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September 30, 2019

Joel H. Peck, Clerk

Virginia State Corporation Commission
C/o Document Control Center

1300 East Main Street

Richmond, VA 23219

RE: Case No. PUR-2019-00154

Dear Mr, Peck:

Virginia Electric and Power Company (“Dominion Energy Virginia” or the “Company™) is pleased to submit to
the Virginia State Corporation Commission (**Commission™) its second petition for approval of its Grid
Transformation Plan (the “GT Plan” or the “Plan™). On July 24, 2018, the Company filed its initial petition for
approval of the first three years (“Phase I’) of its 10-year Plan intended to transform its electric distribution grid
to meet the evolving needs and expectations of its customers. On January 17, 2019, the Commission issued its
Final Order approving proposed Phase I investments related to cyber and physical security, including supporting
telecommunications infrastructure, as reasonable and prudent (“2018 Final Order”). The Company will refer to
these portions of the GT Plan approved in the 2018 Final Order as “Phase IA.” In today’s filing, the Company is
requesting approval of the next phase of the GT Plan, which the Company will refer to as “Phase IB.” Phase 1B
covers the same period as Phase I in the previous filing — the years 2019 through 2021.

With the passage of the Grid Transformation and Security Act (“GTSA”), enacted by the Virginia General
Assembly in 2018, the Commonwealth deemed electric distribution grid transformation to be in the public
interest, and mandated that utilities file a plan for grid transformation. This provision of the GTSA represents an
important policy declaration by the Commonwealth that transformational change in the electric distribution
system is needed to respond to fundamental changes in the electric utility industry and changing customer
expectations. Indeed, the Governor’s recent issuance of Execitive Order 43 (“EO 43”)! recognizes the beginning
of grid transformation and through executive action provides guidelines for expanding access to clean energy that
are dependent upon a modern, transformed grid. Specifically, Executive Order 43 requires the Commonwealth to
develop a plan to produce thirty percent of Virginia’s electricity from renewable energy sources by 2030, and by
2050, to obtain one hundred percent of the Commonwealth’s electricity needs from carbon-free sources. In
addition, the plan required by EO 43 sets lead-by-example targets for the Commonwealth agencies to meet these
clean energy goals and to support the existing statewide goal of reducing retail electricity consumption by ten
percent by 2022, Moreover, EO 43 calls for integration of energy storage technologies to support the clean energy
goals and recognizes that the goals should be achieved in a manner that maximizes the economic and

! Commonwealth of Virginia, Executive Order Number Forty-Three (2019): Expanding Access to Clean Energy
and Growing the Clean Energy Jobs of the Future, September 16, 2019.
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environmental benefits to underserved communities while mitigating any impacts to those communities. The
Company has declared its support for the bold targets established by EO 43 and recognizes that the GTSA paves
the way for achieving them. The Phase IB investments proposed in today’s filing are necessary to lay the
foundation essential for reaching the objectives and timelines established by EO 43.

The Need for Grid Transformation

For many decades, electricity has been a basic need, vital to every institution in our society. The digitalization of
21* century society, technological shifts to electrify entire sectors of society such as transportation and demands
for enhanced resiliency and reliability require the electric industry to turn its focus to the electric distribution grid.
Originally engineered for one-way power flows, our current grid was not designed to accommodate the ever-
increasing two-way flow of power resulting from the proliferation of distributed energy resources (“DERs”), such
as solar distributed generation and battery storage. Randomly dispersed, DERs are independent nodes that can
disrupt traditional grid power quality and reliability. But when paired with investments to increase visibility on
and control of the distribution system, DERs can transform into a system resource that can be managed to
maximize the value of other available resources, and potentially offset the need for future “traditional” generating
assets or grid upgrades and maintain reliable service to customers.

As utilities across the country have recognized, these foundational shifts in technology and our society prompt the
need to transform the electric grid. With this paradigm shift, we need to address the current and future needs of
the grid to meet the needs of our customers, incorporate new technology, and continue to strengthen security. The
Petition and GT Plan presented today detail proposed investments to implement the first three years of the
Company’s Plan to do so.

The 2019 Phase IB GT Plan Incorporates Commission Guidance, Statutory Objectives, and Stakeholder
Vision and Goals

The Commission recognized in the 2018 Final Order that “smart meters and other grid enhancements hold the
promise for a true transformation of the grid and for the more efficient consumption of electricity.” While it
denied the majority of the proposed Phase I investments, it recognized that such expenditures would be reasonable
and prudent if “accompanied by a sound and well-crafted plan to fulfill the promise that smart meter technology
and grid enhancements offer.” The 2018 Final Order provided details on what a sound and well-crafted plan
should contain, including “detailed, accurate, and reasonable cost information” and “a level of benefits
commensurate with the projected costs.” The Commission’s 2018 Final Order also indicated that a well-crafted
plan should demonstrate the need for the proposed investments, specifically as it relates to reliability and
resiliency investments.?

The Company carefully examined the Commission’s 2018 Final Order to ensure that today’s Phase IB filing fully
addresses the guidance provided therein. The Company’s specific actions in response include:

¢ Ensure proposed investments are aligned with statutory objectives of grid transformation as well as the
desire to enhance the customer experience;

e Issuance of multiple requests for proposals (“RFPs”) across components to strengthen the accuracy and
reasonableness of the costs estimates for proposed investments;

2 Petition of Virginia Electric and Power Company for Approval of a plan for electric distribution grid
transformation projects pursuant to § 56-585.1 A 6 of the Code of Virginia, PUR-2018-00100, Final Order at 14-
15 (January 17, 2019).
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¢ Significant work on the preparation of project scopes and design for segments of the distribution grid on
which improvement projects are proposed;

» Development of a detailed cost-benefit analysis conducted by an independent, experienced, third-party
partner, West Monroe Partners; and,

e Solicitation of extensive customer feedback through customer surveys and a series of stakeholder
meetings to ensure alignment with the perspective of our customers and interested stakeholders,

Beyond responding to Commission guidance and the GTSA’s statutory objectives, the proposed investments in
the Phase IB filing also seek to meet goals identified through collaborative conversations that occurred during the
above-referenced stakeholder sessions. The following four goals were identified during these sessions:
Optionality, Sustainability, Resiliency, and Affordability.

In summary, the Company sought to address, in a meaningful manner, all feedback received to date from the
Commission, its Staff, customers and interested stakeholders in this Phase IB filing.

The Value of a Transformed Distribution Grid to Customers

Fundamental investments to transform the distribution grid will allow the Company to use the distribution system
differently than it does today, all for the benefit of customers. Transformational investments in Advanced
Metering Infrastructure (“AMI” or “smart meters™), a customer information platform (“CIP”), intelligent grid
devices, automated control systems, and advanced analytics will enable the Company to fine tune operations,
better forecast load, predict future behaviors. These investments will also all allow the Company to provide
customers access to detailed energy usage data through convenient communication channels and empower
customers to manage their energy usage through offerings such as time varying rates and innovative demand-side
management (“DSM”) programs that these investments will enable the Company to broadly offer. With
transformational investments proposed in the GT Plan, customers will experience fewer outages and will not need
to report outages. Instead, when outages occur on the more connected and resilient grid, they will be reported
through smart meters and other intelligent grid devices that will prompt the dynamic system to automatically
restore power to as many customers as possible, narrowing the scope of the outage and focusing employee effort
on issues that require manual intervention.

Components of the GT Plan

Specifically, Phase IB of the GT Plan represents focuses on 6 components, many of which are foundational to a
transformed grid: (i) AMI, (ii) CIP, (iii) grid improvements which include grid technologies and grid hardening,
(iv) telecommunications infrastructure, (v) cyber security, and (vi) the Smart Charging Infrastructure Pilot
Program.

« AMI

The Company plans to full deploy AMI over a six-year period beginning in 2019 through Phase IB. During this
time, a total of approximately 2.1 million meters and 3,100 network devices will be deployed in a structured
manner across the Virginia service territory. With the plan for full deployment, the Company proposes a revenue-
neutral opt-out policy for residential customers including a one-time fee and ongoing monthly fees intended only
to recover the costs of a customer opting out of smart meter installation.
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e CIP

The Company proposes to implement a new CIP in Phase IB over five years that consists of the Core Project,
which replaces twelve (12) existing applications, and three projects focused on providing additional customer
functionality. The proposed CIP is needed to replace antiquated systems with a platform that will provide the
foundation for an enhanced customer experience and desired grid capabilities. Without the foundational
investment in the CIP, the value of the transformed grid will not be widely accessible to customers in a manner
that is user-friendly (e.g., web self-service, smartphone apps, proactive communications).

*  Grid Improvements

The Company proposes grid improvement projects in Phase IB of the GT Plan and describes future projects in the
resulting years of the GT Plan. Proposed projects fall into two categories: (i) grid technologies and (ii) grid
hardening. The grid improvement projects are needed to adapt to fundamental changes in the energy industry
discussed above, facilitating the integration of DER and enhancing system operations and service to customers
through automation and predictive analytics. The grid hardening projects are needed to improve reliability and
resiliency by physically strengthening infrastructure. We also plan to upgrade assets that have high customer
impact, address voltage islands, and implement several new vegetation management programs.

¢ Telecommunications and Security

Dominion Energy Virginia proposes to deploy a comprehensive telecommunications and security strategy
requiring multiple components specifically designed as an integrated solution to meet the wide-ranging needs of a
transformed distribution grid. The Company is deploying telecommunications, cyber and physical security as
approved by the Commission in Phase IA, and propose telecommunications and cyber investments in Phase IB.

o Smart Charging Infrastructure Pilot Program

Through the Smart Charging Infrastructure Pilot Program, the Company proposes to offer rebates for the
electrical infrastructure and upgrades at EV charging sites and rebates for the smart charging equipment that
enables managed charging. The Company plans to offer a set number of rebates to four different segments: multi-
family, workplace, direct current fast charging (“DCFC”), and transit. The Company is also proposing to own a
limited number of DCFC stations to study and support electrification in the rideshare segment.

Costs and Benefits of the GT Plan

Through the Petition filed today, the Company is seeking prudency review of Phase IB of the Plan, covering
investments for the period 2019-2021. The Company projects the proposed total capital investment for the three-
year period covering Phase IB to be $510.5 million and the proposed operations and maintenance expenses to be
approximately $83 million. The Company has committed that the costs of the Plan associated with the
deployment of AMI and the new CIP will be recovered through the Company’s base rates.

The cost-benefit analysis (“CBA”) shows the proposed investments are beneficial to customers and represents a
positive business case providing over $3 billion of customer benefits, which represents net benefit to customers of
approximately $322.5 million all on a net present value basis. Indeed, as supported by the West Monroe Partners
testimony, this benefit estimate may be conservgtive and also shows additional benefits like reduced greenhouse
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gas emissions, savings to EV owners and economic benefits to the Commonwealth. Through the CBA, this
translates to more than $1 of customer savings for every dollar spent.

The Promise for a True Transformation

As noted above, the Commission recognized in its 2018 Final Order that “smart meters and other grid
enhancements hold the proniise for & true transformation of the grid and for the more efficient consumption of
electricity.”® Dominion Energy Virginia’s Plan filed today represents a detailed and comprehensive plan,
informed by competitively bid and procured third-party cost estimates and input from our stakeholders, and
supported by a positive business case that delivers on that promise.

The Company respectfully requests the Commission find the programs and costs included in Phase IB to be both
reasonable and prudent.

Sincerely,

Hohut ). Bluse [FH

Robert M. Blue

3 Petition of Virginia Electric and Power Company for Approval of a plan for electric distribution grid
transformation projects pursuant to § 56-585.1 A 6 of the Code of Virginia, PUR-2018-00100, Final Order at 15
(January 17, 2019)
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COMMONWEALTH OF VIRGINIA
STATE CORPORATION COMMISSION

PETITIQN OF

VIRGINIA ELECTRIC AND POWER COMPANY
Case No. PUR-2019-00154
For approval of a plan for electric distribution grid
transformation projects pursuant to § 56-585.1 A 6
of the Code of Virginia, and for approval of an addition
to the terms and condition applicable to electric service

R o T e N

PETITION OF VIRGINIA ELECTRIC AND POWER COMPANY

Pursuant to § 56-585.1 A 6 (“Subsection A 6”) of the Code of Virginia (“Va. Code”) and
Rule 80 A of the Rules of Practice and Procedure of the State Corporation Commission of
Virginia (the “Commission”), S VAC 5-20-80 A, Virginia Electric and Power Company
(“Dominion Energy Virginia” or the “Company”), by counsel, hereby files its petition for
approval of a plan for electric distribution grid transformation projects (the “Petition”).
Specifically, Dominion Energy Virginia asks for approval of three years of its ten-year plan to
transform its electric distribution grid (the “Grid Transformation Plan,” the “GT Plan,” or the
“Plan”). Dominion Energy Virginia also seeks approval of an addition to its terms and
conditions applicable to electric service (“Terms and Conditions”) related to the proposed
deployment of advanced metering infrastructure (“AMI”).

The Company further requests a waiver of the Commission’s Rules Governing Utility
Promotional Allowances (the “Promotional Allowance Rules”) related to the proposed rebates to
provide incentives for smart charging infrastructure for electric vehicles pursuant to Promotional
Allowance Rule 50, 20 VAC 5-303-50.

In support of this Petition, the Company respectfully states as follows:

I. General Information

1. Dominion Energy Virginia is a public service corporation organized under the
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laws of the Commonwealth of Virginia furnishing electric service to the public within its
certificated service territory. The Company also supplies electric service to non-jurisdictional
customers in Virginia and to the public in portions of North Carolina. The Company is engaged
in the business of generating, transmitting, distributing, and selling electric power and energy to
the public for compensation. The Company is a public utility under the Federal Power Act, and
certain of its operations are subject to the jurisdiction of the Federal Energy Regulatory

Commission. The Company is an operating subsidiary of Dominion Energy, Inc. (“Dominion

Energy”).
2. The Company’s name and post office address are:
Virginia Electric and Power Company
120 Tredegar Street
Richmond, Virginia 23219
3. The names, addresses, and telephone numbers of the Company’s attorneys are:

Paul E. Pfeffer

Audrey T. Bauhan

Dominion Energy Services, Inc.
120 Tredegar Street

Richmond, Virginia 23219
(804) 787-5607 (PEP)

(804) 819-2029 (ATB)

Vishwa B. Link
Joseph K. Reid, I1I
Sarah R. Bennett
Jontille D. Ray
McGuireWoods LLP
Gateway Plaza

800 East Canal Street
Richmond, Virginia 23219-3916
(804) 775-4330 (VBL)
(804) 775-1198 (JKR)
(804) 775-4730 (SRB)
(804) 775-1173 (JDR)
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II. Legal Authority

4. Subsection A 6, as amended by the Grid Transformation and Security Act of 2018
(the “GTSA”), requires the Company to petition the Commission for approval of a plan for
electric grid transformation projects:

A utility shall, without regard for whether it has petitioned for any
rate adjustment clause pursuant to clause (vi), petition the
Commission, not more than once annually, for approval of a plan
for electric distribution grid transformation projects. Any plan for
electric distribution grid transformation projects shall include both
measures to facilitate integration of distributed energy resources and
measures to enhance physical electric distribution grid reliability
and security.

S. Va. Code § 56-576 defines an “electric distribution grid transformation project” as
follows:

“Electric distribution grid transformation project” means a project
associated with electric distribution infrastructure, including related
data analytics equipment, that is designed to accommodate or
facilitate the integration of utility-owned or customer-owned
renewable electric generation resources with the utility’s electric
distribution grid or to otherwise enhance electric distribution grid
reliability, electric distribution grid security, customer service, or
energy efficiency and conservation, including advanced metering
infrastructure; intelligent grid devices for real time system and asset
information; automated control systems for electric distribution
circuits and substations; communications networks for service
meters; intelligent grid devices and other distribution equipment;
distribution system hardening projects for circuits, other than the
conversion of overhead tap lines to underground service, and
substations designed to reduce service outages or service restoration
times; physical security measures at key distribution substations;
cyber security measures; energy storage systems and microgrids that
support circuit-level grid stability, power quality, reliability, or
resiliency or provide temporary backup energy supply; electrical
facilities and infrastructure necessary to support electric vehicle
charging systems; LED street light conversions; and new customer
information platforms designed to provide improved customer
access, greater service options, and expanded access to energy usage
information.
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6. Subsection A 6 sets forth the standard for Commission review of a plan for
electric distribution grid transformation projects:

In ruling upon such a petition, the Commission shall consider
whether the utility’s plan for such projects, and the projected costs
associated therewith, are reasonable and prudent. Such petition
shall be considered on a stand-alone basis without regard to the other
costs, revenues, investments, or earnings of the utility; without
regard to whether the costs associated with such projects will be
recovered through a rate adjustment clause under this subdivision or
through the utility’s rates for generation and distribution services;
and without regard to whether such costs will be the subject of a
customer credit offset, as applicable, pursuant to subdivision 8 d.

7. In accordance with Subsection A 6, the Commission must issue its final order on
a petition for approval of an electric distribution grid transformation plan not more than six
months after the date of filing the petition.

111. The Grid Transformation Plan

8. Fundamental changes in the energy industry have prompted the need for utilities
across the country to modernize their distribution grids. There is a paradigm shift that is creating
a new set of current and future needs that must be addressed. The Grid Transformation Plan is
Dominion Energy Virginia’s comprehensive plan to address these needs and meet the goals and
objectives for grid transformation in a reasonable, prudent, and cost-effective manner. The
Company presents the executive summary of Dominion Energy Virginia’s Grid Transformation
Plan (the “Plan Document”) as Exhibit 1 to this Petition. The Plan Document explains the need
for a modern distribution grid and includes a detailed description of the Company’s existing
distribution system. The Plan Document then reviews the Company’s distribution planning
process, and explains how that process will evolve going forward to meet the fundamental
changes in the industry. With this context, the Plan Document then presents an overview of the

Grid Transformation Plan, including the process that led to the development of this revised plan.
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Finally, the Plan Document includes a look at future technologies and a quick-reference glossary
of terms used in the Plan Document itself and throughout this filing.

9. Phase IB of the Grid Transformation Plan includes six components: (i) AMI;
(ii) customer information platform (“CIP”); (iii) grid improvement projects, both grid
technologies and grid hardening projects; (iv) telecommunications infrastructure; (v) cyber
security; and (vi) the Smart Charging Infrastructure Pilot Program. Section VI.A of the Plan
Document describes these six components' and describes the Company’s plan for customer
education, with Appendix A to the Plan Document providing the Company witnesses sponsoring
sections of the Plan Document.

10. The Company focuses on the first three years of the GT Plan—the years 2019,
2020, and 2021 (“Phase I” of the GT Plan). The Commission has approved proposed Phase 1
investments related to cyber and physical security, including supporting telecommunications
infrastructure, as reasonable and prudent.> The Company refers to these approved portions of
Phase 1 investments as “Phase IA.” In this proceeding, the Company is requesting approval for a
revised set of projects during the years 2019, 2020, and 2021, that were not previously approved

by the Commission. The Company will refer to these portions of Phase I investments under

"' See In re: Virginia Electric and Power Company’s Integrated Resource Plan filing pursuant to
Va. Code § 56-597 et seq., Case No. PUR-2018-00065, Final Order (Jun. 27, 2019) (directing the
Company to provide specific details for identified electric distribution grid transformation
projects, including “(a) a detailed description of the existing distribution system and the
identified need for each proposed grid transformation project; (b) detailed cost estimates of each
proposed investment; (c) the benefits associated with each proposed investment; and

(d) alternatives considered for each proposed investment”). Although this is not an integrated
resource plan proceeding, individual Company witnesses address these requirements as they
relate to individual Plan components.

2 See Petition of Virginia Electric and Power Company, For approval of a plan for electric
distribution grid transformation projects pursuant to § 56-585.1 A 6 of the Code of Virginia,
Case No. PUR-2018-00100, Final Order (Jan. 17, 2019).

5
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review as “Phase 1B.” Phase IB of the GT Plan includes both measures to facilitate integration
of distributed energy resources and measures to enhance physical electric distribution grid
reliability and security as required by Va. Code § 56-585.1 A 6. The total proposed investment
associated with Phase IB of the GT Plan is $517.6 million in capital investment and $83.2
million in operations and maintenance investments.

11. The Company retained an independent, experienced, third-party partner, West
Monroe Partners (“West Monroe”), to generate a cost-benefit analysis for the Grid
Transformation Plan. Company Witness Thomas G. Hulsebosch of West Monroe presents
testimony explaining that analysis and presenting the results. As summarized in Figure 7 in
Section VILE of the Plan Document, the proposed investments are beneficial to customers, with a
benefit to cost ratio of 1.1 on a net present value basis.

12.  Subsection A 6 requires the Commission to evaluate the Petition on “a stand-
alone basis”:

Such petition shall be considered on a stand-alone basis without
regard to the other costs, revenues, investments, or earnings of the
utility; without regard to whether the costs associated with such
projects will be recovered through a rate adjustment clause under
this subdivision or through the utility’s rates for generation and
distribution services; and without regard to whether such costs will
be the subject of a customer credit offset, as applicable, pursuant to
subdivision 8 d.3
Nevertheless, for informational purposes only, the Company presents an estimated revenue
requirement for Phase I of the GT Plan of the components that could be subject to a rate

adjustment clause, as summarized in Figure 6 in Section V1.D of the Plan Document and

supported by Company Witness Gregory J. Morgan. The Company also presents an estimated

3 Va. Code § 56-585.1 A 6.
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rate impact.

1V. Addition to Terms and Conditions

13. A foundational component of the Grid Transformation Plan is the full deployment
of AMI across the Company’s service territory. As part of this deployment, the Company will
seek to install a smart meter at each customers’ premises. Nevertheless, the Company
understands that some customers may prefer not to have a smart meter and plans to
accommodate those customers where practical. Accordingly, with the plan for full deployment,
the Company proposes a revenue-neutral opt-out policy for residential customers, including a
one-time fee and ongoing monthly fees, intended to only recover the costs of a customer opting
out of smart meter installation.

14, The Company seeks approval of an addition to its Terms and Conditions to charge
the proposed opt-out fees. The proposed update to the Company’s Terms and Conditions for
which the Company seeks approval to implement these proposed fees is attached to the
testimony of Company Witness Nathan J. Frost as Schedule 7.

V. Waiver of Promotional Allowance Rules

15. As part of Phase IB of the GT Plan, the Company proposes the Smart Charging
Infrastructure Pilot Program, which aims to provide the Company with the data and tools
necessary to understand and manage future electric vehicle (“EV”) charging load in furtherance
of additional pilots, programs, or rate designs that will support EV adoption while minimizing
the impact of EV charging on the distribution grid. The Pilot Program consists, in part, of
(i) rebates for the infrastructure and upgrades, if necessary, at EV charging sites, and (ii) rebates
for the smart charging equipment that enables managed charging.

16. Effective since 1992, the Promotional Allowance Rules “establish the conditions
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under which electric and gas utilities operating in Virginia may propose to recover reasonable
costs associated with promotional allowances to customers.™ The Rules define a promotional
allowance as “any payment, subsidy or allowance, directly or indirectly, or through a third party,
to influence the installation, sale, purchase, or use of any appliance or equipment.””® The Rules
permit certain activities, including those “designed to achieve energy conservation, load
reduction, or improved energy efficiency,” subject to prior Commission approval.® Promotional
Allowance Rule 50 allows for “exemptions from any or all of these rules.””

17.  Arguably, the rebates proposed as part of the Smart Charging Infrastructure Pilot
Program meet the criteria set forth in the Promotional Allowance Rules. Smart charging
infrastructure provides the Company with the opportunity to manage the increased demand from
electric vehicles in a manner that can shift this new load from times of peak demand, ultimately
reducing peak load.® In addition, the proposed rebates serve the overall public interest by
providing incentives for the electrification of transportation.’ Indeed, by statute, projects focused
on “electrical facilities and infrastructure necessary to support electric vehicle charging systems”
are in the public interest.'?

18. If deemed necessary by the Commission, the Company seeks a waiver of the

Promotional Allowance Rules under Rule 50, 20 VAC 5-303-50. The Promotional Allowance

420 VAC 5-303-10.

320 VAC 5-303-20.

520 VAC 5-303-30.

720 VAC 5-303-50.

8 See 20 VAC 5-303-30(2) (permitting approved promotional allowance programs “designed to
achieve . . . load reduction”).

% See 20 VAC 5-303-40(1)(e) (requiring utilities to show that a promotional allowance program
“serves the overall public interest”).

10 See Va. Code § 56-576 (including electric vehicle charging infrastructure in the definition of
“electric distribution grid transformation projects™); see also Va. Code § 56-585.1 A 6 (declaring
that “[e]lectric distribution grid transformation projects are in the public interest.”).

8
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Rules long predate the proliferation of electric vehicles, so the Rules do not contemplate the

relative benefits of EVs. In addition, as discussed above, rebates for incentives for smart
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charging infrastructure should be found to be in the public interest. Finally, the proposed rebates
will have no effect on other public utilities. For these reasons, the Company requests that the
Commission grant a waiver of the Promotional Allowance Rules for the Smart Charging
Infrastructure Pilot Program, if necessary.

VI. Supporting Testimony and Filing Schedules

19. In support of its Petition, the Company submits the pre-filed direct testimonies of
Company Witnesses Edward H. Baine, Thomas G. Hulsebosch, Nathan J. Frost, Thomas J.
Arruda, Robert S. Wright, Jr., Bradley R. Carroll, Sr., Jonathan S. Bransky, and Gregory J.
Morgan.

20.  The Company also submits filing schedules that support the detailed cost
estimates presented in the Petition. To the extent filing schedule information is voluminous, the
Company will make these documents available electronically. Specifically, the Company
submits Filing Schedule Frost, Filing Schedule Arruda, Filing Schedule Wright, Filing Schedule
Carroll, and Filing Schedule Bransky which include both (i) relevant contracts and (ii)
summaries of requests for information and proposals issued in support of the GT Plan. Because
portions of these filing schedules contain confidential and extraordinarily sensitive information,
in compliance with Rule 170 of the Commission’s Rules of Practice and Procedure,

5 VAC 5-20-170, this filing is accompanied by a separate Motion for Entry of a Protective Order
and Additional Protective Treatment, including a Proposed Protective Order, filed
contemporaneously with this Petition.

WHEREFORE, the Company respectfully requests that the Commission: (i) approve



Phase IB of the Grid Transformation Plan in its entirety as reasonable and prudent within six

months of the date of this filing; (ii) approve the proposed addition to the Company’s Terms and

Conditions related to the smart meter opt-out fees; (iii) grant the request for waiver of the

Promotional Allowance Rules related to the proposed Smart Charging Infrastructure Pilot

Program, if necessary; and (iv) grant such other relief as deemed appropriate and necessary.

Respectfully submitted,
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1. Introduction

Fundamental changes in the energy industry have prompted the need for utilities across
the country to modernize their distribution grids. The 2018 Virginia Energy Plan recognizes
these needs and drivers:

The energy industry is a vital economic driver that serves as the
foundation for the Commonwealth’s ability to grow and thrive.
Homes and businesses rely upon stable, reliable, and affordable
energy systems. At the same time, there are a number of market and
policy shifts that are transforming the industry in ways that cannot
and should not be ignored. These include technological advances
that are unlocking new opportunities in both the electricity and
transportation sectors, customer preferences that are driving the
expansion of new business models, a shift toward a reduction in
carbon emissions, and a growing focus on the reliability and
resiliency of our electric system.’

With the passage of the Grid Transformation and Security Act of 2018 (“GTSA”), the
Commonwealth declared electric distribution grid transformation to be in the public interest, and
mandated that utilities file a plan for grid transformation. The GTSA required that any such plan
“shall include both measures to facilitate integration of distributed energy resources and
measures to enhance physical electric distribution grid reliability and security.”

Virginia Electric and Power Company (“Dominion Energy Virginia” or the “Company”)
fully endorses the need for transformation and fully supports these policy objectives of the
Commonwealth. These policy objectives align with the four goals for grid transformation
identified by a group of the Company’s stakeholders:

- Optionality: Enable all customers with accessible, affordable electric service and engage
customers with programs, education, and data access.

- Sustainability: Evolve to a clean and decentralized grid that integrates distributed
energy resources, such as solar and wind, and electric vehicles.

- Resiliency: Build a more resilient energy grid that will reduce the effects of outages with
automation and advanced asset management.

- Affordability: Deliver value for customers by optimizing demand and seeking to reduce
system and customer costs.

This document presents the Company’s plan to transform its distribution grid (“Grid
Transformation Plan,” “GT Plan,” or “Plan™).

' VIRGINIA ENERGY PLAN (Oct. 2018), available at
https://www.governor.virginia.gov/media/governorvirginiagov/secretary-of-commerce-and-
trade/2018-Virginia-Energy-Plan.pdf [hereinafter VIRGINIA ENERGY PLAN].
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II. Need for a Modern Distribution Grid

Electricity has become a basic need, vital to our economy, public safety and way of life.
Critical services and infrastructure increasingly rely on electricity, including homeland security,
large medical facilities, public safety agencies, state and local governments, telecommunications,
transportation, and water treatment and pump facilities. As society has grown more dependent
on electricity, customers expect highly reliable service as well as easy access to their energy
usage information so that they can make informed decisions about their consumption. Another
fundamental change is the emerging shift within the transportation industry as it continues
toward electrification of personal vehicles, fleets, and mass transit, with the Edison Electric
Institute (“EEI”) projecting the number of electric vehicles (“EVs”) to reach approximately 18.7
million in 2030, up from approximately 1 million EVs on the road at the end of 2018. Another
vital resource powered by electricity is the internet, which drives commerce and everyday life.
Even a brief interruption or power quality anomaly at, for example, a data center can be
catastrophic for both the data center itself and the businesses that rely on that data center. While
service interruptions have always been an inconvenience, the safe, reliable, and consistent
delivery of power has never been more important than it is today.

Customers agree on the importance of reliable electric service and ensuring a quick
recovery when outages do occur. In a recent survey of Dominion Energy Virginia customers,
customers expressed that experiencing power outages is their primary source of frustration with
the Company. Similarly, a survey of social media activity shows over nine times the comment
volume appearing on major outage days.

