S 014 | $ 1.55
Operational Telecommunications S 1158 | S 12.14 | S 850 | $ 348 | S 297 | S 38.67
VVO/CVR Platforms S 0.84 S 1.48 S 1.64 S 0.43 S 0.43 S 4.83
FLISR App (ADMS) S - S - S - S 0.00 S 0.07 S 0.07
DERMS S - S 200 | $ 2.00 | S 2.00 S 228 | $ 8.28
ITR Pilot Projects S - S 1.00 | S 1.00 | S 1.00 | $ 1.00 | $ 4.00
Total S 4839 | §$ 62.11 | $ 120.78 S 71.86 | $ 29.27 | $ 332.40

* Costs associated with Underlying IT Infrastructure, Cyber Security, and Operational Telecommunications for the incremental
AMF investment are included in the AMF line item. The AMF costs correspond to a full year of spending for each of the five
project years, and do not align with the respective fiscal year. Please see the Company’s AMF filing for additional detail.

** A reduction in Feeder Monitoring Sensor costs is included as an avoided cost benefit for AMF rather than a reduction in cost
between cases.

As shown, there is a significant variation in the cost of Advanced Field Devices (i.e., Feeder
Monitoring Sensors, Advanced Capacitors & Regulators, Advanced Reclosers & Breakers)
between the Low and High DER scenarios. This is due to the fact that the Company assumed a
flexible plan of investments that will be reviewed and adjusted in the appropriate regulatory
forums. For example, rather than having a rigid long-term (10-year) deployment plan for
advanced field devices, the Company plans to deploy these devices on feeders where customer
DER adoption is expected to create distribution system issues (i.e., voltage, loading, and/or
protection), which can be addressed by grid modernization. In this way, the Company will
proactively identify needs and manage the implementation of the plan so functionalities are
delivered “just in time.” This flexible approach will maximize the realization of net benefits and
minimize the cost to ratepayers.

Therefore, the assumed number of customer adopted DERs in the future is an important
exogenous variable in the GMP. In the Low DER Scenario, the Company assumes a slower
adoption of DERs will drive a slower adoption of Advanced Field Devices each year, while in
the High DER Scenario, the deployment of Advanced Field Devices would need to increase
rapidly to address the larger number of system issues expected to be caused by the higher
adoption of DERSs. Details are presented in Section 5: Advanced Capacitors & Regulators.
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2.  Advanced Metering Functionality (AMF)

Background

Advanced Metering Functionality (AMF) is a foundational component of the GMP. As
stipulated by the 2018 Amended Settlement Agreement (ASA), the Company has developed an
Updated AMF Business Case to be filed in conjunction with this GMP for consideration and
approval by the PUC. The Updated AMF Business Case includes a comprehensive BCA, which
is consistent with the benefit-cost framework that the PUC adopted in its Report and Order in
Docket No. 4600 (Docket 4600 Framework)? and the PUC’s Guidance on Goals, Principles and
Values for Matters Involving the Narragansett Electric Company d/b/a National Grid (Docket
4600 Guidance Document).® The Updated AMF Business Case includes a request for cost
recovery, full implementation and program management plans, detailed data governance and
customer engagement plans, metrics and performance incentive mechanisms, and a time-varying
rate (TVR) overview.

For additional detail on AMF functionalities and how they integrate with the GMP to enable
customer empowerment, increase system efficiency, support resource diversity, and better
support integration of distributed generation (DG), please reference Section 7: AMF Roadmap
and Grid Modernization Integration of the GMP Business Case.

Goals and Objectives

The Company proposes full-scale deployment of AMF meters to its electric customers over
three-and-one-half years and ultimately to its gas customers over 10 to 15 years as their metering
is upgraded through the normal course of business and subsequently integrated into the AMF
network. Full deployment includes:

1) An integrated network of smart electric meters and gas modules capable of capturing
customer energy usage data at defined intervals and supporting grid-edge applications;

2) Two-way communications network and related information technology (IT)
infrastructure for transmitting the data and control signals that utilizes radio frequency
and cellular communications technology;

1 Amended Settlement Agreement, Docket Nos. 4770 & 47780, Report and Order No. 23823 (May 5, 2020),
http://www.ripuc.org/eventsactions/docket/4770-4780-NGrid-ComplianceFiling-Transmittal%20(August%2016,%202018).pdf;

2 See Investigation Into the Changing Electric Distrib. Sys. and the Modernization of Rates In Light of the Changing Distrib. Sys.,
Docket No. 4600, Report and Order No. 22851 (July 31, 2017).

3See Pub Util. Comm’n Guidance on Goals, Principles and values for Matters Involving the Narragansett Elec. Co.
d/b/a National Grid, Docket 4600-A (October 27, 2017) [hereinafter Docket 4600 Guidance Document].
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3) A meter data management system (MDMS), head end system (HES), IT platform, and
cyber security protections to securely and efficiently collect, validate, store and manage
the meter data; and

4) Customer systems including billing and the Customer Energy Management Platform
(CEMP) to provide energy usage data access, insights, and service offering to enable
customer energy management.

At the customer level, AMF technology will capture and transmit energy usage data through a
wireless communications network. This same information can also be communicated to in-
home/business devices directly from the electric meter. A network of communication devices
will be strategically placed throughout the service territory to collect meter data and transmit the
data through a backhaul network to the Company. The head-end system then processes the data
before it is transmitted to the MDMS, which performs data validation and generates the
appropriate billing determinants for each customer. This data will be processed by the Customer
Service System for billing and delivered to the CEMP, which will provide customer and
authorized third parties with access to energy consumption data, energy insights, and service
offerings.

The Company’s AMF solution proposal provides access to energy usage information for all
customer classes through three primary channels: 1) the CEMP, 2) Green Button Connect My
Data (GBC) that will be accessible from the CEMP, and 3) directly from the meter through a
customer’s home-area-network (HAN). The first two channels, CEMP and GBC, require meter
usage data transmission from the meter, through the end-to-end AMF solution, to the data
sharing platforms in the CEMP. Through this data process, the company will provide access to
15-minute electric data at a 30- to 45-minute latency and hourly gas data at an eight-hour

latency. Customers will have access to the CEMP through the web and their mobile devices.
The third channel provides optionality for customers to obtain real-time usage data directly from
the meter through a HAN. Electric AMF meters contain a physical radio and associated firmware
to provide a wireless signal to HAN devices for data transmission. Similar to how some WiFi
enabled electronic devices are connected in homes today through a wireless router, meters can be
paired* with in-home devices that customers or third parties deploy to share and display customer
data in real time. Customer data can also be made available to customers’ mobile devices,
leveraging HAN and third- party internet-based service offerings. A description and data latency
parameters for each of the channels are provided in Table 2.1 below.

4 For a customer to connect a HAN-related device to an AMF meter, the customer will first confirm the
eligibility/compatibility of the device with the AMF meter and then activate the device by logging into their secure
online account on the CEMP. Once logged in, the customer will navigate to the activation page, enter the applicable
device credentials, and receive an activation acknowledgment through encrypted channels. From there, the customer
may begin using his or her HAN device, such as an in-home display or home energy manager.
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Table 2.1: Customer Data Access Latency
Data Access Channel Description Data Latency
Customer Energy Enables access to customers’ own usage | e  For electric customers, 15-minute
Management Platform | data directly and ability to download it raw interval data will be available
(CEMP) for sharing with third parties every 30-45 minutes
Facilitates computer-to-computer e  For gas customers, one-hour raw
communication to allow for a standard interval data will be available every
Green Button Connect protocol by which authorized third eight hours
(GBC) parties can have direct access to a e This same information will be
customer’s data upon customer available at bill quality® data within
authorization 24 hours
Meter to Home-Area- Transmits data directly from meter to e Real-time raw energy usage data
Network (HAN) HAN

The AMF solution also includes remote metering capabilities, such as remote interval meter
reading and remote connect and disconnect functionality. These capabilities improve operational
efficiency by enabling the Company to reduce operations and maintenance (O&M) costs
associated with Automated Meter Reading (AMR), as well as investigations and visits to connect
and disconnect service. This will improve several aspects of the customer experience and
simplify tasks such as the move-in/move-out process.

Additionally, AMF provides customer and DER level interval energy usage information required
to support advanced pricing. This will allow for innovative rate designs that can better
accommodate and integrate DER by sending more accurate price signals to customers. These
price signals will improve performance of customer load management programs, which can be
used to shift energy consumption between time periods to reduce energy costs and/or alleviate
location specific constraints on the delivery system. Customers can then use this information to
make informed choices that are beneficial to themselves, as well as to the electric grid. For
example, an electric vehicle (EV) customer can choose to charge a vehicle during off-peak times,
when it is less expensive to do so and when the system has ample capacity, as reflected by lower
off-peak costs.

Benefits
AMF primarily provides Remote Metering, Customer Information, and Advanced Pricing

functionalities, while also supporting or enhancing a number of other key functionalities,
including Observability (Monitoring and Sensing), Power Quality Management, Distribution

> To generate “bill quality” data, a series of validation, estimation and editing functions are performed on the raw
data.
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Grid Control, Grid Optimization, and DER Operational Control.® AMF’s primary functionalities
result in a number of quantified benefit impacts that are summarized below.

