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The Honorable Joel H. Peck, Clerk
State Corporation Commission
Document Control Center

1300 East Main Street, First Floor
Richmond, Virginia 23219

Re:  In re: Appalachian Power Company’s Integrated Resource Plan filing
Case No. PUR-2018-00051

Dear Mr. Peck:

Pursuant to §§ 56-597 and 56-599 of the Code of Virginia, the Commission’s Rules of
Practice and Procedure, and the December 23, 2008 Order Establishing Guidelines for
Developing Integrated Resource Plans, Case No. PUE-2008-00099, (IRP Guidelines),
enclosed for filing, UNDER SEAL, are an original and fifteen copies of the 2018
Integrated Resource Plan (IRP) of Appalachian Power Company (APCo or Company).

This filing contains confidential information and is made UNDER SEAL pursuant to
Rule 5 VAC 5-20-170 of the Commission’s Rules of Practice and Procedure and
section (E) (third paragraph) of the IRP Guidelines. As required by the Commission’s
Rules, the Company is filing separately today a motion for protective treatment of the
confidential information and is providing, by copy of this letter, an original and one
copy of a public version of the filing (with confidential information redacted) for the
use of the public. Also enclosed as part of the filing, pursuant to IRP Guidelines
section (E), are a proposed public notice (attached to this letter) and electronic media
of the required schedules.




The Honorable Joel H. Peck, Clerk
May 1, 2018
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Copies of the public version of the filing have been sent to the Division of Consumer
Counsel, Office of the Attorney General and to the legislative officials specified in the
amendments to § 5499 of the Code.

Enclosures

cc: William H. Chambliss, Esq. (Confidential version)
C. Meade Browder, Jr., Esq. (Public version)
James R. Bacha, Esq.
Mr. William K. Castle



NOTICE TO THE PUBLIC OF
A FILING BY APPALACHIAN POWER COMPANY OF ITS
INTEGRATED RESOURCE PLAN

On May 1, 2018, Appalachian Power Company (“APCo”
or “Company”) filed with the State Corporation Commission
(“Commission”) the Company's Integrated Resource Plan ("IRP")
pursuant to § 56-599 of the Code of Virginia (““Code”).

An IRP, as defined by § 56-597 of the Code, is “a
document developed by an electric utility that provides a forecast
of its load obligations and a plan to meet those obligations by
supply side and demand side resources over the ensuing 15 years
to promote reasonable prices, reliable service, energy
independence, and environmental responsibility.” Pursuant to § 56-
599 C of the Code, the Commission determines whether an IRP is
reasonable and in the public interest.

APCo states that its IRP, based upon various assumptions,
provides for adequate capacity resources, at reasonable cost,
through a combination of supply-side resources, including
renewable supply-side resources and demand-side programs
through the forecast period. According to the Company, the IRP
encompasses the 15-year planning period from 2018 to 2032 and is
based on the Company's current assumptions regarding customer
load requirements, commodity price projections, supply-side
alternative costs, demand side management program costs and
analysis, and the effect of environmental rules and guidelines.

The Company’s filing complies with Section 56-599 of the
Virginia Code as well as with the Commission’s directives in its
orders on previous IRPs.

The Commission entered an Order for Notice and Hearing
in this case that, among other things, scheduled a public hearing at
, in the Commission's second floor
courtroom located in the Tyler Building, 1300 East Main Street,
Richmond, Virginia 23219, to receive the testimony of public
witnesses and the evidence of the Company, any respondents, and
the Commission’s Staff. Any person desiring to testify as a public
witness should appear at this hearing location fifteen (15) minutes
before the starting time of the hearing and contact the
Commission's Bailiff.

Copies of the public version of all documents filed in this
case are available for interested persons to review in the
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Commission's Document Control Center, located on the first floor
of the Tyler Building, 1300 East Main Street, Richmond, Virginia
23219, between the hours of 8:15 a.m. and 5 p.m., Monday
through Friday, excluding holidays. Interested persons also may
download unofficial copies from the Commission's website:

http://www.scc.virginia.gov/case.

Copies of the public version of the Company’s IRP and the
Commission’s Order for Notice and Hearing also may be inspected
during regular business hours at each of the Company’s business
offices in the Commonwealth of Virginia. Copies of these
documents also may be obtained, at no charge, by submitting a
written request to counsel for the Company, Noelle J. Coates,
Esquire, American Electric Power, 1051 East Cary Street, Suite
1100, Richmond, Virginia 23219. If acceptable to the requesting
party, the Company may provide the documents by electronic
means.

On or before , 2018, any interested person may
file written comments on the IRP with Joel H. Peck, Clerk, State
Corporation Commission, ¢/o Document Control Center, P.O. Box
2118, Richmond, Virginia 23218-2118. Interested persons desiring
to file comments electronically may do so on or before
2018, by following the instructions found on the Commission's
website: http://www.scc.virginia.gov/case. Compact discs or any
other form of electronic storage medium may not be filed with the
comments. All such comments shall refer to Case No. PUR 2018-
00051.

.

Any person or entity may participate as a respondent in this

proceeding by filing a notice of participation on or before
, 2018. If not filed electronically, an original and fifteen

(15) copies of the notice of participation shall be filed with the
Clerk of the Commission at the address set forth above. A copy of
the notice of participation as a respondent also must be sent to
counsel for the Company at the address set forth above. Pursuant
to Rule S VAC 5-20-80 B, Participation as a respondent, of the
Commission's Rules of Practice and Procedure (“Rules of
Practice™), any notice of participation shall set forth: (i) a precise
statement of the interest of the respondent; (ii) a statement of the
specific action sought to the extent then known; and (iii) the
factual and legal basis for the action. Any organization,
corporation, or government body participating as a respondent
must be represented by counsel as required by Rule S VAC 5-20-
30, Counsel, of the Rules of Practice. All filings shall refer to Case
No. PUR-2018-00051. For additional information about
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participation as a respondent, any person or entity should obtain a
copy of the Commission’s Order for Notice and Hearing.