A. Context for Distribution Grid Transformation

The electric grid was originally designed for the one-way flow of electricity, with
electricity moving from large, centralized generators through high-voltage transmission lines to
the distribution system. On the distribution system, electricity flowed from the substation to the
customer. While originally limited to cities, the electric power grid eventually reached even the
most remote areas of the country as a result of the incentives provided in the Rural Electrification
Act of 1936 for the installation of distribution systems in isolated rural areas of the United States.

As reliance on electricity grew, focus shifted to the transmission system as vital to
reliability of the electric grid as designed (i.e., the one-way flow of electricity). The Northeast
Blackout of 2003 drove new standards and investments into the transmission grid. NERC
became the national electric reliability organization responsible for the reliability of the
transmission system, and instituted mandatory minimum standards to which transmission owners
had to plan.

In the current day, focus has now shifted to distributed energy resources (“DERs”), such
as solar and wind. DERs are resources connected to the distribution system, many of which are
generation resources using renewable energy, such as solar photovoltaic (“PV”) and wind
generation. According to the Energy Information Administration (“EIA”), the nationwide
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growth of clean DERs from 2009 through 2017 has been approximately 23%.? The Company
has experienced an approximately 43% DER growth rate on its system during that same
timeframe, mostly in the form of solar PV.
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The rise of DERSs requires a fundamental change to the electric grid. With DERs,
electricity is now flowing onto the distribution system from multiple points. The distribution
system that was designed for the one-way flow of electricity must now accommodate the two-
way flow of electricity. In addition, the intermittent nature of some of these resources resulting
from weather variability creates power fluctuations not typical of traditional generation
resources. Propagated in an arbitrary manner, DERs are independent nodes that can disrupt
traditional grid power quality and reliability. But when paired with investments to increase
visibility on and control of the distribution system, DERs can transform into a system resource
that can be equitably managed to maximize the value of other available resources, and
potentially offset the need for future “traditional” generating assets or grid upgrades, and
maintain reliable service to customers. As the Electric Power Research Institute (“EPRI”) has
outlined, the distribution grid benefits DER through (i) reliability; (ii) startup power; (iii) voltage
quality; (iv) efficiency; and (v) energy transaction.?

In addition, because DERs rely on the distribution system to deliver the electricity they
produce, a resilient distribution system is vital to maximizing the value of DERs. Day to day
outages as well as major weather events not only cause prolonged outages for customers, but also
prevent DERSs from delivering electricity. The distribution system must be reliable and resilient
so that it can operate for DERs like the transmission system operates for large, centralized
generators.

Aside from DERs, and as the Commonwealth has recognized, “there are a number of
market and policy shifts that are transforming the industry in ways that cannot and should not be
ignored.” These shifts include “technological advances that are unlocking new opportunities in
both the electricity and transportation sectors, customer preferences that are driving the
expansion of new business models, a shift toward a reduction in carbon emissions, and a growing
focus on the reliability and resiliency of our electric system.” And throughout, severe weather
events continue as a reality in the mid-Atlantic, with two storms from 2016 and two storms from
2018 ranking among those most affecting customers over the past twenty years. Peer utilities
have demonstrated the value of resiliency investments in response to such events, enabling
timely restoration and economic recovery when damage does occur.

2 Edison Electric Institute, Report: ELECTRIC VEHICLE SALES FORECAST AND THE CHARGING
INFRASTRUCTURE REQUIRED THROUGH 2030 (Nov. 2018), available at
http://www.edisonfoundation.net/iei/publications/Documents/IEl_EEI%20EV%20Forecast%20R
eport_Nov2018.pdf.

3 American Public Power Association, THE VALUE OF THE GRID (Jul. 2018), available at
https://www.publicpower.org/system/files/documents/Value%200f%20the%20Grid_1.pdf (citing
EPRI, THE INTEGRATED GRID: REALIZING THE FULL VALUE OF CENTRAL AND DISTRIBUTED
ENERGY RESOURCES (2014)).

* VIRGINIA ENERGY PLAN.

3 VIRGINIA ENERGY PLAN.




These foundational shifts prompt the need to transform the distribution grid, as utilities
across the country have recognized. GridWise Alliance recognized as much in the preparation of
its Grid Modernization Index 2018:

Concepts that we discussed back in 2003 as long-term goals are now
a reality in many parts of the country. Customers have access to
data and tools that allow them to manage their energy use and cost
while supporting more effective grid operations. Power is typically
restored to customers much more quickly after an outage occurs
thanks to faster and more accurate data, along with [grid] equipment
that automatically responds to these interruptions. Customers are
increasingly choosing to install their own energy systems and
connect them to the grid and grid operators are modifying their own
systems to accommodate these distributed resources, creating a
more flexible and resilient grid.

GridWise ranked Virginia as a “beginner” in its grid modernization efforts—25th among states
and the District of Columbia based upon progress in modernizing the state’s electric grid—
noting many “leaders,” “movers,” and “believers” that can inform the effort as the
Commonwealth moves to transform the electric distribution grid.”

B. Value of a Transformed Distribution Grid to Customers

Foundational investments to transform the distribution grid will allow the Company to
use the distribution system differently than it does today, all for the benefit of customers.
Transformational investments in advanced metering infrastructure (“AMI”), customer
information platform (“CIP”), intelligent grid devices, automated control systems, and Advanced
Analytics will enable the Company to improve operations (e.g., reducing truck rolls, more
predictive and efficient maintenance, and increased visibility to help reduce outages and down
time), better forecast load shape, and predict future behaviors (e.g., identifying and fixing grid
problems before an outage occurs and overall savings and cost management of DSM programs),
resulting in a better, more informed customer experience. This value of a transformed
distribution grid can be seen from the view of different types of customers.

Today, all customers must take specific action to report outages and then wait for the
Company to deploy resources to bring the power back on. With transformational investments in
AMI, CIP, intelligent grid devices, automated control systems, and resilience, customers will
experience fewer outages and will not need to take action to report outages when they do occur.
Instead, when outages do occur on the more connected and resilient grid, the outages reported
through smart meters and other intelligent grid devices will prompt the dynamic system to

¢ GridWise Alliance, GRID MODERNIZATION INDEX 2018: KEY INDICATORS FOR A CHANGING
ELECTRIC GRID, available at https://www.gridwise.org/resource-downloads/GWA_18 GMI-
2018_FinalReport_12_17_18.pdf [hereinafter GRID MODERNIZATION INDEX 2018].

7 GRID MODERNIZATION INDEX 2018.
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automatically restore power to as many customers as possible, narrowing the scope of the outage
and focusing effort on issues that require manual intervention. Additionally, grid visibility
provided by the transformed grid will allow customers to receive proactive outage and
restoration alerts—and more accurate information on expected restoration times, including
detailed outage maps—allowing the fewer customers that are impacted to better adapt to the
situation. By targeting over 1,000 miles of mainfeeders for hardening over the full 10 years of
the GT Plan, Dominion Energy Virginia’s distribution system and the customers it serves will
experience fewer customer interruptions and outage minutes each year, as discussed in detail in
Section VILA.3 below.
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Today, most residential customers receive monthly energy usage data at a summary level
through their bills. With transformational investments in AMI and the CIP, all residential
customers can receive detailed interval energy usage data through convenient communication
channels. The corresponding education will inform customers on how to take control of and
manage their energy usage, if desired. These customers will also have the opportunity to
participate in time-varying rates and innovative demand-side management (“DSM”) programs
that these investments will enable the Company to broadly offer. Such rate options and DSM
programs can prompt behavioral changes that benefit customers through bill savings and reduced
system costs.

Today, multi-family complex customers (e.g., apartment complexes) have meters that
limit the efficiency of the move-in / move-out process, a process that happens more frequently
than for single-family homes. With transformational investments in AMI and the CIP, customers
can change accounts the same day, leading to more efficient relocation, easier owner / tenant
billing, and lower costs.

Today, DER net metering customers must engage in a largely manual application
process, and then wait for a meter exchange. The meter exchange process alone can take up to
10 business days to schedule and complete, leading to potential interconnection delays for the
customer. With transformational investments in AMI, CIP, intelligent grid devices, automated
control systems, and resilience, DER customers will experience a much faster and seamless
interconnection process, will no longer need a meter exchange, and will receive detailed
information on how their DERSs interact with the grid. Further, customers will maximize the
value of their DERs through the connection with a resilient grid, and can choose to offer grid
support functions for the local distribution grid as an alternative to traditional grid upgrades. In
addition, transformational grid investments will enable a dynamic hosting capacity map,
allowing customers, and even localities, to evaluate optimal locations to interconnect DERs. By
empowering customers with the information to optimally locate DER, customers can realize
reduced interconnection costs and potentially contribute to the deferral of other system
investments.

Today, the majority of EV customers do not have attractive options to encourage them to
charge their vehicles during times when the demand for electricity is low. With transformational
investments in AMI, CIP, and smart charging infrastructure, EV customers will have access to
more innovative programs and advanced rate options that could lead to bill savings and reduced
system costs.




Today, business customers are subject to sudden voltage fluctuations when outage events
occur on the distribution grid. Even when a customer does not experience a sustained outage,
these voltage fluctuations have the potential to impact operational processes and facility
production. The intermittency and changing power flows related to renewable generation
introduce new dynamics to grid operation that, if not managed properly, have the potential to
similarly impact these customers. Transformational investments in reliability and resiliency will
eliminate certain outage events and the associated voltage fluctuations that ripple across the
distribution grid, while also ensuring power is restored more quickly when it does go out. With
transformational investments in AM], intelligent grid devices, and automated control systems,
the Company will have the situational awareness and control capabilities to manage grid
operation so business customers can rely on voltage stability to ensure minimal disruption to
their operations.

Today, vital community resources are more dependent on grid reliability than ever
before. Health and safety services, such as hospitals, water, and emergency services, carry the
highest priority day-to-day and in a restoration event, closely followed by commerce and
education, including internet services for home and work. More and more grid availability

translates to availability for DER to contribute to system resources in the form of capacity factor.

With transformation investments in resilient grid architecture, customers will have confidence
that their growing reliance will be served.

Dominion Energy Virginia values the experience of its customers and believes that the
Grid Transformation Plan will enable the Company to meet their changing needs and
expectations.
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ITIl.  Existing Distribution Grid

As discussed in Section II.A, the electric grid was originally designed for one-way flow
of electricity to meet customers’ demand—from the generator, through the transmission system,
to the distribution system and the end-use customer. In the traditional distribution system design,
electricity typically flows from a substation, through mainfeeders, to tap lines and then service
lines that are connected to the end-use customer.

Dominion Energy Virginia’s over 2.5 million customer accounts in the Commonwealth
power the business economy and serve over S million residents. The Company’s existing
distribution system in Virginia consists of more than 53,000 miles of overhead and underground
cable, and over 400 substations. The distribution system utilizes a variety of devices for
functions from voltage control to power flow management, and relies on multiple operating
systems for various functions from customer billing to outage management. The following
sections provide a detailed description of the Company’s existing distribution system.

A. Substations

The primary function of a distribution substation is to transfer power from the higher
voltage transmission system, which ranges from 69 kilovolt (“kV”’) to 230 kV on the Company’s
system, to the lower voltage distribution system, which typically ranges from 4 kV to 35 kV.
Once this power is “stepped down,” it is placed on the distribution system for delivery to the end
use customer.

There are many pieces of equipment and devices that help to facilitate this transfer of
power, including the following:

Substation Transformers. Equipment that handles the stepping down of higher voltages
to lower voltages.

Substation circuit breakers. Devices that enable the flow of power into and out of the
substation and serve to isolate faults.

Voltage regulation devices. Devices that help keep voltage within the desired bandwidth.
B. Wires

Within the distribution system, the wires—also known as conductors—transmit
electricity from substations to end-use customers. A system of conductors is referred to as either
a circuit or a feeder. The Company will use the term “feeder” in this document. The Company
operates approximately 1,700 feeders in Virginia. There are three parts to feeders, the
mainfeeders, the tap lines, and the service lines. Figure 1 provides an illustration.
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Figure 1: Distribution System Illustration

1. Mainfeeders

Mainfeeders are the three-phase portion of the distribution system that carries electricity
from substations to tap lines and end-use customers. Larger customers, such as certain
businesses and public services, are often served directly from the mainfeeders. Mainfeeders on
the Company’s distribution system typically serve hundreds or thousands of customers along
many miles of conductor. The Company’s distribution system in its Virginia service territory
has approximately 10,000 miles of overhead mainfeeders and 1,800 miles of underground
mainfeeders on its approximately 1,700 feeders.

2. Tap Lines

Tap lines are the portion of the distribution system that carry electricity from the
mainfeeders to neighborhoods and individual end-use customers. The Company’s distribution
system in its Virginia service territory includes approximately 18,000 miles of overhead tap lines
and approximately 22,000 miles of underground tap lines.

Separate from, but complementary to, its plan to transform the distribution grid is the
Company’s Strategic Undergrounding Program (“SUP”). This program focuses on
undergrounding fap lines to decrease downed wires and work repair locations, enabling crew
redeployment to other outage locations and allowing a faster recovery after severe weather
events. In contrast, the focus of the grid transformation efforts is the mainfeeder portion of the
distribution system.
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3. Service Lines

Service lines are the low voltage portion of the distribution grid that carries electricity
from service transformers to customers. For residential customers, these lines typically operate
at 120/240V while commercial and industrial customers may have service lines that deliver a
variety of voltages, including 120/208V, 120/240V, and 277/480V. Service lines typically
connect to the service transformer on one end and the meter on the other end. In some instances,
one service line can be used to serve multiple customers by connecting additional service lines to
it along the route from the transformer to the meter.

C. Devices

Voltage Control Devices. Voltage control devices are used to manage grid voltage to
ensure customers receive adequate voltage at the meter. The most common voltage control

devices on the distribution grid are voltage regulators and capacitors. Voltage regulators monitor

and adjust the voltage at the substation or along the feeder based on control programming that is
loaded by Company engineers. The programming typically uses loading and specific electrical
information based on the location of the equipment. Capacitors are used to manage power flow
effictency on the distribution grid. As customers use electricity, the equipment along the grid
that delivers the power, such as transformers and conductors, consume additional electricity and
cause electrical losses to occur, causing voltage to decrease. Capacitors are used to provide a
portion of that additional electricity and reduce the losses, which in turn improves voltage.

Service Transformers. Service transformers connect to the grid and serve to lJower the
voltage from distribution voltages used on the mainfeeders and tap lines, typically 4 kV to 35
kV, to the service voltage used by customers. For residential customers, the most common
service voltage is 120/240 volt (“V”), meaning appliances and devices using electricity can be
connected to either a 120V or a 240V outlet from customers’ electrical panels. Commercial and
industrial service transformers deliver a variety of service voltages, including 120/208V,
120/240V, and 277/480V. The Company has approximately 540,000 service transformers in
Virginia. )

Protective Devices. Protection devices perform several different functions on the
distribution grid, including monitoring power flows and voltages, providing switching points to
reconfigure power flows, automatically disconnecting a grid segment when a problem is
detected, and providing the associated communications functions to allow protection activities to
occur. Electronically controlled line devices, fuses, line sensors, relays and communications
gateways are examples of protection devices.

D. Meters

Dominion Energy Virginia customers primarily have one of three types of meters:
automated meter reading (“AMR”) meters, smart (i.e., AMI) meters, or manually read meters.
As of July 1, 2019, approximately 78% of Virginia customer meters are AMR meters,
approximately 17% are smart meters, and approximately 5% are manually read meters.
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AMR Meters. The Company began deploying AMR meters throughout the service
territory over 20 years ago. Usage data from AMR meters is collected through drive-by
readings. Specially equipped trucks drive throughout the service territory daily, covering
approximately 450 different meter route cycles throughout each month. The Company uses
meter readers to drive these routes. The equipment collects a meter reading from the AMR
meters within range, which the Company then uses for monthly billing. AMR meters cannot be
remotely controlled or operated, meaning that the Company must send a field representative for
common requests like connecting or disconnecting service. The Company utilizes meter
servicers to execute these and other requests.

Smart Meters. Smart meters are electric meters that enable two-way communications,
digitally gathering energy usage data in specified increments (i.e., interval data) and other related
information. Smart meters are equipped with a network interface card (“NIC”’) and communicate
with each other, creating what is referred to as a mesh network. A system of field
telecommunications devices—comprised of devices called repeaters and collectors—gathers
meter data from the mesh network and transmits the data gathered back to the utility through a
backhaul network. Together, the mesh and backhaul networks are called the field area network.
A back office system, also called a head-end system, receives and processes the data and serves
as an operating platform for the back office team responsible for operation and maintenance.

The term AMI, or “advanced metering infrastructure,” refers to the over-arching metering
system, which includes smart meters, a field area network, and a back office system.

In 2008, the Company began to deploy AMI in a targeted fashion based on specific
operational and customer needs. Taking a measured pace over the course of several years, the
Company continued to deploy smart meters in larger quantities and densities in diverse
geographical areas of the service territory to validate deployment and operational strategies. The
Company used the knowledge gained from this initial deployment of AMI to develop its strategy
for full deployment across the service territory. The Company currently has approximately
435,000 smart meters deployed across its service territory, primarily in the Alexandria, Herndon,
and Charlottesville offices.

Manually Read Meters. As of July 1, 2019, approximately 130,000 customers have
manually read meters, primarily to gather energy usage data in specified increments (i.e., interval
data) or monthly peak energy demand. To obtain this data, meter readers visit the customer
premises and must walk up to the meter to record energy usage via an electronic “probe”
approximately once per month. The meter readers that drive the AMR routes also complete
these visits. The Company has deployed manually read meters to support offering time-varying
rates to customers that do not have smart meters. The Company has also deployed manually
read meters to provide additional information to net metering customers that do not have smart
meters. Eliminating these manual meter reads with the implementation of AMI will not only
provide operational benefits through reduced components of cost of service, but will also enable
the Company to provide detailed energy usage data to customers and to more widely deploy
time-varying rates in an efficient and cost effective manner.
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E. Operating Systems
1. Customer Experience Systems

Customer Information System (“CIS”). Deployed about 23 years ago, the CIS is the core
system delivering business functions such as customer service, account management, credit and
collections, service orders, meter inventory, usage, billing, service address management,
portfolio management, and rates and financial based activities. The CIS is an employee-facing
system, and is also referred to internally as customer business management system (“CBMS”).

CBMS is built on a mainframe platform using the programming language COBOL.
Users use what is referred to as a “green screen” to view information. The system lacks a logical
workflow, requiring users to memorize a series of four letter commands to navigate through
screens. The system is not Windows based; nor is it compatible with using a mouse or cursor for
simple navigation. The vendor no longer supports the system, and service providers do not
routinely hire or train COBOL programmers. The limited services that are available for CBMS
come at an increasingly higher cost.

Manage Accounts. Deployed in 2003, Manage Accounts is the customer-facing web self-
service platform for residential and small commercial customers.

Key Customer. Deployed in 2006, Key Customer is the customer-facing web self-service
system for large customers that are assigned an account representative.

Property Manager Portal. Deployed in 2013, the Property Manager Portal is the
customer-facing web self-service tool for property management companies to manage landlord
agreements and turn on / turn off service for their properties.

Agency Web Access (“AWA”). Deployed in 2006, Agency Web Access is the customer-
facing web self-service application for charities and third-party agencies (e.g., Salvation Army)
to make energy assistance payments on behalf of customers.

Meter Data Management System (“MDMS”). Deployed in 2009, the meter data
management system is the employee-facing system that processes and stores interval data used
for billing and calculates billable consumption for interval meter data.

Gateway. Deployed in 2013, Gateway is the employee-facing web-based front end
system to CBMS and other systems used in the contact center. Gateway is the primary tool for
customer service representatives to interact with customers.

Knowledge. Deployed in 2016, Knowledge is the employee-facing system that allows

for systematically capturing, describing, organizing, and sharing information including alerts,
work processes, and policies across customer service.
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E-Gain. Deployed in 2010, E-Gain is the employee-facing system that imports and sorts
emails and work tickets, creating a queue for response. E-Gain includes auto replies and
templates for responses.

LanBill. Deployed in 1996, LanBill is the employee-facing system that allows back
office personnel to manually edit and print bills flagged for special handling. LanBill is used to
process large complex bills that are not fully automated in CBMS.

Bill Image. Deployed in 2003, Bill Image is the employee-facing software used to render
an image of the bill on demand in Manage Account and Gateway.

Agiloft. Deployed in 2011, Agiloft is the employee-facing record keeping system used to
track elevated customer issues and inquiries.

2. Grid Operation Systems

AMI and AMR head-end systems. The system that receives and processes the data and
serves as an operating platform for the back office team responsible for operating and
maintaining AMI and AMR, respectively.

Advanced distribution management system (“ADMS”). A software platform that
supports a full range of distribution management and optimization tools, such as supervisory
control and data acquisition (“SCADA”), fault location, isolation and service restoration
(“FLISR”), voltage optimization, and distributed energy resource management (“DERMS”).
The Company implemented the first phase of ADMS in 2019, which provides the basic data
acquisition and control functionality.

Outage management system (“OMS”). A system that provides tools and information to
efficiently restore power to customers by providing outage analysis and prediction functionality.
The system enhances public and worker safety, and serves as the Company’s system of record
for outage history. The existing OMS was deployed in 1994. It does not have the capability to
maintain a dynamic hierarchy of how each customer is being served based on the configuration
of the feeder ties at any point in time.

Data Analytics System (“DAS™). A system that stores and quickly processes large
amounts of data to create Advanced Analytics solutions. The existing DAS was deployed in
2017. It does not have the capability to process the amount of data that the Company will obtain
from full deployment of smart meters and other intelligent grid devices.

E. Telecommunications

Dominion Energy Virginia currently has a telecommunications (“telecom™) transport
portfolio that consist of Company-owned fiber, leased lines, copper cables, and public carrier
solutions. Approximately 6% of the distribution substations have fiber, approximately 40% use
leased circuits, and approximately 10% use copper cables. The remaining approximately 44% of
substation have no communications.
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G. Security

The existing distribution system is protected by a comprehensive security program
designed to provide adequate and cost-effective security control measures that manage the
growing threat to the energy sector and that protect the Company and its customers from cyber
and physical attacks. The Company’s security program has been subjected to multiple third-
party vulnerability assessments and penetration tests (announced and unannounced); peer
reviews; and numerous internal and external audits. Results from those engagements have
informed continuous improvements to both cyber and physical security.

H. Electric Vehicle Infrastructure

Electric vehicles (“EVs”) are typically charged by plugging the EV into a charger that is
connected to the electric grid. There are three major categories of chargers that are
distinguishable by the amount of power the charger can provide, which results in different speeds
of charging:

- Level 1 refers to use of a standard 120-volt (V) outlet, which charges three to five
miles of range per hour. Level 1 charging is ideal for overnight charging for EV owners
that travel about 30 miles or fewer per day.

- Level 2 chargers require a higher voltage at 240V, which charges 10 to 20 miles of range
per hour. Level 2 charging is ideal for workplaces, multi-family dwellings, and locations
with the potential for more electric vehicles than chargers.

- Level 3—also known as direct current fast charging (“DC Fast Charge” or “DCFC”)—
can charge an EV battery to approximately 80% of capacity in 20 to 30 minutes. DCFC
requires three-phase electric service and significant capacity. It is ideal for public
locations to support travel over long distances.

As of August 15, 2019, there were approximately 595 Level 2 (i.e., 240 volt) and direct
current fast charging (“DCFC”) charging stations in Virginia available for public use. However,
not all of these stations are available to all EV drivers, and some are only available during
limited hours.
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IV.  Distribution Grid Planning

The fundamental changes in the energy industry discussed in Section I drive not only the
need to transform the distribution grid, but also to transform how distribution grid planning
occurs. Appendix B provides a detailed overview of the Company’s current distribution
planning process, the limitations of the current process, and the integrated distribution planning
(“IDP”) process that the Company plans to implement going forward (the “IDP White Paper™).
The IDP White Paper also details how the proposed Grid Transformation Plan investments are
foundational to enabling true integrated distribution planning. This section provides an overview
of the IDP White Paper.

A. Current Distribution Planning Process

The Company’s current distribution planning occurs through three separate processes:
(i) distribution capacity planning, (ii) distribution reliability planning, and (iii) DER
interconnection.

The purpose of distribution capacity planning is to evaluate grid utilization during
seasonal peak loading conditions based on projected load growth, identifying any necessary
improvements to the distribution system needed to satisfy thermal and voltage criteria as the
demands placed on the distribution infrastructure change over time. Generally, load growth
forecasting is not location specific beyond information regarding block load additions that are
known in the short term. There are no inputs related to customer-level usage patterns or DER
and emerging technology penetration growth included in this current forecasting process.
Traditional static planning focuses on the system’s summer and winter peak conditions, studying
the traditional “worst case scenarios.” Based on this focus, the current load growth forecasting
utilizes only peak customer usage and removes DER to ensure the grid will remain reliable under
these conditions.

The purpose of distribution reliability planning is to identify causes of service
interruptions and risks to the grid, and to develop cost-effective and prudent solutions to improve
overall grid performance and customer experience. Reliability planning is based on data
analytics of service outage information.

The DER interconnection process identifies the impact to the grid of interconnecting
DER. Which interconnection process DER customers must follow depends upon (i) whether the
DER customer opts to sell its output wholesale to PJM Interconnection, LLC (“PJM”) or to the
Company; and (ii) whether the DER customer elects to interconnect directly to distribution
infrastructure as a small electrical generator or behind the customer’s meter via net energy
metering.

Current distribution planning methodologies and processes were designed for a

distribution grid in a world of centralized large-scale generation and a one-way power flow. In
the evolving paradigm where DERs and other emerging technologies are increasing on the
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distribution grid causing two-way power flows, the Company’s distribution planning process
must also evolve.

B. Future Integrated Distribution Planning
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The Company defines integrated distribution planning as a process to address capacity,
reliability, and DER integration, accounting for uncertainties introduced by factors such as
increasing DER penetration, changing usage patterns, and increasing use of new technologies
such as high energy electric vehicle charging infrastructure. True IDP requires people,
technologies, and processes. Throughout, trained professionals are vital to fully leverage the
technologies and optimize the processes and emerging tool sets. Technologies and
communications that provide visibility into the grid to the customer premises level are
foundational to enable integrated distribution planning. The processes and tools must then be
developed that incorporate the data gathered by the foundational technologies, including
advanced distribution modeling and analysis tools that consider a range of possible futures where
varying levels of DER and emerging technologies are adopted on the distribution system.

Achieving true integrated distribution planning requires both a thorough understanding of
how the grid is performing in all respects, and tools that can process information from the grid
and inform or take actions. This is only possible with a full implementation of the equipment
and systems that are proposed in the Company’s Grid Transformation Plan. Namely, AMI;
intelligent grid devices and operations and control systems; a robust and secure
telecommunications network; and Advanced Analytics tools are all required to perform
integrated distribution planning. Without a full deployment of the devices and systems that the
Company is proposing in its Grid Transformation Plan to achieve situational awareness and
control capabilities, true integrated distribution planning is not possible.

These proposed investments will enable a deep examination of the current distributed
pathways and a detailed analysis of feeder segments for long-term planning purposes. With this
baseline view, the Company can encourage DER in a manner that supports customer demands,
improves grid reliability and resiliency, and ensures reasonable costs. This process will
ultimately allow the Company to utilize DER in its generation planning.

The Company plans to implement an IDP process that will evolve the current planning
processes to adapt to the increasing proliferation of customer-owned DERs and other changes
relevant to the modern grid. The IDP White Paper, attached as Appendix B, describes the
Company’s proposed evolution of integrated distribution planning over time as enabling
technologies are deployed.
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V. Development of Grid Transformation Plan

The Company has engaged in an iterative process to develop the Grid Transformation
Plan presented in this document. Guided by the policy objectives of the Commonwealth to
facilitate the integration of DER and enhance distribution grid reliability and security, the
Company incorporated its experience-based knowledge with input from customers and
stakeholders; with lessons from the experiences of peer utilities; and with guidance provided by
the State Corporation Commission of Virginia (“Commission”) in prior orders.

A. Internal Process

The Company consistently tracks developments in the energy industry and challenges for
its distribution system. As shown in the Grid Modernization Index 2018, GridWise Alliance
ranked Virginia as 25th among states and the District of Columbia based upon progress in
modernizing the state’s electric grid, noting many “leaders,” “movers,” and “believers” that the
Company could learn from as the Commonwealth moves to transform the electric distribution
grid. The Company has talked to its peer utilities and has learned from their experiences. The
Company has kept current with information published by various industry groups, and has
engaged with these industry groups to gain additional knowledge and perspective. The Company
also engaged an industry expert, West Monroe Partners, as a knowledgeable partner in the
development of a plan to modernize the distribution grid. Additionally, the Company has tested
certain components of the GT Plan on a smaller scale, such as AMI. All of this knowledge
coalesced to create the framework for the Grid Transformation Plan.

B. Customer Engagement

Dominion Energy Virginia strives to meet its customers’ energy needs while providing a
seamless customer experience. To that end, the Company frequently seeks feedback from its
customers in various forms and forums. The Company has also sought specific feedback to
assist in the development of the Grid Transformation Plan. The Company intends to continue
this customer engagement to assess the priorities included in the GT Plan.

1. Ongoing Feedback

Dominion Energy Virginia receives customer feedback on a daily basis. The Company
strives not only to quickly and justly resolve any customer issue, but also to identify trends and
possible process improvements.

The Company also meets directly with customers. For example, from January 2017 to
May 2019, the Company conducted nearly two dozen community meetings at the request of
customers to discuss grid performance and to provide information on activities to improve
service. The Company will continue to engage with customers on an ongoing basis in its efforts
to meet customer needs and expectations.
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2. Virginia-Based Voice of the Customer Survey

The Company recently contracted with Maslansky + Partners (“Maslansky”) to conduct
Virginia-based research to evaluate customer priorities related to the Grid Transformation Plan.
Maslansky based this effort on a nationwide survey fielded by Edison Electric Institute (“EEI”)
on the “Voice of the Customer,” and, where applicable, compared the results of the Virginia
survey and the national study.

Survey questions tested 35 attributes across a range of eight areas: (1) bills and payment;
(ii) customer service; (iii) digital/digital privacy; (iv) environment/carbon/energy efficiency;
(v) operational performance; (vi) outage communications; (vii) rewards; and (viii) smarter
energy infrastructure. Customers expressed that experiencing power outages is their primary
source of frustration followed closely by the ability (or inability) to control their electricity bills.
Above all other categories, customers value reliability and affordability the most, and they
expressed their desire to save on their bills and / or conserve energy. Appendlx C provides the
full results of the Maslansky Survey.