Remote Metering

e OPEX Labor Efficiency:
o Avoided costs of AMR meter reading vehicles and personnel
o Avoided costs of meter investigations, visits to connect and disconnect service, and
service-related damage claims
o An outage management operational benefit that quantifies Company O&M savings
due to storm restoration efforts being more streamlined with more accurate data
from AMF

e Avoided Legacy OPEX Investments
o Avoided AMR annual software maintenance fees

e Avoided Legacy CAPEX Investments:

o Avoided costs of AMR hardware replacement and installation, which are
approaching end of life

o Avoided costs of associated with the continued operation of the current interval
meter system for large commercial and industrial customers (e.g., MV-90 interval
meter)

o Avoided Feeder Monitoring Sensor costs due to enhanced feeder monitoring
enabled by AMF

e Improved DER Experience by providing the interval energy and voltage data at the
customer level required for verification and settlement of DER services provided to or
received from the grid. AMF also enables the exchange of information and/or control
with in-home, business, or grid-connected DER technologies. In the future, this will
provide new opportunities for automated responses to TVRs. Included as a qualitative
benefit only.

e Reduced Customer Energy Use due to an incremental improvement (additional 1%
energy reduction) from volt-VAR optimization/conservation voltage reduction
(VVOICVR) using AMF granular voltage data when coupled with Advanced Capacitors
& Regulators, VVVO/CVR platform, and other supporting solutions.

e Reduced Outage Notification Time (when coupled with ADMS) by integrating AMF-
based autonomous outage notifications alerting the Company to trouble before receiving

& Descriptions of each functionality are provided in Section 5.5: Functionality and Benefit Impacts Assessment in the
GMP Business Case and in the Appendix document.
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customer outage calls. Integrating this functionality with the Company’s Outage
Management System (OMS) will reduce time from initial outage to Company
notification, and enhance the Company’s overall outage response capabilities.

Customer Information

e Reduced Customer Energy Use and System Capacity Requirements as a result of
customer action based on enhanced energy use insights (e.g., AMI-based High Bill
Alerts), integrating AMF with in-home energy saving technologies (e.g., in-home
displays, smart appliances), and responding to TVR to reduce demand for energy during
peak demand periods (Reduced System Capacity Requirements only), including
reductions in EV charging during peak periods.

Advanced Pricing

¢ Reduced System Capacity Requirements as a result of customer action based on
responding to advanced pricing to reduce demand for energy during peak demand
periods, including reductions in EV charging during peak periods. Advanced pricing
encourages customers to shift charging of EVs from on-peak to off-peak periods using
critical peak pricing (CPP) or other TVR structures.

e Reduced DG Curtailment:” Advanced pricing encourages customers to shift demand to
negative load periods when renewable power is most abundant (i.e., 7 am — 3 pm for
solar PV) under high customer DER adoption scenarios.

AMF’s primary functionalities also result in a number of important qualitative benefit impacts
that are summarized below.

Customer Information

e Improved Customer Choice & Control by enabling improvements in customer energy
usage information sharing, third-party information sharing, and access to third-party
service providers, which empowers customers to better understand and prioritize among
solutions to best manage energy usage and costs. When paired with Advanced Pricing,
customers will have the opportunity to respond to price signals and achieve even greater
savings.

" Quantified in a sensitivity analysis only.
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Advanced Pricing

e Improved DER Experience due to the ability to more precisely monetize the value of
DER to the system, which can improve the economics for DERs.

e More Equitable Cost & Benefit Allocation due to the ability to more precisely monetize
the value of DER to the system, which will enable the associated DER value to be more
representative of its costs and benefits to the grid. This will permit more effective
customer programs, such as more effective DR programs for peak load reduction or
energy storage for excess renewable energy utilization.

Specific benefits have been quantified in Section 8.4 Quantitative Benefit Cost Analysis or
described qualitatively in Section 8.6 Qualitative Assessment of the GMP Business Case. More
detailed AMF benefits are presented in the Updated AMF Business Case filing.

Schedule

The Company proposes a three-and-one-half year AMF meter deployment program as shown in
Figure 2.1. Phase one, which covers the first two years following regulatory approval and a
managed project ramp up, will address detailed design, remaining procurement activities, and the
installation and upgrade of the back-office systems. Phase two, which would begin in the last
quarter of phase one and run for approximately one year, focuses on deploying the
communication network. Phase three, which would commence after the completion of phase one,
involves the deployment of electric AMF meters over an 18-month period. As further illustrated
by the arrows in the bottom of the figure, the Company also plans to employ a robust Customer
Engagement Plan with activities occurring pre, during, and post meter deployment. The
Company has also provided an illustrative view of the anticipated timeline for development,
approval, and implementation of TVR as part of a separate docket. Additional detail on those
activities, as well as data governance, program management, reporting, metrics and risks can be
found in the Updated AMF Business Case filing.
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Figure 2.1: lllustrative Rhode Island AMF Deployment Timeline

Status

The Company has refined and updated the AMF Business Case as part of the ASA based on
extensive feedback from the GMP and AMF Subcommittee of the PST Advisory Group, updated
Company forecasts and research, updated cost inputs from the Company’s Request for Solution,
and the expanded application of the Docket 4600 Framework, among other things. Subcommittee
feedback was gathered through a series of stakeholder collaboration meetings which ran from
late 2018 to late 2020 and stakeholder review of materials during that time. Feedback from the
Subcommittee was used to enhance all components of the AMF proposal (e.g., Updated AMF
Business Case, AMF BCA, and all supporting attachments).

Major Tasks

In the updated AMF Business Case, the Company categorizes key cost elements into the four
segments below. More detailed information can be found in Section 8.3 of the Updated AMF
Business Case.

1. AMF Meter and Installation Costs
This category includes the cost of smart electric meters, their installation, an inventory of
meters, and the necessary support infrastructure. Gas module roll-out will follow the
timeline of business-as-usual gas meter replacement. Thus, gas module costs fall within
the ISR filing and the incremental cost of the AMF-enabled gas modules is zero. Because
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this incremental cost is zero, there is no BCA element associated with the purchasing or
installation of gas modules.

2. Communications Network Equipment and Installation Costs
This category includes the communications network equipment, its installation, and the
associated backhaul network costs for transmitting meter data.

3. Platform and Ongoing IT Operations Costs
This category includes the total cost of an IT platform for data collection, monitoring and
control of the communication system; an expanded cyber security system; MDMS and
HES; an analytics platform to convert raw data into intelligent information for use in
decision making by customers and the Company; and customer engagement solutions.

4. Customer Systems including Billing and CEMP Costs
This category includes the cost of customer systems: comprehensive customer
engagement, project management, ongoing business operations, equipment and
installation refresh, and TVR implementation and administration.

Cost Estimate

Table 2.2 presents the 5-year cost estimates for the “AMF Opt-out, RI+NY” option described in
detail in the Updated AMF Business Case filing. Additional cost estimates for other options are
presented in the Updated AMF Business Case filing. The Company estimates investing $192
million through the first five years of the project. The costs would be recovered through the
Company’s rate case filings or through a separate AMF docket. Note that the Company also
performed planning work from FY 2019 through FY 2021 to ensure the Company is fully
prepared to execute the projects. This work is being performed utilizing existing resources in the
current Multi-Year Rate Plan (MRP). An overview of the work completed to date is provided in
Section 4.1: 2017 Rate Case Funding for Grid Modernization in the GMP Business Case.
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Table 2.2: AMF Cost Estimates for Opt-Out, RI+NY — 5-Year Plan

Advanced Metering Functionality, $

i *
million ($2020) Yr1 Yr 2 Yr3 Yra Yr5 5-Yr Tot

AMF Meter and Installation CAPEX S 010 S 181 | S 6812 | S 3562 S - $ 105.65

AMF Meter and Installation OPEX S - S - S 180 | S - S - $ 1.80

Communications Network Equipment

and Installation CAPEX > ) > 005) 5 2065 1085 ) 3 319

Communications Network Equipment S ) S ) $ 005|¢6 008|$ 008|¢ 021

and Installation OPEX
Platform and Ongoing IT Operations

$ 634|S 518 | S 091|S$ 057 S 100 | $ 14.00

CAPEX
g'sg‘(’rm and Ongoing IT Operations | « ) el ¢ 408 | ¢ 457 | ¢ 246 | ¢ 253 | ¢ 19.20
E!?;form and Ongoing IT Operations $ i $ i S 119|¢ 157| ¢ 132|¢ 408

Customer Systems including Billing
and CEMP CAPEX

Customer Systems including Billing
and CEMP OPEX

Total $ 2124 | $ 2551 | $ 8833 | $ 49.05 | $ 7.54 | $191.67

$ 124| S 857 |S$ 290 |S$ 233|S 011 ]| $ 15.15

S 890 | S 492 | S 673|S$ 534S 250 | $ 2839

*The AMF costs correspond to a full year of spending for each of the five project years, and do not align with the Company’s
fiscal year. Please see the Company’s AMF filing for additional detail.

3. Rhode Island System Data Portal

Background

The Company developed the Rhode Island System Data Portal (Portal) to promote the sharing of
information with DER providers and others. The Portal provides relevant distribution planning
information and electric distribution system data intended to encourage DER integration in the
most advantageous and cost-effective locations. The Portal is a web-based application & and
currently provides the following information.
¢ Company Reports: planning process and criteria, load forecasts, and completed
distribution planning studies
e Distribution Asset Overview: geographic overview of distribution feeders including
technical specifications of feeders and substations
e Heat Map: geographic representation of feeder loading

8 The System Data Portal can be accessed online via National Grid’s public landing page,
https://www.nationalgridus.com/Business-Partners/RI-System-Portal
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e Hosting Capacity: geographic representation of DER hosting capability by distribution
feeder

e Sea Level Rise: identifying areas impacted by potential coastal flooding

e Non-Wires Alternatives (NWAS): link to National Grid’s central NWA website which
contains a list of NWA opportunities and any RFPs soliciting NWA solutions

Figure 3.1 presents a screen shot from the Heat Map tab on the System Data Portal. From this
opening view the user can zoom to or select a specific location and get more detailed
information.

Figure 3.1: Rhode Island System Data Portal Heat Map View

The Portal is already in service. The initial version of the Portal was established through the
Company’s System Reliability Procurement (SRP) program and went live on June 30, 2018.
Information on the Portal is refreshed periodically (i.e., monthly for some elements and annually
for others) and is enhanced as new information becomes available. Stakeholder engagement and
new enhancements to the Portal are proposed and funded through the SRP. Normal maintenance
work and salaries of staff that support the Portal were included in the 2017 Rate Case.
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Goals and Objectives

The Company considers the Portal to be an important investment to align with developers’ and
other stakeholders’ desire for improved data and transparency to Company planning information.
The content of the Portal is expected to expand and evolve over time as new tools, data, and
analysis are developed. Determining what data to share on the Portal is a collaborative process.
As the need for data sharing grows along with technological advancements and interest from
third parties, the Company continues to collaborate with relevant stakeholders through SRP
stakeholder sessions. The Company looks forward to additional collaboration and discussion
with all interested parties to continue to explore future data sharing opportunities.