The Commission's Rules of Practice may be viewed at
http://www.scc.virginia.gov/case. A printed copy of the
Commission's Rules of Practice and an official copy of the
Commission's Order for Notice and Hearing in this proceeding
may be obtained from the Clerk of the Commission at the address
set forth above.

APPALACHIAN POWER COMPANY
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Executive Summary

This Integrated Resource Plan (IRP, Plan, or Report) is submitted by Appalachian Power
Company (APCo or Company) based upon the best information available at the time of
preparation. However, changes that affect this Plan can occur without notice. Therefore, this Plan
is not a commitment to specific resource additions or other courses of action, as the future is

highly uncertain.
Much has changed since the Company filed its last Plan, including the following:
o the federal Tax Cut and Jobs Act 0f 2017 (2017 Tax Act) was signed into law;

e Virginia enacted legislation earlier this year that contained specific directions

regarding various matters that are addressed in IRPs; and,

e on April 2, 2018, the Virginia State Corporation Commission (Commission or
SCC) issued an Order denying APCo’s request to acquire the Beech Ridge Il and
Hardin wind facilities (Wind Facilities)', on the grounds that those facilities are

“not needed” by APCo to serve its Virginia customers.

The Commission’s denial of APCo’s request to acquire the Wind Facilities also raised
concerns about the Company’s forecasts of natural gas and energy prices, and called into

question the constitutionality of some of the provisions of Virginia’s newly-enacted legislation.

1 On page 6 of its Order Denying Reconsideration, the Commission stated as follows: “Because this proceeding is
legislative in nature and our determination is without prejudice, APCo may present new evidence in support of a
new application to acquire these resources, with the Grid Transformation and Security Act (the 2018 Virginia Act)
applicable to such application filed on or afier July 1, 2018.” APCo is exploring its options in this regard, as the
modeling performed for this IRP confirms that the opportunity to take advantage of the full 100% federal Production
Tax Credit (PTC) available to the Wind Facilities is quickly slipping away.
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These events and others discussed throughout this Report, resulted in a number of differences

between this Report and previous APCo IRP filings.

The Commission’s March 12, 2018 Order in APCo’s 2017 IRP case (2017 IRP Final
Order) specifically directed APCo beginning with this IRP, to include plans to implement the
mandates contained in Virginia’s recently enacted Grid Transformation and Security Act, which
becomes effective July 1, 2018 (the 2018 Virginia Act), as well as plans that comply with all
other legal requirements. The specific locations within this IRP filing, which respond to each

requirement of the IRP, appear in the Appendix as part of APCo’s larger index (Exhibit D).

In addition to the events described above, APCo faced a number of other circumstances
as it developed this IRP, which are discussed throughout this Report. Accordingly this IRP and
the action items described herein are subject to change as new information becomes available or

as circumstances warrant.

An IRP explains how a utility company plans to meet the projected capacity (i.e., peak
demand) and energy requirements of its customers. APCo is required to provide an IRP that
encompasses a 15-year forecast planning period (in this filing, 2018-2032). This IRP has been

developed using the Company’s current long-term assumptions for:
o Customer load requirements — peak demand and energy;

e commodity prices — coal, natural gas, on-peak and off-peak power prices, capacity

and emission prices;

o supply-side alternative costs — including fossil fuel, renewable generation, and

storage resources; and
¢ demand-side program costs and impacts.

In addition, APCo considered the effect of environmental rules and guidelines, which
have the potential to add significant costs and present significant challenges to operations. This
IRP appropriately considers the potential cost associated with some form of future regulation of

carbon emissions, during the planning period, even though there is considerable uncertainty
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surrounding the future of the Clean Power Plan (CPP). Per the Commission’s directive, the

Company analyzed plans that are potentially compliant with the CPP as part of this IRP.

This 2018 IRP also considers the requirements included in the 2018 Virginia Act which
includes the construction, purchasing, or leasing of 5,000MWs of new utility-owned and utility-

operated solar or wind generating facilities. The resource implications on APCo include:

e The mandated construction or acquisition by APCo of at least 200MW of utility-

owned solar located in Virginia over the next 10 years;

e In future EE-RAC proceedings, APCo is required to request Commission approval

of $140 million in EE programs over ten years; and

e As part of a five-year battery pilot program deemed to be in the public interest,

APCo may invest in up to 10MWs of new battery storage installations.

To meet its customers’ future capacity and energy requirements, APCo will continue the
operation of, and ongoing investment in, its existing fleet of generation resources including the
base-load coal units at Amos and Mountaineer, the natural gas combined-cycle (Dresden)
facility, combustion turbine (Ceredo) units, and its two gas-steam units at Clinch River. The
Company will also continue to operate its hydroelectric generators, including Smith Mountain
Lake. The Company has a current portfolio of 575MW of renewable purchase power
agreements; during the planning period, contracts covering 455MW of that amount will expire.
Another consideration in this IRP is the increased adoption of distributed rooftop solar resources
by APCo’s customers. While APCo does not have control over where, and to what extent, such
resources are deployed, it recognizes that distributed rooftop solar will reduce APCo’s growth in
capacity and energy requirements to some degree. From a capacity viewpoint, the 2020/2021

planning year is when PJM’s new Capacity Performance construct will take full effect,
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potentially further limiting the capacity value of intermittent resources, such as run-of-river

hydro, wind, solar, future battery storage as well as pumped storage?.