3. Social Media Analysis

Social media is a channel through which the Company communicates with and receives
feedback from its customers. Dominion Energy Virginia recently prepared a Social Media
Analysis that reviewed social media comments and sentiment to gather insights about customers’
impressions of Dominion Energy Virginia, their reactions regarding power outages, and other
aspects of the power delivery service they receive from the Company. West Cary Group
completed the analysis, and assessed more than 28,500 social media comments identified as
related to the Company over the last three and a half years.

Although only a limited number of customers use social media channels as a way to
communicate with the Company or voice their concerns, the analysis clearly shows customers
are frustrated during outages, as evidenced by over nine times the comment volume appearing on
major outage days. While some comments share their appreciation after restoration, many
customers do express frustration. The comments also illustrate an erosion of patience as time
ticks by during multi-day outages. Notably, reliability and resiliency are major concerns for
customers on all days—major storm or not. Appendix D provides the full results of the Social
Media Analysis.

C. Stakeholder Engagement

In furtherance and development of the Company’s GT Plan and related initiatives, the
Company began a series of stakeholder sessions in mid-2019 to inform and develop goals for a
modern grid and the customer experience. In two distinct session topics, the Company sought
feedback and alignment regarding stakeholders’ vision for prioritized capabilities of the grid, and
how enabling infrastructure and technology can support new time-varying rates and customer
programs. Each stakeholder process is further summarized below.
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1. GT Plan Stakeholder Process

To facilitate stakeholder engagement surrounding the Company’s plan for grid
transformation, the Company engaged an industry expert, Navigant, to facilitate an external
stakeholder process. Attendees included a range of stakeholders with varying interests, from
environmental advocates to municipality representatives to low income advocates. Commission
Staff also attended the stakeholder process.
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Navigant facilitated a series of workshops that guided the conversation on the
stakeholders’ vision and objectives for grid transformation. Through collaborative
conversations, a group of the stakeholders identified four goals for grid transformation:

- Optionality: Enable all customers with accessible, affordable electric service and engage
customers with programs, education, and data access.

- Sustainability: Evolve to a clean and decentralized grid that integrates distributed
energy resources, such as solar and wind, and electric vehicles. .

- Resiliency: Build a more resilient energy grid that will reduce the effects of outages with
automation and advanced asset management.

- Affordability: Deliver value for customers by optimizing demand and seeking to reduce
system and customer costs.

Using these goals as a guide, Navigant led an exercise for stakeholder groups to prioritize
grid capabilities that any plan for grid transformation should enable. Consistent across all
stakeholder groups were investments that enabled two capabilities: (i) integrate and optimize
DERs and (ii) provide relevant, data-enabled options that enable customers to meet their goals.
In addition, highly prioritized by at least one stakeholder group were investments that enabled
the following capabilities: (iii) increase monitoring and visibility; (iv) accommodate two-way
power flows; (v) enable voltage monitoring and control, supporting load management and peak
shifting; (vi) simplify interconnection for residential customers; and (vii) harden for resiliency
and security. Figure 2 below shows the results of a grid capabilities exercise conducted by
Navigant with the stakeholders mapping the four goals of grid transformation to the customer-
facing and value-enabling capabilities.
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Figure 2: DEV Results of Grid Capabilities Exercise
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Navigant then facilitated a discussion that mapped high-priority capabilities to key grid
modernization technologies. At the final workshop, the Company presented the Grid
Transformation Plan and received stakeholder feedback. Appendix E is Navigant’s final report
on the stakeholder process.

The Company intends to continue engagement with stakeholders as its grid
transformation efforts proceed.

2. Time-Varying Rate Stakeholder Process

In 2019, the General Assembly passed legislation—HB 2547—requiring the Company to
convene a stakeholder process to make recommendations concerning the development of time-
varying rates and other related initiatives. After consultation with the stakeholder group, the
Company engaged Navigant as an independent facilitator to conduct the process. Attendees
included a range of stakeholders with varying interests, from environmental advocates to
municipality representatives to low income advocates. Commission Staff also attended the
stakeholder process.

Initial sessions and collaborative discussions with the stakeholder group identified two
key goals of an effective time-varying rate:

e To have a rate that empowers a large number of satisfied and engaged customers to
regularly manage their load for maximum benefit to the electric system; and

\]

e The rate offering should send as accurate of price signals as possible, but with design
elements that minimize negative impacts for certain customer segments.
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With these goals clearly identified, Navigant facilitated a review of common rate design
options, leveraging Company supplied load information to analyze various rate structures and
associated customer behavioral changes and system benefits that could result.

By the third session, stakeholders aligned on a preferred rate structure and associated
on/oft peak periods to target and began focusing on refining the new time-varying rate structure
through discussions around specific pricing differentials / signals within the rate. Current
technology limitations were also discussed at length with the group to highlight the need for
AMI and CIP deployment to achieve targeted rate design and goal realization.

Stakeholders acknowledged the existing systems, specifically those running on
mainframe systems, do not support the functionality they seek. Stakeholders specified a need for
customer data tools, easy access to view data, and customer empowerment. The feedback from
the Stakeholder group along with other customer feedback provides the basis for the customer
experience goals of the CIP: modernize the customer relationship, provide better information
and provide value.

As the process continues, the Company is working with stakeholders to finalize the new
rate structure to inform a potential filing in the future and begin crafting a customer outreach and
education plan to ensure the rate empowers customers to effectively manage their load for
maximum benefit to the electric system in an effort to lower peak usage.
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VI. Grid Transformation Plan

The 10-year Grid Transformation Plan focuses on the overarching goals of optionality,
sustainability, resiliency, and affordability, as described in Section I. Similarly, Virginia Code
§ 56-585.1 A 6 requires that any plan for electric distribution grid transformation projects “shall
include both measures to facilitate integration of distributed energy resources and measures to
enhance physical electric distribution grid reliability and security.”

Based on the development process described in Section V, the Company presents a
comprehensive plan designed to achieve all of the goals and objectives for grid transformation in
a reasonable, prudent, and cost-effective manner. Specifically, Phase IB of the Grid
Transformation Plan includes six components: (i) AMI; (ii) CIP; (iii) grid improvements;

(iv) telecommunications infrastructure; (v) cyber security; and (vi) the Smart Charging
Infrastructure Pilot Program.

A. Components
1. AMI

Dominion Energy Virginia proposes to fully deploy AMI across the service territory.
Through this technology, the Company can remotely read data gathered by smart meters and
send commands, inquiries, and upgrades to individual smart meters. The full deployment of
AMI is a foundational component of the Grid Transformation Plan, effectively enabling all other
Plan components, and is needed to unlock the capabilities that customers, stakeholders, and the
Commonwealth are demanding. Simply put, without the full and timely deployment of AMI
technology across the service territory, the Company cannot transform the distribution grid.

The Company expects to complete deployment of AMI over a six-year period beginning
in 2019. During this time, a total of approximately 2.1 million meters and 3,100 network devices
will be deployed in a structured manner across the Virginia service territory within each of the
geographic areas by region and field office. The Company plans to use the AMI head-end
system currently in place for the full deployment of AMI, upgrading the system as needed as the
deployment of smart meters progresses and as the Company enables additional AMI capabilities.

With the plan for full deployment, the Company proposes a revenue-neutral opt-out
policy for residential customers including a one-time fee and ongoing monthly fees intended to
only recover the costs of a customer opting out of smart meter installation.

2. CIP

The Company proposes to implement a new CIP that will replace 12 current systems
supporting different aspects of the customer experience, including the outdated CIS, described
above. The CIP will integrate with other critical operational systems that either currently exist or
that the Company plans to upgrade as part of the GT Plan. The proposed CIP is needed to
replace antiquated systems with a platform that will provide the foundation for an enhanced
customer experience and desired grid capabilities. Without the foundational investment in the
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CIP, the value of the transformed grid will not be widely accessible to customers in a manner
that is user-friendly (e.g., web self-service, smartphone apps, proactive communications). For
example, time-varying rates, high bill alerts, and receipt of push notifications regarding billing
would not be broadly accessible to customers without a new CIP.

The Company plans to implement the CIP beginning in 2019. The foundation of CIP
implementation is the replacement of the CIS. The Company has collaborated with an industry
expert to assist with bid management, including the competitive process to select a system
integrator. The system integrator is responsible for leading the Company through design of the
new system, configuration of the new system to meet the design, integration of other applications
and systems to the new system, testing of the new system to ensure that it meets all requirements,
and conversion of required data from the existing system. During the replacement of the CIS,
the Company will deliver customer functionality through early releases of technology within the
CIP, such as notification preference, which will allow customers to choose the communication
channels through which they prefer to engage with the Company, and an outage center app for
outage communications. After the CIS replacement, the Company will continue the CIP and
leverage the new technology for additional functionality, specifically redesigning the bill to
make it more understandable and easy to read.

3. Grid Improvements

The Company proposes grid improvement projects over the 10-year period of the GT
Plan. Proposed projects fall into two categories: (i) grid technologies and (ii) grid hardening.
The grid improvement projects are needed to adapt to fundamental changes in the energy
industry described in Section I, facilitating the integration of DER and enhancing system
reliability and resiliency.

Grid Technologies. Within the category of grid technologies, the Company proposes:
(a) building a self-healing grid; (b) conducting and publishing hosting capacity analysis;
(c) implementing a DERMS; (d) enabling Advanced Analytics; (€) implementing voltage
optimization; (f) demonstrating microgrid capabilities at the Locks Campus; (g) implementing an
enterprise asset management system (“EAMS”); and (h) replacing the OMS.

Self-Healing Grid. The Company proposes to build a self-healing grid. A self-healing
grid refers to a distribution network that uses smart grid devices such as switches, reclosers, and
line sensors; a communications network; and a control system to automatically isolate outages to
the smallest possible group of customers and reroute power to restore most customers in a matter
of seconds or minutes. This type of system also provides details about the specific location of
the fault, allowing crews to arrive and assess repair needs faster, speeding the restoration time for
the remaining customers. This concept is also known as distribution automation or fault
location, isolation, and service restoration (“FLISR”). Additionally, these smart grid devices
provide situational awareness that is necessary to manage grid voltages and power flows related
to DER. Figure 3 illustrates the self-healing grid.

22

E8CRHPEAGET




Figure 3: Self-Healing Grid
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To build a self-healing grid, the Company will install electronic devices on selected

feeders and associated substations, and add a FLISR software module to the Company’s recently
installed ADMS. The electronic devices to be installed include the following:

Electronically-controlled line reclosers. Devices that can sense grid problems and take
action to de-energize and isolate line sections turn off power where necessary, and that
can also receive control commands from the ADMS using a secure telecommunications
network.

Line sensors. Devices installed at select locations along the feeder that provide
situational awareness regarding normal loading and voltage as well as fault related
information that can be used by the ADMS to further narrow the potential outage
location.

Digital relays. Devices that provide advanced protection and control functionality, and
detailed grid performance information including near real-time situational awareness
about grid operation.
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- Communication gateways. Devices that facilitate secure communications and function as
a central data hub, sending and receiving all data and control functionality between
substations and the ADMS.

To maximize the benefit of investments in a self-healing grid, the Company selected
feeders that have the largest number of customers and most critical services affected when
outages occur based on historical outage information from 2014 to 2018. The Company has
completed detailed engineering for the feeders it intends to target in 2020 and 2021 to determine
the number and types of devices to deploy on each feeder.

Hosting Capacity Analysis. The Company proposes to complete and publish a hosting
capacity analysis, and to refresh this analysis on a regular basis. Hosting capacity analysis uses
computer simulations to determine how much generation can be placed at each point on the
distribution grid without causing voltage or loading problems. Hosting capacity results are
typically communicated using online interactive maps, with colored line segments indicating the
hosting capacity of each part of the circuit. This type of analysis helps customers and localities
to determine the potential contribution of DERs on the distribution feeder.

The Company plans to publish initial hosting capacity maps of its system by the end of
2020. The Company will update these maps periodically. Notably, AMI and the intelligent grid
devices that the Company plans to install as part of the self-healing grid will enable more
advanced and dynamic hosting capacity analysis in the future.

DERMS. The Company proposes to implement DERMS to leverage the full capabilities
of DERs by managing grid performance and maximizing customer benefits. The proposed
DERMS will aggregate performance and status information from DERs, analyze the need for
control actions (e.g., charging and discharging battery energy storage systems), and issue the
appropriate commands to DERs to maintain a safe and reliable energy grid. As equipment
capabilities continue to mature and industry standards evolve, DERMS will also enable the use
of smart inverters. In addition to the basic inverter function of converting direct current to
alternating current, smart inverters enable DERs to provide grid support capabilities, such as
voltage regulation, frequency support, and ride through capabilities. All of these capabilities
help to achieve greater grid efficiencies and provide greater customer benefits.

Advanced Analytics. The Company proposes to expand its Advanced Analytics
capabilities to maximize the data collected from smart meters and intelligent grid devices.
Advanced Analytics uses mathematical and statistical formulas and algorithms to generate new
information, to recognize patterns, to predict outcomes, and to determine the respective
probabilities of those outcomes. To expand its Advanced Analytics capabilities, the Company
proposes to upgrade its DAS and to create an Analytics Center of Excellence (“ACE”), a support
organization responsible for Advanced Analytics.

Voltage Optimization. In conjunction with the installation of AMI, the Company
proposes to implement a voltage control system in 2022 that uses near real-time voltage data
from smart meters and issues control commands to voltage control devices to manage grid
voltage more precisely. These more precise settings would result in generally lower voltage
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control settings, which would also lower energy consumption for most customers without a
noticeable difference in service level.

Locks Microgrid. The Company proposes to study microgrids by installing one at its
Locks Campus near Petersburg, Virginia. A microgrid is a small power grid consisting of
interconnected loads and DERs with clearly defined electrical boundaries. A microgrid can
operate both when connected to the larger electric grid and continue to operate as an “island”
when there is an interruption or other grid disturbance.

Through the Locks Microgrid, the Company will obtain real-world data, better
understand DER performance characteristics, perform testing of DER grid support and islanding
capabilities, vet new technology integration into the distribution grid, and evaluate microgrid
operations architecture for potential future applications.

EAMS. The Company proposes to implement EAMS beginning in 2020. The EAMS
will enable the Company to improve asset management practices by assessing the health and
performance of grid components and driving predictive maintenance activities, leading to more
effective grid operation activities. The EAMS will also assist the Company with managing the
procurement, deployment, and retirement of equipment and devices through improved equipment
attribute analyses and planning capabilities. Once implemented, information and analytics from
the proposed EAMS will drive a large part of the identification and prioritization of component
upgrades included in future phases of the GT Plan.

OMS. The Company proposes to replace its OMS with a new OMS that will operate
effectively with the self-healing grid. The self-healing grid will create constant changes in grid
connectivity as feeders are reconfigured to restore customers or manage power flows from DER.
The result is a dynamic electric distribution grid that requires an OMS capable of maintaining the
hierarchy of how each customer is being served based on the configuration of the feeder ties at
any point in time. The Company plan to begin implementation of a new OMS after Phase IB in
2024.

Grid Hardening. Within the category of grid hardening, the Company proposes:
(a) hardening mainfeeders; (b) deploying targeted corridor improvement activities; (c) upgrading
components proactively; and (d) mitigating voltage islands.

Hardening Mainfeeders. The Company proposes to complete hardening work on a
targeted population of mainfeeders. Hardening projects will improve reliability by focusing on
physically strengthening infrastructure using newly implemented stronger standards when
rebuilding, relocating, or undergrounding targeted mainfeeder segments, as well as improving
distribution system architecture and connectivity to provide feeder tie capabilities.

The Company selected mainfeeders for hardening by evaluating historical reliability
information to identify segments of customers with the most outage interruptions each year
excluding major events. The Company identified 312,000 customers with the worst reliability
based on annual outage time between 2014 and 2018. This group of customers—approximately
12% of the Company’s total customers—account for 41% of all outage minutes. While the
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average Dominion Energy Virginia customer averages 127 minutes of outage time annually,
these customers average 421 outage minutes.

The Company has completed the detailed engineering analysis for the 11 mainfeeders it
intends to target in Phase [B, serving 12,578 customers and 61 critical services. Two of the 11
proposed Phase IB projects will improve service for customers located in economically
distressed Opportunity Zones as certified by the Internal Revenue Service. Engineering
undertaken for these projects determined the amount and type of hardening work to perform on
each mainfeeder. Of the approximately 63 miles of mainfeeder hardening work that is proposed
for 2020 and 2021, 61 miles involve rebuilding or relocating the mainfeeder, while only
approximately 2 miles include undergrounding of the mainfeeder. The Company views
mainfeeder undergrounding as a last resort for hardening given the costs and complexities
associated with this work.

Targeted Corridor Improvement. The Company proposes several new vegetation
management programs to improve grid reliability and resiliency while minimizing environmental
impacts. Specifically, the Company proposes to remediate ash tree mortality and implement an
herbicide program for ground floor maintenance.

Proactive Asset Upgrade. The Company proposes to proactively upgrade (i) substation
transformers with poor health and high customer impact and (ii) service transformers that are
overloaded or not providing voltage within the proper bandwidth. In 2020 and 2021, the
Company proposes to replace 5 substation transformers and 1,589 service transformers.

Voltage Island Mitigation. The Company plans to mitigate voltage islands, which are
single substation transformers that serve a population of customers without the support of
available load transfer capability within the substation or through field tie switches to adjacent
feeders. Voltage islands expose customers to the risk of an extended outage if the single
substation transformer fails. The Company plans to address 18 of the 26 voltage islands through
the GT Plan, including two in 2020 and 2021. To address the voltage islands, the Company will
typically install a second transformer at each location and reconfigure feeder architecture both to
provide the capacity to restore all customers in the event of a failure of the existing transformer
and to improve day-to-day service reliability.

4. Telecommunications

Dominion Energy Virginia proposes to deploy a comprehensive telecommunications
strategy requiring multiple components specifically designed and deployed as an integrated
solution to meet the wide-range needs of a transformed distribution grid. The strategy envisions
three tiers of communication: (i) Tier 1, a high-speed broadband with very low latency and
redundancy; (i1) Tier 2, a broadband network without redundancy; and (iii) Tier 3, a field area
network (“FAN™) to support distribution automation equipment. The telecommunications
investments are a foundational component of the Grid Transformation Plan and are needed to
enable the secure communication required for a transformed grid.
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The Commission approved Tier 1 and Tier 2 in Case No. PUR-2018-00100, and the
Company has begun implementation of these telecommunications solutions. For Tier 3,
beginning in 2020, the Company plans to deploy field device hardware, FAN base station
hardware, and a FAN management system, and plans to acquire licensed spectrum for the FAN.
Tier 3 supports the proposed self-healing grid by facilitating secure, real-time communications to
the intelligent grid devices via wireless communications on the distribution system not directly
serviced by Tiers 1 and 2.

S. Security

The Company will continue to protect the distribution grid by providing adequate and
cost-effective security control measures to manage the growing threat to the energy sector and to
protect Dominion Energy Virginia from cyber and physical attacks. The Company’s security
strategy includes both physical and cyber security at key substations and cyber security to protect
the investments proposed in the GT Plan. The security investments are a foundational
component of the Grid Transformation Plan, and are needed to protect the distribution grid from
internal and external threats, protecting the Company and its customers.

The Commission approved investments in physical and cyber security at key substations
in Case No. PUR-2018-00100, and the Company has begun assessment at 10 substations. The
Company proposes to implement cyber security solutions as the Company deploys its other
proposed GT Plan investments, including AMI, CIP, and grid improvements. The majority of
cyber security solutions are extensions or separate rollouts of existing solutions, but the
Company will evaluate additional cyber security solutions as needed to close any security gaps
and address any new or emerging threats.

6. Smart Charging Infrastructure Pilot Program

Dominion Energy Virginia takes a proactive approach to understanding the trends,
innovations, and progress related to new technologies in the electric utility landscape. As part of
the GT Plan, the Company is proposing initiatives related to electric transportation, including the
Smart Charging Infrastructure Pilot Program. The Company will continue to monitor other
emerging technologies for possible inclusion in future GT Plan filings.

Through this Pilot Program, the Company proposes to offer rebates for the electrical
infrastructure and upgrades at EV charging sites and rebates for the smart charging equipment
that enables managed charging. The Company plans to offer a set number of rebates to four
different segments: multi-family; workplace; DCFC; and transit. The Company is also
proposing to own a limited number of DCFC stations in an effort to study and support
electrification in the rideshare segment.

Industry experts agree that EV adoption will continue to increase across the nation and in
the Commonwealth. In the Company’s service territory, EV adoption is expected to increase to
approximately 169,000 EVs by 2030. With increased adoption comes increased demand for
electricity. The proposed Smart Charging Infrastructure Pilot Program aims to provide the
Company with the data and tools necessary to understand and manage future EV charging load
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in furtherance of additional pilots, programs, or rate designs that will support EV adoption while
minimizing the impact of EV charging on the distribution grid.

7. Customer Education
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The Company is committed to improving the customer experience by incorporating
education into various Plan components and including general energy education. Key to
achieving this goal is educating customers about their energy consumption and how to manage
their costs and empowering them to take advantage of the numerous enhanced customer
capabilities enabled by the GT Plan. The Company will develop and provide concise, consistent,
easy-to-understand content via multiple external communications channels, including but not
limited to website content, social media, digital and direct mail, bill inserts and newsletters,
presentations and public events, video and display signage, and interactions with the customer
service organization.

The Company’s comprehensive approach for customer education addresses:
(1) foundational education, (2) smart meters and detailed energy usage data, (3) customer
information platform and engagement, (4) customer energy management programs, (5) electric
transportation benefits, and (6) grid improvement projects to improve reliability. Appendix F
includes the full details of the customer education plan. While this customer education plan will
focus on enhanced capabilities enabled by GT Plan, it supplements the Company’s overall efforts
to educate its customers on topics ranging from available rate schedules to general energy
education,

The Dominion Energy Virginia website will be a main hub for public education. The
Company has already launched a webpage at DominionEnergy.com
(https://www.dominionenergy.com/next) which provides links to factsheets, informational
videos, and other informative documents. A landing page specific to the GT Plan will be
launched and all materials (print and digital) will provide or include the link back to the webpage
for further information. In addition, there will be a wide variety of community opportunities for
customers to speak face-to-face with subject matter experts and employees about the GT Plan
through the Company’s “speaker’s bureau” events and presentations.

The Company’s consistent implementation of the customer education approach and plan
will improve the customer experience. Utilizing this education approach, the Company will
ensure outreach is efficient and effective in achieving the goals of educating customers, keeping
them informed, and empowering them to take advantage of the numerous enhanced customer
capabilities provided by the GT Plan.

B. Environmental Justice Considerations

In developing the GT Plan, Dominion Energy Virginia sought to ensure that the benefits
of these investments reach all customers. For example, the Smart Charging Infrastructure Pilot
Program targets the multi-family residential, transit, and rideshare segments to ensure that low
income customers may benefit from transportation electrification. Upon full deployment of AMI
and CIP, the Company has committed to programs including prepay, peak time rebate, and time-
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varying rates, all of which will be “opt-in” and available to interested customers. The
corresponding education with these programs will provide information so each customer can
determine whether the options will be beneficial to them. Additionally, the foundational
telecommunications investments proposed as part of the Grid Transformation Plan will provide
the opportunity to support expanded deployment of broadband in the Commonwealth through a
Rural Broadband Program Pilot.

Further, the deployment plans for AMI and grid improvements were evaluated to ensure
that minority and low income communities were considered when identifying areas and timing
of those investments.

C. Alignment with Customer and Stakeholder Feedback

As discussed in Section V.B, the Company received customer feedback on a range of
priorities associated with the Grid Transformation Plan as part of the recent Maslansky Survey.

Figure 4 notes the top findings on what customers rank with highest importance.

Figure 4: Customer Feedback Priorities

Customer Priorities

Completes scheduled work when they say they will
Has knowledgeable customer service representatives
3 | Invests in technology to help it prevent outages and
respond to outages faster when they occur

4 | Keeps my energy usage data private and doesn’t
make any personally identifiable information
available

5 | Alerts me when power is out, how long it will take to
restore, and when it is restored

6 | Invests in a stronger energy grid that can withstand
extreme weather and cyberattacks

7 | Completes work without needing follow up

8 | Has easy to understand bills that explain charges
clearly

9 | Takes the time to listen to my issues and actually
help me

10 | Has an outage map that includes accurate estimates
of outage time and progress in restoring power

NI | —

As shown in Figure 4, among attributes tested, those relating to outage communications
and smarter energy infrastructure rise to the top as priority areas of focus. These findings
support the proposed GT Plan investments and make clear that they will provide the types of
benefits the Company’s customers value most—enhanced reliability and accurate information.

As discussed in Section V.C, the Company initiated a series of stakeholder sessions to
inform and develop goals for a modern grid and the customer experience. Through the GT Plan
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stakeholder process, four goals were identified: (i) enable all customers with accessible,
affordable electric service and engage customers with programs, education, and data access
(Optionality); (ii) evolve to a clean and decentralized grid that integrates distributed energy
resources, such as solar and wind, and electric vehicles (Sustainability); (iii) build a more
resilient energy grid that will reduce the effects of outages with automation and advanced asset
management (Resiliency); and (iv) deliver value for customers by optimizing demand and
seeking to reduce system and customer costs (Affordability). GT Plan investments directly
support each of these four goals, through deployment of technology to empower customers to
make informed decisions about their energy usage, enabling increased adoption of DERs in a
responsible manner, and delivering better reliability and fewer outages for customers.

D. Costs

In terms of costs, the Company focuses on the first three years of the Grid
Transformation Plan—the years 2019, 2020, and 2021 (“Phase I” of the GT Plan). The
Commission has approved proposed Phase I investments related to cyber and physical security,
including supporting telecommunications infrastructure, as reasonable and prudent. The
Company refers to these approved portions of Phase I investments as “Phase IA.” In this
proceeding, the Company is requesting approval for projects during the years 2019, 2020, and
2021 that were not previously approved by the Commission. The Company will refer to these
portions of Phase I investments under review as “Phase [B.” Figure 5 provides the Phase I costs
for the GT Plan.

Figure S: Phase I Costs ($M)

Nominal $, in Millions | 2019 2020 2021

Year1 | Year2 Year3 3-year Total
Phase IA $8.5 $17.9 $37.0 $63.3
Capital $7.3 $17.7 $36.5 $61.4
o&M $1.2 $0.2 $0.5 $1.9
Phase IB $39.4 $246.8 $307.3 $593.4
Capital $26.8 $218.4 $265.4 $510.5
o&M $12.6 $28.4 $41.9 $83.0

The Company determined these projected costs primarily using competitively-negotiated
contracts and responses to competitive requests for proposals (“RFPs”) and requests for
information (“RFIs”), informed by prior experience. The Company’s filing provides detailed
information used to determine costs, and includes the relevant contracts or RFP/RFI summaries
with its filing.

The Company has committed that the costs of the Plan associated with the deployment of

AMI and the CIP in Phase IB will not be the subject of a rate adjustment clause petition. Instead,
these costs will be recovered through the Company’s existing rates for generation and
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distribution services (“base rates™). As to other phases and components of the Plan, the
Company has not yet determined its plans for cost recovery.

Figure 6 summarizes the estimated Phase I revenue requirements for the GT Plan and
provides an estimated revenue requirement for Phase IA and Phase 1B of the GT Plan for the
components that could be subject of a rate adjustment clause petition (i.e., excluding Phase [B
AMI and CIP costs). Notably, these calculations are high-level estimates based on the
preliminary costs of the Plan, but do not contain the level of precision or detail contained in
similar calculations typically provided with the Company’s rate proceedings.

Figure 6: Annual Estimated Phase I Revenue Requirements

millions) Phase 1A Phase 1B
Capital Spend (2019-2021) $61.4 $232.8
O&M Spend (2019-2021) $2.1 $50.2
Annual Revenue Requirement (2021) $6.4 $50.4

The estimated revenue requirements shown above encompass all components of the GT
Plan. However, the Company has committed that Phase IB costs of AMI and the CIP will not be
the subject of a rate adjustment clause. Therefore, in evaluating rate impact, the Company
focused only on those investments that could be subject to a rate adjustment clause in the future.
Based on 1,000 kWh usage per month, the implementation of these Phase IA and Phase IB
estimated annual revenue requirements in the year 2021, would increase the typical residential
customer’s monthly bill by $0.12 and $1.03, respectively.

E. Benefits

The proposed Grid Transformation Plan unlocks benefits for the Company, its customers,
and the Commonwealth. The Company engaged a third-party industry expert, West Monroe
Partners, to generate a cost-benefit analysis (“CBA”) for the GT Plan. Figure 7 presents the
results of the CBA.
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Figure 7: CBA Summary

Cost/Benefit Summary {Revenue Requirement Basis)

fin Millions)
BENEFITS & COSTS pv!
BENEFITS (Asset Life):

Customer £3,026.1
Avoided/Deferred Capital 53756
O&M Savings 52659
Energy & Demand Savings §237.5
improved Reliability $2,028.1
Reduction of Bad Debt & Energy Diversion $113.9

COSTS (Revenue Requirement) : $2,703.6
Total Net Benefit (Cost): $322.5
Total Benefit/Cost Ratio: 11

'Present Value (NPV) caiculated using Weighted Average Cast of Capital {WACC) of 7.62%

pv’
Additional Benefits $85.3
Reduced GHG $4.1
EV Ownership Savings2 $81.2
Economic ImpactJ $2,829.0
Total + Additional Net Benefit {Cost): $407.8
Total + Additional Benefit/Cost Ratio: 1.2

*adiusted to apply 7.2% benefits correlation #actor to reduction

* Economic Benefits are neither included in the Total + Additional

Net Benefit nor in the Total + Additional Benefit/Cost Ratio

Jobs Creation?

Indirect Jobs
Direct lobs

17,2238
4,540

“lobs creation is calculated using a multiplier applied to Millions of $ in Capital Spend (PV)
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As can be seen, the CBA represents a positive business case from a financial perspective,
providing over $3 billion of benefits, which represents net benefit to customers of approximately
$322.5 million all on a net present value basis.