Benefits

The Portal primarily provides Distribution System Information Sharing functionality, meaning it
enables improved DER location selection, streamlined DER interconnections, and better
customer and third-party information sharing and services by showing customers and DER
providers where potential cost-effective interconnection locations are on the distribution system.
t

This functionality creates two qualified benefit impacts: Improved Customer Choice & Control
and Improved DER Experience. The Portal will achieve these two qualified benefit impacts by
clearly communicating to customers and third party DER markets where and when DERs
provide the most value to the grid and are likely to have lower costs and other barriers to
interconnect. This will help optimize existing DER investments, facilitate new ones, and
enhance DER offerings, increasing the value of programs including DG, energy storage, EV,
EHP, DR, and enabling customers to better prioritize among solutions. Although studies are still
required, the Portal information facilitates DER siting in grid-beneficial locations through non-
price signals with the aim of reducing distribution system costs and lower rates for customers.
The Portal’s benefits support objectives and goals that span multiple efforts, including the
Docket 4600 Guidance Document, National Grid’s Net Zero by 2050 Plan, and the GMP’s third
objective to “build a flexible gird to integrate more clean energy generation”.

Specific benefits have been quantified in Section 8.4 Quantitative Benefit Cost Analysis or
described qualitatively in Section 8.6 Qualitative Assessment.

Schedule
The Company anticipates a continued sustained investment in the Portal through 2030 to

maintain and expand the Portal’s capabilities over time based on stakeholder engagement
through the SRP and presentations to the local DER community.
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Status

The Portal is already in a mature state. The Company recovered the costs for tasks associated
with the Initial Version of the Portal, and the Initial Version of the Hosting Capacity Map
through the 2018 SRP Report filing. The Company is currently recovering operational and
maintenance expense for full implementation and continued support costs for the Portal through
base distribution rates approved as part of the ASA in Docket No. 4770. The Company added
two full-time equivalents (FTES) to its workforce in Rate  Year 1, including one incremental
FTE in the Asset Data & Analytics group in December 2018 and one incremental FTE in
Distribution Planning & Asset Management in June 2019.

Major Tasks

National Grid will continue to maintain and enhance the Portal’s hosting capacity maps. The
Portal currently displays several distribution system parameters, including voltage class, feeder
load, level of interconnected and proposed DG, substation 3VO status, and maximum and a
minimum hosting capacity value for each feeder analyzed. The Company is analyzing sub-feeder
level hosting capacity information to be added into the maps to further increase the granularity of
data and provide locational-specific information to better inform DG developers. Additionally,
proposed future grid modernization compliance reports that include metrics intended to measure
and enable a transparent assessment of the Company’s progress and effectiveness of GMP
implementation in key areas of interest to customers, regulators, and stakeholders, will be added
to the Company Reports tab. Details are provided in Section 6.2: Reporting Metrics of the GMP
Business Case.

The Company estimates continued employment of two FTES to manage the Portal and one
additional FTE to manage the development of future grid modernization compliance data and
reports. The previously hired FTEs will work with the new FTE and other subject matter experts
at the Company to continue to update information on the Portal.

Cost Estimate

Table 3.1 presents the 5-year cost estimates for the Portal investment. The Company estimates
investing $3.5 million through FY26 for continued employment of two FTEs to manage the
Portal and one additional FTE to manage the development of future grid modernization
compliance data and reports. Support costs to manage the development of future grid
modernization compliance data and reports will be recovered through the Company’s future rate
case filings. Enhancements to the Portal will be proposed through the SRP, although no new
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enhancements are currently planned.® An overview of the work completed to date is provided in
Section 4.1: 2017 Rate Case Funding for Grid Modernization in the GMP Business Case.

Table 3.1: System Data Portal Cost Estimates — 5-Year Plan

System Data Portal, $ million ($2020) yri Yr2 Yr3 yrd Yrs >-¥r Tot
t4 ! FY 2022 FY 2023 FY 2024 FY 2025 FY 2026 FY22-26
System Data Portal OPEX S 070|$ 070 S 070|S$ 070 S 070 S 3.50

4.  Feeder Monitoring Sensors

Background

The dynamic impacts of DER on the distribution system’s performance require a granular
understanding of situational awareness to assure service is maintained within acceptable service
quality standards in an efficient manner. In the absence of data, operators and distribution system
planners must make conservative assumptions with respect to the coincidence of load and DER
operation. This leads to more restrictive hosting capacity assessments and less than optimal
operational actions. Feeder Monitoring Sensors (Sensors) provide more accurate data for hosting
capacity and maximum loading (i.e., heat map) calculations, which benefit DG and other DER
providers (e.g., EV charging stations) looking for the most economical locations for their
projects. Without the proposed investment in Sensors, interconnection studies would require
substantial limitations on future DER interconnection applications. In addition, the near real-
time power measurements provided by these sensors enable the Company to better manage the
distribution system, including better VVVO/CVR strategies to benefit customers.

Goals and Objectives

Achieving the goals of the GMP will require interval monitoring on all primary distribution
feeders, at least at the head of the feeder (i.e., at or near the substation) for compliance with
voltage and protection requirements as customer DER adoption grows. The Company’s standard
practice for several years has been to deploy remote interval monitoring and control for new
substations and feeders as part of the Company’s Energy Management System (EMS) Program.©
Substation interval power monitoring has been deployed on approximately 65% of feeders in
Rhode Island, but progress has been slow on the remaining 35% of feeders because the
remaining substations require additional work beyond simple EMS infrastructure. For this

® New enhancements are expected to originate from collaborative consultation between National Grid and external
stakeholders.

10 The Company’s EMS Program is an effort to enable remote control and data acquisition on a variety of substation
equipment (e.g., breakers, regulators, transformers), which can be managed by the Company’s EMS.
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reason, the Company has not installed a new substation interval power monitor since 2017, and
there remain over 100 feeders without interval power monitoring or the ability to monitor
performance remotely. Sensors are a cost-effective method of measuring current, voltage, and
real and reactive power until this additional EMS work can be completed.

Therefore, the Company proposes to install Sensors to provide interval monitoring in concert
with other Advanced Field Devices (i.e., Advanced Capacitor, Regulators, and Reclosers) to help
manage capacity and voltage along individual distribution feeders. This will allow the
distribution system to be operated in a more efficient manner and result in lower costs to all
National Grid customers through optimization.

The Company has reviewed and tested multiple types and styles of Sensor packages. The three-
phase equipment package the Company is currently pursuing includes line-post sensors built into
post insulators on a pole top; a control relay (i.e., controller) for processing the voltage, current,
and power quantities; and a cellular radio to wirelessly transmit the data back to the data
concentrator located at the Company’s Distribution Control Center. Figure 4.1 presents a
summary of key feeder monitoring sensor components.

Figure 4.1: Feeder Monitoring Sensor Key Components

Benefits

Sensors provide Observability (Monitoring and Sensing) functionality, which enables system
planners and operators to design and operate the distribution system in a more flexible and
efficient manner. This functionality is a foundational element and supports all other key
functionalities described in Section 5.1.4: Functionality and Benefit Impacts Assessment of the
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GMP Business Case.” Power Quality Management functionality results in the quantified benefit
impact summarized below.

e Reduced Customer Energy Use and System Capacity Requirements (when coupled with
Advanced Capacitors & Regulators, VVVO/CVR platform, and other supporting solutions)
by enabling the system operator to manage voltage impacts of renewable DERs and
operate distribution feeders at lower overall voltages (within ANSI limits) to reduce
electricity consumption and peak demand from customer appliances

Sensors, in combination with other grid modernization investments, enable the Company to
ensure voltage and loading compliance across all times of a year in areas of the distribution
system with high levels of DER penetration. Voltage compliance and load management are
fundamental utility requirements for safe and reliable electric service. However, the Plan allows
these fundamental requirements to be integrated over time to maximize net benefits and realize
new functionalities where and when they are needed.

Specific benefits have been quantified in Section 8.4 Quantitative Benefit Cost Analysis or
descried qualitatively in Section 8.6 Qualitative Assessment.

Schedule

Sensors will be installed at strategic points on a feeder to obtain real-time visibility into power
quality. Sensor data will assist the Company in making sure the best technical decisions are
recommended to benefit customers and grid assets. Estimated Sensor deployment schedules are
included in the Schedule subsection within Section 5.1.4: Advanced Capacitors & Regulators.

Situational awareness will be augmented with information from field equipment other than
Sensors, including advanced controllers that the Company has already begun utilizing on
reclosers, capacitors and regulators. This consideration has informed and reduced the scope of
these Sensors to head-end and remote-end sensors only. Also, AMF meters can provide interval
power monitoring at the customer level or at remote-ends of the feeders. If AMF meters are
deployed, Sensor deployment can be further reduced to head-end sensors only.t* This scope
reduction will be incorporated into the actual designs and final deployment schedules as they
occur. The Company will present these updated designs for PUC approval through annual
Infrastructure, Safety and Reliability (ISR) Plans. The Company believes it is important to have
primary-level interval monitoring at least at the feeder head-end integrated with SCADA for
compliance with voltage and protection regulations. Any monitoring needs downstream will
consider the relative costs and benefits of primary monitoring, or the utilization of aggregated
secondary monitoring through AMF.