The Commission’s April 2, 2018 Order denying APCo’s request to acquire the Wind
Facilities has called into question a central underpinning of past Company IRPs. The Company
has consistently modeled resource additions with an eye towards minimizing both capacity and
energy costs for its customers over the respective planning periods. The Commission’s Wind
Facilities Order, by focusing only on capacity “need”, suggests that, given the availability of
energy from the PJM market, unless APCo has a need for capacity under PJM requirements,
APCo’s IRPs should not propose adding resources solely on the basis of reducing overall costs to
customers. The Company requests that, in its order in this case, the Commission clarify the
purpose and scope of future IRP filings in this regard. The Company notes that this Report
indicates that APCo does not have a capacity need until 2030, and that its then-need for capacity
can be met with the addition of solar and EE resources consistent with the mandates of the 2018

Virginia Act.

Keeping all of the various considerations discussed above in mind, APCo has analyzed
various scenarios that would provide adequate supply and demand resources to meet its peak
load obligations, and reduce or minimize costs to its customers, including energy costs, for the
next fifteen years. The key components of APCo’s Hybrid Plan, which is presented herein based

upon these various analyses, are as follows:

e Adds more than 200MW of large-scale solar resources, consistent with directives
in the 2018 Virginia Act.

e Continues to diversify APCo’s mix of supply-side resources through the addition
of battery storage and the replacement of cost-effective wind and large-scale

solar;

*I'he FERC’s June 9, 2015 Capacity Performance Order indicates that there may be a further opportunity Lo
aggregate the capacity value of some of these intermittent resources.
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e Incorporates demand-side resources, including but not limited to additional EE

programs and Volt VAR Optimization (VVO) installations; and

e Recognizes that residential and commercial customers will add distributed
resources, primarily in the form of residential and commercial rooftop solar (i.e.
Distributed Generation [DG]).

Key Changes from 2017 IRP
This IRP includes the following changes from the Company’s 2017 IRP:

e Incorporates the most recent load forecast, which shows a reduced need for capacity

additions over the forecast period, and a minimal change in energy needs.

e Includes the impact of the 2017 Tax Act, particularly its effect on reducing the value of

PTCs associated with certain wind energy projects.

e Incorporates updated renewable cost information primarily based upon Bloomberg New
Energy Finance’s (BNEF) H2 2017 U.S. Renewable Energy Market Outlook.

¢ Discusses APCo’s electric distribution grid transformation (EDGT), as designed by the

2018 Virginia Act, planning and implementation initiatives.
Summary of APCo Resource Plan

APCo’s retail sales are projected to grow at 0.1% per year with stronger growth expected
from the industrial class (+0.4% per year) while the residential class experiences a slight decline
over the forecast horizon. APCo’s internal energy needs are expected to remain relatively flat
and peak demand is expected to change at an average rate of -0.1% per year, through 2032.
Figure ES-1 below shows APCo’s “going-in” (i.e. before resource additions) capacity position
over the planning period, which uses the PJM summer peak to determine resource requirements.
Through 2029, APCo has capacity resources to meet its forecasted internal demand. In 2030,
APCo anticipates experiencing a slight capacity shortfall, based upon its assumption regarding
the retirement of Clinch River Units 1 and 2 in 2026, and the expiration of wind and hydro
contracts totaling 455MWs (nameplate) of renewable generation, during the 2027-2030
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timeframe. This expected capacity deficiency is smaller, and occurs later, than in APCo’s 2017

IRP because of a lower forecast demand growth rate.
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Figure ES-1. APCo "Going-In" PIM Capacity Position (Excludes Market Purchases & Sales)

Recognizing its modest capacity deficit position in 2030, APCo considered the impact of
the resource additions required by the 2018 Virginia Act. These additions, which include solar,
energy storage and energy efficiency, are expected to eliminate the capacity deficit through the
planning period. The solar resources are assumed to provide PIM capacity equal to 38% of their
nameplate rating (or 76MW for 200MW of nameplate solar). Energy storage will provide 50% of
its nameplate rating, or SMW for 10MW of storage, and DSM will provide approximately
200MW of capacity. In addition, APCo considered the resource requirements necessary to satisfy

Virginia’s voluntary Renewable Portfolio Standard (RPS) goals. Taking these resources into
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account, a resource plan that meets Virginia’s voluntary RPS goals would also be compliant with

the 2018 Virginia Act and would provide adequate capacity through the planning period.

The resource additions required by the 2018 Virginia Act, and needed to meet Virginia’s
voluntary RPS goals, allow APCo to satisfy its PJM load obligations over the planning period. In
addition, customer owned generation such as rooftop solar, will also improve APCo’s capacity
position. However, APCo’s energy requirements vary over the year with APCo customers using
more energy in the winter months than APCo can supply with its own resources. Therefore,
absent a directive from the Commission to the contrary, APCo will continue to consider the
addition of cost-effective energy resources including wind resources, to reduce its reliance on the

volatile PIM energy market.

To determine the appropriate timing of new resources including solar, EE, storage and
wind additions, APCo used the Plexos® model to calculate the lowest cost resource addition
portfolio under three pricing scenarios, (ie. Base, Low and High Band) also referred to as the
Optimal Plan for a given commodity pricing scenario. APCo also considered the resource
additions required to comply with Virginia’s voluntary RPS goals. To arrive at the Hybrid Plan,
APCo considered a resource mix that included attributes of the various Optimal Plans and the
RPS goals, taking into account the mandates of the 2018 Virginia Act. For example, rather than
adding large blocks of renewable resources each year, the Company staggered the
implementation of those resource additions to reflect the time it takes to bid, evaluate, negotiate
terms, and obtain necessary regulatory approvals. APCo then calculated the cost of this Hybrid
Plan under the three long-term commodity price forecasts to ensure it was reasonable. The
Hybrid Plan is presented as an option that balances cost, including energy costs, and other

factors, while meeting the 2018 Virginia Act mandates.
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In summary, the Hybrid Plan:

Assumes 15MW (nameplate) of solar energy resources are added by 2021, with subsequent
additions throughout the planning period, for a total of 1,065MW (nameplate) by 2032;

Assumes 150MW (nameplate) of wind energy resources are added by 2022, with an additional
150MW (nameplate) of wind energy resources in 2025, and again in 2027, for a total of 450MW
(nameplate) of incremental wind energy resources by 2032;

Implements customer and grid EE programs reducing energy requirements by 546GWh annually
and summer capacity requirements, including VVO, by 206MW by 2032;

Meets Virginia’s Voluntary Renewable Portfolio Standard (RPS) goals;

Assumes APCo’s customers add distributed generation (DG) (i.e. rooftop solar) capacity totaling
over 90MW (nameplate) by 2032;

Adds 10MW (nameplate) of battery storage resources in 2021;

Addresses PJM Capacity Performance rule impacts on APCo’s capacity position beginning with
the 2020/2021 PJM planning year. Among other things, it assumes that the rule may result in
APCo:

o reducing wind resources from prior PJM-recognized capacity levels (i.e. from 13% to 5%
of nameplate capacity); and
o reducing run-of-river hydro contributions to 50% of nameplate rating;

Continues operation throughout the planning period of APCo’s facilities including the Amos
Units 1-3 and Mountaineer Unit | coal-fired facilities, the Ceredo and Dresden natural gas
facilities and operating hydro facilities. Maintains APCo’s share of Ohio Valley Electric
Company (OVEC) coal-fired facilities: Clifty Creek Units 1-6 and Kyger Creek Units 1-5;
Retires the natural gas-steam Clinch River Units 1 and 2 in 2026; and

Reflects the expiration of 455MWs of wind and hydro purchase power contracts during

the 2027-2030 timeframe.
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Specific APCo capacity changes over the 15-year planning period associated with the
Hybrid Plan are shown in Figure ES-2 and Figure ES-3, and their relative impacts to APCo’s

annual energy position are shown in Figure ES-4 and Figure ES-5.
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Figure ES-2. 2018 APCo Nameplate Capacity Mix (Excludes Market Purchases & Sales)
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Figure ES-3. 2032 APCo Nameplate Capacity Mix (Excludes Market Purchases & Sales)
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Figure ES-4. 2018 APCo Energy Mix (Excludes Market Purchases & Sales)
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Figure ES-5. 2032 APCo Energy Mix (Excludes Market Purchases & Sales)

Figure ES-2 through Figure ES-5 indicate that the Hybrid Plan would reduce APCo’s

reliance on coal-based generation and increase reliance on demand-side and renewable resources,
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further diversifying its resource portfolio. Specifically, over the 15-year planning horizon, the
Company’s nameplate capacity mix attributable to coal-fired assets would decline from 60.2% to
55.0%. Wind and solar assets climb from 6.5% to 19.8%, and demand-side resources (including
EE, VVO, DG, and Demand Response [DR]) increase from 2.2% to 3.1% over the planning

period.

APCo’s energy output attributable to coal-fired generation shows a decrease from 83.4%
to 73.5% over the period. The Hybrid Plan shows an increase in renewable energy (wind and
solar), from 4.4% to 11.8%. Energy from these renewable resources, combined with EE and
VVO energy savings reduce APCo’s exposure to energy, fuel and potential carbon emission

prices.

Figure ES-6 and Figure ES-7 show annual changes in capacity and energy mix,
respectively, that result from the Hybrid Plan, relative to capacity and energy requirements. The
capacity contribution from renewable resources is fairly modest due to the implications of PJM’s
Capacity Performance rule reducing the amount of capacity credit for intermittent resources;
however, those resources (particularly wind) provide a significant volume of energy. Wind
resources were selected in all of the scenarios because they were a low cost energy resource.
When comparing the capacity values in Figure ES-6 with those in Figure ES-2 and Figure ES-3,
it is important to note that Figure ES-6 provides an analysis of PJM-recognized capacity, while

Figure ES-2 and Figure ES-3 depict nameplate capacity.
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Table ES-1 below provides a summary of the Hybrid Plan, which resulted from analyses that
gave consideration to optimization modeling under various load and commodity pricing
scenarios, APCo’s modeling of carbon emission regulations, the mandates of the 2018 Virginia

Act, and Virginia’s voluntary RPS goals.

Table ES-1. Hybrid Plan Cumulative Capacity Additions throughout Planning Period (2018-2032)

" cumulative Firm Capadity Additians (MW)
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Conclusion

This IRP presents various plans, including the Hybrid Plan that would provide adequate
capacity resources at reasonable cost, through a combination of supply-side resources (including

renewable supply-side resources) and demand-side programs throughout the planning period.

it also presents plans that would improve APCo’s winter energy shortfall position, and
reduce or minimize energy costs, over the planning period. The Hybrid Plan includes
incremental resources that will provide—in addition to the needed PJM installed capacity to
achieve mandatory PJM (summer) peak demand requirements—modest amounts of additional

energy to reduce the long-term exposure of the Company’s customers to PJM energy markets.

Recognizing PJM’s Capacity Performance construct, the portfolios discussed in this
Report attribute limited capacity value for certain intermittent resources (solar, wind, energy
storage, and run-of-river hydro). It is possible that intermittent resources can be combined, or

“coupled,” and offered into the PJM market as Capacity Performance resources. The Company
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continues to investigate methods to maximize the utilization of its intermittent resource portfolio

within that construct, which becomes effective in the 2020/2021 PJM planning year.