The CBA focuses on quantifiable benefits, but the Grid Transformation Plan produces
other qualitative, non-quantifiable benefits. For example, there are benefits that are difficult to
quantify, like avoiding a cyberattack; providing resilient service to military bases, hospitals and
communities; and providing customers with accurate and timely information that have
implications for their daily lives.
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The following sections highlight certain GT Plan benefits important to the Company and
various stakeholders.

1. Time-Varying Rates

Transformational investments in AMI and CIP, when coupled with customer education
and communication, enable the Company to broadly offer time-varying rates. Time-varying
rates better reflect the true cost of electricity, where customer energy prices vary over time and
different prices are in effect for different hours on different days.

Time-varying rates provide more accurate price signals to customers that are better
aligned with cost causation than traditional rates not based on time of use. Time-varying rates
can provide incentives for behavioral changes that may cause customers taking service under
such rates to reduce usage during peak demand periods and enable the system to avoid incurring
higher variable operating expenses (e.g., fuel) and to avoid future capacity costs. These
behavioral changes can benefit customers directly through bill savings and reduced system costs.

The Company anticipates proposing new time-varying rates later this year upon
conclusion of the recently-initiated, legislatively-directed stakeholder process. Currently, the
Company anticipates proposing a new residential time-varying rate available to customers with a
smart meter, which will include a basic customer charge and energy charges, differentiated by
season and by time periods within each season. This rate will be experimental and voluntary,
and will initially be limited in the number of customers that can participate as AMI and CIP are
being deployed. Once AMI and CIP are fully deployed, the Company can more broadly offer
time-varying rates with Commission approval. The Company is planning for the new time-
varying rate to be voluntary or opt-in at first.

2. Demand-Side Management Initiatives

The foundational and transformational investments proposed as part of the Grid
Transformation Plan will enable enhanced and targeted DSM initiatives. With the data provided
by AMI, the Company can more effectively target the most appropriate customers for specific
programs and would provide better recommendations for energy savings within any programs
that involve a behavioral or educational component. AMI also provides a significant benefit to
the evaluation, measurement, and verification (“EM&V™) requirements of DSM programs by
providing detailed energy usage data from each customer endpoint where smart meters are
deployed.

Future DSM programs enabled by AMI—in conjunction with implementation of the
CIP—include peak-time rebates (“PTR”). PTR is a customer program designed to target and
reduce the Company’s coincident peak period. The Company would call a certain number of
PTR events per year, each lasting for a certain number of hours. For example, the Company
could call 10 events per year to cover projected coincident peak periods. Once called, enrolled
customers would receive a notification of the opportunity to reduce usage, and would earn a
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rebate if they reduced usage during the PTR event. Customers would not be penalized if they did
not reduce usage during the event.

3. Prepay

Full AMI deployment combined with the new CIP will enable the Company to develop a
prepay program. Prepay is a program that allows customers to make an up-front payment of
their energy bill that will then be reduced over time based on their ongoing usage. Customers
will receive alerts as their balance is depleted, and can take action accordingly. In other words,
prepay allows customers to manage their energy usage within their budget. In the industry,
prepay programs have also been shown to result in energy savings.

4. Load Forecasting

The data obtained from AMI can also enhance the Company’s load forecasting process.
AMI data will permit the Company to examine consumption patterns on an hourly basis. This
data can then be used to create consumption forecast models at various segment levels, for
example, at the neighborhood level, the zip code level, and the feeder circuit level. These
localized forecasts can then be rolled up to a system level and compared against the Company’s
current forecasting methods. Having this ability will allow the Company to modify its
forecasting process, which will likely lead to more accurate peak demand and energy forecasts.

3. Broadband Pilot Program

The foundational telecommunications investments proposed as part of the Grid
Transformation Plan will provide the opportunity to support expanded deployment of broadband
in the Commonwealth through a Rural Broadband Program Pilot. Under this Pilot, the Company
could use a portion of the fiber capacity to meet its own distribution system needs, including as
the supporting communications backbone for intelligent grid technologies. The Company would
lease another portion to an internet service provider, which would use the fiber infrastructure to
deliver high-speed Internet access to unserved residences and business.

F. Regulatory Process

The GTSA mandated that the Company petition the Commission for approval of a plan
for electric distribution grid transformation projects. The GTSA also set forth the applicable
standard for reviewing such petitions:

In ruling upon such a petition, the Commission shall consider
whether the utility's plan for such projects, and the projected costs
associated therewith, are reasonable and prudent. Such petition shall
be considered on a stand-alone basis without regard to the other
costs, revenues, investments, or earnings of the utility; without
regard to whether the costs associated with such projects will be
recovered through a rate adjustment clause under this subdivision or
through the utility's rates for generation and distribution services;
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and without regard to whether such costs will be the subject of a
customer credit offset, as applicable, pursuant to subdivision 8 d.®

The Commission must rule on any petition not more than six months after the date of filing.

In 2018, the Company submitted its first petition for approval of its GT Plan in Case No.
PUR-2018-00100 (“2018 Final Order”). The Commission issued its 2018 Final Order on
January 17, 2019.

As part of the regulatory process, the Company proposes performance metrics in
consultation with Commission Staff to track the success of the Plan. The Company proposes to
submit an annual report on the progress of the Grid Transformation Plan by April 30 of each year
for the prior calendar year. The Company also plans to continue stakeholder engagement on the
GT Plan in the future. The Company intends to work with stakeholders to determine the best
structure, process, and cadence going forward.

§ Va. Code § 56-585.1 A 6.
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VII. Future Technologies

Dominion Energy Virginia takes an active approach to understanding the trends,
innovations, and progress related to new technologies in the electric utility landscape. The
following section describes future technologies that the Company will continue to monitor as its
pilot and demonstration programs progress.

A. Battery Energy Storage Systems

Battery energy storage systems (“BESS”) offer a variety of support options for the
distribution grid. While BESS technologies are still in the early stages of utility-scaled
deployment, the Company is piloting this technology in several proof of concept applications.

On August 2, 2019, the Company submitted its first application to participate in the pilot
program for electric power storage batteries established by the Commission pursuant to the
GTSA. The application presents three projects for deployment, including two for applications on
the distribution system. Through BESS-1, the Company proposes to deploy a2 MW /4 MWh
AC lithium-ion BESS that will study the prevention of solar backfeeding onto the transmission
grid at a specific distribution substation. Through BESS-2, the Company proposes to deploy a 2
MW /4 MWh AC lithium-ion BESS that will study BESS as a non-wires alternative to reduce
transformer loading at a specific substation. The Company may seek approval of additional
BESS in future applications. For example, the Company is evaluating a potential project to
study battery storage paired with DCFC infrastructure for electric vehicles.

Separately, on August 29, 2019, the Company announced an innovative electric school
bus initiative to replace diesel school buses with electric school buses, and then leverage the
batteries using vehicle-to-grid technology.

B. MicroGrids and NanoGrids

A microgrid is a small power grid consisting of interconnected loads and DERs with
clearly defined electrical boundaries. A microgrid can operate both when connected to the larger
electric grid and continue to operate as an “island” when there is an interruption or other grid
disturbance.

A nanogrid is a small microgrid typically consisting of a single building or primary load,
and the generation needed to supply that load without a connection to a centralized grid. A
nanogrid is fully capable of operating independent of the grid through a combination of
sustainable generation, storage, and smart devices, all digitally connected and controlled to
optimize the balance of load with available power. A nanogrid gives the individual consumer the
ability to manage its own generation sources, demand, and usage independent of both the
microgrid that they may be a part of and the centralized utility grid.

Microgrids offer promising solutions for critical loads, such as military installations,

hospitals, and water treatment plants. At this time, microgrids are not economic to deploy on a
large-scale basis. A report by the National Renewable Energy Laboratory (“NREL”) reported a
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microgrid cost per megawatt at $2.1 million per megawatt of DERSs installed.® Nevertheless, the
Company proposes to study microgrids by installing one at its Locks Campus near Petersburg,
Virginia, as discussed in Section VI.A.3.

? National Renewable Energy Laboratory, PHASE I MICROGRID COST STUDY: DATA COLLECTION
AND ANALYSIS OF MICROGRID COSTS IN THE UNITED STATES (Oct. 2018), available at
https://www.nrel.gov/docs/fy190sti/6782 1 .pdf.
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GLOSSARY

ACE (Analytics Center of Excellence): An analytics team consisting of system administrators,
data scientists, data engineers, business analysts, user interface developers (i.e., people who
develop visualizations like dashboards and reports), and other IT and business professionals
responsible for identification, prioritization, business case evaluation, testing, and
implementation of Advanced Analytics-driven business use cases.
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ADMS (Advanced Distribution Management System): A software platform that supports and
manages the full suite of distribution grid management and optimization technologies employed
by the Company.

Advanced Analytics: Broadly classified as artificial intelligence, combining many technologies
and methods, and is often referred to as predictive analytics (one of its salient capabilities) or Big
Data (the platform used for processing analytics).

AMI (Advanced Metering Infrastructure): Another term for Smart Meters — electric meters
that automatically measure and record usage data at regular intervals and provide that data to
consumers and energy companies at least once daily- and the systems that use that data and
communicate with the meters including the field area network and the back office system.

AMI Back Office System: Also called a “head-end “system, this system receives and processes
the data recorded by the “field area network™ and assists the operation and maintenance team.

AMR (Automated Meter Reading): A technology that records usage data and transmits it to
the Company one-way. The Company reads these meters through drive-by readings using
specially equipped trucks that receive the data through radio signals.

Automated Control Systems: Technology that allows for near real-time adjustment of the grid
to changing energy loads, distributed generation or feeder fault conditions without or with
limited operator intervention.

Backfeed: The flow of electric power from the distribution grid to the transmission grid. Also
represents the flow of electric power from a net metering distributed energy resource to the
distribution grid during periods where distributed generation exceeds consumption at the
premises.

Backhaul Network: The backhaul portion of the network comprises the intermediate links
between the core network and the small subnetworks at the edge of the network.

BESS (Battery Energy Storage System): A rechargeable resource that stores energy from a
generating source for later discharge to the electrical grid.

Big Data: An accumulation of data that is too large and complex for processing by traditional
database management tools.
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CBMS (Customer Business Management System)/CIS (Customer Information System):
Core system delivering business functions such as customer service, account management, credit
and collections, service orders, meter inventory, usage, billing, service address management,
portfolio management, rates and financial based activities.
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CCRO (Customer Credit Reinvestment offset): A provision of the law allowing for
overearnings to be reinvested into certain renewable generation projects or grid transformation
investments rather than credited back to customers.

CIP (Customer Information Platform): A combination of technologies, applications and
projects at the core of the customer experience, consisting primarily of the Customer Information
System (CIS), Meter Data Management System (MDMS), Customer Portals, and other customer
experience applications.

Collector: A device deployed as a component of AMI designed to enable two-way
communications to and from meters within range of the device. The device captures meter data
and transmits via a dedicated backhaul communications network to the AMI head-end system to
drive business processes.

Cyber Security: Programs, techniques and technology to protect the Company’s network,
devices, and programs from cyberattack.

DAS (Data Analytics System): A system that stores and quickly processes large amounts of
data to support advanced analytics solutions.

DCFC (Direct Current Fast Charging): Electric vehicle charging technology capable of
charging batteries to a 60 to 80 mile range state of charge within 20 minutes.

Decentralization: [two-way energy flow] A concept that involves moving the electric grid
away from relying solely on large centralized generating plants that supply power via the
transmission grid to the distribution grid and ultimately end users, to a power grid where large
generating plants and smaller distributed resources supply the grid simultaneously from two
directions: the large generators through transmission lines and the smaller resources supplying
from the distribution grid.

DER (Distributed Energy Resource): A generation resource or controllable load that is
interconnected to the distribution grid or connected to a host facility within the distribution grid.

DERMS (Distributed Energy Resource Management System): A system that monitors and
analyzes performance and status data from multiple distributed energy resources and has the
ability to control those resources to maintain safety and reliability on the energy grid while
maximizing benefits of the resources.

Distribution Grid: The portion of the electrical utility system that delivers electrical power from

the transmission grid through a substation transformer to end-use customers- typical distribution
grid operating voltages range from 4 kV to 46 kV.
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DSM (Demand Side Management): Programs that encourage customers to modify their
behavior in order to save on energy costs.

Earned Media: Publicity gained through promotional efforts other than paid media advertising
or owned media, like branding, such as TV news segments, social media, customer reviews and
word of mouth.

EAMS (Enterprise Asset Management System): A system that aggregates data and attributes
of grid assets and provides capabilities to manage grid assets at all points in their life cycle,
including procurement, deployment, and retirement. The system allows for collection of
information related to the health and performance of grid components and analysis to drive life
cycle decision making.

EM&YV (Evaluation, Measurement and Verification): The collection of methods and
processes used to assess the performance of demand-side management activities so that planned
results can be achieved with greater certainty and future activities can be more effective.

Fault: An abnormal electrical condition caused by a short circuit on a feeder section.

Feeder: An electric distribution subsystem that begins at a substation and distributes electrical
power within a localized service area. Feeders are comprised of mainfeeders, tap lines and
service lines.

FLISR (Fault Location, Isolation, and Service Restoration): A distribution network system
that works with intelligent grid devices such as switches, reclosers, line sensors, and a secure
communications network to automatically isolate faulted feeder sections and reroute power to
restore most customers in a matter of seconds or minutes.

Generation/Generator: A machine or system that converts an energy source (solar irradiance,
wind, fossil fuel etc.) to electric energy.

GIS (Geographic Information System): A system designed to capture, store, analyze, and
present spatial or geographic data, herein referring to distribution grid assets.

Green Screen: Common name for the user view of the existing CIS, which is a non-Windows
based view of the mainframe system.

Grid Hardening: Physical grid improvements that improve reliability and resiliency by
rebuilding portions of the grid to eliminate outages and reduce damage for faster restoration, and
proactively upgrade assets at or near end of life with components that provide increased
functionality or higher reliability.

Grid Modernization/Transformation: These are blanket terms for efforts to improve and
modernize the grid.
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Hosting Capacity: The estimated amount of DER that can be connected to each segment of the
distribution grid without causing voltage or loading issues as determined by engineering
analysis.
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IGD (Intelligent Grid Devices): Various devices that provide situational awareness and control
capability of the grid and enable two-way communication and centralized control of the power
system.

Integrated Distribution Planning: A process to address the capacity, reliability, and DER
integration needs of the distribution grid using traditional solutions as well as new solutions
offered by customer-owned DER and other non-traditional technologies.

Intermittent Generation: Also known as variable energy resources, these generating types do
not produce continuously available electricity due to external factors that cannot be controlled,
such as solar and wind power. The power from them is non-dispatchable, meaning that they
cannot be called upon at all times, only at times when the conditions for their power are present
(Sun or wind) and the amount of power varies depending on those conditions.

Kilovolt (kV): Unit of measure for electric equipment and facilities representing 1000 volts.

KPI (Key Performance Indicators): The critical measurements of progress toward an intended
result. KPIs provides a focus for strategic and operational improvement and create an analytical
basis for decision making.

Latency (Telecomm): The amount of time it takes for a packet of data to get from one
designated point to another.

LED (Light Emitting Diodes): These are semiconductor light sources that emit light when an
electrical current flows through it, without emitting an arc of electricity.

Locks Campus Microgrid: A testbed microgrid site at the Company’s Locks Campus focused
on gaining an understanding of distributed energy resource performance characteristics, vetting
new technology integration into the distribution grid, and evaluating microgrid architecture and
operational requirements.

Machine Learning: A subset of artificial intelligence that allows computers to use algorithms
and statistical models to perform certain tasks without needing explicit instructions from an
operator, rather relying on patterns and inferences from data instead.

Mainfeeder Hardening: Activities directed at improving reliability and resiliency of mainfeeder
sections through a combination of: rebuilding to newly implemented stronger design and
material standards (“new standards”), relocating, converting to underground, or constructing
feeder ties.

Mainfeeder: The three phase sections of a feeder that distribute electrical power from
substations to tap lines and individual customers.
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MDMS (Meter Data Management System): System that processes and stores interval data
used for billing; calculates billable consumption for interval meter data.

Mesh network: The information network created from smart meters communicating with each
other.

Microgrid: A group of interconnected loads and distributed energy resources that act as a small
power grid, able to operate when connected to the larger distribution grid and also able to
continue to operate as an “island” when there is an interruption or other grid disturbance that
affects normal power flow from the grid.

Microgrid Controller: A device that enables the establishment of a microgrid by controlling
distributed energy resources and loads in a predetermined electrical system to maintain
acceptable frequency and voltage while the microgrid is disconnected from the distribution grid.

MPLS (Multi-Protocol Label Switching): A mechanism for the routing of communications
within a network as data travels across network nodes.

Multifamily residential charging: Electric vehicle charging located in common areas of
multifamily housing communities for use by residents.

Nanogrid: A very small power grid of interconnected loads and DERs that may serve only one
or a few customers within its boundaries.

NIC (Network Interface Card): A hardware component, typically a circuit board or chip,
embedded within a meter so that it can connect to a network.

One-way Energy: Power flow from a centralized location, such as a substation, along a
distribution feeder, to end users.

Outage Management System (“OMS”): A system that provides tools and information to
efficiently restore power and communicate status updates to customers by providing outage
analysis and prediction functionality, while enhancing public and worker safety.

PTR (Peak Time Rebate): Programs that reward customers who reduce electricity
consumption during periods of high-cost electricity with monetary rebates. Those who do not
reduce usage during peak events are simply charged the normal rate.

Physical Security: Enhancing the physical structures on the grid through hardening as well as
increased security personnel at key locations with enhanced telecommunication and surveillance

technology.

Predictive Analytics: The use of historical data to understand what will happen.
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Proactive asset upgrades: Replacement of assets at or near end of life with components that
provide increased functionality and higher reliability.

RAC (Rate Adjustment Clause): A mechanism to recover certain investment costs outside of
the normal rate case regulatory framework.

Redundancy (Telecomm): Network redundancy is a process through which additional or
alternate instances of network devices, equipment and communication mediums are installed
within network infrastructure. It is a method for ensuring network availability in case of a
network device or path failure and unavailability

Reliability: As used in this document, it is the ability of the distribution system to deliver
uninterrupted power service to customers.

Repeater: A repeater is an electronic device that receives a signal and retransmits it. Repeaters
are used to extend transmissions so that the signal can cover longer distances or be received on
the other side of an obstruction.

Resiliency: The ability of the power grid to withstand outages and maintain service to customers
and recover from outages to restore service to customers.

Revenue Requirement: The revenue that a regulated utility needs to earn in a test year in order
to provide adequate service to its customers and a fair return for its shareholders.

RFP (Request for Proposals): This is often a competitive bidding process where vendors and
contractors offer to provide a service, asset, or good for a certain cost.

SCADA (Supervisory Control and Data Acquisition): A computer system that monitors and
provides control of distribution assets, primarily located at substations.

Security Information Event and Management (SIEM): A system to provide analysis of
collected security events and logs to identify and detect potential security incidents as well as
support incident response.

Self-healing Grid: A distribution network that uses smart grid devices such as switches,
reclosers, line sensors, a secure communications network, and a control system to automatically

isolate outages and reroute power to restore most customers in a matter of seconds or minutes.

Single-Phase: A segment of a power system consisting of one primary voltage conductor and
one neutral conductor.

Situational Awareness: Real-time perception of the grid and its environment that allows
operators to project future outcomes as well as deal with present events.
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Smart Inverter: An inverter capable of modifying aspects of its output to provide grid support.
Such support can include lowering or raising the voltage or shutting down when its contribution
to the grid may lead to negative outcomes. Such grid support can also be executed upon receipt
of communication from the grid operator to do so.

Speaker’s Bureau: Consists of an experienced group of employee volunteers who share
company and industry information with customers and community organization.

System Integrator: This vendor is responsible for leading the Company through design of the
CIP, configuration of the new system to meet the design, integration of other applications and

systems to the new system, testing of the new system to ensure that it meets all requirements, and
conversion of required data from the existing system.

Tier 1: High Speed Broadband internet with very low latency and redundancy.

Tier 2: High Speed Broadband without redundancy.

Tier 3: A field area network (FAN).

Time-Varying Rates: Time-varying rates vary according to the time of day, season, and day
type (weekday or weekend/holiday). Higher rates are charged during the peak demand hours and
lower rates during off-peak (low) demand hours. This rate structure provides price signals to
energy users to shift energy use from peak hours to off-peak hours.

Transmission Grid: The high voltage part of the electrical grid that carries bulk power directly
from large generating facilities to substations throughout the Company’s service territory.

Typical transmission grid operating voltages range from 69 kV to 500 kV.

Three-Phase: A segment of a power system consisting of three primary voltage conductors and
one neutral conductor.

Visibility (on the grid): Real-time awareness of the grid’s operating conditions.

Voltage Optimization: The more precise control of distribution grid voltage that is possible
with information from smart meters and a voltage control system.

Voltage Island: A single substation transformer that serves a population of customers without
the support of available load transfer capability within the substation or adjacent feeders. If a

single transformer fails, all customers served by the substation could face an extended outage.

Workplace Charging: Electric vehicle charging located at workplaces for use by employees.
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Appendix B

DOMINION ENERGY VIRGINIA’S
INTEGRATED DISTRIBUTION PLANNING WHITE PAPER

1.0 INTRODUCTION

A major trend over the last 10-plus year period in the electric power industry has been the
development of renewable generation, especially photovoltaic (“‘PV") and wind generation.
Since 2008, wind generation capacity in the U.S. has experienced a compound annual growth
rate ("CAGR") of approximately 19%, while PV has seen an approximately 61% CAGR. The
Company expects these renewable energy growth trends to continue as customers demand
more carbon free forms of energy. An important sub-trend is the growth of distributed energy
resources (“DERs")—resources connected to the distribution system. According to the Energy
Information Administration (“EIA”), the growth in U.S. of clean DERs (e.g., hydroelectric, wind,
PV) from 2009 through 2017 has been approximately 23%. The Company has experienced an
approximately 43% DER growth rate on its system during that same timeframe, primarily in the
form of PV systems. A subset of the EIA data for non-net metered PV DER experienced a
CAGR of approximately 48% nationwide. This trend is expected to continue given the expected
efficiency improvements and cost reductions in PV technology.

Along with this increase in distributed generation resources interconnected to the distribution
system, other trends continue to develop, including the addition of high-energy electric vehicle
charging, the adoption of energy storage, and a change in customer energy usage patterns
driven by AMI-enabled time-varying rates. Utility planners must continue to adapt their skills,
tools, and processes to integrate these new challenges into the electric energy infrastructure
planning landscape. No longer is grid planning based only on load growth and the static impact
during peak usage periods on the distribution grid. Now, planners must also anticipate new
supply-side and demand-side resources in the form of DERSs, understand the dynamic impact to
the grid, and examine how DERs can provide non-traditional solutions to traditional grid
challenges, such as line overloads and voltage deviations. To that end, historical distribution
planning methods must change to an integrated distribution planning process.

The Company defines integrated distribution planning (“IDP”) as a process to address the
capacity, reliability, and DER integration needs of the distribution grid using traditional solutions
as well as new solutions offered by customer-owned DER and other non-traditional
technologies. IDP also accounts for uncertainties introduced by the dynamic nature of variables
impacting grid operation, shifting results and associated decisions from deterministic to
probabilistic outcomes. True IDP requires changes in planner's skills, technologies and tools
used, and processes. Throughout, trained professionals are vital to fully leverage the
technologies and optimize the processes and emerging tool sets. Technologies and
communications systems that provide visibility into the distribution grid to the customer premises
level are foundational to enabling integrated distribution planning. Processes and tools must
then be developed to incorporate the data gathered, including advanced distribution modeling
and analysis tools that consider a range of possible futures where varying levels of DER and
emerging technologies are adopted on different parts of the distribution system.

This white paper provides an overview of the Company’s current planning process, highlights
the limitations of the current process, and sets forth the initial steps the Company plans to take
to transition toward integrated distribution planning.
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2.0 CURRENT DISTRIBUTION PLANNING
The Company's current distribution planning occurs through three distinct processes:
(i) distribution capacity planning; (i) distribution reliability planning; and (iii) DER
interconnection. Together, these efforts result in a plan designed to address customer needs to
ensure safe, reliable, and cost-effective electric service using traditional utility solutions.

2.1 Current Distribution Capacity Planning

2.1.a Overview of the Current Capacity Planning Process

The purpose of distribution capacity planning is to evaluate grid utilization during seasonal peak
loading conditions based on projected load growth, identifying any necessary improvements to
the distribution system needed to satisfy thermal and voltage criteria as the demands placed on
the distribution infrastructure change over time. Figure 2.1 provides an overview of the current
process.

Figure 2.1: Current Distribution Planning Process
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2.1.b Current Distribution Load Growth Forecasting

The historical distribution capacity planning process centers around assessing current and
anticipated constraints on the distribution grid associated with forecasted seasonal peak load
conditions. Therefore, the Company annually develops a six-year summer and winter peak load
forecast (for the next 5 years and for the 10" year into the future) for each of the approximately
1,800 feeders currently on the Company’s system. These forecasts are assembled based on
historical data measured at the feeder head (i.e., the point of demarcation between the
transmission and distribution systems) and information acquired through discussions with (and
formal requests from) current and future customers. Examples of the information used to
develop the forecast are historical load growth trends, planned new housing developments, new
high-rise buildings, information regarding data center expansions or additions and commercial
and industrial development. This information is then used by the Company’s distribution
planners to update feeder-level load growth projections. Generally, load growth forecasting is
not location specific beyond information regarding block load additions that are known in the
short term (e.g., a new big box retail store under construction). Of note, there are no inputs
related to customer-level usage patterns or DER and emerging technology penetration growth
included in this current forecasting process. Traditional static capacity planning focuses on the
system’s summer and winter peak conditions, studying the traditional “worst case scenarios.”
Based on this focus, the current load growth forecasting utilizes only peak customer demand
and removes DER to ensure the grid will remain reliable under these conditions.
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2.1.c Current Distribution Capacity Planning

The current distribution capacity planning process is conducted on an annual basis and
evaluates the adequacies of each of the Company’s distribution feeders under the forecasted
annual summer and winter peak load conditions over the planning period. The primary
measurable input to this is currently limited to data collected at the feeder head. This evaluation
is performed under normal operations and first contingency (N-1) conditions. Normal operations
are defined as seasonal peak load conditions under normal distribution system configuration.
First contingency (N-1) conditions are defined as situations that simulate the loss of a single
distribution substation transformer during seasonal peak loading conditions.

Under both normal and first contingency conditions, distribution planners use computer
modeling tools to identify if and when violations of capacity planning criteria are projected to
occur on a particular feeder, feeder component or distribution substation transformer. Using
feeder head data, the model approximates the expected loading along a feeder and all of its
components based on engineering assumptions. The typical engineering limitations examined
are conductor, transformer or equipment thermal limits (ampacity), and high or low voltage.

Once the timing and type of violations are determined on any given feeder component or
substation transformer, the next step is to identify what grid mitigation solutions are necessary
to correct the violation. Mitigation solutions may include re-configuration of the feeder, the
addition or replacement of equipment (e.g., capacitors, transformers, protection devices),
replacing conductor with larger conductor (i.e., reconductoring), or adding an entirely new
substation or feeder. These all are considered traditional solutions.

2.2 Current Distribution Reliability Planning
2.2.a Overview of the Current Reliability Planning Process
The purpose of reliability planning is to identify causes of service interruptions and risks to the
grid, and to develop cost-effective and prudent solutions to improve overall grid performance

and customer experience. Figure 2.2 provides an overview of the current process.

Figure 2.2: Current Distribution Reliability Planning
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2.2.b Current Distribution Reliability Planning

Reliability planning is based on data analytics of service outage information. The Company

maintains a historical database of service outages that includes the when, where, and why

associated with each service outage generated by the Company’s outage management system

(*OMS”"). This data is analyzed to identify areas of the distribution system that have exhibited

reliability performance issues, including root causes. For repeat outages on the same feeder or
3
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feeder section, the Company evaluates the cause to determine if there is a pattern to these
outages. Depending on this pattern, the Company can devise mitigation measures to improve
feeder performance. If, for example, lightning strikes have caused excessive amounts of
outages in a specific area, the Company can mitigate future outages through the use of
additional surge arresters for lightning protection, or investigate if grounding is within its
operating specifications and physically improve the grounding system if it does not meet the
operating specification. Another example of mitigation measures is to recondition poorly
performing feeders by repairing defects and restoring the feeder to current construction
standards.

This data examination process is conducted by the Company on a continual basis. The findings
are gathered and used to support reliability improvement investment decisions.

2.3 DER Generation Interconnection Process

The Company's DER generation interconnection process requires the customer to request to
export energy directly onto the distribution grid. Which interconnection process DER customers
must follow depends upon (i) whether the DER customer opts to sell its output wholesale to
PJM Interconnection, LLC (“PJM") or to the Company; and (ii) whether the DER customer elects
to interconnect directly to distribution infrastructure as a small electrical generator or behind the
customer’s meter via net energy metering.

DER requests involving wholesale market participation requests are submitted to PdM. PJM
administers the processing of the interconnection requests to its queue and coordinates the
interconnection study process, as applicable, with the Company. The Company administers all
other generator interconnection requests under the appropriate state jurisdictional procedures.

2.3.a Small Electrical Generator Interconnection Process

The interconnection process for small electric generators is administered in accordance with the
Commission's Regulations Governing Interconnection of Small Electrical Generators,
20 VAC 5-314-10 et seq. The Commission initiated a rulemaking proceeding in September
2018 to possibly revise these regulations, Case No. PUR-2018-00107. The proceeding remains
pending. A high level view of this current interconnect process is provided in Figure 2.3.a.

Figure 2.3.a: Overview of DER Small Electrical Generator Interconnection Process
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«-Customer inftiated requests

INTER- L
Y - Mandaled queue procedures and DER output scenarios altematives: equipment Interconnection
PLANNING B Location specific bad and grid data = Manual analysis for interaction upgrades/additions Agreement Execution
= Customer equipment specificaions . ___ wilh other DER.