11 A reduction in Sensor costs is included as an avoided cost benefit for AMF rather than a reduction in cost between
the Grid Mod Only and Full Grid Mod cases.
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Status

The Company does not have any active programs to install Sensors specifically targeting areas
with significant levels of DER penetration, where these capabilities can be leveraged to support
the efficient operation of a distribution system with high amounts of DER. However, the
Company has deployed 44 Sensors on 19 feeders from 6 substations in Rhode Island as part of
the Company’s VVO/CVR Pilot program. Deployment on an additional 14 feeders is anticipated
through the Company’s VVVO/CVR program in the FY 2021 ISR Plan.

Major Tasks

The locations and specifications of field devices will first be proposed, scoped, and sanctioned
based on area studies and cost-benefit estimates using Company forecasts and feeder-level
information, including expected future DER interconnections, VVO/CVR energy savings,
reliability improvements, and other customer benefits. Next, long lead-time equipment orders
will be placed and the Company will work with equipment vendors to configure the field devices
according to the specified requirements. Project Plans will include procurement, office testing,
constructability reviews, training, installation, programming, field testing, and measurement and
verification (M&V) of the full system.

Cost Estimate

Table 4.1 presents the 5-year cost estimates for the Sensor investment under the High and Low
DER customer adoption scenarios. These costs are for the Grid Mod Only Case. In the Full Grid
Mod Case, these costs would effectively be reduced by 67% due to the ability of AMF meters to
replace two of the three sensors estimated for each feeder (i.e., two remote-end sensors). The
Company estimates investing between $6.8 and $11.8 million through FY 2026, depending on
customer DER adoption. The costs estimates shown include CAPEX, OPEX, and RTB costs
including Telecoms RTB, which accounts for the cost of third-party cellular fees necessary to
communicate with the device’s radio.?

12 Telcom RTB costs are gradually reduced starting in FY25 as the OpTel Strategy investments enable the Company to operate a
private cellular network.
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Table 4.1: Feeder Monitoring Sensors Cost Estimates — 5-Year Plan (Grid Mod Only Case)

Feeder Monitoring Sensors, Yrl Yr 2 Yr3 Yr4 Yr5 5-Yr Tot
S million ($2020) FY 2022 FY 2023 FY 2024 FY 2025 FY 2026 FY22-26
High DER Scenario
Sensors CAPEX S 0.46 S 2.50 S 2.50 S 2.50 S 2.50 $ 10.44
Sensors OPEX S 0.04 S 0.24 S 0.24 S 0.24 S 0.24 S 0.99
Sensors RTB S - S 0.01 S 0.05 S 0.09 S 0.13 S 0.28
Sensors Telecom RTB S - S 000 |S$S 002 |S$ o001|S 001 ]|S o0.05
Total S 0.51 S 2.74 S 2.80 S 2.83 S 2.87 S 11.76
Low DER Scenario
Sensors CAPEX S 046 S 1.39 S 1.39 S 1.39 S 1.39 $ 6.01
Sensors OPEX S 0.04 S 013 S 0.13 S 0.13 S 0.13 $ 0.57
Sensors RTB S - S 0.01 S 0.03 S 0.05 S 0.07 $ 0.16
Sensors Telecom RTB S - S 0.00 S 0.01 S 0.01 S 0.00 $ 0.03
Total $ 0.51 $ 1.53 $ 1.56 $ 1.58 $ 1.60 S 6.77

The investment estimate above covers a broad range due to the uncertainty in the level of
customer DER adoption and the resulting distribution system issues. Therefore, the Company
will present the actual deployment plan and request for cost recovery through the Company’s
annual ISR Plan filings.

5.  Advanced Capacitors & Regulators

Background

For a customer’s electrical equipment to operate as expected, it must be connected to a source
that is operating within an allowable voltage range. Generally, acceptable voltages are +/- 5% of
a defined nominal value. For example, nominal delivery voltage may be 120 volts for a
residential customer with an acceptable range of 114 to 126 volts. Coincident voltages along the
distribution system will vary by location on the feeder, and the voltage at any delivery point will
also vary with time.

In the past, voltage regulation was relatively predictable. With one-way power flows, voltage
tended to “drop” from the head-end of the feeder to the remote-ends of the feeder due to the
resistance of the wires and the distribution of load along them. Key variables for distribution
planners to consider in determining how much voltage drop to plan for were a feeder’s load
profiles and electrical impedance. To compensate for this voltage drop, capacitors and voltage
regulators have traditionally been installed to boost the voltage to stay within the required
voltage range. For capacitors, a planning rule of thumb was to install “Fixed” capacitors (which

212



THE NARRAGANSETT ELECTRIC COMPANY
d/b/a NATIONAL GRID

RIPUC Docket No. 5114

In Re: Grid Modernization Plan (GMP)
Implementation Plan

Attachment A

Page 22 of 102

are always on) to accommodate the voltage drop at minimum load levels and “Switched”
capacitors to compensate for voltage drops at peak load levels. Since electrical resistance of the
system and the load cycles were very predictable, the control settings on capacitors and
regulators were simple, autonomous, and only needed to be adjusted occasionally in concert with
periodic planning reviews. An example of a simple time clock control is shown in Figure 5.1
along with a new programmable-type control unit.

> >
Figure 5.1: Time Clock Control & New Programable Logic Control Components

However, these simple autonomous settings will be insufficient to maintain compliance with
voltage standards for feeders with a high level of intermittent renewable DG and two-way power
flows. Specifically, generation-based DERSs, such as solar and wind DG, are forecasted to create
overvoltage during light load periods, while load-based DERs, such as EV charging, are
forecasted to create under-voltage issues during peak load periods. Figures 5.2 and 5.3 show
examples of under-voltage and overvoltage issues forecasted by 2030 on specific Rhode Island
feeders under the High DER Scenario. These voltage compliance risks are projected to be
prevalent across seasons, months, weeks, and days in the future under both the High and Low
DER scenarios. While the examples provided in Figures 5.2 and 5.3 present voltage issues the
Company anticipates will be systemic by the year 2030, these issues are arising in isolated areas
already. Likewise, voltage constraints are being identified in interconnection studies and are
limiting hosting capacity for many new interconnection applications.
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Figure 5.2: Example Overvoltage and Under-Voltage Risks
(Feeder — 34F1; Forecast Year — 2030; Scenario — High DER; Voltage basis —
120V nominal, ANSI normal +/- 5% = 126V upper limit, 114 V lower limit)
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Load Swing, Modeled Week of January 21-27 2030
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Figure 5.3: Example Sub-Transmission Overvoltage and Under-Voltage Risks Within Same Day
(Line —2221; Forecast Year — 2030; Scenario — High DER; Voltage basis —
120V nominal, ANSI normal +/- 5% = 126V upper limit, 114 V lower limit)

To alleviate these issues, the proposed Advanced Capacitors & Regulators would adjust system
voltages up and down in a dynamic manner to accommodate the variable output of DER
technologies. For example, as solar DG output increases system voltage, capacitors would
switch off and regulators would adjust tap positions to accommodate the voltage change within
the acceptable range. As solar DG output decreases and residential EV charging increases in the
evening, the capacitors would switch back on and the regulators would readjust to address the
voltage drop.

Goals and Objectives

The Company plans to upgrade capacitor and regulator controls and install Sensors to
sufficiently meet ANSI voltage standards even under high levels of intermittent renewable DG
and two-way power flows. Centralized processing and control of these devices will be
incorporated into the Company’s ADMS to maximize benefits from the advanced capacitor and
regulator functionalities. The Company has developed a minimalist approach to near-term
capacitor replacement focusing on existing capacitor and regulator units and a small number of
new units. The Company is also considering future technology in its deployment plans with
scaling possibilities. For example, faster response times and more granular voltage control may
be necessary as DER accumulates on the system and the voltage issues compound. Certain
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DERs with advanced controls from power electronic devices (e.g., smart inverters) and a
communication path to the utility could be used to mitigate their own voltage impacts as well as
support the system’s voltage needs. The projected deployment of Advanced Capacitors &
Regulators allows for the DER technology, including contractual and communication details, to
be developed in parallel. The Company will continue to monitor and encourage the development
and deployment of power electronic based devices such as smart inverters, static-var
compensators and other developing technologies; and scale the proposed capacitor and regulator
deployment down, if necessary, at the appropriate time.

Beyond compliance with existing voltage regulation standards, the Company plans to continue to
seek opportunities to gain system efficiencies and customer energy savings through VVO/CVR
where it is cost beneficial to do so. The advanced controllers the Company is proposing to
utilize on all new capacitors and regulators can integrate within a VVVO scheme and will facilitate
the deployment of VVVO/CVR on all targeted feeders. Where advanced controllers already exist
on a feeder, the marginal cost to deploy VVO/CVR includes the integration costs of the
centralized VVVO controller and optimization engine and any additional remote-end Sensors at
select locations on the feeder. Looking towards the future, the Company is investigating how
customer owned devices (e.g., smart inverters, AMF meters) may be able to be integrated to
assist or improve efficiency even further. In addition, a DERMS is anticipated in the later-part of
the 5-year Plan to enable DER integration in voltage management to address local grid
constraints. Details are provided in Section 14: Distributed Energy Resource Management
System (DERMS).

Benefits

Advanced Capacitors & Regulators, along with ADMS-based voltage control and a VVO/CVR
platform, provide Power Quality Management functionality and support or enhance a number of
other key functionalities, including Observability (Monitoring and Sensing), Distribution Grid
Control, Grid Optimization, and DER Operational Control.” Power Quality Management
functionality results in two quantified benefit impacts summarized below.

e Reduced Customer Energy Use and System Capacity Requirements (when coupled with
Sensors, VVO/CVR platform, and other supporting solutions) by enabling the system
operator to manage voltage impacts of renewable DERs and operate distribution feeders
at lower overall voltages (within ANSI limits) to reduce electricity consumption and peak
demand from customer appliances
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e Avoided D-System Infrastructure Cost (when coupled with Advanced Reclosers &
Breakers, ADMS, VVO/CVR platform, and other supporting solutions) due to the ability
of the system operator to autonomously or remotely control power flows on the
distribution system, by maintaining voltage compliance across all times of a year and
across the distribution system with various levels of DER penetration, rather than
investing in traditional “wires” solutions (e.g., reconductoring, substation upgrades) to
relieve thermal or voltage constraints due to DER adoption

Voltage compliance is a fundamental utility requirement for safe and reliable electric service.
The Plan allows this fundamental requirement to be integrated over time to maximize net
benefits, including customer energy savings, and realize new functionalities where and when
they are needed. Without the ability to manage voltage more granularly, interconnection studies
would impose substantial limitations on the pending DER, including for example, requiring
expensive system upgrades or reducing the size of the DER that can be interconnected, which
could make many DER projects uneconomic.