This IRP also addresses the 2018 Virginia Act mandates regarding solar, energy storage
and energy efficiency; APCo’s plans to satisfy Virginia’s voluntary RPS goals throughout the

planning period; and the effects of potential carbon emission regulations on its IRP.

The IRP process is a continuous activity; assumptions and plans are reviewed as new
information becomes available and modified as appropriate. Indeed, the resource portfolios
developed herein reflect, to a large extent, assumptions that are subject to change; an IRP is
simply a snapshot of the future at a given time. As noted previously, this IRP is not a
commitment to specific resource additions or other courses of action, as the future is highly
uncertain. The resource planning process continues to be complex, especially with regard to such
things as pending regulatory restrictions, technology advancement, changing energy supply
pricing fundamentals, uncertainty of demand and end-use efficiency improvements. These
complexities exacerbate the need for flexibility and adaptability in any ongoing planning activity

and resource planning process.
To that end, APCo intends to pursue the following five-year action plan:
1. Consider re-filing to acquire the Wind Facilities under the new 2018 Virginia Act.
2. Purchase the output of the 15MW Coronal Depot solar facility beginning in 2021.
3. Implement a battery pilot program with up to IOMW of energy storage.

4. Continue the planning and regulatory actions necessary to implement additional
economic EE programs in Virginia and West Virginia, as well as programs that target

low-income customers provided for in the 2018 Virginia Act.
5. Plan to meet Virginia’s Voluntary Renewable Portfolio Standard goals.

6. Continue to monitor market prices for renewable resources, particularly wind and

solar, and if economically advantageous, or if needed to meet escalating voluntary
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RPS goals, pursue competitive solicitations that would include seif-build or

acquisition options.
7. Pursue opportunities to identify a suitable host facility for a CHP installation.
8. Monitor developments associated with PJM’s Capacity Performance rule; continue to

investigate opportunities to couple/hedge traditional hydro and renewable resources

(wind and solar) as reasonable Capacity Performance products.

9. Monitor the status of, and participate in formulating any proposed carbon emissions
regulations. Once established, perform specific assessments as to the implications of

such regulations on APCo’s resource profile.

10. Be in a position to adjust this action plan and future [RPs to reflect changing

circumstances.
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1.0 Introduction

1.1 Overview

This Report presents the 2018 Integrated Resource Plan (IRP, Plan, or Report) for
Appalachian Power Company (APCo or Company) including descriptions of assumptions, study

parameters, and methodologies. The results integrate supply- and demand-side resources.

The goal of the IRP process is to identify the amount, timing and type of resources required to

ensure a reliable supply of capacity and energy to customers at the least reasonable cost.

In addition to developing a long-term strategy for achieving reliability/reserve margin
requirements as set forth by PJM, resource planning is critical to APCo due to its impact on such
things as determining capital expenditure requirements, regulatory planning, environmental

compliance, and other planning processes.

1.2 Integrated Resource Plan (IRP) Process

This Report covers the processes and assumptions required to develop an [RP for the

Company. The IRP process for APCo includes the following components/steps:

o Description of the Company, the resource-planning process in general, and the
implications of current issues as they relate to resource planning;

o provide projected growth in demand and energy which serves as the
underpinning of the Plan;

e identify and evaluate demand-side options such as Energy Efficiency (EE)

measures, Demand Response (DR) and Distributed Generation (DG);

* The Company is unsure, given the Commission’s April 2, 2018 Order on the Hardin and Beech Ridge 11 Wind
Projects, if the Commission would like APCo to continue to evaluate resource additions that seek to lower customer

costs and limit exposure to volatile energy markets absent an immediate capacity need in future IRP filings.
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o identify current supply-side resources, including projected changes to those
resources (e.g., de-rates or retirements), and transmission system integration
issues;

o identify and evaluate supply-side resource options; and

e perform resource modeling, including modeling for various portfolios and
possible Clean Power Plan (CPP) effects, as a surrogate for potential future

carbon emission regulation.

1.3 Introduction to APCo

APCo’s customers consist of both retail and sales-for-resale (wholesale) customers

located in the states of Virginia, West Virginia and Tennessee (see Figure 1). Currently, APCo

serves approximately 956,000 retail customers in those states, including approximately 530,000

and 426,000 in the states of Virginia and West Virginia, respectively. The peak load requirement

of APCo’s total retail and wholesale customers is seasonal in nature, with distinctive peaks

occurring in the summer and winter seasons. APCo’s all-time highest recorded peak demand was

8,708MW, which occurred in February 2015; and the highest recorded summer peak was
6,755MW, which occurred in August 2007. The most recent (summer 2016 and winter 2017/18)

actual APCo summer and winter peak demands were 5,616MW and 7,816MW, occurring on

July 20, 2017 and January 2, 2018, respectively.

. ‘/_,"’ r
Figure 1. APCo Service Territory
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This IRP is based upon the best available information at the time of preparation.
However, changes that may impact this Plan can, and do, occur without notice. Therefore, this
Plan is not a commitment to a specific course of action since the future is uncertain, particularly
in light of current economic conditions, the increasing use of renewable generation and end-use

efficiency, as well as potential regulations to control greenhouse gases.

The resource actions described herein are subject to change as new information becomes
available or as circumstances warrant. This IRP report is being filed by May 1, 2018 in
compliance with Section 56-599 of the Code of Virginia, which also requires electric utilities to

consider six factors in each IRP.

The first four factors to be considered relate to options for maintaining and enhancing
rate stability; energy independence; economic development, including the retention and
expansion of energy intensive industries; and, service reliability. The fifth and sixth factors relate
to environmental regulations and require consideration of the effect of current and pending state
and federal environmental regulations upon the continued operations of existing electric
generation facilities or options for constructing new electric generation facilities; and, the most
cost-effective means of complying with current and pending state and federal environmental
regulations, including compliance options to minimize effects on customer rates of such
regulations. As indicated throughout this Report, APCo’s IRP process takes these requirements

into account and attempts to strike a reasonable balance among these various factors.