The Company must study the interconnection of all generation that operates in parallel with the
electric grid to identify if grid modifications are needed to accommodate the proposed
interconnection while maintaining safe and reliable operation of the grid for all customers.
Under the governing standards, the interconnection customer submitting the request is
responsible for the costs to study the impact of the DER on the distribution system and for the
costs to modify the grid to accommodate the proposed generation.
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The Company'’s technical study process for utility-scale solar systems ensures that the output of
the renewable generator does not result in thermal overload conditions or voltage deviations
outside of an acceptable bandwidth on any feeder component or substation transformer to
which the PV generator interconnects. The fault current contribution of the generator is also
analyzed for its potential impact to the grid. The study is a static analysis based on the ability of
the PV system to operate at fuil-rated output during daylight hours, with secondary
consideration of inverter-based DERs to provide grid support for this injection or absorption of
reactive power. Based on current grid visibility and control limitations, the Company has asked
a small-percentage of the generators to apply a fixed power factor setting, other than unity, for
voltage support as a secondary measure.

DER interconnection requests have grown significantly over the past several years. Currently
there are 28 utility-scale solar generation sites totaling 275 MW interconnected to the
Company's electric distribution system in Virginia. As of August 1, 2019, there are 22
interconnection requests totaling 225 MW with executed interconnection agreements that are in
the construction process, and 114 requests totaling 1,584 MW that are at some level of
evaluation under the state jurisdictional procedures.

2.3.b Net Energy Metering Interconnection Process

If a renewable DER is proposing to offset a portion of a customer’s own load, the customer may
be eligible to apply for net energy metering. Net metering is administered in accordance with
the Commission’s Regulations Governing Net Energy Metering, 20 VAC 5-315-10 et seq. The
Commission initiated a proceeding in August 2019 to amend these regulations consistent with
new legislation, Case No. PUR-2019-00119. The proceeding remains pending.

The technical study process for net energy metering is currently a more simplified approach
than the process for small electrical generators given the much smaller DER system size. The
simplified approach ensures that the interconnecting system does not create an adverse
thermal or voltage issue. Any necessary system upgrades (if any) are included in the
Company's current base rate structure.

The Company has seen a dramatic growth rate in net metering interconnections, with a clear
trend showing concentrated growth in certain geographic areas. Figures 2.3.b.1 and 2.3.b.2
show the total number of net metering customers for the top 10 office locations, as well as the
growth in net metering by office since January 1, 2018.
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Figure 2.3.b.1: Local Office Totals

OFffice Name Cust MW
IR .
Chalottesville 835 8.9 89

Alexandria 642 47 G—G—_—_—“ a7
BlueRidge 385 4.4 NN 44
Richmond 352 3.1 | 51
Leeshurg 269 27 NS 27
Fairfax 324 2.3 EEEE 2.3
Norfolk 100 21 w21
Midlothian 201 2.1 21
East Richmond 258 20 smmm 20
Springfield 284 1.8 w13
All Others 2,427 200
Total 6,077 53.9

Figure 2.3.b.2: Local Office Growth Since January 1, 2018

Office Name Cust MW
. I 4
Chalottesville 407 4.1 41

BlueRidge 196 2.6 NN 2.6
Alexandria 282 20 NN 20

Norfolk 60 1,7 . 17
Midlothian 131 1.4 N 14
Fairfax 184 1.4 EEEN 14

Springfield 154 1.3 mmwmm 13
Richmond 161 13 M 13
Gloucester 66 1.3 S 13
Peninsula 190 1.2 w12
All Others 1,480 119 '

Total 3,359 30.5

3.0 LIMITATIONS OF CURRENT PLANNING PROCESS

Current distribution planning methodologies and processes have been in place for decades and
were designed to identify the most cost-effective means of maintaining a safe and reliable
distribution grid. These practices have been effective in a world of centralized large-scale
generation and one-way power flows. In that light, modeling and analyzing distribution grid
limitations for discrete conditions (seasonal peak conditions) have worked effectively as a
manual process. In the new paradigm of increasing DERs and other emerging end-use
technologies creating a more dynamic distribution grid with bi-directional and constantly
changing power flows, awareness of temporal and spatial growth and operating characteristics
are necessary. Modeling the distribution grid under this necessity can no longer be done using
traditional techniques. Future modeling and analysis requires the development of advanced
and automated tools that are capable of using significantly more granular data and providing
outputs on a much broader time scale of probabilistic distribution grid limitations. Limitations of
grid visibility beyond the feeder head present uncertainty in determining non-peak
characteristics of how the grid is functioning. Additionally, the ability to confidently leverage
non-wires alternatives as a prudent alternative to traditional grid solutions requires a level of
situational awareness, communications infrastructure, and control capabilities that do not
currently exist on the Company's distribution grid.
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The historical process of determining distribution system need only during forecasted seasonal
peak conditions, with grid visibility limited primarily to the feeder head, is approaching
obsolescence. Under the current distribution capacity planning process, anticipated growth in
DERs and emerging technology are not able to be addressed. Further, the current process
does not assess multiple potential scenarios of adoption rates of DER and emerging
technologies. Changing distribution grid load flows along with temporal and spatial growth
patterns and operating characteristics at times other than peak hours are, and will continue, to
change the dynamics (i.e., the load shape) of the distribution grid moving forward. Limitations of
grid visibility beyond the feeder head present uncertainty in determining non-peak
characteristics of how the grid is functioning.

4.0 FUTURE INTEGRATED DISTRIBUTION PLANNING PROCESS

The Company plans to implement an integrated distribution planning (“IDP") process that will
evolve the current planning processes to adapt to the increasing proliferation of customer-
owned DERs and other changes relevant to the modern grid. True IDP will require changes to
people’s skills, the technologies and tools they use, and processes for performing planning
activities. The sections below describe the enhancements the Company plans to make within
each of these categories. Figure 4.0 provides a chart showing the evolution of integrated
distribution planning over time as enabling technologies are deployed.

Figure 4.0: IDP Evolution

Distribution Planning Maturity Level

As GT Plan capabilities are delivered, DEV’s ability to execute Integrated and dynamic distribution planning increases dramatically

Distributed Encrgy
Restource Managament
System (DERMS)

Advanced Distribution

PEEAFEREBT

n
c
]
=
1]
o
€
3
E
§
v
g
3
i
L1
[
-]
=
=
o
-
T
2
Z
[
-5

GT Plan Capabllities and Functionality Enabled

Management System

{aDMS)

Hosting Copacity

Advanced Analytics

Intelligent Grid Devices

‘ Level 2

4+ Gaining situational

awareness at device level |

Scenario based forecasting
Time series grid analysls
Time series hosting capacity
Expanded NWA analysis and
inclusion

. Ongoing
7 Incramantal
¢ Improvement

Highly automated
analysis capability
Locational net

benefits inclusion

- ; . Increasing premises-level Incremental automated Aggregated DER
Custemer Information % S interval data availability analysis capability transaction & market
Platform Yy *  Static hosting capacity
- / ‘v Swticgridanalysis . gxpansion of Customer ! :g:;e;:;n nt
7"+ Growing data programs and enhanced | @
AMI / Smart Meters . granularity usage / load data §

4.1 People

Maturity of Integrated Distribution Planning

4’

As an initial step towards integrated distribution planning, the Company is centralizing the
modeling and analysis activities for capacity planning, reliability planning, and DER
interconnection as an integrated functional organization. The Company will continue to evaluate
its organizational structure as integrated distribution planning matures in support of the

7



enhancements described below.
4.2 Technologies

IDP is highly dependent on having highly granular and spatial visibility of existing grid
conditions. The Company has a plan to transform its distribution grid (the “Grid Transformation
Plan” or “GT Plan”) to adapt to the fundamental changes to the energy industry described above
and to meet its customers’ needs and expectations. Many of these proposed investments are
foundational to IDP, including investments in advanced metering infrastructure (“AMI”); a self-
healing grid, including intelligent grid device and an advanced distribution management system
(“ADMS") with system capabilities for distributed energy resources management (“DERMS”),
and Advanced Analytics. Advanced Analytics can suitably model the behavior of the entire
distribution network including the renewable resources. These applications can analyze
weather patterns along with past generation profiles and forecast the generation that will be
available from the DER. Advanced Analytics will highlight opportunities for non-wires
alternatives to be evaluated. Also vital are secure communications between the field devices
and the back office systems. The Company’s executive summary of the Grid Transformation
Plan (the “Plan Document”) provides additional information on these proposed investments.

4.3 Processes and Tools

IDP requires advanced distribution modeling and analysis capabilities that consider a range of
possible futures where varying levels of DER and emerging technologies are adopted on the
distribution system. The distribution grid needs to be analyzed at a wide range of load
conditions, rather than at just peak load periods. The ability to successfully perform time series
modeling analysis (“TSA") of the distribution grid is heavily reliant on a highly granular visibility
of existing load and DER characteristics. Finally, given the uncertainty associated with the size
and location of DER growth, probabilistic or stochastic analytical techniques will be required to
evaluate the robustness of the distribution grid from the feeder head to the feeder edge.

The Company plans to implement the following process-related enhancements to its distribution
planning process to move toward IDP. These enhancements are illustrated in Figure 4.3 and
discussed in more detail below.

Figure 4.3: Enhanced Distribution Planning Process
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4.3.a Process Enhancement 1 — Comprehensive Feeder Level Forecasting

Long-term (i.e., minimum 10 year) demand growth forecasts will be refined for each individual
distribution feeder and include not only the amount but also the type of future DER capacity.
Utility-scale, commercial, and residential net metering-scale sites will be forecasted annually.
Unlike conventional demand forecasting methods, however, these forecasts will be more
granular in that they will be developed down to the customer site whenever possible and will
cover all hours in a year rather than just peak demand hours. The Company initially plans to
develop these forecasts utilizing data obtained from its customers currently served with AMI
meters and/or intelligent grid device data, where available. Until full deployment of AMI has
been achieved, the Company will develop hourly demand assumptions for its monthly-metered
customers using relationships obtained from historic AMI hourly load shapes and monthly
customer billing records. Comprehensive feeder level forecasts will allow the Company to
simulate power flow scenarios within a planning period. This ability is critically important as the
Company expects more active management of grid stability to be necessary during low demand
conditions that are coupled with high DER output.

For example, during the month of April, a residential customer’s electricity demand at any hour
is typically low (less than 5 kW). If that same customer has a solar PV system rated at 10 kW
installed at their premise, it is quite likely that for many hours during April, the supply from that
customer’s premise will exceed their demand and that excess power will flow onto the
distribution grid. This situation could cause a localized increase in distribution voltage levels
that exceed rated standards. This voltage violation could result in damage to the Company’s
equipment or damage to appliances of other customers that are on the same feeder. As DERs
continue to grow on the Company’s system, phenomena such as this can spread to all areas of
the distribution feeders and even onto the transmission grid. This undesirable phenomenon is
not related to overall system DER penetration but rather is specific to locational concentrations
of DER penetration. The magnitude of the challenge grows as this scenario occurs at grid
locations with limited host capacity available.

4.3.b Process Enhancement 2 — Hosting Capacity Analysis

The Company will also study the DER hosting capacity on every distribution feeder in order to
determine the strength of the distribution system during varying degrees of DER penetration and
solar irradiance levels for every hour of the day. This analysis when overlaid with the
Company’s DER forecast can determine the year when a specific feeder becomes at risk for
exceeding feeder design specifications (both thermal and voltage parameters), and will enable
the use of active power management of DER as an alternative to traditional grid upgrades. The
forecasts described above will be updated annually and will form the base or expected cases for
subsequent distribution analysis and planning activities. Until such time as a proper stochastic
algorithm can be developed, the Company will also prepare annually, high and low DER growth
forecasts for each feeder to support the scenario analysis described below. This transition
requires highly manual analysis until such time as automated analytical systems are developed
and validated.

If the GT Plan investments are approved by the Commission, the Company plans to publish
initial hosting capacity maps for both utility-scale and net metering DER by the end of 2020. As
additional grid technologies and smart meters are deployed and grid operation capabilities
increase, the hosting capacity maps will become more dynamic and support opportunities to
reduce interconnection costs when DER output can be informed and adjusted to avoid grid
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limitations through a DERMS.
4.3.c Process Enhancement 3 — Multi-Hour Capacity Planning Analysis

Consistent with conventional distribution capacity planning analysis, each feeder will be
assessed under seasonal peak demand periods using the forecast for demand and DER growth
described above. Also, like current state, the analysis will evaluate the distribution grid for
violations with respect to loading and voltage. Beyond current state, the distribution grid will
also be examined at conditions other than peak demand periods. At a minimum, the Company
will evaluate the distribution grid under peak demand and minimum demand conditions for each
month of the planning period. The frequency and the study time window of these studies will
increase as advanced modeling techniques are refined. As discussed further below, the
Company is investigating, with industry peers and research entities, the development of the
necessary engineering tools and systems that can perform this analysis on a time series (i.e.,
8760) basis so that, when appropriate, each hour of the planning period can be examined in an
automated fashion. This will ensure the Company examines all load and generation conditions
associated with the base forecast for demand and DER growth. These new tools and systems
will result in a more thorough analysis of each feeder under various load and generation
conditions that is more representative of two-way power flows caused by DERs. Notably,
specific GT Plan investments in intelligent grid devices and smart meters that gather this highly
granular data are necessary to support robust analyses with greatly reduced uncertainty.

4.3.d Process Enhancement 4 — DER Scenario Analysis

The key uncertainties associated with future DER growth is with respect to rate of growth and
location. As such, the enhanced distribution planning analysis will also include scenario
analysis that utilizes the high and low DER growth forecasts identified above. Again, the
Company will analyze each feeder for violations with respect to loading and voltage under
monthly peak and low demand conditions using both the high and low DER growth rate
forecasts.

4.3.e Process Enhancement 5 — Non-Wires Alternatives Analysis

In addition to traditional distribution grid solution approaches such as re-conductoring or
equipment upgrades, the Company will also assess non-wires alternatives to address violations
that may surface in the distribution grid analysis process. New mitigation options such as
utilizing customer-owned advanced inverter capabilities, battery energy storage systems, micro-
grids, or demand response will be evaluated along with traditional solutions to assure that the
optimal solutions for the Company and customers are prudently implemented.

5.0 PROOF OF CONCEPT ANALYSIS AND RESULTS

The ultimate objective of the Company's IDP process is to develop a prudent distribution
investments roadmap based on load growth, reliability needs, DER growth, new technology
adoptions, and other changes on the distribution system over the planning horizon. To that end,
the Company engaged DNV GL Digital Solutions (‘DNV GL") to develop a proof of concept.
The DNV GL analysis focused on the process enhancements described above, namely multi-
hour capacity planning analysis, DER scenario analysis, and non-wires alternatives analysis.

DNV GL developed an analytical process using Synergi Electric software, which provides tools

10

PBTEGHFEEGET



that are capable of automating the grid analysis. DNV GL then tested the software using three
demonstration feeders identified by the Company. The analytical process involved running a
multi-year time series analysis (“TSA"), identifying times where technical violations may occur
due to load growth or due to DER operation, designing appropriate mitigations and evaluating
the hosting capacity of the system for different capacities of DER.

The Company intends to continue to work with DNV GL as the Company implements the
process enhancements described above. Notably, the DNV GL process integrates the
Company’s current capacity planning and DER interconnection processes, but does not
incorporate the current reliability planning processes. As recognized industry-wide,
incorporating the reliability planning component is the area of analysis having the greatest
complexity . The Company will continue to work toward complete integration of its distribution
planning process.

DNV GL produced a report providing its analyses and results. The report is Attachment 1 to this
white paper.

6.0 CAPABILITIES ENABLED BY INTEGRATED DISTRIBUTION PLANNING

The evolution of IDP over time will enable capabilities and benefits for the Company and
customers not available today. For instance, with people, technologies, and processes
described above, locational net benefits could be identified and published, an expanding
portfolio of non-wires alternatives can be developed and utilized, and lower DER integration
costs can result. With proper policy and regulatory support, IDP also enables aggregated DER
transactions.

7.0 GENERATION, TRANSMISSION, AND DISTRIBUTION INTEGRATION
ASSESSMENT

Currently, power system analysis is performed separately for generation, transmission and
distribution systems. With higher overall system penetration levels of DERs expected, the one-
way flow of the Company'’s distribution system is being significantly altered and will impact the
generation, transmission, and distribution systems. Therefore, the Company (along with the
electric utility industry) needs to continue its development of new methods and tools to properly
integrate the overall power system. For example, as DERs continue to grow within the
Company’s service territory and emerging technologies take hold, customer load shapes will
change. This change in load shape will not only impact the distribution grid but also the
transmission and generation systems as well. Power flows along the transmission system will
change (and could even reverse) and traditional generators will be dispatched in a manner that
may be quite different than has been done in the past in order to accommodate these new
customer demands. Thus, it is important that the Company understand how customer energy
use is changing and how those changes are impacting the entire electric network, from
distribution, to transmission and generation.

Importantly, the shift to integrated distribution planning is a process that will take time, as
illustrated in Figure 4.0. The Virginia Code now requires that the Company’s total-system
integrated resource plans evaluate long-term electric distribution grid planning. Va. Code
§ 56-599 B 10. The Company thus intends to continue to report on its progress toward IDP in
future integrated resource plans. The Company plans to include IDP as part of the stakeholder
processes used for the Company's GT Plans and integrated resource plans.
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1 INTRODUCTION

DNV GL Digital Solutions (DNV GL) has been tasked by Dominion Energy Services (Dominlon) with
developing the Synergi Analysis part of Dominion’s new Integrated Distribution Planning (IDP)
process. The ultimate objective of the IDP process is to help Dominion to develop a Distribution
Investments Roadmap based on load growth, Distributed Energy Resources (DER) growth and other
changes on the distribution system over a 10-year planning horizon. The IDP process is shown in
Figure 1 below.

Feeder Load Forecast Feeder DER Growth
8760 Profile — 25 years Forecast
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Figure 1: Integrated Distribution Planning process
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DNV GL'’s responsibility is to provide guidance and appropriate tools to accomplish the Synergi
Analysis part of the process as efficiently as possible, ideally in @ manner which is suitable for
implementation on the entire Dominion distribution system. DNV GL's scope includes only the
processes related to analysis in Synergi, and does not encompass everything in Dominion’s wider
Integrated Distribution Planning scope, such as generation planning. The tools developed here are
tested on three sample circuits selected by Dominion, referred to in this report as F62710, F71475 and
F81305.

The objective of this document is to provide Dominion with a User Guide for the tools developed by
DNV GL from the preparation of the Synergi models and input data to the outputs of the various
analyses and interpretation of the results.
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2 APPROACH

2.1 Introduction

As part of the Integrated Distribution Planning (IDP) process development, Dominion will run a series
of analyses on their distribution system, accounting for both load growth and the impact of Distributed
Energy Resources (DER). Inclusion of DER, particularly variable generation such as solar power,
necessitates changes from traditional approaches to planning studies. Specifically, it is no longer
satisfactory to study single load cases, such as annual peak load. The increased complexity of the
system caused by interactions between load and generation requires a move to hourly profiles and
Time Series Analysis (TSA). This document provides justification for using TSA and some examples of
the enhanced capabilities this approach provides to utility planning departments.

2.2 Background

Traditional planning processes have centered around planning for the peak load condition. On a radial
distribution system with no generation, this has the advantage of being a straightforward value to
identify and can be virtually guaranteed to provide the worst-case operating condition for the circuit.

However, with the introduction of generation on the distribution system - in the form of solar
generation, wind generation and energy storage - the justification for analyzing only peak load is no
longer valid. Firstly, the peak load condition is no longer easy to identify - load measured at the
substation is the net load on the circuit, with some of the actual load used by customers potentially
masked by generation on the circuit. This results in generally lower loads being measured at the
substation during hours of operation of the DER, and if this is not adequately addressed in the analysis
it could cause the planners to use a lower load value in their analysis than is really the case.

Secondly, peak load is no longer the only critical operating condition. Times of low load and high
generation are also important to study as these can cause different problems to peak load.

The following sections provide examples of the different drivers for moving to TSA in planning
processes.

2.3 Drivers for Time Series Analysis

2.3.1 Interactions of Load and Generation

The first driver for using TSA is that it addresses the problem of measuring net load on a circuit. Even
with Increasing generation on a circult, it is still important for planning departments to plan for the
peak load on the circuit assuming that generation is offline. This is because there may be days where
the load is high and the DER generation is not available due to lack of resource (e.g., thick clouds), or
due to return from a trip condition (such as due to system frequency or voltage excursions, or return
from a switched condition).

However, utilities typically measure load at the substation, which means that the measured value
contains the combined effects of load and generation on the circuit, and on its own does not provide
the actual load used by customers if there is any generation online. Even as utilities move to
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Advanced Metering Infrastructure (AMI) - smart meters measuring individual customer loads - the
measured value is almost always still the net load value for a customer with load and generation
behind their meter.

Figure 2 below provides a demonstration of the importance of addressing this situation:

' Single-Day Load and Generation Profiles
| F71475 - August Weekend

25
20
15

10

Load, Generation {(MW)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour

o et L030  emmmmwActual Load —ese=Generation

Figure 2: Load and generation profiles
In Figure 2, the Net Load curve would be the value measured at the feeder meter. Using these values
alone, the utility would come up with a peak load value for this day of 20MW, which occurs at hour 18.
However, the load used by the customers is masked during part of the day by the solar generation,
and the Actual Load curve shows a peak vaiue of 22MW, which occurs at hour 14. In this case, using
the measured peak load without accounting for the influence of the generation would have caused the
utility to study a peak load value around 2MW below the actual value, which is a significant difference.

Thus it is important for the utility to model load and generation profiles independently. As noted
above, almost all load measured by the utility is a net load, either measured at the feeder meter or at
the customer meter. Developing separate profiles is accomplished by estimating the generation output
over the same time period as the measured load, and adding this value to the measured load to find
the actual load. This approach necessitates the development of load and generation profiles in the
analysis software, which provides some enhanced capabilities to planners, as described in the
following sections.
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2.3.2 Load Management

Separation of load and generation profiles allows for more accurate implementation of load growth
assumptions. Typically, load growth is expressed as a percentage increase in the load. It is important
that this percentage is applied to the actual customer load used, rather than the net load, so that the
correct load increase is studied.

Separate load profiles combined with TSA allows various demand side management measures to be
studied. For example, there are several examples of energy efficiency measures which are effective
only at certain hours of the day. Without knowing how the customer load varies throughout the day
and through the year, it would be significantly more difficult, and less transparent, to study the effects
of these measures as potential non-wires alternatives.

Using TSA to study the system under high loading conditions also provides the utility planners with a
measure of the severity of any technical violations. In a time-based analysis which is run over a year,
it is possible to find the number of hours of a year where a technical violation persisted. This allows
the planning engineers to prioritize violations that occur over a larger portion of the year versus those
which may only persist for a small number of hours, which is information that is not available when
analyzing single time-steps.

2.3.3 Generation Limits

Developing time-based profiles for load and generation is important for the identification of any
limitations on generation output. It is generally the case that generation on a distribution circuit will
have the most significant impact at times when load is low. However, simply analyzing the system
with maximum generation output and minimum load may not be relevant if the generation is solar-
based (and thus only operational during daylight hours) and the minimum circuit load occurs at night.
Also, it can be expected that solar output is highest during the summer months and lower during the
winter. It is therefore important to account for these time-based output variations and load variations
in the analysis of the system, which is a major driver for using TSA. This allows the utility to
determine reasonable and reliable limits on generation output without appearing overly conservative
to their customers, which is important as demand for customer-sited generation increases.

2.3.3.1 Hosting Capacity Analysis

Identifying generation output limits is a necessity for running hosting capacity analysis. Hosting
capacity is the maximum generation capacity on a circuit (or section of a circuit) that does not cause a
technical limit to be exceeded (such as voltage limits and loading limits). Typically, hosting capacity is
expressed as a single value, which is the lowest hosting capacity found for the circuit or section over a
given analysis period. However, there are often cases where a developer will be interested in installing
a generation facility which exceeds the hosting capacity of the circuit. In this case, the utility planning
engineers will come up with options to either allow the generator to stay under the hosting capacity
limit, or to increase the hosting capacity above the output of the generator. Several of these options
will require TSA to provide sufficient information to the customer.

2.3.3.2 Mitigation Analysis
When a generator is found to cause a technical limit to be exceeded, the utility planning engineers will
present options to the customer which are effective in remedying the situation. Traditional analysis of
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single worst-case time-steps may limit these options to equipment upgrades, such as re-conductoring
or transformer replacements. However, providing a time-based representation of how and when the
limitations occur can inform new mitigation strategies.

Figure 3 below presents the variation in hosting capacity for a section on the F81305 feeder over the
course of a day. On this section, the maximum hosting capacity is around 8.9MW and the minimum
hosting capacity is around 4.4MW . Traditiona! approaches would necessitate planning around this
4.4MW limit, and appropriate upgrades would be designed based on that. An alternative mitigation is
to provide the generator customer with the option to curtail their output to follow this profile and save
the costs of an upgrade. In many cases, the costs of the appropriate communications and control
infrastructure between the customer and the utility (such as Distributed Energy Resource Management
Systems) to implement this curtailment may be significantly less than the costs of the equipment
upgrades. The cost/benefit calculation for the customer would depend on how large their facility is
expected to be - an 8MW plant would lose more energy than a 6MW plant, for example - and the
duration of the curtailment over a year. There may be cases where curtailment is only required for a
small number of hours of the year, in which case it may be a better option for the customer than
funding equipment upgrades. The cost/benefit calculation would likely be project-specific, but it could
be considered as an alternative to costly upgrades.

Hosting Capacity on Section 12222725.4DF0
August Weekend

-
(=]

Hosting Capacity (MW)
o = N w I [3,] [«,] ~ o] w0

1 2 3 4 S5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour

Figure 3: Example of variation in hosting capacity through a day
If the amount of energy lost to curtailment throughout the year is large, another alternative available
to the customer may be to add an energy storage system to their facility. This would allow the energy
storage system to absorb excess generation above the hosting capacity limit and discharge at times
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when the hosting capacity limit is higher. The decision to proceed with the design of an energy storage
system requires this time-based information which is only available from TSA studies.

2.3.4 Impact of Variable Generation on Load Tap Changers

The Load Tap Changer (LTC), either on a transformer or voltage reguiator, is responsible for
maintaining the voltage on a circuit within acceptable limits. LTC’s are electro-mechanical devices
which operate in steps. In principal, once the voltage on the circuit moves outside a given bandwidth,
the LTC will move up or down in steps, making a slight adjustment in the transformer ratio and
therefore the voltage on the regulated side of the circuit. A typical step size would be 0.625%, which
means each time the LTC moves one step, the voltage on the regulated circuit would change up or
down by 0.625%. The voltage at the LTC is dependent on the load flowing through the LTC. On most
circuits, variations in load are relatively slow and are smoothed out by the actions of hundreds or
thousands of customers with varying behaviour. The number of tap changes for an LTC with only
variations in load (not generation) is dependent on the circuits connected to the transformer, and can
range anywhere from 10 changes per year to 10 changes per day.

However, some generation can be highly variable, such as solar PV generation. The output from a
solar generation facility is dependent on the power available from the sun on the solar panel - this
power is defined as ‘irradiance’. The variation in irradiance - for example, due to clouds passing -
causes variation In solar generation output. Variable generation in sufficient capacities can have an
effect on the number of operations of an LTC. The reason for this is that multiple facllities made up of
this type of generation will behave in the same way and may vary their output in the same direction
virtually simultaneously. For example, if a cloud passes over a circuit, the output of all of the solar
generators on the circuit will drop by a similar amount in the time it takes for the cloud to cover the
circuit. If the capacity of generation on a circuit Is relatively large compared to the load, this can cause
the LTC to change position when a cloud passes. In areas that are prone to days with partial cloud
coverage, this can cause a significant increase in the number of operations of an LTC, and therefore
an increase in maintenance and replacements of LTC components.

Figure 4 below shows the difference in tap position on the F62710 Tx-2 transformer over a year
between the case where all of the solar generation is off, versus the case when all of the solar
generation is at 100% output. The difference in tap position is between 4 and 6 steps throughout the
year. Note that this chart only compares two analyses which had the same load profile and constant
PV output (0% in one case and 100% in the other case). This chart is insufficient on its own to
determine how many extra tap operations are likely due to variability of solar generation as no
irradiance data (which drives the output of solar generation) has yet been included in the analysis.
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Figure 4: Tap position differences due to solar PV generation
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The profile above is used to determine the change in PV output that would result in a single step
change in LTC position. For example, where the difference between the tap position with PV off versus
the tap position with PV on is 4 steps, it can be assumed that a PV output change of 20% to 25% of
rated output was sufficient to move the LTC by one position. Table 1 below summarizes these results:

Table 1: Change in irradiance required to cause 1 LTC position change throughout the year

for F62710 Tx-2

Change in Solar Output Required

causing 1 LTC Position Change

Percentage of Year

| 20%1t0100% ) _47.2%
16.7% to 20% 36.3%
14.3% to 16.7% 16.5%

These results are combined with SCADA data which shows the number of occurrences of different PV
output changes over a year. The SCADA data is summarized below:
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Table 2: Annual occurrences of solar out
Change in solar output

(% of rated capacity)

Number of

Occurrences Annually

50% - 100% 9
33% - 50% o 10;“—’h N}
25% - 33% 478
20% -25% 1118
16.7% - 20% 1699
14.37:- 16.7% 2253
12.5% - 14.3% 262_8-7

The calculation of humber of extra tap changes is carried out as shown in Table 3 below:

Change in Solar
Output
_20% to 100%

16.7% to 20%

14.3% to 16.7%

Table 3: Calculation of additional tap chan

Percentage of Year LTC
Would Change Position

Number of
Occurrences Annually

ge operations

Number of Extra Tap
Operations

For the F62710 Tx-2 transformer, the result of this calculation is an estimated 1797 extra LTC
operations per year, roughly 5 extra operations per day, which could have a significant effect on LTC
lifetime. Analysis of this transformer with no PV generation suggests that this transformer would
normally see around 70 LTC operations per year, so there is the potential for solar generation to cause
around 25 times the number of operations, with a consequent effect on LTC lifetime. This type of
analysis would not be possible with a traditional peak load analysis - time series analysis is necessary
to provide this important information for the utility planning department.
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3 MODEL SETUP

The Dominion Synergi Electric model is built using an automated model build process linked to
Dominion’s Geographic Information System (GIS). The automated parts of the Synergi analysis for the
IDP process require some additional data to be added to the model - primarily load forecast data,
generation data and load profiles. The following sections detail the steps taken to prepare the Synergi
model| for analysis. In the future, it may be possible to update the model with this data automatically
as part of the model build process, which would require some additional work to update the model
build tool.