Specific benefits have been quantified in Section 8.4 Quantitative Benefit Cost Analysis or
descried qualitatively in Section 8.6 Qualitative Assessment.

Schedule

The scale and timing of the deployment of Advanced Capacitors & Regulators will be driven by
needs identified through distribution planning studies and DER interconnection studies. The
near-term deployment of these devices will be targeted to those areas and feeders with existing
DER penetration and the greatest voltage compliance risk. Analysis has shown that the greatest
compliance risk is on relatively long radial feeders supplied by the subtransmission system,
especially 15kV substations and feeders. As shown in the hosting capacity map in Figure 5.4,
these feeders are predominantly located in the western part of the state, but they are becoming
more prevalent in other areas as well. Focusing on the feeder-level hosting capacity, particularly
for subtransmission sourced feeders, and observing DER pending applications will inform the
long-term deployment scope and schedule.

13 In Rhode Island, the subtransmission system includes distribution circuits typically between 15kV class and 35kV class, which
can supply other distribution substations, large DG, or customers with high electric loads
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Figure 5.4: Rhode Island System Data Portal Hosting Capacity Map
(red hosting capacity means limited DER interconnection potential)

In considering the system needs through 2030, the Company assessed multiple scenarios with
varying levels of DER penetration including DG and electrification of transportation and heating
sectors. This assessment resulted in a range of possible DER deployment volumes over the
period. While actual deployments in each annual ISR Plan submittal will be determined based
on the current and near-term need, the results of the GMP assessment expects deployment to fall
between the Low and High DER scenarios. Details for each scenario are presented in Section
3.2: Future State Scenarios of the GMP Business Case. The range of expected Advanced Field
Devices and supporting system deployments needed to effectively manage voltage in the future
is presented below for the Low DER and High DER scenarios.
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Low DER Scenario

The Low DER Scenario would upgrade feeders served by approximately five substations per
year. This is roughly equivalent to 20 feeders per year. The effort would focus first on
subtransmission sourced feeders (25-30% of the system) with high DER penetration, and then 15
kV transmission sourced feeders (30-35% of the system) with high DER penetration. These
annual investments are assumed to start in FY 2023 and continue through FY 2031. FY 2022
investments are assumed to be a more moderate deployment of two substations and 12 feeders
through the Company’s VVVO/CVR Pilot program. Total deployment from FY 2022-2031 is
estimated to reach 47 substations and roughly 192 feeders (approximately 50% of the system).

e Voltage Compliance Investments FY 2023-2031

o Sensors — 20 devices per year (see Section 4: Feeder Monitoring Sensors)

o Advanced (Distribution) Capacitors — 50 devices per year

o Advanced (Station) Regulators — 60 devices per year

o ADMS -enabled by FY 2024 (see Section 8: Advanced Distribution Management
System)

o DERMS -enabled by FY 2027 (see Section 14: Distributed Energy Resource
Management System)

e Voltage Optimization Investments FY 2023-31
o Additional Sensors — 40 devices per year in the Grid Mod Only Case (see Section 4:
Feeder Monitoring Sensors)*
o VVO Central Control — up to 5 substations per year (see Section 12: Volt-Var
Optimization/Conservation Voltage Reduction)

High DER Scenario

The High DER Scenario would upgrade feeders served by approximately nine substations per
year or approximately 36 feeders per year. The effort would focus first on 15kV subtransmission
sourced feeders (25-30% of the system) with high DER penetration, and then 15 kV transmission
sourced feeders (30-35% of the system) with high DER penetration, and finally, the rest of the
feeders from all remaining substations (35-45% of the system). These annual investments are
assumed to start in FY 2023 and continue through FY 2031. FY 2022 investments are assumed
to be a more moderate deployment of two substations and 12 feeders through the Company’s
VVO/CVR Pilot program. Total deployment from FY 2022-2031 is estimated to reach 83
substations and roughly 336 feeders (approximately 90% of the system).

14 Following the deployment of AMF under the Full Grid Mod Case, it is anticipated that the use of secondary metering will
eliminate the need for the additional feeder monitoring sensors. This will be evaluated and verified during the detailed design
associated with the implementation of ADMS and the capabilities of the selected AMF vendor.

219



THE NARRAGANSETT ELECTRIC COMPANY
d/b/a NATIONAL GRID

RIPUC Docket No. 5114

In Re: Grid Modernization Plan (GMP)
Implementation Plan

Attachment A

Page 29 of 102

e Voltage Compliance Investments FY 2023-2031

o Sensors — 36 devices per year (see Section 4: Feeder Monitoring Sensors)
Advanced (Distribution) Capacitors — 90 devices per year

Advanced (Station) Regulators — 108 devices per year

ADMS - enabled by FY 2024 (see Section 8: Advanced Distribution Management
System)

DERMS - enabled by FY 2027 (see Section 14: Distributed Energy Resource
Management System)

O O O

o

e Voltage Optimization Investments FY 2023-2031

o Additional Sensors — 72 devices per year in Grid Mod Only Case (see Section 4:
Feeder Monitoring Sensors)

o VVO Central Control — up to 9 substations per year (see Section 12: Volt-Var
Optimization/Conservation Voltage Reduction)

Status

The Company does not have any active programs to install Advanced Capacitors & Regulators
specifically targeting areas with significant levels of DER penetration, where these capabilities
can be leveraged to support the efficient operation of a distribution system with high amounts of
DER. However, the Company has deployed 122 advanced capacitors and 52 advanced
regulators on 19 feeders from 6 substations in Rhode Island as part of the Company’s VVO/CVR
Pilot program. Deployment on an additional 14 feeders is anticipated through the Company’s
VVO/CVR program in the FY21 ISR Plan.

Major Tasks

The locations and specifications of field devices will first be proposed, scoped, and sanctioned
based on area studies and cost-benefit estimates using Company forecasts and feeder-level
information, including expected future DER interconnections, VVO/CVR energy savings, and
other customer benefits. Next, long lead-time equipment orders will be placed and the Company
will work with equipment vendors to configure the field devices according to the specified
requirements. Project Plans will include procurement, office testing, constructability reviews,
training, installation, programming, field testing, and M&V of the full system.

Cost Estimate
Table 5.1 presents the 5-year cost estimates for the Advanced Capacitor & Regulator investment

under the High and Low DER customer adoption scenarios. The Company estimates investing
between $24 and $41 million through FY 26, depending on customer DER adoption. The costs
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estimates shown include CAPEX, OPEX, and RTB costs including Telecoms RTB, which
accounts for the cost of third-party cellular fees necessary to communicate with the device’s
radio.®®

Table 5.1: Advanced Capacitors & Regulators Cost Estimates — 5-Year Plan

Advanced Capacitors & Yrl Yr2 Yr3 Yra Yr5 5-Yr Tot
Regulators, $ million ($2020) FY 2022 FY 2023 FY 2024 FY 2025 FY 2026 FY22-26
High DER Scenario
Capacitors & Regulators $ 284 |$ 851 | ¢ 851 |$ 851 |$ 851 | $ 36.86

CAPEX

Capacitors & Regulators OPEX | $§  0.27 S 081 S 081 S 081 S 081 $ 3551

Capacitors & Regulators RTB S - S 0.02 S 0.06 S 0.09 S 0.13 S 0.30

Capacitors & Regulators

Telecom RTB S - S 0.01 S 0.05 S 0.02 S 0.02 S 0.10

Total S 3.11 S 9.35 S 9.42 S 9.43 S 9.46 S 40.77
Low DER Scenario

Capacitors & Regulators $ 284 | $ 473 |'$ 473 |S 473 |$ 473 | $ 2174

CAPEX

Capacitors & Regulators OPEX | § 0.27 S 0.45 S 0.45 S 0.45 S 045 S 2.07

Capacitors & Regulators RTB S - S 0.02 S 0.04 S 0.06 S 0.08 S 0.21

Capacitors & Regulators s - $ 001 [$ 003 | $ 001 |$ 001 |$ 007

Telecom RTB

Total S 311 S 5.21 $ 5.25 $ 5.25 $ 5.27 S 24.09

The investment estimate above covers a broad range due to the uncertainty in the level of
customer DER adoption and the resulting distribution system issues. Therefore, the Company
will present the actual deployment plan and request for cost recovery through the Company’s
annual ISR Plan filings.

6. Advanced Reclosers & Breakers

Background

In addition to voltage management, the Company provides safe and reliable service by ensuring
equipment is operated within its rated capacity and that faults on the system are cleared in a
fashion that prevents damage to equipment and interrupts service to as few customers as
possible. Increasing customer DER adoption adds complexity to managing distribution system
loading and the protection systems.

15 Telcom RTB costs are gradually reduced starting in FY25 as the OpTel Strategy investments enable the Company to operate a
private cellular network.
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The distribution system has traditionally been built to ensure adequate capacity is available at all
times by building the necessary distribution system capacity to accommodate forecasted peak
loading on extreme weather days in accordance with the Company’s planning criteria.’® By
designing the system to meet these worst-case scenarios, day-to-day load management was not
historically necessary for distribution grid management. However, the coincidence of DER
injections with traditional load shapes is not well aligned, and DER can be located in less
capable areas of the system resulting in possible overloads in the reverse direction under light
load conditions.