Additionally, regarding the 2018 Virginia Act, the Commission in its final order in the
Company’s 2017 IRP case ordered the following: “The Commission therefore directs that
APCo's future IRPs, beginning with the IRP due to be filed on May 1, 2018, shall include
detailed plans to implement the mandates contained in that legislation, as well as plans that

comply with all other legal requirements.”

The 2018 Virginia Act requires that energy efficiency programs pass at least three of the
four standard cost-effectiveness tests; that customers over S00kW are not eligible, nor required to
pay for new energy efficiency programs; and APCo must construct or acquire at least 200MW of

solar power located in the Commonwealth by 2028. Further, the IRP must systematically
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evaluate and may propose long-term electric distribution grid planning and proposed electric
distribution grid transformation projects. Finally, APCo is required to develop a long-term plan
for energy efficiency measures to accomplish policy goals of reduction in customer bills,
particularly for low-income, elderly, and disabled customers; reduction in emissions; and

reduction in carbon intensity.
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2.0 Load Forecast and Forecasting Methodology

2.1  Summary of APCo Load Forecast

The APCo load forecast was developed by the American Electric Power Service
Corporation (AEPSC) Economic Forecasting organization and completed in June 2017.* The
final load forecast is the culmination of a series of underlying forecasts that build upon each
other. In other words, the economic forecast provided by Moody’s Analytics is used to develop
the customer forecast which is then used to develop the sales forecast which is ultimately used to

develop the peak load and internal energy requirements forecast.

Over the next 15 year period (2018-2032)°, APCo’s service territory is expected to see
population remain relatively flat and non-farm employment growth of 0.4% per year. APCo is
projected to see customer count growth remain relatively flat over this period. Over the same
forecast period, APCo’s retail sales are projected to grow at 0.1% per year with stronger growth
expected from the industrial class (+0.4% per year) while the residential class experiences a
slight decline over the forecast horizon. Finally, APCo’s internal energy is expected to remain
relatively flat and peak demand is expected to change at an average rate of -0.1% per year
through 2032.

“ "The load forecasts (as well as the historical loads) presented in this Report reflect the traditional concept of internal
load, i.c., the load that is directly connected to the utility’s transmission and distribution system and that is provided
with bundled generation and transmission service by the utility. Such load serves as the starting point for the load
forecasts used for generation planning. Internal load is a subset of connected load, which also includes directly
connected load for which the utility serves only as a transmission provider. Connected load serves as the starting
point for the load forecasts used for transmission planning.

% 15 year forecast periods begin with the first full forecast year, 2018.
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2.2  Forecast Assumptions

2.2.1 Economic Assumptions

The load forecasts for APCo and the other operating companies in the AEP System
incorporate a forecast of U.S. and regional economic growth provided by Moody’s Analytics.
The load forecasts utilized Moody’s Analytics economic forecast issued in November 2016.
Moody’s Analytics projects moderate growth in the U.S. economy during the 2018-2032 forecast
period, characterized by a 2.1% annual rise in real Gross Domestic Product (GDP), and moderate
inflation, with the implicit GDP price deflator expected to rise by 2.1% per year. Industrial
output, as measured by the Federal Reserve Board's (FRB) index of industrial production, is
expected to grow at 1.6% per year during the same period. Moody’s projects employment growth
of 0.4% per year during the forecast period and real regional income per-capita annual growth of

1.6% for the APCo service area.

2.2.2 Price Assumptions

The Company utilizes an internally developed service area electricity price forecast. This
forecast incorporates information from the Company’s financial plan for the near term and the
U.S. Department of Energy (DOE) Energy Information Administration (ELA) outlook for the
East North Central Census Region for the longer term. These price forecasts are incorporated

into the Company’s energy sales models, where appropriate.

2.2.3 Specific Large Customer Assumptions

APCo’s customer service engineers are in frequent touch with industrial and commercial
customers about their needs and activities. From these discussions, expected load additions or

deletions are relayed to the Company.

Some customers have opted to purchase generation resources from an alternative
supplier. The load for these customers is included in the peak and energy forecasts within this

Report, as they remain part of the Company’s capacity obligation in PJM.
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2.2.4 Weather Assumptions

Where appropriate, the Company includes weather as an explanatory variable in its
energy sales models. These models reflect historical weather for the model estimation period and

normal weather for the forecast period.

2.2.5 Demand Side Management (DSM) Assumptions

The Company’s long term load forecast models account for trends in EE both in the
historical data as well as the forecasted trends in appliance saturations as the result of various
legislated appliance efficiency standards (Energy Policy Act of 2005 [EPAct], Energy
Independence and Security Act [EISA] of 2007, etc.) modeled by the EIA. In addition to general
trends in appliance efficiencies, the Company also administers multiple Demand-Side
Management (DSM) programs that the Commissions approve as part of its DSM portfolio. The
load forecast utilizes the most current Commission-approved programs at the time the load

forecast is created to adjust the forecast for the impact of these programs.

2.3 Overview of Forecast Methodology

APCo's load forecasts are based mostly on econometric, statistically adjusted end-use and
analyses of time-series data. This is helpful when analyzing future scenarios and developing

confidence bands in addition to objective model verification by using standard statistical criteria.

APCo utilizes two sets of econometric models: 1) a set of monthly short-term models
which extends for approximately 24 months and 2) a set of monthly long-term models which
extends for approximately 30 years. The forecast methodology leverages the relative analytical
strengths of both the short- and long-term methods to produce a reasonable and reliable forecast

that is used for various planning purposes.