For the analyses conducted as part of this process it is important that load and generation are
modelled separately in order to study the effects of changing DER behaviour (such as DER turning on
and off, different output profiles, etc.). The following sections describe the methodology implemented
here to separate the load proflles from the generation.

3.1 Load and Generation Profiles
3.1.1 Input Data

Meter data available to Dominion for customers with load and generation is net-metered data, which
means it contains the combined effect of the load and generation. This data is used both to set the
peak load value for each individual customer (these values may not be coincident between all
customers on a feeder) and to develop customer load profiles. As such, the load profiles provided by
Dominion for this work represent the net load profiles for the customers.

DER capacities are also provided for each customer. Load and generation are modelled in the
Dominion Synergi model at the distribution transformer, which means that the aggregate load and
generation are modelied at this level for all customers fed by the same distribution transformer. See
Figure 5 below - while the customers (Cust.1, Cust.2 and Cust.3) are actually situated at the end of
individual low voltage lines coming from the distribution transformer, these low voltage lines (the
black lines in Figure 5) are not included in the Synergi model, which stops at the high side of the
distribution transformer (the green part of Figure 5). So, the load values for customers 1, 2 and 3 are
summed together, and entered in the Synergi model at the location of their distribution transformer.

Substation

transformer
y / gs

7/

Distribution
transformer

I I I

Cust. 1 Cust. 2 Cust. 3

Figure 5: Representation of Synergi model with transmission system in blue, distribution
system in green and low voltage secondary circuits in black
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3.1.2 Recommended Approach

DNV GL recommends a multi-step approach to separating load and generation in the Synergi model.
In principal, it Is necessary to develop load and generation profiles at the feeder meter, based on the
combined effect of all of the customer load profiles on the feeder. This results in all customers on a
feeder being allocated the same load profile while maintaining the proportionality of their individual
loads (e.g., if customer A’s peak load value is twice that of customer B’s, then customer A’s load will
always be twice as high as customer B’s while following the same profile).

Step 1: Establish net load profile at the feeder level

With loads set up based on peak load readings, and the correct customer zones assigned at each
distribution transformer, a 576 analysis is run in Synergi using weekend and weekday profiles. The
576 analysis makes use of characteristic load curves for each month in the study - elther weekend
and weekday curves or peak day and minimum day curves. Each curve is divided into 24 1-hour time-
steps, resulting in 576 time-steps for a full year (24 time-steps per curve x 2 curves per month x 12
manths = 576 time-steps). This is a more efficient way of running an ‘8760 analysis’ which wouid
involve analyzing every hour of a year.

All existing PV is turned off in the mode! for this analysis. The 576 analysis runs load flow analysis for
each of the 24 time-steps in the weekend and weekday profiles for each month of the year, and
Synergi produces a Total Load profile for the weekend and weekday for each month of the year, which
are exported and saved.

Step 2: Establish Total PV output profile

A separate 576 analysis is run with PV output set to ‘Weather based output’. The PV output profile is
exported from this analysis.

Step 3: Find gross load profile on feeder

By adding the total PV output to the feeder net load profile, the result is the feeder gross load profile
(i.e., what the actual customer load would have to be in each time-step to reach the measured net
load value with PV operating).

Step 4: Convert kW load profiles to % values for import to Synergi

The net load and gross load profiles developed in the previous steps are converted to % values by
finding the peak load on the feeder. The peak load should be taken from SCADA data measured at the
feeder head, which is used to populate the Demand tab of the feeder meter. To develop the curves for
import to Synergi, the kW profiles developed in previous steps are divided by the peak load value.

Step 5: Import feeder load profiles to Synergi

The net load and gross load profiles at the feeder level are formatted to the correct Data Lake schema
(MTR_120 and MTR_121) for import to Synergi using the Data Lake tool. Once the import has been
done, the model should be saved.
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Step 6: Allocate loads

The final step is to allocate loads to the model. This should be done using existing kW in the Load
Allocation settings. The Meter settings should have ‘Profiles are active’, ‘Use demand profile when
allocating’ and ‘Use load profile to scale downstream loads’ checked. After load allocation, the feeder
demand profile from the 576 analysis with DER set to ‘Weather based output’ should be close to the
net load profile found in Step 1.

3.1.3 Notes on Load and Generation Profiles

The intention is for this process to be conservative in the absence of separate load and generation
meter data. The process described here assumes that the PV output during the measurement of peak
load was the maximum that it could be, due to the use of clear-sky profiles. This means that the load
masked by the PV during measurements is the maximum, so when this load is added back in to the
customer load profile, the load is as high as it could have been. When scenarios are analysed with PV
off, the load will therefore be at the high end of its likely range, which is conservative.

When using this model set up for Hosting Capacity Analysis (HCA), the generation is also at its
maximum possible level, which means that any existing limitations caused due to DER output changes
should be identified. The baseline for available capacities Is not changed as the combined load and
generation in the model should still follow the measured net load profile.

Load profiles are modeled at the feeder level, as described in Section 3.1.2. This means that there Is
one load profile for each feeder, and all loads on the feeder follow the same profile. A more granular
method would involve using more refined load profiles for each load on the circuit (for example, all
residential customers may be assigned the same profile based on their expected behavior). However,
in this study it is necessary to separate load and generation before assigning a profile, and this results
in a modified load profile for a customer which has generation. This could result in unique load profiles
for every customer in the system with generation, which is likely an unmanageable amount of data.
The following paragraph is an example of how two customers who were originally assigned the same
load profile based on their net load use could end up with different load profiles once the generator
output is extracted.

Assume Customer A and Customer B have the same customer load profile assigned, based on
their net load. Customer A has 10kW of load and 5kW of PV, while Customer B has 15kW of
load but no PV. To address the impact of Customer A’s PV on the load, we have to develop a
modified profile based on what their PV output may have been. Customer B’s profile does not
change, and now the two customers that previously had the same profile now have two
different profiles. This is also true for different load and generation capacities, which can resulit
in unique customer load profiles for every customer on the feeder.

For the present study load profiles are assigned at the feeder level, so all customers on the feeder
follow the same load profile. In the future, Dominion may move towards an improved solution for
assigning load profiles at the customer level to take advantage of the more granular approach.
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The approach developed here makes use of the customer load profiles provided by Dominion to
develop the feeder profiles, providing a representation of the combined effect of the various load
profiles modelled on the feeder, while keeping data to a8 manageable capacity.

3.2 Load Growth and DER Growth

Dominion plans to study its system under various assumptions of load growth within the study
planning horizon. The load growth assumptions will be implemented using global load growth
assumptions which define a percentage load growth for each of the 10 study years.

The implications of DER growth are also to be studied, but a different approach is taken from the load
growth assumptions used in planning studies. For DER growth there are two different types of growth
- known (or planned) DER additions, and prospective DER additions. These are addressed in different
ways.

Known DER additions, which have typically been requested by a customer and form part of Dominion’s
formal interconnection queue can be added to the model and set to energize in the correct study year.
They will begin to have an impact on the planning study results from that year onwards and will form
part of the typical planning analyses.

Prospective DER additions are more complex to include in a planning study due to uncertainties about
where they will appear, and at what size, both of which are crucial to the results of any analysis. DNV
GL has developed a set of hosting capacity tools which can be used to address this uncertainty. First,
the Incremental Hosting Capacity Analysis (IHCA) tool can be used to find the limits on generation
that can be installed downstream of any section of the feeder. Secondly, the Stochastic Hosting
Capacity Analysis (SHCA) tool can be used to simulate a large number of dispersals of generation on
the feeder. This provides valuable data on what the worst case could be when future generation is
dispersed randomly on the feeder.
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4 NETWORK ASSESSMENT

4.1 General

The Network Assessment is divided into two parts: The load growth studies, which aim to assess the
effects of load growth; and the DER impact studies, which aim to assess the impact of increasing DER
on the system. In practice the DER and load growth are modelled and analyzed together, but the
results are presented such that the impacts of the different features can be determined.

In any system which includes a significant penetration of DER, it is increasingly important to analyze
hourly profiles, rather than simply performing peak load analysis as has been traditionally the case.
The reason for this is the complexity surrounding the interactions of load and generation - due to the
impact of DER, the peak load time may not necessarily be the worst case on the system, and the peak
load measured at the substation may not be representative of the actual peak load used by customers
due to the masking effect of DER, particularly solar generation. As such, it is not trivial to select a
worst case load condition by simply reviewing load data and finding critical times.

In these analyses, it is important to separate load and generation, as described above. This allows the
planning engineers to determine what could happen on the circuit if generation output is different this
year than it was last year, or to assess what happens if the load stays the same but there is no
generation at all for a given time-step.

In addition to providing a robust foundation for the analysis and a good representation of what is
really happening on the feeder, running hourly profile analyses provide some useful information in the
results. For example, in addition to finding what the worst case voltages or thermal loading conditions
are, the planning engineer can find out when those occur, and also the number of hours out of the
year that there could be technical violations. It also allows the planning engineer to draw interesting
conclusions on potential mitigations for future DER, such as how limitations can change from hour to
hour and how much curtailment may be necessary to mitigate a potential risk on the system. These
are costs that can be weighed against traditional mitigation measures, such as re-conductoring or
additional voltage regulators.

The following sections describe the analyses which are recommended to provide the information
required by Dominion’s planning engineers from these studies.

4.2 Load Growth Studies

The first part of the network assessment process is the load flow analysis. This is conducted using a
‘576 analysis’ in Synergi. The 576 analysis makes use of characteristic load curves for each month in
the study - either weekend and weekday curves or peak day and minimum day curves. Each curve is
divided into 24 1-hour time-steps, resulting in 576 time-steps for a full year (24 time-steps per curve
X 2 curves per month x 12 months = 576 time-steps). This is a more efficient way of running an ‘8760
analysis’ which would involve analyzing every hour of a year.

Technical criteria for the load flow analysis were provided by Dominion and are summarized in Table 4
below:
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Table 4: Technical criteria i il

Thermal Loading Thermal loading must be less than 100% of continuous rating for all equipment &

Static Voltage Voltage must be within +/-5% of nominal voltage

Interrupt Rating Fault current at a protective device must be less than 87.5% of the device’s interrupt
rating

This analysis is carried out first with all of the DER off. This allows the planning engineer to assess the
effects of load growth alone and ensures the system will be reliable if there is zero DER output (which
may be caused during return from a switching condition, for example). The results from the analysis in
Synergi provide the worst case result for each of the technical criteria (only static voltage and thermal
loading from Table 4 are relevant in this load growth study), the time that the worst condition occurs,
and the number of hours where any violation was observed on the circuit. These results are provided
for each study year.

4.3 DER Impact Studies
4.3.1 Introduction

As part of the IDP process development, Dominion will run analyses on the impact of DER on their
distribution feeders. Dominion considers two distinct types of DER on their system - utility scale and
het-metered - and these are treated differently in generation forecasting and in Synergi models. For
future DER, DNV GL recommends that the two types of DER are treated differently in the analysis and
planning process also. This document describes DNV GL's recommendations for which analyses to
perform and how the results may be interpreted and used.

4.3.2 Existing DER

4.3.2.1 General

It is proposed that the existing DER on the system be analysed as part of the normal planning studies.
It is proposed that two separate sets of load flow analyses are performed in the planning process -
one with all DER off, and another with DER operating based on resource profiles (such as irradiance
profiles). Any violations found within the planning horizon will be identified, along with any that are
specifically caused by the existing DER.

4.3.2.2 DER Impact on LTC Operations

Increasing DER capacities, particularly variable generation such as solar PV, have the potential to
increase the number of operations of Load Tap Changers on the circuit due to changes in irradiance
caused by clouds passing. This can have an effect on the replacement interval for these items, so an
estimation of any increase in the number of operations is required. This document describes DNV GL's
recommended process to arrive at this estimation.

Process

There are two parts to the process. The first is to use analysis in Synergi to find the likelihood that a
given change in PV output could cause a change in tap position based on a year of load data for a
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given feeder in a given year. This will then be combined with PV output data measured in 15-second
intervals to find the number of additional tap changes likely to be caused by the PV over a year. It is
assumed that PV output changes are independent of load.

PV Output Variation Required to Change Tap Position

The percentage change in PV output required to change the tap position will vary by feeder and by
loading condition. It is therefore necessary to run a new analysis for each study year to account for
load and DER growth.

The study requires two analyses to be performed in Synergi - an 8760 analysis with all PV turned off,
and another with all PV at 100% output. The tap positions are compared between the two analyses to
find the percentage change in PV output that would be required to cause the tap position to change in
a given time-step. Figure 6 below provides two examples of how the difference in the tap position
between the two analyses is used to calculate the irradiance change required to move the LTC by one
step.

DER Output (% of total capacity)

Tap position 0% 50% 100%

changes by 1 step N

between 0% and
100% PV output

Single step change
occurs in this range of
PV output changes

Tap position 0% 33% 50% 100%

changes by 2 steps S -
|E aI 2

between 0% and
Single step change

100% PV output

occurs in this range of
PV output changes

Figure 6: Examples of calculating irradiance change required to cause LTC to change
position
Table 5 below describes how these results are interpreted for this study:
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Table 5: PV output change required to move LTC by 1 position
Tap position change PV output change required to
between zero and 100% move 1 LTC step (% of total

PV output {(number of rated PV capacity)
steps)

0 Greater than 100%
| 1  50%-100%

2 33% - 50%

3 25% - 33%

a T 20% - 25%
5 16.7% - 20%

To be conservative, it is assumed that the lower end of the ranges in Table 5 are valid - e.g., if it is
seen that the LTC moved by 1 position for a 100% change in PV output, it is assumed that 50%
change in PV output was all that was required to make that change in position.

After the analyses are completed, the tap positions are compared and the total number of occurrences
of no change, a 1-step position change, 2-step position change, etc. are summed and divided by the
total number of tests. This produces the likelihood of each PV output change (50%, 33%, 25%, 20%,
16.7%) producing a single LTC step change.

Number of Occurrences of PV Output Variations

SCADA data from an operational PV generation facility in 15-second intervals was provided by
Dominion. Time delays on Dominion regulators are understood to be either 30-seconds or 45-seconds.
On the demonstration systems, a time delay of 30-seconds is assumed.

The SCADA data provided covers a full year of operation. The change in PV output in every 30-second

interval was calculated, and binned into those that were greater than 50% of the plant rated capacity,

33%-50%, 25%-33%, 20%-25% and 16.7%-20%. The tota!l number of occurrences of each range of

changes of output were found. These are presented in Table 6 below.

Table 6: Occurrences of output changes in 30 seconds from SCADA data
Output change (% of rated capacity / 30 seconds) | Total

>50%/30 33%-50%/30 25%-33%/30 20%-25%/30 16.7%-20%/30 | Readings

Jan-Feb 1 19 & 214 316 | 339,840 |
Mar-Apr 2 25 126 287 410 351,120
May-Jun 2 o ._8-——._' 36 140 238 “_ _—”?ISi,-E%.G—dW

[ Jul-Aug 1 13 60 133 255 | 357,120
Sep-Oct 2 22 100 177 263 351,360
Nov-Dec 1 20 74 167 217 | 351,600
otal 9 107 478 1118 1699 2,102,400
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Number of Additional Tap Change Operations

Finally, the results of the previous two sections are combined to produce the number of additional tap
change operations due to PV on the circuit. This is done by taking the total number of occurrences of
each output change from Table 6 and multiplying it by the likelihood that that change in output results
in @ LTC position change.

For example, if it was found that a 50% change in DER output could result in a LTC position change on
25% of time steps analysed, and a 33% change in DER output could result in a LTC position change
on 10% of time steps analysed, combining these resuits with Table 6 would give the following result:

dditional LT 141 r = (0.25 X 0 =

It is proposed that a table like Table 6 is developed and implemented as a standard table across all
Dominion circuits to be analysed. The results in this table are linked to the time delay of the regulator,
so another table will be required for regulators which operate with a 45 second time delay. If other
time delays are in operation on the Dominion system, tables would be required for those as well. The
data used for Table 6 above is based on SCADA data from one operating PV project. If Dominion
would like to update or supplement this table with data from another source, this can be done at any
time.

4.3.3 Future DER
4.3.3.1 Planned Utility-Scale DER

Dominion maintains a queue of active DER interconnection requests for DER of SMW or greater
capacity. This can be added to the model in the appropriate years and included in a future scenario
study for planning, to identify any new violations caused by the additionai generation. These analyses
would follow the same process as the studies for the ‘no DER’ and ‘existing DER’ scenarios, using a
576 load flow study to identify violations. DER operation would be based on resource profiles, as
described for the ‘existing DER’ scenario described above.

4.3.3.2 Future Potential DER

Other potential DER that may be installed in future years, but whose size and location is unknown,
cannot be included in the normal planning study described above due to the lack of definition. The
various DER tools available in Synergi can be used to develop feeder-specific and location-specific
limits for DER in the study years. The following two analyses are recommended.

Incremental Hosting Capacity Analysis

Incremental Hosting Capacity Analysis (IHCA) in Synergi is used to determine the capacity of
generation (or load) that can be added to each individual section of the model. White the analysis
assumes that generation is only added to the section being studied, the results can be interpreted as
the capacity that can be added downstream of that section. IHCA results can be used by Dominion as
a reference as more DER (both net-metered and utility-scale) is planned on the system. Results are
provided for all of the technical criteria studied, up to whichever limit is specified, so the order of any
mitigation can be optimized. The analysis is carried out as a 576 analysis
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Heat maps can also be developed from the IHCA which will facilitate easy identification of any areas of
vulnerability on the circuit. Many utilities use these heat maps to provide information to customers on
the available capacity at locations of interest. IHCA results provide a snapshot of the state of the
system with respect to ease of DER deployment, and any generator interconnection requests should
still go through a typical analysis process.

Stochastic Hosting Capacity Analysis

The stochastic hosting capacity analysis can be used to account for variations in generation placement
when considering expansions of residential (or net-metered) DER. The stochastic analysis in Synergi is
also run as a 576 analysis and involves simulating random dispersals of a given capacity of new DER,
within certain parameters defined by the user (for example, individual generator size distribution and
total capacity). The analysis will identify the extreme results - lowest voltage, highest voitage, highest
loading, etc. - for each dispersal of generation and present the results on a scatter plot. This allows
for easy identification of cases where technical criteria have been exceeded by a given distribution of
generation. Examples of the scatter plots are presented below. In these charts, each dot represents
the results of a different dispersal of future generation, with the total DER capacity represented by the
dot plotted on the x-axis.

Figure 7: Stochastic hosting capacity analysis results - maximum voltage
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Figure 8: Stochastic hosting capacity analysis results - maximum line loading
The results from these scatter plots can be translated to a set of PV capacity ranges with different
levels of acceptability. Figure 9 below provides an example of this. The scatter plot in this figure shows
the maximum voltage obtained for each analysis over a range of PV penetration capacities. The red
line represents the high voltage technical criterion limit - 126V (120V represents nominal voltage,
126V is 5% above nominal). The color-coding is defined as follows:

- The area colored in green defines the PV capacities at which there were no high voltage
violations, regardless of the dispersal of generation. Total net-metered PV capacities in this

range should be considered acceptable on this feeder, regardless of how the generation is
distributed.

- The area colored in yellow defines the PV capacities at which there may or may not be high
voltage violations, depending on how the generation is distributed on the circuit. Acceptability
of total net-metered PV capacities in this range would require further study to determine
upgrade requirements.

- The area colored in red shows the PV capacities at which there were always high voltage
violations, regardless of the dispersal of the generation. Total net-metered PV capacities in this

range should be considered unacceptable, and circuit upgrades or other mitigation are likely to
be required.
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Figure 9: Example of color-coding of stochastic hosting capacity analysis results
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5 IDENTIFICATION OF VIOLATIONS

DNV GL has created dashboards which can be used to quickly identify any violations caused either by
organic load growth, or by operation of DER on the circuit. Results can be presented by feeder and by
year, or for a selected group of feeders. The worst result for each of the technical criteria is presented
along with the month, day type and hour that it occurs, and the number of hours out of the year that
a violation persisted. This provides the planning engineer with useful information on the type of
violations, their severity and critical times to start designing mitigation solutions. Figure 10 below
provides an example of the dashboard created. This information comes directly from the outputs from
the analysis, and is used as the first input to the mitigation analysis.
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Figure 10: Violations identification dashboard
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6 MITIGATION PLANNING

6.1 Introduction

As part of the IDP process development Dominion seeks to identify any requirements for upgrades or
mitigation to address technical violations. The process of designing mitigation, demonstrating their
effectiveness and determining costs and benefits should be standardized, and this document provides
DNV GL's recommendations for the mitigation design process, conventional versus non-wires
alternative options, necessary analysis and cost and benefit data. Although the mitigation process
itself is too complex to automate at this time, the analyses necessary to demonstrate effectiveness
and calculate costs and benefits can be automated to some extent, further supporting standardization
of the process.

6.2 Prioritization

Where multiple violations are found to occur on a feeder the planning engineer will prioritize the
mitigation. The order of prioritization is important, as in some cases mitigation of one violation may
have an effect on another violation (for example, reconductoring for a thermal overload violation may
also improve a voltage problem). It is also important to understand how future mitigation measures
may make earlier mitigation measures redundant. For example, there may be a high voltage violation
which occurs in year 1 which could be mitigated by a new regulator or by re-conductoring a length of
the line. The most cost-effective approach immediately for the voltage violation may be the addition of
a new requlator. However, there may be a thermal overload in year 3 which requires the re-
conductoring anyway. If this re-conductoring is sufficient to mitigate the voltage problem, then the
regulator becomes redundant and that cost may have been saved by re-conductoring in year 1. The
aim of the mitigation exercise is to identify the solution, or combination of solutions, that proves the
most cost-effective over the study horizon.

The two violations which are most inter-dependent are thermal overloads and voltage violations as
mitigations for both can include changes to load distribution or to impedances. Of the two, mitigation
of thermal overloads has the fewest options available, almost all of which will have a significant impact
on circuit voltages. As such it is recommended to address thermal overload violations first.

Typical mitigation solutions for voltage violations and thermal overloads are provided in Table 7 below
(ordered alphabetically).
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Table 7: Mitigation options
Violation Mitigation
Static Voltage New feeder for DG (OH)
" New feeder for DG (UaQ)
New regulating device
New STATCOM
New storage
Phase balancing (if unbalance is >50A)
Power factor regulation
Recloser settings change
Reconductoring high loss sections
Regulator settings change
Shunt cépacitors
Thermal Fuse
Overloads :@vgéder for DG (OH)
New feeder for DG (UG)
New station TX bank
Recloser
Reconductoring
Upgrading 2-phase to 3-phase

The study at present covers 10 years from the base year. It should be understood that results from
analyses in later years will have less certainty about them than those in earlier years due to
assumptions regarding load growth and system configurations. It is therefore not expected that solid
upgrade plans be made based on results in later years. However, if it is found that an upgrade
planned in earlier years would require to be upgraded again in later years (such as a re-conductoring
project that requires further upgrade later on), it may make more sense to implement the later
upgrade from the beginning, assuming no large increase in costs.

Priority should be for mitigation of violations observed in years 1 — 3 or 1 - 5, with violations which
only appear in later years noted but not necessarily actioned. However, if a viotation in years 1 - 3 or
1 - 5 is mitigated, the objective should be to mitigate it for all study years.

6.3 Non-Wires Alternatives

Non-wires alternatives are mitigation measures which typically make use of DER specifically to prevent
a violation from occurring (such as an energy storage system used to limit loading on a circuit) or
make use of ancillary services available from existing DER (such as volt/var control on a solar
generation facility’s inverters) in tieu of or to defer a traditional mitigation.

If there is existing DER on the circuit, the first NWA option may be to use those facilities to mitigate
the problem. Indeed, where a violation is caused by a DER facility (i.e., the violation is not present
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when DER is off, but it is present — or exacerbated - when the DER is on), the first option should
always be to compel that facility to mitigate the problem. The options for NWA are as follows:

1. Use of existing PV systems;

2. Volt/var control or volt/watt control on inverters;
3. Additional energy storage systems;

4, Curtailment of output;

5. Additional STATCOM facilities.

As noted in Item 1 above, solar generation will be considered as potential mitigation. In this case, an
assumption of the lowest recorded irradiance for each hour of each month will be considered, along
with a ‘N-1’ scenario for utility-scale generation. In the initial applications of this process, the network
assessment results with all DER off will be compared against this scenario with minimum PV output to
find the effect on mitigation.

Item 2 - use of volt/var or volt/watt control - is easily implemented in Synergi, typically just requiring
an inverter specification with a defined volt/var or volt/watt curve. Then the relevant analyses
(starting with the worst time step, followed by full year analysis and multi-year analysis) can be
performed to verify the effectiveness.

The analysis necessary for items 3 and 4 is essentially the same - the process would be to find out
what the net generation from the DER facility has to be to remove the violation caused by the DER. In
the case of energy storage systems, control of the net generation is achieved by varying the charge
and discharge of the battery system so that excess generation is stored for discharge at a different
time. In the case of curtailment, control of the net generation is achieved by reducing the output of
the facility from the maximum available output.

STATCOM facilities are best suited to mitigating low voltage problems as they provide an injection of
reactive power to the circuit as the voltage drops below a specified level. However, they can also be
used to mitigate a high voltage problem in a similar way to fixed capacitor banks. This approach would
require the STATCOM to operate with a fixed output, normally producing reactive power, helping to
‘smooth’ the voltage profile on the feeder (i.e., reducing the volt drop along the feeder). That in turn
allows the LTC or regulator set point to be reduced to a lower voltage, as there is a lower volt drop on
the circuit to compensate for. In addition, if the voltage violation still occurs in some conditions, the
STATCOM can be turned off, further reducing the voltage in that area of the circuit.

For several of these non-wires alternatives, particularly those that rely on customer-sited facilities
(rather than utility-owned equipment) additional infrastructure may be required to facilitate the
technology. For example, an Distributed Energy Resource Management System (DERMS) and
communications infrastructure would be required to provide the utility with visibility and control
(where appropriate) of an energy storage system which is used for mitigation of a thermal overload.
Where cost data have been included in this report for example purposes, the costs do not include the
cost of the additional enabling infrastructure which would require a system-wide cost/benefit study.
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6.4 Case Studies

The tools and processes described here were demonstrated using three feeders selected by Dominion
as a representation of different types of feeders and data seen on the full distribution system. These
feeders exhibit a range of circuit lengths, different operating voltages, different load data sources and
varying types and capacities of generation. The three feeders and their characteristics are described
below:

Table 8: Demonstration feeder characteristics

Feeder Length Voltage Load data Existing Generation

F62710 19.7 miles 12.5kv AMI Two 5MW PV units

F71475 139.0 miles 34.5kV SCADA at substation One 10MW PV unit, several
residential units

F81305 211.6 miles 34.5kV AMI 68 small PV units, 945kW
total

The study followed all of the processes and methodologies described above. First, load data provided
for each of the circuits was processed to develop load and generation profiles for each of the feeders.
Annual load growth assumptions were applied to each feeder based on forecasts provided by
distribution planners.

The next step was to conduct the network assessment. This involves a series of multi-year analyses
using the monthly load and generation profiles devetoped. The analyses carried out are as follows:

1. Load flow with all DER off - this establishes the impacts of load growth alone on the feeders;

2. Load flow with all DER on, following maximum irradiance curves - this establishes the impacts
of existing DER facilities on the feeders;

3. Load flow with all DER on, following minimum irradiance curves - this identifies any potential
for mitigation of load growth impacts by using existing DER facilities;

4. Load flow with all DER at 100% output - this is used to estimate the impact on LTC operations
due to existing DER facilities;

5. Incremental Hosting Capacity Analysis — this is used to identify capacities for utility-scale
generation on the feeders;

6. Stochastic Hosting Capacity Analysis - this is used to estimate the available capacity for net-
metered generation on the feeders.

Following the analyses outlined above, the results were processed to identify any potential technical
violations in the study period. Depending on the location and nature of the violations, further analyses

were carried out to identify suitable mitigation options, including conventional and non-wires solutions.

Table 9 below provides the definition of technical criteria used in the analysis and what constitutes a
technical violation.
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Table 9: Technical criteria used in analisis

High Loading 100% of continuous rating for all equipment

High Voltage 5% above nominal voltage, or higher (126V or higher on 120V base in results
tables)

Low Voltage 5% below nominal voltage, or lower (114V or lower on 120V base in results
tables)

6.4.1 F62710

The F62710 feeder results for the load growth analysis were as follows (note that all results tables
only report violations, if there were no violations of a given type for a given year, cells would be
empty or zero):

Table 10: F62710 load growth violations - all DER off

Feeder Year High High Low Overloaded
Conductor Voltage Voltage Length (ft)
Loading
2020 112.2 127.66 102.84 7,123.1
2021 | 1133 | 127.66 | 103.12 71231
2022 114.5 127.67 103.40 7,123.1
2023 115.6 127.68 103.67 7,123.1
2024 116.8 127.69 103.94 7,123.1
F62710 | 2025 118.0 127.70 104.21 7,123.1
2026 119.1 127.70 104.47 7,123.1 |
"2027 | 120.3 127.71 | 10473 | 7,123.1
2028 121.6 | 127.72 104.99 7,123.1
2029 122.8 127.73 105.24 7,123.1
L | 2030 124.0 127.73 105.49 7,123.1
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Table 11: F62710 load

growth violations — minimum PV out

put

Feeder Year High High Low Overloaded
Conductor Voltage Voltage Length (ft)
Loading
2020 112.2 127.66 102.95 7,123.1
2021 | 1133 | 12766 | 103.23 7,123.1 |
2022 1145 127.66 103.50 7,123.1
2023 115.6 128.43 103.78 7,123.1 |
2024 116.8 128.44 104.05 7,123.1
F62710 2025 117.9 128.45 104.31 7,123.1
2026 119.1 128.46 104.58 7,123.1
2027 120.3 128.47 104.83 7,123.1 |
2028 121.5 128.49 104.28 7,123.1
2029 122.8 128.50 104.53 7,123.1
2030 124.0 128.51 104.78 7,123.1

The results show that there are high voltage violations, low voltage violations and thermal overload
violations on the circuit in every year studied. There are two utility-scale solar generation facilities on
the feeder, rated at SMW each which, in theory, could be used to help with mitigation of both voltage
and thermal overioad problems. However, the results in Table 10 and Table 11 above show that there
is very little difference between the violations identified with the DER off and with PV on at minimum

output. The reason for this is clear when the minimum PV output profile is viewed:
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Minimum Irradiance Profiles
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Figure 11: Minimum irradiance profiles by month
This irradiance profile is based on 15-second SCADA data taken from an operational PV project on the
Dominion system. The data shows that the highest output from the PV generation never exceeds
16.25% of maximum. Further, for the times when the highest loading occurs (usually 8am to 10am)
the output does not exceed 6.25%. This indicates that the minimum irradiance on the feeder, and
therefore the minimum solar output, is very low (for comparison, in July and August around midday
the maximum irradiance would be expected to be between 85% and 100%). Therefore, in this case it
can be expected that the minimum PV output does not significantly improve the results on the feeder.