The protection systems that detect and isolate sections of a feeder during fault conditions were
also designed with one-way power flow assumptions. These protection systems rely on high
levels of fault current to operate very quickly, generally in less than one second. The higher the
fault current, the faster a protective device must operate to clear the fault and de-energize the
faulted sections from any source that could contribute fault current into the fault. With DG, there
are many more sources of fault current from parallel paths. Contributing fault current from
multiple directions can desensitize the protection systems and result in slower operation and
increased risk. Fault current levels and the clearing time of protection systems are the
determining factors in the amount of damaging energy released during a fault or arc fault. Arc
flash analysis is performed to evaluate the amount of available energy occurring during a fault
and to determine appropriate work practices and personal protective equipment for worker
safety.

In the very near future, as customers more actively manage their loads and as levels of DER
injections increase, loading and system protection issues will need to be monitored and adjusted
more frequently due to the more dynamic nature of a distribution system. Similar to voltage
management, the increasing complexity of the grid will require a transition away from simple
autonomous controls to control schemes that are integrated across an entire feeder. As the
number of sources for fault current increases and becomes more dynamic due to the distributed
and intermittent nature of DER, the protection schemes employed will need to become more
dynamic and integrated as the contributions to fault current change across seasons, months,
weeks, and days.

Legacy Technology

Reconfiguration of the distribution system to redistribute loads generally requires the dispatch of
line crews to manually operate switches and other field devices. There is currently limited
functionality to remotely or automatically rearrange the distribution system for loading issues in
Rhode Island. Any system rearrangement to address forecasted loading concerns is planned well
in advance and is typically associated with nearby construction needs to increase capacity.

16 Planning criteria is described in the Company’s Distribution Planning Guide available on the Rhode Island System Data Portal,
http://ngrid-ftp.s3.amazonaws.com/R1SysDataPortal/Docs/Distribution_Planning_Criteria.pdf
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Crews are dispatched to recloser and switch locations to receive verbal communications from the
Distribution Control Center.

The protection system consists of breakers, reclosers, and fuses. Protection devices operate
automatically and are coordinated through device settings and standard fuse sizes under fault
conditions. The settings and fuse sizes are selected based on predictable fault current
contributions from the central power plants and planned transmission system configuration. As
described above, the DER can change the formerly predictable values and there is currently no
way to adjust the settings in a dynamic fashion. To change settings, a crew must be dispatched
with the settings file to be downloaded into the control unit. Under high DER penetration
scenarios requiring numerous settings changes, a crew dispatch method becomes costly and
impractical. With high DER penetration, there will be a need to adjust settings more frequently
and remotely.

Goals and Objectives

The Company plans to install new line reclosers with advanced controls (i.e., Advanced
Reclosers), new feeder ties leveraging load break switches with advanced controls (i.e.,
Advanced Breakers), and targeted upgrades to existing line reclosers as necessary to foster
coordinated response through the ADMS. The location and timing of these upgrades will be
determined based on needs identified in planning studies and interconnection studies and
included in the Company’s annual ISR plan.

The scale of deployment of advanced controlled devices for switching and system protection
were evaluated considering the same scenarios as was done for voltage management. The near-
term deployment of line devices will be targeted to those areas and feeders with existing DER
penetration and the greatest load and protection risk. Analysis has shown that the greatest
voltage and protection compliance risk to be the distribution feeders sourced from the
subtransmission system, predominantly 15kV feeders located in the western part of the state. In
addition, these same feeders have the greatest load risk because they are located in the more rural
portions of the state with available land for DER development. Subtransmission sourced systems
also have higher source impedance than transmission sourced systems. In other words, they are
electrically further away from the large transmission connected generation plants. As a result,
DER can have a greater percentage impact on fault current levels and protection system when
interconnected to subtransmission sourced feeders.

Optimization Opportunities
With the need for remote control capability described above, additional reclosers and breakers

will be added to the distribution system. Additional reclosers will also provide more feeder
segments, which will result in fewer customers experiencing sustained outages when a fault
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occurs. Having more segments also makes it faster to locate faults, which can reduce outage time
for all customers, even those in the faulted segment. In addition, software with overlaying
control scheme to coordinate multiple Advanced Reclosers & Breakers on a feeder to achieve
fast, reliable, and safe fault location, isolation, and service restoration (FLISR) can be
incorporated for additional customer benefits where it is cost beneficial to do so. Details are
provided in Section 13: Fault Location, Isolation and Service Restoration (FLISR). In addition, a
DERMS is anticipated in the later-part of the 5-year plan to enable DER integration in load
management to address local grid constraints. Details are provided in Section 14: Distributed
Energy Resource Management System (DERMS).

Benefits

Advanced Reclosers & Breakers, along with ADMS-based Protection and Arc Flash and FLISR,
provide Distribution Grid Control and Reliability functionalities. Advanced Reclosers &
Breakers also support or enhance a number of other key functionalities, including Observability
(Monitoring and Sensing), Power Quality Management, Grid Optimization, and DER
Operational Control.” Distribution Grid Control and Reliability functionalities result in the
quantified benefit impacts summarized below.

e OPEX Labor Efficiency (when coupled with ADMS and other supporting solutions) due
to the ability for the system operator to perform remote switching and reduce
communications, step checks, and field crew labor costs that would otherwise be required
in a manual switching exercise

e Avoided D-System Infrastructure Cost (when coupled with Advanced Capacitors &
Regulators, ADMS, VVVO/CVR platform, and other supporting solutions) due to the
ability of the system operator to autonomously or remotely control power flows on the
distribution system, either by rearranging the distribution feeders or optimizing power
output from renewable DERs, rather than investing in traditional “wires” solutions (e.qg.,
reconductoring, substation upgrades) to relieve thermal or voltage constraints due to DER
adoption

e Reduced Outage Restoration Time (when coupled with ADMS, FLISR, and other
supporting solutions) by enabling the system operator and control system to quickly
locate and isolate a fault and restore power rather than waiting for field crews to locate a
fault and restore power. Benefits are based on the monetization of customer impacts as
presented in the DOE ICE Calculator.’

7 The Interruption Cost Estimate (ICE) Calculator is a tool designed for electric reliability planners at utilities, government
organizations or other entities that are interested in estimating interruption costs and/or the benefits associated with reliability
improvements. Details are provided at: https://www.icecalculator.com/home.
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e Reduced DG Curtailment (when coupled with ADMS, DERMS, and other supporting
solutions) due to the ability of the system operator to optimize power output from
renewable DG, by rearranging the distribution feeders and maximizing the load-to-
generation balance, rather than relying on seasonal curtailment to maintain thermal and
voltage compliance

The recommended plan enables the Company to ensure loading levels and protection systems are
sufficient across all times of a year and in all areas of the distribution system with various levels
of customer DER adoption. Load and protection management are fundamental utility
requirements for safe and reliable electric service. The GMP enables this fundamental
requirement to be achieved by integrating technology to more granularly manage the grid rather
than simply building additional T&D capacity that is under-utilized most hours of the year.
Specific benefits have been quantified in Section 8.4 Quantitative Benefit Cost Analysis or
descried qualitatively in Section 8.6 Qualitative Assessment.

Schedule

As described in Section 5: Advanced Capacitors & Regulators, the scale and timing of the
deployment of Advanced Reclosers & Breakers will be driven by needs identified through
distribution planning studies and DER interconnection studies. Initially focusing on the feeder-
level hosting capacity, particularly for subtransmission sourced 15kV substations and feeders,
and observing DER pending applications will inform the long-term deployment scope and
schedule.

In considering the system needs through 2030, the Company assessed multiple scenarios with
varying levels of DER penetration including DG and electrification of transportation and
heating sectors. This assessment resulted in a range of possible deployment volumes over the
period. While actual deployments in each annual ISR Plan submittal will be determined based
on the current and near-term need, the results of the GMP assessment expects deployment to fall
between the Low and High DER scenarios. Details for each scenario are presented in Section
3.2: Future State Scenarios of the GMP Business Case. The range of expected Advanced
Reclosers & Breakers deployment needed to effectively manage advanced switching and system
protection in the future is presented below for the Low DER and High DER scenarios.

Low DER Scenario

The Low DER scenario would upgrade feeders served by approximately five substations per year
or approximately 20 feeders per year. The effort would focus first on subtransmission sourced
feeders (25-30% of the system) with high DER penetration, and then 15 kV transmission sourced
feeders (30-35% of the system) with high DER penetration. The annual investments are
assumed to start in FY 2023 and continue through FY 2031. No investments are included for FY
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2022 in the GMP, although some investments could be made as part of the Company’s
nondiscretionary spending if an immediate need arises. Total deployment from FY 2022-2031 is
estimated to reach 45 substations and roughly 180 feeders (approximately 50% of the system).

e Reliability Compliance Investments FY 2023-2031
o Advanced (Distribution) Reclosers & Breakers — 90 devices per year
o ADMS -enabled by FY 2024 (see Section 8: Advanced Distribution Management
System)
o DERMS -enabled by FY 2027 (see Section 14: Distributed Energy Resource
Management System); DERMS investment could potentially be delayed under the
Low DER Scenario

e Reliability Optimization Investments FY 2026-2031
o FLISR Central Control — up to 5 substations per year starting in FY 2026 (see
Section 13: Fault Location, Isolation and Service Restoration)

High DER Scenario

The High DER Scenario would upgrade feeders served by approximately nine substations per
year or approximately 36 feeders per year. The effort would focus first on 15kV subtransmission
sourced feeders (25-30% of the system) with high DER penetration, and then 15 kV transmission
sourced feeders (30-35% of the system) with high DER penetration, and finally, the rest of the
feeders from all remaining substations (35-45% of the system). These annual investments are
assumed to start in FY23 and continue through FY31. No investments are included for FY22 in
the GMP, although some investments could be made through nondiscretionary spending if an
immediate need arises. Total deployment from FY 2022-2031 is estimated to reach 81
substations and roughly 324 feeders (approximately 90% of the system).

e Reliability Compliance Investments FY 2023-2031
o Advanced (Distribution) Reclosers & Breakers — 126 devices per year
o ADMS - enabled by FY 2024 (see Section 8: Advanced Distribution Management
System)
o DERMS -enabled by FY 2027 (see Section 14: Distributed Energy Resource
Management System)

e Optimization Investments FY 2026-2031
o FLISR Central Control — up to 9 substations per year starting in FY 2026 (see
Section 13: Fault Location, Isolation and Service Restoration)

Both scenarios would also leverage and utilize the voltage compliance Sensors described in
Section 4: Feeder Monitoring Sensors.
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Status

The Company does not have any active programs to install Advanced Reclosers & Breakers
targeting areas with significant levels of DER penetration, where these capabilities can be
leveraged to support the efficient operation of a distribution system with high amounts of DER.18
However, the Company has deployed 453 advanced reclosers on over 200 feeders in Rhode
Island as part of customer requests for DER interconnections (22 midline reclosers and 66 PCC
reclosers)!® and Recloser Replacement programs targeting safety/reliability, damage/failure, and
asset replacement (365 midline reclosers). The Recloser Replacement Programs target specific
recloser populations that have known asset condition concerns, with the primary goal of ensuring
that the existing reclosers continue to operate safely and reliably, as intended. While the asset
condition-driven recloser replacements have benefits in common with the proposed GMP
installations, the number and locations the installations differ from the GMP.