For the first full year of the forecast, the forecast values are generally governed by the
short-term models. The short-term models are regression models with time series errors which
analyze the latest sales and weather data to better capture the monthly variation in energy sales

for short-term applications like capital budgeting and resource allocation. While these models
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produce extremely accurate forecasts in the short run, without logical ties to economic factors,
they are less capable of capturing structural trends in electricity consumption that are more

important for longer-term resource planning applications.

The long-term models are econometric, and statistically adjusted end-use models which
are specifically equipped to account for structural changes in the economy as well as changes in
customer consumption due to increased energy efficiency. The long-term forecast models
incorporate regional economic forecast data for income, employment, households, output, and

population.

The short-term and long-term forecasts are then blended to ensure a smooth transition
from the short-term to the long-term forecast horizon for each major revenue class. There are
some instances when the short-term and long-term forecasts diverge, especially when the long-
term models are incorporating a structural shift in the underlying economy that is expected to
occur within the first 24 months of the forecast horizon. In these instances, professional
judgment is used to ensure that the final forecast that will be used in the peak models is
reasonable. The class level sales are then summed and adjusted for losses to produce monthly net
internal energy sales for the system. The demand forecast model utilizes a series of algorithms to
allocate the monthly net internal energy to hourly demand. The inputs into forecasting hourly

demand are internal energy, weather, 24-hour load profiles and calendar information.

A flow chart depicting the sequence of models used in projecting APCo’s electric load
requirements as well as the major inputs and assumptions that are used in the development of the

load forecast is shown in Figure 2 below.
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Figure 2. APCo Internal Energy Requirements and Peak Demand Forecasting Method

2.4  Detailed Explanation of Load Forecast

2.4.1 General

This section provides a more detailed description of the short-term and long-term models
employed in producing the forecasts of APCo’s energy consumption, by customer class.
Conceptually, the difference between short- and long-term energy consumption relates to
changes in the stock of electricity-using equipment and economic influences, rather than the
passage of time. In the short term, electric energy consumption is considered to be a function of
an essentially fixed stock of equipment. For residential and commercial customers, the most
significant factor influencing the short term is weather. For industrial customers, economic
forces that determine inventory levels and factory orders also influence short-term utilization
rates. The short-term models recognize these relationships and use weather and recent load

growth trends as the primary variables in forecasting monthly energy sales.

Over time, demographic and economic factors such as population, employment, income,

and technology influence the nature of the stock of electricity-using equipment, both in size and
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composition. Long-term forecasting models recognize the importance of these variables and

include all or most of them in the formulation of long-term energy forecasts.

Relative energy prices also have an impact on electricity consumption. One important
difference between the short-term and long-term forecasting models is their treatment of energy
prices, which are only included in long-term forecasts. This approach makes sense because
although consumers may suffer sticker shock from energy price fluctuations, there is little they
can do to impact them in the short-term. They already own a refrigerator, furnace or industrial
equipment that may not be the most energy-efficient model available. In the long term, however,
these constraints are lessened as durable equipment is replaced and as price expectations come to

fully reflect price changes.

2.4.2 Customer Forecast Models

The Company also utilizes both short-term and long-term models to develop the final
customer count forecast. The short-term customer forecast models are time series models with
intervention (when needed) using Autoregressive Integrated Moving Average (ARIMA) methods

of estimation. These models typically extend for 24 months into the forecast horizon.

The long-term residential customer forecasting models are also monthly but extend for 30
years. The explanatory jurisdictional economic and demographic variables include gross regional
product, employment, mortgage rate, population, real personal income and households are used
in various combinations. In addition to the economic explanatory variables, the long-term
customer models employ a lagged dependent variable to capture the adjustment of customer
growth to changes in the economy. There are also binary variables to capture monthly variations

in customers, unusual data points and special occurrences.

The short-term and long-term customer forecasts are blended as was described earlier to
arrive at the final customer forecast that will be used as a primary input into both short-term and

long-term usage forecast models.

10
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2.4.3 Short-term Forecasting Models

The goal of APCo's short-term forecasting models is to produce an accurate load forecast
for the first full year into the future. To that end, the short-term forecasting models generally
employ a combination of monthly and seasonal binaries, time trends, and monthly heating
cooling degree-days in their formulation. The heating and cooling degree-days are measured at

weather stations in the Company's service area. The forecasts relied on ARIMA models.

There are separate models for the Virginia and West Virginia jurisdictions of the
Company. The estimation period for the short-term models was January 2007 through January
2017. There are models for residential, commercial, industrial, other retail, and wholesale
sectors. The industrial models are comprised of 20 large industrial models and models for the
remainder of the industrial sector. The wholesale forecast is developed using models for the
cities of Radford and Salem, Craig-Botetourt Electric Cooperative, Old Dominion Electric
Cooperative, Virginia Tech and a private system customer in West Virginia. Kingsport Power
Company, an affiliated company in Tennessee, is also a wholesale requirements customer of
APCo, whose forecast is developed similar to those for the Company’s Virginia and West
Virginia jurisdictions.

Off-system sales and/or sales of opportunity are not relevant to the net energy
requirements forecast as they are not requirements load or relevant to determining capacity and

energy requirements in the IRP process.

2.4.4 Long-term Forecasting Models

The goal of the long-term forecasting models is to produce a reasonable load outlook for
up to 30 years in the future. Given that goal, the long-term forecasting models employ a full
range of structural economic and demographic variables, electricity and natural gas prices,
weather as measured by annual heating and cooling degree-days, and binary variables to produce
load forecasts conditioned on the outlook for the U.S. economy, for the APCo service-area

economy, and for relative energy prices.