The first priority should be to mitigate the thermal overloads, which may also improve the voltage.
The mitigation analysis will be carried out using both conventional and non-wires solutions, with cost-
comparisons where alternatives are available.

6.4.1.1 Thermal Overloads

The 576 analysis was used to identify the worst conditions for each year, based on 2018 load data
(which is the last year for which a full set of load data is available) and load growth forecasts to
extrapolate to study years. The worst hour for thermal loading in 2020 was found to be a February
Weekend at 8am. Load fiow analysis at this time shows a maximum thermal overload on the circuit of
112.18%. A heat map is generated to identify the overloaded sections, shown in Figure 12 below. In
the heat map, sections colored purple are loaded above 100% of thermal capacity.
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Figure 12: Thermal overloads highlighted on heat map

Two main overloaded sections can easily be seen - one on the three-phase main line and one on the
single-phase branch towards the end of the feeder.

Results from the first overloaded section of the main line show that only phase C is overloaded, see
Figure 13 below. It also shows that there is an excessive imbalance on this portion of the circuit,
which is due to a large foad appearing on a single-phase branch of the circuit. As there is only one
significant load on this part of the circuit, phase balancing is not an option as it will simply shift the
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problem from one phase to another. Rather than re-conductoring this main line, it may be more cost-
effective to upgrade the single-phase branch with the large load to a three-phase branch.
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Figure 13: Thermal overload on Phase C only
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| Figure 14 below shows the single-phase branch where the large load is located. The OH #2 AAAC
| 5005 conductor is overloaded at 112% of continuous rating on phase C, which suggests that
| upgrading this line to three-phase and splitting the load over three-phases should solve the problem.
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Figure 14: Overloaded single-phase branch
The total length to be upgraded to three-phase here is 2899 ft. With this mitigation implemented,
there are no thermal overloads on the circuit in this time-step.

The next step is to check if the mitigation is sufficient to maintain loading below 100% in all study
years. The results show that there is one new overloaded section in 2030. As it is in the last study
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year and is not one of the sections which was upgraded in the initial mitigation, it is recommended to
note the overload for future studies, but take no other action at this time.

A non-wires alternative option may be available to mitigate the thermal overload problem described
above, which starts in 2020 and progressively increases up to 2030. As described above for the
conventional solutions, mitigation for 2020 is designed first. The highest overload on the circuit in
2020 is 112%, so reducing the peak load on this part of the circuit by 11% would be sufficient to
mitigate the overload in 2020. An energy storage system could be used to accomplish this, by
smoothing the load profile. To find the capacity required, a 576 analysis is carried out with the section
with single-phase load selected. This provides a report with the load profiles of the selected section, as

= el

Figure 15: Load profile of section responsible for thermal overioads
The peak load on the section is found to be approximately 1387kW. An initial estimate of the required
energy storage sizing is to find 11% of this value, which is 153kW. Further iterations on the model
shows that an energy storage size of 170kW is sufficient to mitigate the thermal overioad in the base
year, and up to 3 hours of discharge capacity are required, as shown in Figure 16 below. Total
discharge capacity is 385kWh.
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Energy Storage Discharge Cycles 2020
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Figure 16: Energy storage discharge required to mitigate thermal overload in 2020
Once installed, the energy storage size must increase each year to keep pace with load growth on the
circuit, and effectively increase by the same amount as the load on the overloaded sections. By 2030
the energy storage size must be 380kW to mitigate thermal overloads. In 2030, the required
discharge cycle would be as shown in Figure 17 below:
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Energy Storage Discharge Cycles 2030

PEBCOPGAGT

400

350

300

250

200

150

Discharge (kW)

100

50

&@6‘6‘@@6‘&@6‘6‘6‘6‘6‘@&@&&&@@6‘@

'\v'\/"),bbl“)@'\$% 'b'» '\,Q\,Q'»Q%QVQ%Q(OQ«Q%QOJQQQ Q,\,

Time of Day
Jan Feb Mar Apr May ——= jun
Jul Aug Sep Oct Nov Dec

Figure 17: Energy storage discharge required to mitigate thermal overload in 2028

In 2030, up to 380kW of storage capacity would be required, with a maximum discharge duration of 6
hours. As the battery does not have to discharge to the full capacity for every hour, the total
discharge capacity is calculated as around 1350kWh in 2030. As storage costs are projected to decline
steadily for the next 10 years, it may be cost-effective to add storage capacity each year as required.

6.4.1.2 Voltage Violations

The results for F62710 show potential high and low voltage violations from 2020. These are mitigated
to some extent by the mitigations for the thermal overioads described in Section 6.4.1.1 above. With
these mitigations in place, the maximum and minimum voltages on the circuit in 2020 are 126.8V and
115.2V, respectively. Therefore, there is now only a high voltage violation.

The voltage violation was found to be only present on Phase C. The Load Tap Changer in the model
was set up to be gang-operated based on Phase A. It is understood that Dominion’s LTCs are all set up
for three-phase operation, which means having independent phase regulation is not an option.
Changing the gang-operated function to measure Phase C, which is the most heavily-loaded phase,
removed the high voltage violation on Phase C, but produced a low voltage violation on Phase A. The
low voltage violation occurs on the single-phase branch colored light blue in Figure 18 below:
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Figure 18: Low voltage violation after LTC regulation moved to Phase C
The simplest method of mitigating the low voltage violation is to add a reactive power source to the
circuit. This could be either a 1200kVAR fixed or switched capacitor bank, or an 800kVAR STATCOM
placed on the two-phase line. Both of these options would mitigate the voltage violations up to 2030.

In this case, the non-wires alternative as designed for the thermal overload violation was not found to
be sufficient to mitigate the voltage problems. This is because there is still a large phase imbalance
with the load on Phase C which is the cause of the very low voltages. In order for the low voltage
violations to be mitigated, some high voltage violations were found to be induced at the feeder head.
As such it was not found to be possible to mitigate both the high and low voltage violations using a
single energy storage facility.

6.4.1.3 DER Impacts

The process of mitigation should be to resolve violations due to load growth prior to mitigating
violations caused by DER on the circuit. As such, the DER impacts should be re-evaluated in the base
year by re-running the 576 analysis once the other mitigation has been placed. '
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On the F62710 circuit the initial results showed that the DER on the circuit could exacerbate the
existing thermal overload and high voltage problems, but did not cause any new problems. Re-
evaluation of the base year following load growth mitigation and with DER added produced the

following results:

Table 12: 2020 DER impact analysis with load growth mitigation implemented
DER Off DEROn

Maximum Voltage; L 125.5 131.1
Minimum Voltage 115.2 115.5
Maximum Loading 91.60% 91.60%

These results show that the DER could produce a new high voltage violation. The first option should be
to investigate whether the DER facility (or facilities) can mitigate this through inverter controls.

An initial analysis with the inverter output fixed at -95% (absorbing reactive power) on both of the
5MW solar generation facilities shows that the maximum voltage in 2020 is reduced to 125.4V and the
minimum voltage is 115.2V. Therefore, fixed power factor operation is shown to be sufficient to
mitigate the high voltage violation caused by the DER in 2020.

A multi-year analysis out to 2020 is then carried out to verify that the mitigation is sufficient in all
study years. This analysis shows that the maximum voltage in 2030 is 125.6V, while the minimum is
114.0V. Therefore, the fixed power factor operation is sufficient to mitigate the voltage violations
caused by DER in all study years.

An alternative to fixed power factor operation is to implement a volt/var curve on the solar generator.
This would allow the generator to operate at unity power factor until the voltage increases above a set
level, after which it would start absorbing reactive power to maintain the voltage below prescribed
levels. The cost of these measures depends on the inverter capacity available for the project. For
example, if the inverter capacity matches the maximum project output, operation at fixed -95% power
factor would result in 5% loss whenever the generator output equals the maximum allowed output. If
the project output is below the inverter capacity, then losses would be between 0 and 5% at all times.

If the inverter capacity is 5.3% or more larger than the maximum project output, there would never
be any losses to the project as the inverter has the capacity to provide full reactive capability without
reducing the active power output.

Conventional options for mitigation of the voltage violations, if power factor control is not possible on
the solar generation facilities, would be a regutator settings change, a new voltage regulator, or re-
conductoring of high-loss sections.

The first option is to investigate whether the voltage set point on the LTC can be reduced to remove
the high voltage violation without creating a new low voltage violation. Analysis shows that the set
point would have to be set to 117.5V in order to remove the high voltage violation caused by the DER.
This results in extensive low voltage violations on the circuit, so Is not a viable mitigation option.
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A new voltage regulator can be placed near where the voltage violation occurs. Figure 19 below shows
the area where the high voltage violation occurs, with sections colored pink representing excessive
voltages on Phase A.

5MW Solar ______——>@3
Generator K

Figure 19: High voltage violations caused by DER operation
Placing a regulator ahead of this high voltage area with the setpoint at 120V and Co-Generation mode
enabled reduces the highest voltage to 125.2V in the 2020 analysis, so this is sufficient to mitigate the
problem. A multi-year analysis to 2030 shows the maximum voltage remains at 125.2V, and the
minimum voltage is 114.3V, so this mitigation is sufficient for all study years.

Finally, re-conductoring of high-loss sections was investigated. As this is a reverse flow problem, the
highest losses are near the generator where the highest currents are flowing. The re-conductoring
study should start from there and move towards the feeder-head. Analysis showed that around 2.75
miles of 1/0 AAAC conductor would have to be upgraded to 477 AAC to mitigate the voltage problem.
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6.4.1.4 Hosting Capacity Analysis

The IHCA simulates increasing capacities for single generators on each section of the circuit, finding
the maximum capacity that can be installed without incurring any technical violations at any hour of
the year. Results can be summarized at the feeder head, as shown in Table 13 below. These resuits
are the maximum utility-scale generation capacity that can be installed on the feeder in a given year,
and assume that no additional mitigation measures or upgrades have been applied beyond what is in
the original model.

Table 13: Incremental hosting capacity results for F62710 feeder head by year
Feeder Year Hosting Capacity (MW)

F62710 | 2020 . 0.00 )
[ F62710 | 2021 o000
F62710 | 2022 | 0.00

F62710 | 2023 0.00 o
[ F62710 | 2024 7 0.00 T
F62710 | 2025 000 |
F62710 | 2026 0.00

F62710 | 2027 0.00

F62710 | 2028 0.00

F62710 | 2029 0.00

| F62710 | 2030 0.00

Results for a single section, like those shown above, can easily be extracted and reported in a
dashboard. In addition, results for every individual section of the model can be produced for a given
study year. These can also be used in heat maps, showing how the capacity changes in different areas
of the feeder. This is the information typically provided to the public, showing how much generation
could be installed in a single location with a low probability of incurring upgrades. Figure 20 below
provides the heat map for F62710 in 2020.
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Figure 20: Incremental hosting capacity results for F62710 in 2020

The stochastic hosting capacity analysis is intended to address net-metered generation, which may be

connected to a feeder in multiple locations in a short space of time. The way this generation is

distributed on the feeder has a major impact on the acceptability of different capacities of generation,

and the upgrades that may be required. To address this uncertainty, stochastic hosting capacity
analysis can be carried out, simulating thousands of different possible distributions for every analysis
year. The results can be synthesized into color-coded charts defining three different zones of

acceptability:
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- Ranges of PV capacities where no technical violations were found, regardless of the
distribution;

- Ranges of PV capacities where there could be violations depending on the distribution of the
generators, and;

- Ranges of PV capacities where technical violations were found to occur regardless of the
distribution.

These can be colored green, yellow and red, respectively. Figure 21 below provides these results for
ali technical criteria for the F62710 feeder in each study year:

Stochastic HCA Results
Combined - F62710

2030 ]
2029 ]
2028 . R —— '
2027 N
_ 2026 ]
§ 2025 -
2024 ]
2023 ]
2022 ]
2021 b |
2020 S —
0 5000 10000 15000 20000 25000 30000

DER Penetration (kW)
@ No Violations Potential Violations  ® Probable Violations

Figure 21: Stochastic hosting capacity results for F62710
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6.4.1.5 Summary of Mitigation Measures
Table 14 below presents the options for mitigation of violations found on the F62710 circuit. Cost data
included here is based on generic industry data for example purposes and should not be used for
decision making without further scrutiny:
Table 14: Summary of mitigation options for F62710

Violation Mitigation Option(s) Typical Cost Additional Benefits
Upgrade single-phase to
three-phase

$219,000 Reduced losses

Loadin Thermal Potential frequenc
g Overload $330,000 to . g Y
Energy storage $975,000 regulation revenue
i ' Further peak load reduction
LTC settings change $5,000 L _
Loading  High Voltage = 1200kVAR capacitor bank $25,000 ]
L 800kVAR STATCOI\{I_ _ $800,000 ]
Power factor settings
S0
change ]
DER High Voltage  New regulator $110,000 L
Re-For_\ductor 2.75 miles of $2,750,000 Reduced losses
main line

Figure 22 below provides a proposed schedule of upgrades for the most cost-effective approach, and
Figure 23 provides a proposed schedule of upgrades using only non-wires solutions:

Year 1l Year 2 Year 3 Year 4 Year S Year 6 Year 7 Year 8 Year 9 Year 10

| | L | | | | | I |

|
Upgrade single-
phase to three-
phase:
$219,000

Change LTC
Settings:
$5,000

1200kVAR
Switched
capacitor bank:
$25,000

Change power

factor settings

on PV projects:
$o0

Total: $249,000

Figure 22: Proposed schedule for F62710 upgrades using most cost-effective approach
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Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10
I | ! I i | { | ] 1
Add 170kw Add 23kW Add 28kwW Add 23kw Add 23kwW Add BkW Add 23kW Add 23kw Add 23kW Add 23kW
energy storage: energy storage:  energy storage:  energy storage: energy storage: energy storage:  energy storage: energy storage; energy storage:  energy storage:
$330,000 $75,000 $72,000 $70,000 $68,000 $65,500 $63,000 $61,000 $59,000 $56,500
Add 800kVAR . ) A )
sTaTcom:  Totel:$75,000  Total:$72,000  Tota):$70,000  Total: $68,000  Total:$65,500 Tom):$63,000  Toral:$61,000  Total:$59,000  Total: §56,500
$800,000
Total:
$1,130,000

Figure 23: Proposed schedule for F62710 upgrades using non-wires approach

6.4.2 F71475

The F71475 results from the load growth analysis are shown in Table 15 below:

Table 15: F71475 load growth analysis results
High High Low Voltage Overloaded Length

Conductor Voltage (ft)
Loading

2020 j 10727 N\
2021 106.69 N\A ]
2022 106.27 N
2023 ] 106.31 N\A i
2024 1 105.68 N\A
2025 — 105.03 N\A
2026 104.58 N\A
2027 104.53 N\A
2028 103.84 N\A
2029 103.13 N
2030 103.23 N\A

The results show that there are only low voltage problems, which occur every year and progressively
worsen as load grows. On this circuit there is one 20MW solar generation facility. The low voltage
results with the PV generator on and operating at minimum output are shown in Table 16 below,
alongside the low voltage results from Table 15 above. The results show that there was very little
change in the low voltage violations.
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Table 16: F71475 load growth results with DER off and DER at minimum output
Year Low Voltage - Low Voltage -
DER off DER minimum

2020 107.27 107.32
2021 106.69 106.74
2022 106.27 106.14
2023 10631 106.33
2024 105.68 ~105.73
2025 105.03 105.08
2026 104.58 104.42
2027 | 104.53 104.58
2028 103.84 103.89
2029 103.13 103.18
2030 |  103.23 10294 |

6.4.2.1 Low Voltage Violations
The 576 analysis indicated that the worst low voltage occurs at 2pm on a July weekday. The voltage
plot in Figure 24 below shows low voltage violations (voltages below 114V) in green and light blue.

Advanced Analytics and Modeling Techniques in Support of Integrated Distribution
Planning Process

Page 46

o881



Substation

Figure 24: Voltage plot for F71475
This shows that there are multiple low voltage violations occurring on two-phase and single-phase
branches of the circuit. The 20MW solar generator is located immediately outside the substation, so is
unlikely to be useful for improving the voltage on the circuit.

The lowest observed voltage is 104.88V, on Phase A. Phase A is also heavily loaded, so phase
balancing should be checked as a first option. Two branches were switched from Phase A to Phase B,
resulting in an increase in the lowest voltage to 108.26V.

Further study of the low voltage violations in the feeder south of the substation showed that all of
them were the result of voltage drop on step-down transformers. It is possible to alter the fixed tap
position on these transformers, boosting the voltage on the low voltage side, so the low voltage
violations can be removed on these branches without the need for investment in new equipment.
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6.4.2.2 Hosting Capacity Analysis

Table 17 below provides the incremental hosting capacity results for the F71475 feeder head by year.
These results are the maximum utility-scale generation capacity that can be installed on the feeder in
a given year, and assume that no additional mitigation measures or upgrades have been applied
beyond what is in the original model.

Table 17: Incremental hosting capacity results for F71475 feeder head by year
Feeder Year Hosting Capacity (MW)
2.41

F71475 | 2020
F71475 | 2021 | = 2.79 —:
F71475 | 2022 3.16
F71475 | 2023 355
F71475 | 2024 3.93
F71475 | 2025 4.48
F71475 | 2026 4.89
F71475 | 2027 5.29
F71475 | 2028 5.71
F71475 | 2029 6.30
| F71475 | 2030 6.73

Figure 25 below provides the heat map of the incremental hosting capacity results for the F71475
feeder in year 2020:
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Figure 25: Incremental hosting capacity results for F71475 in 2020

Figure 26 below provides the stochastic hosting capacity analysis results for F71475 for each study
year:
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Stochastic HCA Results
Combined - F71475
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Figure 26: Stochastic hosting capacity resuits for F71475

6.4.2.3 Summary of Mitigation Measures
Table 18 below presents the options for mitigation of violations found on the F71475 circuit. Cost data
included here is based on generic industry data for example purposes and should not be used for
decision making without further scrutiny:
Table 18: Summary of mitigation options for F71475
Cause Violation Mitigation Option(s) Typical Cost Additional Benefits
Phase change (2 branches)  $2,500
Loading  Low Voltage  Step transforme.r_settings -
changes (10 transformers)

$50,000

6.4.3 F81305

The F81305 results from the load growth analysis are shown in Table 19Table 15 below:
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Table 19: F81305 load growth results

High High Low Voltage Overloaded Length Transformers
Conductor Voltage (ft) Overloaded
Loading
0
0 -
0 .
3 | L 0
2024 113.94 N\A”_ ..o
2025 113.73 N\A 0
2026 113.52 N\A I
| 2027 113.31 NVA 0
2028 ~ 113.10 N\A o ]
2029 ) 112.88 | N\A 0|
| 2030 113.07 N\A o

The results show that there are low voltage problems beginning in 2024. There is 945kW of solar
generation on this circuit, all of which is net-metered.

Table 20: F81305 comparison of low voltage violations with DER off and DER at minimum

output
Year Low Voltage Low Voltage - DER
~ DER off minimum

2020

2021

2022

2023

2024 113.94 |  113.94
2025 | 113.73 113.73
2026 | 11352 | 11352
2027 113.31 11331
2028 11310 | 113.10
2029 112.88 11288 |
2030 | 11307 | 113.07

As with the previous two feeders, DER at minimum output has negliglble effect on the results.

6.4.3.1 Low Voltage Violations

The results indicate that the worst case voltage violations occur on January weekday at 8am. The
lowest voltage observed is 112.88V in year 2029. The area of the circuit where the violation is
observed is colored green, at the south end of the circuit.
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Substation

Figure 27: F81305 voltage profile for worst case voltage violation
The voltage violation occurs on a branch fed through a step-down transformer. It is possible to change
the fixed turns ratio on this transformer to boost the voltage on the low voltage side by 1.25%, so the
low voltage violation is removed for all study years.

If alterations in the transformer settings were not possible, an alternative option is a fixed 100kVAR
capacitor bank at the end of the circuit. This also removes the low voltage violations in all study years.
As the violations only start in 2024, the capacitor bank would not be required until then.
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Existing PV output is only 49kW at the time when the violation occurs, so the reactive power available
in the critical area of the circuit is insufficient to remove the low voltage violation. The non-wires
options available are therefore limited to a new energy storage system or a STATCOM device.

An energy storage device would need to be sized at 30kW with up to 18 hours of discharge capacity
(equivalent to 540kWh of storage).

A STATCOM device would be sized at 100kVAR, and placed at the end of the circuit.
6.4.3.2 DER Impacts

The analysis was re-run with the most cost-effective mitigation from the options above - the fixed
capacitor bank - implemented. In this case, there were no technical violations in any of the study
years.

6.4.3.3 Hosting Capacity Analysis

Table 21 below provides the incremental hosting capacity results for the F81305 feeder head by year.
These results are the maximum utility-scale generation capacity that can be installed on the feeder in
a given year, and assume that no additional mitigation measures or upgrades have been applied
beyond what is in the original model.

Table 21: Incremental hosting capacity results for F81305 feeder head by year
Feeder Year Hosting Capacity (MW)

F81305 | 2020 0.00
[ F81305 | 2021 0.13
(F81305 | 2022 | 039 |
[ F81305 | 2023 087 ]
| F81305 | 2024 0.52

F81305 | 2025 078
| F81305 | 2026 1.11
[ F81305 | 2027 " 075 ]
| F81305 | 2028 103
| F81305 | 2029 122
| F81305 | 2030 - 08 |

Figure 28 below provides the heat map of the incremental hosting capacity results for the F81305
feeder in year 2020:
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Figure 28: Incremental hosting capacity results for F81305 in 2020
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Figure 29 below provides the stochastic hosting capacity analysis results for F81305 for each study

year:

Stochastic HCA Results
Combined - F81305
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25000 30000

B No Violations : Potential Violations @ Probable Violations

Figure 29: Stochastic hosting capacity results for F81305

6.4.3.4 Summary of Mitigation Measures

Table 22 below presents the options for mitigation of violations found on the F81305 circuit. Cost data
included here is based on generic industry data for example purposes and should not be used for

decision making without further scrutiny:

Table 22: Summary of mitigation options for F81305

Cause Violation Mitigation Option(s) Typical Cost
Step transformer settings

Additional Benefits

_change (1 transformer) 25,000
1OOEVAR fixed capacitor 425,000
. ban !
Loading  Low Voltage - Potential frequency
(3n(;ekra>/ sst:(:zsvehs)ystem $175,000  regulation revenue
' Further peak load reduction
100kVAR STATCOM $160,000
v

—_—_—-———
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7 SUMMARY

DNV GL worked with Dominion to develop tools and processes for the implementation of Dominion’s
Integrated Distribution Planning (IDP) process. The IDP process is an evolution of Dominion’s
distribution planning process which aims to incorporate the impacts and opportunities provided by
expansion of Distributed Energy Resources (DER) on the distribution system. The process involves
running a multi-year Time Series Analysis (TSA), identifying times where technical violations may
occur due to load growth or due to DER operation, designing appropriate mitigation and evaluating the
hosting capacity of the system for different capacities of DER.

The TSA approach is a necessary change from traditional planning processes, which would typically
focus on peak load analysis. TSA allows the planning engineer to address the interactions between
load and generation on the system. This interaction increases the complexity of the system, making it
difficult to immediately identify the worst-case condition. In addition, TSA offers several other
opportunities including addressing the impact of variable generation on voltage regulation equipment,
assessing the extent of technical violations in terms of the number of hours out of the year they may
persist, and designing non-wires alternatives such as energy storage systems.

To implement the TSA approach, a process has been developed to develop estimated customer load
and generation profiles. At present, utility load measurements are mostly net-load measurements,
which include the combined effects of load and generation. For the analyses carried out in the IDP
process, load and generation must be separated so that different assumptions regarding generation
capacity and output can be used without changing the load on the system (which is generally
independent of generation output).

Once load and generation profiles are developed, the process requires a set of multi-year circuit
analyses to be carried out. These analyses are conducted using Synergi Electric software, which
provides tools that are capable of automating every part of the network analysis. The results from the
analysis are exported to a database where they can be interrogated by planning engineers and used to
create dashboards, making identification of extent and persistence of violations straightforward.

Once violations have been identified, appropriate mitiation measures can be investigated. Outputs
from the analysis can be used to prioritize upgrades so that a proactive approach is followed, and
redundant mitigation is less likely to occur. In addition to conventional distribution mitigation, non-
wires alternatives can also be designed such as changes in operation of existing DER, or addition of
energy storage systems. The costs can be compared against the effectiveness and potential benefits of
each as input to the utility upgrade planning process.

Finally, hosting capacity is assessed using two different tools in Synergi Electric to address different
types of DER. First, utility-scale DER hosting capacity is assessed by finding the hosting capacity (the
capacity of new generation which can be instalied on a section before a technical limit is exceeded) for
each individual section of the mode!. This is applicable to generation which is typically low in number
and has long lead-times for the utility to plan and implement any necessary upgrades. Secondly, net-
metered DER hosting capacity is assessed using a stochastic method. This analysis is intended to
address the uncertainty in location and size of net-metered generation, which may be high in number
and short on lead times (which can lead to several installations coming online in the same year). The
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uncertainty is addressed by simulating several thousand different distributions of new generation
capacities and finding the critical technical parameters (high voltage, low voltage and thermal
loading).

Ultimately, the objective of this work is to implement a process which is automated as much as
possible, making the distribution planning process more efficient and allowing distribution planning
engineers to focus on areas where the sytem can be improved. The tools and processes described
here have been developed with this in mind and at present everything up to the end of the analysis
can be automated. This has been tested on three demonstration feeders provided by Dominion.
Further development is required to automate other parts of the analysis and implement it on the full
Dominion distribution system.
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DISCLAIMER

This report was prepared by Navigant Consulting, Inc. (Navigant) for Dominion Energy Virginia. The work
presented in this report represents Navigant's professional judgment based on the information available
at the time this report was prepared. Navigant is not responsible for the reader's use of, or reliance upon,
the report, nor any decisions based on the report. NAVIGANT MAKES NO REPRESENTATIONS OR
WARRANTIES, EXPRESSED OR IMPLIED. Readers of the report are advised that they assume all
liabilities incurred by them, or third parties, as a result of their reliance on the report, or the data,
information, findings and opinions contained in the report.
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SUMMARY REPORT

Dominion Energy Virginia (DEV) engaged Navigant Consulting, Inc. (Navigant) to facilitate a
series of four workshops from May through August 2019 to offer a forum for stakeholders to
provide input on DEV's 2019 Grid Transformation Plan (GTP) filing.

1. Grid Transformation Workshop Series

Over the course of the workshop series, stakeholders engaged in facilitated discussions and
exercises that helped the group establish a vision for the transformed grid of 2030, and its key
capabilities. The capabilities were dissected and mapped to specific technologies and
applications needed to enable desired grid functionality. In the final two workshops, DEV shared
its proposed Grid Transformation Plan at a draft overview level that could change with the final
version of the filing, and how it mapped to the desired capabilities of a transformed grid. An online
portal (“Trello board”) was utilized to support digital stakeholder engagement throughout the
process. Stakeholders had access to all presentation material and post workshop notes shortly
following each session through the workshop’s online platform and had the ability to upload
content or ask questions directly to facilitators or other stakeholders between sessions.

Figure SR-1. DEV Stakeholder Workshop Series for Grid Transformation

2. Framework ™ 3.Plan
June 17 July 16

4. Refine <
August 20 N

Review Updates to Plan

Determine Objectives Investigate Grid Align on Priorities

Transformation Framework

Identify Success Map to Technology
Factors Compare Against Goals Requirements

Rank Objectives Prioritize Elements

Deep Dive on Proposed
Investments and Benefits

Review Revised Plan Consider What Comes Next

1.1.  Stakeholder Workshop |

Twelve (12) stakeholders convened in Richmond, Virginia in May for the first of four grid
transformation workshops. The stakeholder workshop was facilitated by Navigant Consulting.
Workshop | supported three primary objectives:

e Providing stakeholders an overview of the national landscape, driving forces and
regulatory activity related to grid modernization;

¢ Reviewing the background and context of Virginia’'s new Grid Transformation and Security
Act, DEV's 2018 GTP filing and the subsequent SCC order; and

e Engaging stakeholders in developing a long-term vision for the transformed electric grid
in DEV's service area.
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Following a facilitated visioning exercise during which stakeholders were asked to articulate what
functionality and benefits the electric grid of 2030 should provide, Navigant facilitators asked
stakeholders to help in prioritizing the long-term goals identified.

1.2.  Stakeholder Workshop Il

Twenty-three (23) stakeholders convened at the second grid transformation workshop in June to
review and validated the goals generated and success criteria discussed during Workshop |.
Navigant facilitators presented various examples of grid modernization activity from across the
nation, including state-wide collaborative initiatives in Ohio' and Minnesota?, as well as the next
generation distribution grid framework? defined by the U.S. Department of Energy and its national
lab partners.

As part of facilitated exercises, the Navigant team asked stakeholders to identify specific
capabilities a transformed grid should have and when those capabilities should be available.
Navigant facilitators helped to establish a line-of-site mapping of those highly prioritized grid
capabilities to specific technologies required to enable them. Supplemental material about specific
technologies was made available to stakeholders following the session.