Major Tasks

The locations and specifications of field devices will first be proposed, scoped, and sanctioned
based on area studies and cost-benefit estimates using Company forecasts and feeder-level
information, including expected future DER interconnections, reliability improvements, and
other customer benefits. Next, long lead-time equipment orders will be placed and the Company
will work with equipment vendors to configure the field devices according to the specified
requirements. Project plans will be developed and coordinated by our Grid Modernization
Execution team with various internal groups, including Distribution Planning & Asset
Management, Design, Material Planning, Resource Coordination, Control Center, Protection &
Telecommunications Operations, Overhead Operations, Distribution Control & Integration, CNI,
and Resource Planning groups. Plans will include procurement, office testing, FLISR validation,
constructability reviews, training, installation, programming, field testing, and M&V of the full
system.

Cost Estimate

Table 6.1 presents the 5-year cost estimates for the Advanced Reclosers & Breakers investment
under the High and Low DER customer adoption scenarios. The Company estimates investing
between $23 and $40 million through FY 2026, depending on customer DER adoption. The
costs estimates shown include CAPEX, OPEX, and RTB costs including Telecoms RTB, which

18 Note that the Company proposed DER Enabling Investments as part of the FY 2021 ISR, which consisted of the deployment of
Sensors, Advanced Capacitors & Regulators, and Advanced Reclosers & Breakers to address the accumulation of DER on three
feeders. This proposal was only approved for nondiscretionary spending pending a more holistic view of the costs and benefits of
these investments in this GMP.

19 Point of common coupling or “PCC” means the point where the generating facility's local electric power system connects to the
utility's electric system
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accounts for the cost of third-party cellular fees necessary to communicate with the device’s
radio.?

Table 6.1: Advanced Reclosers & Breakers Cost Estimates — 5-Year Plan

Advanced Reclosers & Yril Yr 2 Yr3 Yra Yr5 5-Yr Tot
Breakers, $ million ($2020) FY 2022 FY 2023 FY 2024 FY 2025 FY 2026 FY22-26
High DER Scenario
Reclosers & Breakers CAPEX S 1.43 S 8.62 S 862 S 862 S 8.62 $ 35.91
Reclosers & Breakers OPEX S 014 S 0.82 S 0.82 S 0.82 S 0.82 S 342
Reclosers & Breakers RTB S - S 0.01 S 0.06 S 0.10 S 0.15 $ 032
Reclosers & Breakers $ - |s$ o000 |$ 003 |$ 001 |% o001L]|$% 005

Telecom RTB

Total S 1.57 S 9.45 S 9.52 S 9.56 S 9.60 $ 39.70

Low DER Scenario

Reclosers & Breakers CAPEX S 143 S 4.79 S 4.79 S 4.79 S 4.79 $ 20.59

Reclosers & Breakers OPEX S 014 S 046 S 0.46 S 0.46 S 046 $ 1.96
Reclosers & Breakers RTB S - S 0.01 S 0.03 S 0.06 S 0.08 $ 0.18
Reclosers & Breakers $ - |$ o000 [$ 002 |$ 001 |$ 001 |$ 003
Telecom RTB

Total $ 1.57 $ 5.26 $ 5.29 $ 531 $ 5.33 S 22.77

The investment estimate above covers a broad range due to the uncertainty in the level of
customer DER adoption and the resulting distribution system issues. Therefore, the Company
will present the actual deployment plan and request for cost recovery through the Company’s
annual ISR Plan filings.

7.  Geographic Information Systems (G1S) Data Enhancements

Background

Geographic Information System (GIS) is a geographic-based technology that combines the
power of maps with the function of a database. As grid operations increasingly require
granularity, accuracy, and timeliness of data to achieve the benefits associated with advanced
systems functionality, GIS will be the foundation on which many of these systems are built. The
Company utilizes GIS as its authoritative source for distribution asset information and network
configuration (i.e., “connected model”). GIS information is utilized in several business
processes including distribution system project design, load flow modeling, outage management,

20 Telcom RTB costs are gradually reduced starting in FY25 as the OpTel Strategy investments enable the Company to operate a
private cellular network.
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and analysis models. While the existing GIS and data sets maintained by the Company have been
fit-for-purpose to date, the introduction of new uses for GIS integration, such as for ADMS
applications and hosting capacity analysis, requires change. Without addressing the data as well
as system performance and functionality requirements, the Company cannot take full advantage
of the benefits that ADMS and advanced analytics platforms offer.

Industry experience has shown that investment in data enhancement is a critical enabler for the
efficient use of advanced grid modernization applications. The importance of a GIS integration
with ADMS was confirmed through an internal ADMS assessment the Company’s New York
affiliate conducted on 15 feeders. The assessment clearly demonstrated that enhanced GIS data is
necessary for successful network modelling. Reinforcing this perspective is the US Department
of Energy’s, Insights into Advanced Distribution Management Systems publication which notes
that: “[t]he foundation of an ADMS is the data. The ADMS is a control hub, and it must have
accurate data to correctly model your system. Data collection and maintenance in your GIS is
critical to your ADMS implementation, and business processes to maintain clean data is just as
important.”?

Lessons learned from these industry and company efforts have informed the Company’s GIS
implementation plans.

Goals and Objectives

Two types of Company resources and investments are required for successful completion of this
project: Business Resources and Information Technology (IT) Resources. GIS Business
Resources include investments and Company business resources necessary to analyze, identify,
enhance, and populate the new or updated data for Rhode Island. This work is focused on
activities to prepare the Company’s distribution system data to support the increasingly granular
data requirements of the advanced capabilities of ADMS and system planning. The work
incorporates three primary activities: 1) analyze and enhance existing data including network
connectivity, configuration, and attribute-level values; 2) identify and populate additional
attributes and new asset types through field photo acquisition and other available data sources
(e.q., field survey); and 3) identify and implement changes to enhance processes, quality control,
and data governance.

GIS IT Resources include IT resources and investments necessary to configure, develop, and
improve the GIS solution. This work is also focused on activities to support ADMS and system
planning needs and is complementary to the GIS Business Resources work. Specifically, the
work addresses three key areas: 1) configure and program GIS to accommodate new asset types,

21 U.S. Department of Energy, Insights into Advanced Distribution Management Systems, 22 (February 2015),
https://www.energy.qov/sites/prod/files/2015/02/f19/Voices%200f%20Experience%20-
%20Advanced%20Distribution%20Management%20Systems%20February%202015.pdf
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equipment, and data attributes (i.e., data model changes); 2) develop additional tools and
enhance existing toolsets used to manage data quality and processes in GIS; and 3) refresh
technical elements necessary to maintain the platform performance.

Benefits

GIS provides Distribution System Representation (Network Models) functionality, which
provides a topological model of the physical distribution system and customer and DER
connectivity. This functionality is a foundational element and supports all other key
functionalities described in Section 5.1.4: Functionality and Benefit Impacts Assessment of the
GMP Business Case.” In addition, the Distribution System Representation (Network Models)
functionality results in the quantified benefit impact summarized below.

e OPEX Labor Efficiency due to increased automation, reduction in model correction, and
other work related to correctly, completely, and timely updating system data. Without
this project, the Company estimates a need to increase its enduring labor spend to comply
with emerging data needs and timelines. This significant labor increase would be required
to create and maintain the various network models used for distribution system planning
and operational models. This OPEX Labor Efficiency benefit is included in the GMP
BCA as “avoided GIS network model labor” (see Section 8.4.3: Benefit Estimation in the
GMP Business Case).

Implementing the GIS Data Enhancement project will enable network models to be developed
consistently and efficiently for distribution system planning, hosting capacity analysis, and
operations utilizing ADMS. By providing accurate data with the appropriate level of granularity,
the maintenance of system models can be further automated and refreshed more frequently to
provide more timely and accurate system assessments. These efforts are foundational to enable
the desired granular management of the grid envisioned in this GMP.

Specific benefits have been quantified in Section 8.4 Quantitative Benefit Cost Analysis or
descried qualitatively in Section 8.6 Qualitative Assessment.

Schedule

In accordance with the 2018 ASA, the Company is progressing the GIS Data Enhancement
project in two key phases as presented in Figure 7.2. The first phase is focused on creating
detailed workplans, fully defining process and system improvement needs, staffing delivery
teams, and piloting. The second phase is the execution phase focused on delivering all elements
of the data, system, and process components of the project aligned with the Company’s ADMS
data requirements.
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Figure 7.2: Rhode Island GIS Data Enhancement Deployment Timeline

Key areas of coordination for this project include:
e ADMS implementation schedule and execution across all Company jurisdictions with
costs allocated as appropriate
e System Enhancements (IT Resources) work will be executed across all Company
jurisdictions with costs allocated as appropriate

Status

GIS data improvements and data hardening are underway. This work includes field data
verification, data validation, making required changes, and implementing a data quality
monitoring process. In addition, changes to baseline GIS to allow for new asset types, new
equipment, expanded attributes, and characteristics is also in progress. Going forward, GIS data
cleanup and data model changes will continue and changes to GIS to support these requirements
for ADMS will be progressed.

Work on the project began in 2019, and the project has achieved several milestones thus far,
including:

e Onboarded a project manager and assigned support role amongst existing functional staff
Developed and actively managing project plans, schedules, project tracking tools, and
dashboards

Initiated IT system upgrade project

Defined processes and acquired field data on 378 feeders

Procured contractors to execute data review and update data sets

Created, piloted and refined project data workflows, processes, tools and training
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Developed and implemented GIS data health metrics to assess effectiveness of the project
and to facilitate enduring data quality and governance

Initiated work to address changing business process needed to facilitate modernization
needs including ADMS

Completed the initial review and remediation of system connectivity related errors

Major Tasks

Personnel with skills in engineering, operations, data management, and information systems have
worked collectively to analyze data on the Company’s entire distribution system consisting of
over 420 distribution feeders encompassing more than 6,000 feeder miles. This team has
developed a multifaceted approach that makes use of analytical models and techniques,
Company and commercial data sources, and field observation. Using this information, the team
will develop new GIS functionality as well as expand and improve the data necessary to maintain
network models for advanced applications like ADMS. In addition, quality control processes and
tools have been developed to monitor and continue to enhance data accuracy

System Enhancements (IT Resources)

Configure and program GIS to accommodate new asset types and equipment, including
adding expanded equipment attributes and characteristics; facilitate capture of greater
data and modelling granularity for underground distribution networks; and facilitate more
granularity for low-voltage secondary distribution networks

Develop substation modelling capability to support operations and planning processes
Develop additional tools and improve existing toolsets used to manage data quality and
processes in GIS

Configure, develop and deploy next generation, vendor supported GIS and associated
modern hardware (Phase 2)

Configure and deploy additional system tools to allow export of Asset and Connected
model to a standard format widely consumable by third party analytics and other toolsets
(Phase 2)

Data Enhancements (Business Resources)

Analyze and enhance existing data, including network connectivity, configuration, and
equipment attribute-level values

Identify and populate new asset types, including network connectivity, configuration, and
attribute-level values

Ensure complete population of DER interconnections in GIS and populate relevant
customer equipment attributes including nameplate, manufacturer, make, and model
information
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Process Review and Improvement (Business Resources)
e Review procedures and standards associated with the asset data life cycle
e Identify and implement changes to enhance processes, quality control, and reductions in
cycle times
e Develop and implement data quality metrics and controls to facilitate continuous
improvement

Cost Estimate

Table 7.1 presents the 5-year cost estimates for the GIS Data Enhancement investment. The
Company estimates investing $4.64 million through FY 2026. These costs would be recovered
through the Company’s rate case filings. Note that the Company also performed planning work
from FY 2019 through FY 2021 to ensure the Company is fully prepared to execute the projects.
This work is being performed utilizing existing resources in the current MRP. An overview of
the work completed to date is provided in Section 4.1: 2017 Rate Case Funding for Grid
Modernization in the GMP Business Case.

Table 7.1: GIS Data Enhancement Cost Estimates — 5-Year Plan

GIS Data Enhancement, Yr1 Yr 2 Yr3 Yra Yr5 5-Yr Tot

$ million ($2020) FY 2022 FY 2023 FY 2024 FY 2025 FY 2026 FY22-26
GIS IT Resources CAPEX S 0.60 | S 1.04 | S 092 | S 0.04 | S - S 2.61
GIS IT Resources OPEX S 030 | S 0.08 | S 0.09 | S 0.05 | S - S 0.52
GIS Business Resources OPEX S 024|S 017 | S - S - S - S 041
GIS RTB S - S - S - S 055 | S 055 | §$ 1.11
Total S 115 | $ 1.29 | $ 1.02 | $ 064 | § 055 | § 4.64

8.  Advanced Distribution Management System (ADMS)

Background

ADMS includes Distribution Supervisory Control and Data Acquisition (DSCADA), Outage
Management System (OMS), and Distribution Management System (DMS) advanced
applications. They are intended to be implemented in an integrated fashion to enable the vision
of a common network platform for operations. The advanced applications, as depicted in Figure
8.1, will enable Distribution Control Center operators to make more optimal system
configuration decisions considering the actual constraints of the grid.
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Figure 8.1: ADMS Key Components

The Company currently utilizes a stand-alone OMS for all of New England, which covers both
Rhode Island and the Company’s affiliate jurisdiction in Massachusetts. The existing computing
hardware and software supporting the OMS was procured in 2009 and will be upgraded as part
of the ADMS rollout. The Company also currently operates a Network Manager SCADA system
that includes both T&D device data as well as Energy Management System (EMS) functionality
utilized for transmission operations. A second similar distribution-specific SCADA (DSCADA)
will be rolled out as part of ADMS. This will allow for the integration of the DSCADA
equipment status and device data with OMS to improve outage analysis and improve solution
accuracy and granularity with advanced applications.

Currently, operators rely on static system models and the distribution status information in
SCADA (where available) to make operations decisions. For planned and emergency feeder
reconfigurations, the operators utilize historic data, such as seasonal peak loading information, to
help predict future conditions. Historically, system loading patterns have been somewhat
predictable with regions, substations, and even individual feeders generally following similar
trends. This is changing with the proliferation of DER and locational variability is increasing.
Larger DER are monitored via pole top recloser installations at the point of common coupling
(PCC). This allows operators to see the net loading and impact at those points, but when the grid
is in an abnormal state, the voltage and loading impacts across the feeder are not well known.
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In addition, any advanced automation schemes are currently built as stand-alone functions. The
operators can monitor the actions of the programs via the SCADA system, but they run
independently based on *“as-designed” feeder configurations rather than adapting to the real-time
“as-switched” feeder configuration.?? This means that these automated schemes may be disabled
for any configuration of the distribution grid out of its normal “as-designed” state.

Finally, over the last decade, the Company has deployed a growing number of field devices
integrated with the existing SCADA system, such that the amount of data brought back from
distributed devices has increased significantly. The rollout of Advanced Capacitors & Regulators
for VVO/CVR, DER monitoring via PCC reclosers, and Sensors is creating much faster data
growth on the distribution side than ever before. This proliferation of remote telemetered devices
on the distribution system is already straining the capacity of the existing SCADA system. As
noted above, the existing SCADA system includes both transmission and distribution (T&D)
device data.

Goals and Objectives

The Company defines its ADMS investment as an integrated grouping of hardware and software
necessary for Distribution Control Center operations to provide greater visibility, situation
awareness, and optimization of the electric distribution grid as well as improved efficiencies
through automating multiple control center processes. Benefits specific to the Distribution
Control Center users include:

e Centralizes visualization, monitoring and control on a common network model with all
device data, real time data, ratings and setting data, a “single pane of glass” to support
increase efficiencies and ease of use for control center personnel when preparing planned
and emergency switching plans

e Produces switching orders generated using load flow solutions, which reduces translation
efforts

e Integrates real time outage notification status from telemetered equipment into the OMS,
which reduces duplication of efforts in verifying outages and updating outage time after
the event

e Expands situational awareness and visibility of future predicted states with respect to
system operations through short term sub-regional, substation, and feeder level forecasts

e Maintains OMS reliability in support of Distribution Control Center and Storm Room
operations

22 «ps-switched” refers to the network model the operators use (i.e., one line diagrams and geographic maps of the
electric grid) that are updated to represent the current state of the grid such as what switches are open and closed on
the distribution grid.
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e Creates platform and network model to support interfacing DERMS and/or distribution
market systems

ADMS is currently being progressed to continue safe and reliable operations under growing
system complexities such as dynamic load profiles from increasing levels of customer DER
adoption. The Company believes ADMS is a critical platform for the integration and operational
management of DERs as their impact on grid performance grows. The ADMS will incorporate
real-time data into useful solutions from an ever-growing number of Advanced Field Devices
and DERs. ADMS will also incorporate AMF data as it becomes available. Examples of data
utilized from AMF include power status notifications (e.g., power on / power off), voltage (e.g.,
high / low / partial power), and some demand data acquired by the system at a predetermined
frequency.

ADMS will provide the Company’s operators with foundational functionalities such as load flow
analysis, restoration switching analysis, switch order creation, and state estimation that are not
available to Distribution Control Center operators today. When planning to reconfigure the grid,
ADMS will allow the operators to simulate the future state (i.e., reconfigured grid) to test the
reconfiguration approach and ensue the most efficient switching that yields optimal power
quality. DERs will be operationally integrated into the ADMS network model to allow operators
to assess their effect on the grid, as well as leverage them for support where possible. In
addition, ADMS will become the platform that coordinates multiple functions on a common “as-
switched” network model. By incorporating control and automation capable grid devices (e.g.,
Advanced Capacitors & Regulators, VVO, and FLISR) with the centralized ADMS platform,
these technologies can operate in abnormal grid configurations, further supporting operations and
adding value. Finally, the deployment of a new DSCADA system will enable management of the
proliferation of data from remote telemetered devices on the distribution system to ensure
continued reliability.

Supporting Projects
Mobile Dispatch

Today dispatchers from the Distribution Control Centers and Storm Rooms utilize OMS to view
customers calls and predicted outage locations. They prioritize “trouble calls” and outages and
assign them to appropriate field crews based on capability and location as optimally as possible.
ADMS-based Mobile Dispatch will interface with OMS and allow field crews with handheld
devices to assign and dispatch themselves to outages based on their location, capabilities, and
equipment. This can result in more efficient utilization of field crews and crew time and shorten
“trouble calls” and outage response times. In addition, field crews will be able to update details
concerning their time of arrival, incident 