1.3.  Stakeholder Workshop Il

Twenty (20) stakeholders convened at the third grid transformation workshop in July. As part of
this workshop 11l, Navigant facilitators shared the capabilities prioritization exercise results of the
previous workshop. A Navigant subject matter expert presented overviews of relevant grid
transformation systems, applications and technologies associated with each of the customer-
facing capabilities and many of the value-enabling capabilities. A Dominion Energy representative
presented a high-level draft of DEV's 10-year investment plan for the GTP filing.
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Figure SR-2. DEV Results of Grid Capabilities Exercise
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1.4. Stakeholder Workshop IV

During the final session of the grid transformation workshop series, Dominion presented detailed
plans of its proposed major investment categories to the 27 stakeholder attendees. Dominion
presenters shared details about sub-programs as well as cost and benefit drivers for AMI
investments, customer information platform (CIP) investments, its proposed TOU experimental
rate, specific grid technologies, grid hardening investments, and its transportation electrification
investments.

In its closing presentation, Dominion connected its proposed grid technology investments to the
its forecasted maturity of its integrated distributed planning (IDP) capability. Dominion presenters
noted that DEV’s 2019 GTP filing is still in its final development stages and welcomed additional
thoughts and recommendations from stakeholders on additional elements to be included in DEV’s
2019 GTP filing.

Figure SR-3. Grid Transformation Workshop Series Progress
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2. Stakeholder Engagement and Feedback

Including DEV staff and its legal support team, a total of 43 individuals participated in the total
Grid Transformation Workshop series. Workshop guest participants represented 14 distinct state
and regional organizations, many of which offered comments on DEV's 2018 GTP filing.
Throughout the workshop series, stakeholders raised issues, provided input and expressed
support for various elements of DEV'’s proposed 2019 GTP filing.

Table SR-1. Grid Transformation Workshop Participating Stakeholder Groups

Participating Stakeholder Groups

Arlington County +  State Corporation Commission

MDYV Solar Energy Industries Assoc *+ VA Advanced Energy Economy (AEE)
Natural Resources Defense Council * VA Association of Counties (VACQO)
Richmond Region Energy Alliance * VA Dept of Mines, Minerals and Energy
Sierra Club * VA Energy Efficiency Council

Solar United Neighbors * VA Municipal League

Southern Environmental Law Center *+ VA Poverty Law Center

In general, stakeholders offered several points of key feedback.

Ultimately, stakeholders want GTP investments to result in more informed customers,
customer-empowering tools, and cost savings opportunities for customers

Stakeholders would find value in DEV providing examples of how it prioritized reliability
investments including alternative analyses performed, specific project selection criteria
and current-state/future-state capabilities assessments.

Overall stakeholders expressed higher favorability towards more DER enablement and
integration, and they supported benefits that enabled customers to save energy and
energy costs.

Stakeholders saw future opportunities to engage around pilot program rollouts, customer
outreach activities and EV policy.

Certain stakeholders were cautious towards reliability investments that were not
strategically targeted to achieve specific net benefits.
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3. Next Steps for DEV’s GTP

DEV expects to file a new petition for approval of its 2019 Grid Transformation Plan with Virginia's
State Corporation Commission in the third quarter of 2019. DEV signaled to stakeholders that
the 2019 GTP filing will include updates to initiatives approved as part of its 2018 GTP filing
(Phase IA investments) along with its 10-year plan for its stakeholder-informed investments
(Phase IB investments) and their respective cost benefit analyses.
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Appendix F

Customer Education Approach & Plan

The Company is committed to improving the customer experience. Key to achieving this goal is
educating customers about their energy consumption and how to manage their costs and empowering
them to take advantage of the numerous enhanced customer capabilities enabled by the GT Plan.

The foundation for transforming how the Company enhances and improves the customer experience is
the GT Plan investments. For example, investments in smart meters, the customer information platform,
and new time varying rate offerings combine to provide customers the ability to determine if new rate
offerings will save them money. Similarly, the addition of grid improvements and new communication
channels will provide customers additional information and new ways to receive timely updates related
to service outages. The education plan utilizes multiple channels to engage with customers and
showcase ways to reduce costs.

As shown in Figure 1 below, the approach to education includes leveraging feedback from customers
and stakeholders, reviewing results from prior project experience and industry best practices,
establishing objectives for educating customers, developing timelines for communications, creating and
distributing education materials for multiple customer classes, assessing performance, and
incorporating lessons learned.

Figure 1: Customer Education Planning Process
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Waterials

The Company plans to develop and provide concise, consistent, easy-to-understand content via multiple
external communications channels, including but not limited to website content, social media, digital
and direct mail, bill inserts and newsletters, presentations and public events, video and display signage,
and interactions with the customer service organization. The timing of education initiatives will sync
with the implementation of the GT Plan and its elements.

This plan provides a summary of the education initiatives related to increasing customer capabilities and
describes the capabilities with the corresponding GT Plan investments. Specifically, this customer
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education plan addresses (1) foundational education, (2) smart meters and detailed energy usage data,
(3) customer information platform and engagement, (4) customer energy management programs, (5)
electric transportation benefits, and (6) grid improvement projects to improve reliability.

CUSTOMER EDUCATION TOPICS

(1) Foundational Education

The GT Plan investments enable the Company to improve the customer experience by providing basic,
foundational “energy 101” information to ensure customers can learn basic terms and concepts of
energy consumption (like peak-time and kilowatt hours) and understand the various ways to save. This
foundational education will support the Company’s efforts to educate customers on energy
consumption, how to manage their costs, and how to take advantage of the numerous customer
capabilities provided by the GT Plan.

The GT Plan elements are interdependent and work together to provide long-term value and benefits to
customers. In addition to providing information and materials to educate customers on specific
elements, materials will be developed regarding the need and benefits for the overall GT Plan and how
the individual components complement each other and work together to deliver those benefits.
Education of the overall GT Plan is important to provide context for why the Company is investing in
individual elements such as smart meters and grid improvement projects and how the benefits of cost
savings, new tools, and reliability improvements will be delivered over time.

To this end, the Dominion Energy website will be a main hub for public education. The Company has
already launched a webpage at DominionEnergy.com providing links to factsheets, informational videos,
and other informative documents, to begin laying the foundation of educating customers on enhanced
capabilities associated with the GT Plan. A landing page specific to the GT Plan will be launched by early
2020, and all print and digital materials will link back to the page for further information. Public
meetings and presentations will be a mainstay for educating customers about the comprehensive GT
Plan; additionally, there will be a wide variety of opportunities for customers to learn about the plan
from subject matter experts as well as other employees through the Company’s “speaker’s bureau”
program. The Company will also provide information on the overall GT Plan benefits using other proven
communications channels, including social media, print, and delivery of digital content.
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(2) Smart Meters and Detailed Energy Usage Data

To ensure that the customer experience associated with the installation of smart meters is a positive
one, the smart meter deployment team will execute an outreach and education strategy. Outreach will
include targeted communications to each customer prior to and during the deployment phase of the
new smart meters. Examples of educational communications include postcards, door hangers, and
factsheets/brochures. Example education materials are attached to the testimony of Company Witness
Nathan J. Frost.

Smart meter education goes beyond what has previously been provided in conjunction with the
Company’s prior smart meter deployment. Going forward, the channels will not only include web, print,
and direct mail but will also provide digital content, social media delivery, educational videos,
presentation materials for hosting and/or supporting public events, meetings and workshops. The
customer communications will alert customers of the upcoming meter exchange, direct customers to
the website for frequently asked questions (“FAQs”) and provide options for setting an appointment for
property access if needed. These communications will also serve as a mechanism to educate and inform
customers on the capabilities resulting from the smart meter installation.

Customer education for smart meters will focus on their advantages and enhanced capabilities (now and
in the future), safety and data security, understanding radio frequency, as well as the timing of advanced
metering infrastructure deployment in communities. Materials will also be developed to address
questions related to the policy allowing eligible, residential customers to “opt out” and receive a non-
communicating meter and associated charges for such opt out. Messaging will focus on improved
customer experiences available today such as remote connect / disconnect of service and instructions
on how to access energy usage data. Over time, the Company will further educate customers on
additional capabilities as they become available. For example, the Company will provide education on
rate comparison and what/if analyses available through the CIP, and available customer energy
management programs.

More specifically, the education plan provides awareness of smart meter deployment timelines before,
during, and after installation. Initially, the education and outreach for smart meters will address
questions such as:

*  What are smart meters?

* How does the smart meter system work?

*  Why is Dominion Energy Virginia investing in smart meters?

*  When is the deployment of smart meters planned in my community?

Educational materials for smart meters will also:

» Highlight the available and future advantages provided by smart meters and address FAQs;

* Address concerns such as radio frequency and data security;

* Provide Notice of Installation of Smart Meters to customers and information regarding the
transition process;

*  Provide opt-out information for eligible residential customers; and

* Provide key contact information to ensure a smooth transition and allow for the Company to
follow up as needed for access.

=
g

S8 EBHEEE



After installation of smart meters, customer outreach will include educating customers on enhanced
capabilities, such as new tools and rate options once they become available. The Company will also
continue to collect, analyze, and review customer feedback to refine communications and content
based on feedback and effectiveness. Communications will be delivered through several channels,
including direct mail, bill inserts, social media, web, digital, and public presentations.

(3) Customer Information Platform (“CIP”) and Engagement

The implementation of the CIP is foundational to enhancing the customer experience and offering
customers more capabilities. To ensure customers can take advantage of the enhanced capabilities, the
education approach as described above will be utilized for each capability. The new capabilities include a
what/if analysis tool, alert options, and enhancements to e-bill. Additional capabilities are listed in Table
4 of Company Witness Thomas J. Arruda Direct Testimony. The Company will provide customers with
the knowledge to access and effectively use the new tools to save them time and money as each
functionality is implemented. For each of the capabilities, the Company’s education approach will
consist of multi-channel engagement including but not limited to website content, direct digital (text,
emails, and push notifications), bill inserts, and letters. The approach will also include incorporating
lessons learned and adjustments as necessary.

{4) Customer Energy Management Programs

As the Company implements customer energy management programs, including time varying rate
offerings, prepay program, and peak time rebates, the educational approach as described above will be
used to encourage customers to participate in these programs and empower them to make decisions
and monitor their success.

Education initiatives to support these programs will include education relevant to enrollment in the
program as well as afterward to optimize ongoing savings. Initial education will provide information to
eligible customers regarding the potential savings, enrollment process, and how to manage usage to
optimize savings on the specific program. After enrollment, ongoing messaging to participants will be
developed to bring about continued behavioral changes. The education approach will highlight other
enhanced capabilities such as what-if analyses provided through CIP, detailed energy usage available
through AMI, and new messaging channels through the CIP. The Company will analyze the success of
the educational efforts and refine the outreach process and strategies as needed. Additional details of
the education initiatives to support the Customer Energy Management Programs will be further
developed as programs are closer to implementation.

(6) Grid Improvement Projects to Improve Reliability

As evidenced in recent Virginia surveys, customers generally support investments in technology to help
prevent outages. The Company’s fundamental goal with grid improvement projects is to build a more
resilient energy grid that will reduce the effects of outages with automation and advanced asset
management. Customers in specific areas with particularly poor service reliability have shared their
frustrations and suffered real-world consequences of long duration outages, such as replacing spoiled
food and making alternative lodging arrangements. The grid improvement projects outlined in the
testimony of Company Witness Robert S. Wright, Jr., are designed to avoid outages and speed

4
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restoration when they do occur. While customers welcome reliability improvements, Dominion Energy
Virginia recognizes that any work conducted in the field has the potential to impact the communities we
serve; so it is important to educate customers before, during, and after project completion.

Proposed projects include grid technologies, such as self-healing grid investments, and hardening efforts
like replacing and rebuilding targeted mainfeeder segments, targeted corridor improvements, and
proactive asset upgrades. To the extent that these projects impact the communities served by the
Company, Dominion Energy Virginia is committed to educating customers and the public on the need,
location, and duration of this work.

The focus in this area will be on safety and the Company’s commitment to completing scheduled work in
a timely manner, The timing for customer education on individual projects will address any significant
construction impacts, especially in the limited areas where easements and/or permits may be required
before work can commence. In addition, the education materials will address enhanced vegetation
management practices within the targeted corridor upgrade program, such as ash tree removal and
herbicide usage across the entire width of the right of way. Customer education for each of the grid
hardening projects will focus on ensuring residents and localities are aware of the need for
improvement, informing them of the scope and duration of the project, keeping them apprised of the
progress during construction, and continuing customer engagement to address any concerns and
announce completion. Communications will be delivered through several channels including print
materials, social media, web, digital, and public presentations. Homeowner associations and other
community groups will be particularly helpful in disseminating educational materials and hosting
meetings as needed.

SUMMARY

The Company’s consistent implementation of the customer education approach and plan will improve
the customer experience. Utilizing this education approach, the Company will ensure outreach is
efficient and effective in achieving the goals of educating customers, keeping them informed, and
empowering them to take advantage of the numerous enhanced customer capabilities provided by the
GT Plan.
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Case No. PUR-2019-00154
Plan Document, Corrected Page 32
Oct. 25, 2019

Figure 7: CBA Summary

Cost/Benefit Summary (Revenue Requirement Basis)

(in Millions)
BENEFITS & COSTS pv'
BENEFITS (Asset Life):

Customer $2,972.3
Avoided/Deferred Capital $375.6
O&M Savings $265.9
Energy & Demand Savings §237.5
Improved Reliability $1,9743
Reduction of Bad Debt & Energy Diversion $118.9

COSTS (Revenue Requirement) : §2,703.6
Total Net Benefit {Cost): £268.7
Total Benefit/Cost Ratio: 1.10

? present Value {PY) calculated using Weighted Average Cost of Capital (WACC) of 7.625%

PV’
Additional Benefits $85.3
Reduced GHG S4.1
EV Ownership Savings? $81.2
Economic Impact] $2,829.0
Total + Additional Net Benefit (Cost): $354.0
Total + Additional Benefit/Cost Ratio: 1.1

? Adjusted to apply 7.255 benefits correlation factor to reduction associatad with GT Plon EVinvestment
¥ Economic Bensfits are neither included in the Total +
Additional Net Benefit nor in the Toto! +Additionof

Jobs Creation®
indirect Jobs 17,228
Direct Jobs 4,540

*Jobs creation is colcutared using a multiplier applied to Millions of S In Capital Spend (PV)

As can be seen, the CBA represents a positive business case from a financial perspective,
providing evetr-nearly $3 billion of benefits, which represents net benefit to customers of
approximately $322-5 $268.7 million all on a net present value basis.

The CBA focuses on quantifiable benefits, but the Grid Transformation Plan produces
other qualitative, non-quantifiable benefits. For example, there are benefits that are difficult to
quantify, like avoiding a cyberattack; providing resilient service to military bases, hospitals and
communities; and providing customers with accurate and timely information that have
implications for their daily lives.
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Case No. PUR-2019-00154
Balne Direct Testimony, Corrected Page 15
Oct. 25, 2019

shows the proposed investments are beneficial to customers and represent a positive
business case from a financial perspective providing evernearly $3 billion of customer
benefits, which represents net benefit to customers of approximately $268.7 $322.:5
million all on a net present value basis. Additional quantitative benefits include reduced
greenhouse gas (“GHG”) emissions, increased EV ownership savings, and positive
economic development impacts. Some of the benefits derive from programs and
offerings that the Company intends to implement, including a time-varying rate, a peak
time rebate program, a prepay program, and a program related to residential EV use.
Including these in the cost-benefit analysis reflects the Company’s commitment to these

programs and offerings.

Beyond these quantifiable benefits, the GT Plan will provide many qualitative benefits,
like avoiding a cyberattack; providing resilient service to critical services and
infrastructure like homeland security, large medical facilities, public safety agencies,
state and local governments, telecommunications, transportation, and water treatment and
pump facilities; and providing customers with accurate and timely information that can

impact their choices to use energy.

Based on the costs and benefits of the GT Plan, do you believe that the projects
associated with Phase IB, including the estimated costs, should be found reasonable
and prudent by the Commission?

Yes, [ do. As I mentioned earlier, the Company retained West Monroe Partners (“West
Monroe™) to complete a CBA for the GT Plan. Company Witness Thomas Hulsebosch
presents testimony explaining that analysis and presenting the results. As sponsored by

Mr. Hulsebosch, the proposed investments are beneficial to customers and represent a

15
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Case No. PUR-2019-00154
Hulsebosch Direct Testimony, Corrected Summary
Oct. 25, 2019

WITNESS DIRECT TESTIMONY SUMMARY

Witness: Thomas G. Hulsebosch
Title: Senior Managing Director with West Monroe Partners, LLC
Summary:

Thomas G. Hulsebosch with West Monroe Partners, LLC (“West Monroe”) testifies on behalf of
the Company regarding the cost-benefits analysis (“CBA”) for the Grid Transformation Plan.

Mr. Hulsebosch first describes the general process and structure of the CBA and summarizes the
results of the CBA. He testifies that the benefits of the GT Plan exceed the costs and
demonstrate a positive benefit/cost ratio. The CBA thus represents a positive business case from
a financial perspective, providing evet-neatly $3 billion of customer benefits, which represents
net benefit to customers of approximately $322-5 $268.7 million all on a net present value basis.

Next, he outlines the methodology used by West Monroe for valuation of the projected costs and
benefits for GT Plan. For costs, West Monroe coordinated with the Company to capture and
input capital and O&M costs associated with delivering the GT Plan, including internal and
external labor, equipment, software, hardware, and services. West Monrae benchmarked the
cost inputs based on industry experience and perspective from similar efforts. For benefits, the
nature and value of the customer benefits from the GT Plan have been provided by the Company
witnesses who support the individual GT Plan components. Customer benefits are categorized as
(1) Total Avoided / Deferred Capital, (2) Total O&M Savings, (3) Total Energy / Demand
Benefit, (4) Total Improved Reliability Benefit, and (5) Total Reduction of Bad Debt and Energy
Diversion. Additional benefits for GHG reduction, EV ownership savings, and economic impact
are separately included in the CBA as “additional benefits.”

Finally, Mr. Hulsebosch provides relevant industry perspective and context regarding the GT
Plan. He addresses obsolescence concerns of Grid Transformation-related technologies and
investments generally, and specifically regarding AMI technology. He notes that the status of
AMI Deployment across the United States and the Company’s past experience with solid-state
meters that have communications devices also provides evidence and support that this
technology is not at risk of near-term obsolescence. He provides a white paper with additional
details in this area.

ECORESTETET



Figure 1

Cost/Benefit Summary {Revenue Requirement Basis)

Case No. PUR-2019-00154

Hulsebosch Direct Testimony, Corrected Page 4

(i Millions)
BENEFITS & COSTS pv!
BENEFITS (Asset Life):

Customer $2,972.3
Avolded/Deferred Capital $3756
ORM Savings $265.9
Energy & Demand Savings $237.5
Improved Reliabllity $1,974.3
Reduction of Bad Debt & Energy Diversion $118.9

COSTS (Revenue Reguirement) : $2,703.6
Total Net Benefit (Cost): $268.7
Total Benefit/Cost Ratio: 1.10

! Present Yalue {PY) calcutated using Weighted Average Cost of Capital {WACC) of 7.62%

pv'
Additional Benefits $85.3
Reduced GHG S4.1
EV Ownership Savings2 $81.2
Economic lmpat:tJ $2,829.0
Total + Additional Net Benefit (Cost): $354.0
Total + Additional Benefit/Cost Ratio: 1.1

Oct. 25, 2019

4 Adiusted to apply 7.2% benefits correlation factor to reduction associated with GT Plan EV investmant

¥ Economic Ben efits are neither included in the Total +
Additionat Net Benefit nor in the Total + Additional!

Jobs Creation®

Indirect Jobs
Direct Jobs

17,228
4,540

*Jobs crection is calculated using a multiplier applied to Millions of S in Capital Spend (PV)

As can be seen in Figure 1, the benefits of the GT Plan exceed the costs and demonstrate

a positive benefit/cost ratio. The CBA thus represents a positive business case from a

financial perspective, providing evesnearly $3 billion of customer benefits, which

represents net benefit to customers of approximately $322-5 $268.7 million all on a net

present value basis. The additional benefits are presented because they are quantifiable,
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Case No. PUR-2018-00154
Hulsebosch Direct Testimony, Corrected Page 5
Oct. 25, 2019

legitimate and reflect benefits to society and individual participants through reduced
GHG emissions, savings to EV owners and general economic benefits from the
investments made in the GT Plan. The additional benefits have been aggregated and
shown separately because they can be considered incremental to the “total” benefits and

because they are not tied to benefits that directly impact customers through reduced costs.

What methodology did West Monroe employ in completing the CBA?

West Monroe leveraged an established methodology for valuation of the projected costs
and benefits for large grid transformation projects. For costs, West Monroe coordinated
with the Company to capture and input capital and operations and maintenance (“O&M”)
costs associated with delivering the GT Plan, including internal and external labor,
equipment, software, hardware, and services. For each cost component, the Company
provided cost data inputs, unit costs, assumptions, and other information. In the pre-filed
direct testimony of the Company witnesses who support individual GT Plan components,
they provide the process they underwent to develop the costs whether that be through
existing contracts that underwent competitive procurement or new requests for proposals
that have led to or will lead to new competitively bid contracts. The individual Company
witnesses, therefore, support the reasonableness of the costs of the individual components
of the GT Plan. West Monroe, however, benchmarked the cost inputs based on industry
experience and perspective from similar efforts. The benchmarking process helped
balance scope and investment to match anticipated benefits based on the experience of
other utilities. The cost information served as one input to the CBA, which also
considers projected annual costs and ongoing operational impacts, and applies inflation

and other escalation factors, as appropriate.
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such as an auger truck and operator to dig the pole hole, and 8-1-1 notification to have
underground utilities located before digging can begin. The one test conducted by EPRI
that did not result in a broken pole appears to have been related to an insulator that failed
prematurely. On the other hand, the four tests conducted using the Company’s new
standards resulted in broken cross-arms only, which translates to a faster and less

expensive restoration.

Q. How will building to these new standards improve resiliency during severe weather
events?

A. The Company anticipates the new standards will improve resiliency by reducing the time
to recover from severe weather events. The Company conducted an analysis to estimate
how the new standards, if already in place, could have reduced outage durations during
severe weather events that affected the Company’s service territory. Table | shows the
results of this analysis. Table | shows the estimated difference in restoration activities
for several notable historical weather events.

Table 1: Estimated Storm Experience Based On New Standards

Existing Standards Estimated Based On New Standards
Additional

Storm Name Affected Poles | Crossarms | Duration | Poles Crossarms Other Duration | Reduction | Reduction

Customers | Replaced | Replaced | (Days) | Replaced| Replaced Repairs {Days} (Days) (Percent)
Hurricane Isabel 1,800,000 | 10,705 14,610 15 2,676 17,502 4,737 11 -4.4 -29%
Hurricana irene 1,300,000 1,869 4,168 9 467 4,743 827 8 ~1.3 -15%
Derecho 1,000,000 994 1,285 8 249 1,591 440 7 -0.9 -11%
Hurricane Emesto 600,000 508 1,250 5 127 1,406 225 4 -0.8 -15%
Hurricane Matthew 470,000 480 1,181 3 120 1,329 212 4 0.7 -14%
March 2018 Wind
Storm 690,000 555 1,100 5 139 53061,271 246 4 -0.8 6%
Hurricane Michael 607,000 675 1,021 3 169 1,229 299 4 -1.0 -20%

As demonstrated, with 75% fewer broken poles based on the testing results, the new

standards would have reduced storm duration by an average of 17%. These estimated

2]
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After installation of smart meters, customer outreach will include educating customers on enhanced
capabilities, such as new tools and rate options once they become available. The Company will also
continue to collect, analyze, and review customer feedback to refine communications and content
based on feedback and effectiveness. Communlcations will be delivered through several channels,
including direct mall, bill inserts, social media, web, digital, and public presentations.

(3) Customer Information Platform {“CIP”) and Engagement

The implementation of the CIP is foundational to enhancing the customer experience and offering
customers more capabilities. To ensure customers can take advantage of the enhanced capabilities, the
education approach as described above wili be utilized for each capability. The new capabilities include a
what/if analysis tool, alert options, and enhancements to e-bill. Additional capabilities are listed in Table
4 of Company Witness Thomas J. Arruda Direct Testimony. The Company will provide customers with
the knowledge to access and effectively use the new tools to save them time and money as each
functionality is implemented. For each of the capabilities, the Company’s educatlon approach will
consist of multi-channel engagement including but not limited to website content, direct digital (text,
emails, and push notifications), bill inserts, and letters. The approach will also include incorporating
lessons learned and adjustments as necessary.

(4) Customer Energy Management Programs

As the Company implements customer energy management programs, including time varying rate
offerings, prepay program, and peak time rebates, the educational approach as described above will be
used to encourage customers to participate in these programs and empower them to make decisions
and monitor their success.

Education initiatives to support these programs will include education relevant to enrollment in the
program as well as afterward to optimize ongoing savings. Initial education will provide information to
eligible customers regarding the potential savings, enroliment process, and how to manage usage to
optimize savings on the specific program. After enrollment, ongoing messaging to participants will be
developed to bring about continued behavioral changes. The education approach will highlight other
enhanced capabilities such as what-if analyses provided through CIP, detailed energy usage available
through AMI, and new messaging channels through the CIP. The Company will analyze the success of
the educational efforts and refine the outreach process and strategies as needed. Additional details of
the education initiatives to support the Customer Energy Management Programs will be further
developed as programs are closer to implementation.

(5) Benefits of Electric Vehicles {“EV")

Customer education on the benefits of electric vehicle (EV) ownership is essential to expanding broad
adoption of EVs. The Company’s plan seeks to address common customer questions related to electric
vehicle ownership as well as market specific incentives and investments outlined in Company Witness
Frost's testimony. Customer uncertainties include consumer “range anxiety” about electric vehicles
potentially running out of power due to prospective EV owners not “seeing” public charging stations.
Education materials will also address the misconception of high cost of EV ownership (often from the
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perception of initial “high” EV purchase cost) by illustrating that a lifetime value cost of EV ownership

le.q., maintenance, gas) can be less than that of gasoline fueled vehicles.

Furthermore, the Company will reach out to the appropriate customer segments to achieve enrollment
goals for the Smart Charging Infrastructure Pilot Program rebates, including multi-family residential,
workplace charging, public direct current fast charging ("DCFC"), and transit buses. The education and
communications that will accompany the deployment consist of communications to solicit customer
enrollment and ongoing communications with participants. Customer enroliment solicitation will include

web content, social media, and other outreach. Ongoing communications with participants will include
continued education on managed charging, surveys to obtain customer feedback, and customer service

assaciated with participation in the Pilot Program. Customer education for each of the specific rebate
programs proposed in the Pilot Programs will focus an awareness, information, implementation, and
engagement, tailored to the offering timeline.

Showcasing the numerous tangible benefits of owning and driving an electric vehicle is essential to
supporting wide-scale adoption. The Company has already endeavored to provide educational
information earlier this year. The Company launched an innovative online electric vehicle educational
tool at www.dominionenergy.com/EV, which consists of a savings calculator, information on carbon
reduction, a charger finder, and more. The Company website and EV webpage will continue to be a

primary hub for information on electric vehicles ownership, charging, and links to time-varying rate

options as they become available. Other channels for education and engagement with customers

include social media, print, digital and support of public events, such as those held by local chapters of

electric vehicle advocacy groups.

(6) Grid Improvement Projects to Improve Reliahility

As evidenced in recent Virginia surveys, customers generally support investments in technology to help
prevent outages. The Company’s fundamental goal with grid improvement projects is to build a more
resilient energy grid that will reduce the effects of outages with automation and advanced asset
management. Customers in specific areas with particularly poor service reliability have shared their
frustrations and suffered real-world consequences of long duration outages, such as replacing spoiled
food and making alternative lodging arrangements. The grid improvement projects outlined in the
testimony of Company Witness Robert S. Wright, Jr., are designed to avoid outages and speed
restoration when they do occur. While customers welcome reliability improvements, Dominion Energy
Virginia recognizes that any work conducted in the field has the potential to impact the communities we
serve; so it is important to educate customers before, during, and after project completion.

Proposed projects include grid technologies, such as self-healing grid investments, and hardening efforts
like replacing and rebuilding targeted mainfeeder segments, targeted corridor improvements, and
proactive asset upgrades. To the extent that these projects impact the communities served by the
Company, Dominion Energy Virginia is committed to educating customers and the public on the need,
location, and duration of this work.

The focus in this area will be on safety and the Company’s commitment to completing scheduled work in
a timely manner. The timing for customer education on individua! projects will address any significant

5
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construction impacts, especially in the limited areas where easements and/or permits may be required
before work can commence. In addition, the education materials will address enhanced vegetation
management practices within the targeted corridor upgrade program, such as ash tree removal and
herbicide usage across the entire width of the right of way. Customer education for each of the grid
hardening projects will facus on ensuring residents and localities are aware of the need for
improvement, informing them of the scope and duration of the project, keeping them apprised of the
progress during construction, and continuing customer engagement to address any concerns and
announce completion. Communications will be delivered through several channels including print
materials, social media, web, digital, and public presentations. Homeowner associations and other
community groups will be particularly helpful in disseminating educational materials and hosting
meetings as needed.

SUMMARY

The Company’s consistent implementation of the customer education approach and plan will improve
the customer experience. Utilizing this education approach, the Company will ensure outreach is
efficient and effective in achieving the goals of educating customers, keeping them informed, and
empowering them to take advantage of the numerous enhanced customer capabilities provided by the
GT Plan.
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CERTIFICATE OF SERVICE

I hereby certify that on this 25" day of October 2019, a true and accurate copy of
the foregoing filed in Case No. PUR-2019-00154 was hand delivered, electronically
mailed, and/or mailed first class postage pre-paid to the following:

Ashley B. Macko, Esq. C. Meade Browder, Jr., Esq.
K. Beth Clowers, Esq. C. Mitch Burton, Jr., Esq.
Office of General Counsel Office of the Attorney General
State Corporation Commission Division of Consumer Counsel
1300 E. Main Street, Tyler Bldg., 10" F1. 202 N 9" Street, 8" Floor
Richmond, VA 23219 Richmond, VA 23219

William C. Cleveland, Esq.
Nathaniel Benforado, Esq.

Hannah C. Coman, Esq.

Southern Environmental Law Center
201 West Main Street, Suite 14
Charlottesville, Virginia 22902
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