11

TSGATLSE8T



APPALA
POWER
caE .oy

0OUNRLESE GRTIGY ~ 2018 lntegrated Resource Plan

Most of the explanatory variables enter the long-term forecasting models in a
straightforward, untransformed manner. In the case of energy prices, however, it is assumed,
consistent with economic theory, that the consumption of electricity responds to changes in the
price of electricity or substitute fuels with a lag, rather than instantaneously. This lag occurs for
reasons having to do with the technical feasibility of quickly changing the level of electricity use
even afier its relative price has changed, or with the widely accepted belief that consumers make
their consumption decisions on the basis of expected prices, which may be perceived as

functions of both past and current prices.

There are several techniques, including the use of lagged price or a moving average of
price that can be used to introduce the concept of lagged response to price change into an
econometric model. Each of these techniques incorporates price information from previous

periods to estimate demand in the current period.

The general estimation period for the long-term load forecasting models was 1995-2016
The long-term energy sales forecast is developed by blending of the short-term forecast with the
long-term forecast. The energy sales forecast is developed by making a billed/unbilled

adjustment to derive billed and accrued values, which are consistent with monthly generation.

2.4.4.1 Supporting Models

In order to produce forecasts of certain independent variables used in the internal energy
requirements forecasting models, several supporting models are used, including natural gas price
and coal production models for APCo’s Virginia and West Virginia service areas. These models

are discussed below.

2.4.4.1.1 Consumed Natural Gas Pricing Model

The forecast price of natural gas used in the Company's energy models comes from a
model of natural gas prices for each state’s three primary consuming sectors: residential,
commercial, and industrial. In the state natural gas price models, sectoral prices are related to

East North Central Census region’s sectoral prices, with the forecast being obtained from E1A’s

12
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“2017 Annual Energy Outlook.” The natural gas price model is based upon 1980-2016 historical
data.

2.4.4.1.2 Regional Coal Production Model

A regional coal production forecast is used as an input in the mine power energy sales
model. In the coal model, regional production depends on mainly Appalachian coal production,
as well as on binary variables that reflect the impacts of special occurrences, such as strikes. In
the development of the regional coal production forecast, projections of Appalachian and U.S.
coal production were obtained from EIA’s “2017 Annual Energy Outlook.” The estimation
period for the model was 1998-2016.

2.4.4.2 Residential Energy Sales

Residential energy sales for APCo are forecasted using two models, the first of which
projects the number of residential customers, and the second of which projects kWh usage per
customer. The residential energy sales forecast is calculated as the product of the corresponding

customer and usage forecasts.

The residential usage model is estimated using a Statistically Adjusted End-Use model
(SAE), which was developed by Itron, a consulting firm with expertise in energy modeling. This
model assumes that use will fall into one of three categories: heat, cool, and other. The SAE
model constructs variables to be used in an econometric equation where residential usage is a

function of Xheat, Xcool, and Xother variables.

The Xheat variable is derived by multiplying a heating index variable by a heating use
variable. The heating index incorporates information about heating equipment saturation; heating
equipment efficiency standards and trends; and thermal integrity and size of homes. The heating
use variable is derived from information related to billing days, heating degree-days, household

size, personal income, gas prices, and electricity prices.

The Xcool variable is derived by multiplying a cooling index variable by a cooling use

variable. The cooling index incorporates information about cooling equipment saturation;

13
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cooling equipment efficiency standards and trends; and thermal integrity and size of homes. The
cooling use variable is derived from information related to billing days, heating degree-days,

household size, personal income, gas prices and electricity prices.

The Xother variable estimates the non-weather sensitive sales and is similar to the Xheat
and Xcool variables. This variable incorporates information on appliance and equipment
saturation levels; average number of days in the billing cycle each month; average household

size; real personal income; gas prices and electricity prices.

The appliance saturations are based on historical trends from APCo’s residential
customer survey. The saturation forecasts are based on EIA forecasts and analysis by Itron. The
efficiency trends are based on DOE forecasts and Itron analysis. The thermal integrity and size of

homes are for the East North Central Census Region and are based on DOE and Itron data.

The number of billing days is from internal data. Economic and demographic forecasts

are from Moody’s Analytics and the electricity price forecast is developed internally.

The SAE residential models are estimated using linear regression models. These monthly
models are typically for the period January 1995 through January 2017. It is important to note, as
will be discussed later, that this modeling has incorporated the reductive effects of the EPAct,
EISA, American Recovery and Reinvestment Act of 2009 (ARRA) and Energy Improvement
and Extension Act of 2008 (EIEA2008) on the residential (and commercial) energy usage based

on analysis by the EIA regarding appliance efficiency trends.

The long-term residential energy sales forecast is derived by multiplying the “blended”

customer forecast by the usage forecast from the SAE model.

Separate residential SAE models are estimated for the Company’s Virginia and West
Virginia jurisdictions.
2.4.4.3 Commercial Energy Sales

Long-term commercial energy sales are forecast using SAE models. These models are

similar to the residential SAE models. These models utilize efficiencies, square footage and

14
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equipment saturations for the East North Central Region, along with electric prices, economic
drivers from Moody’s Analytics, heating and cooling degree-days, and billing cycle days. As
with the residential models, there are Xheat, Xcool and Xother variables derived within the
model framework. The commercial SAE models are estimated similarly to the residential SAE

models.

2.4.4.4 Industrial Energy Sales

Based on the size and importance of the Mine Power sector to the overall APCo
Industrial base as well as the unique outlook for the mining sector in the long run, the Company
models the Mine Power sales separately from the rest of the Industrial manufacturing sales in the

long-term forecast models.

2.4.4.4.1 Manufacturing Energy Sales

The Company uses some combination of the following economic and pricing explanatory
variables: service area gross regional product manufacturing, FRB industrial production indexes,
service area industrial electricity prices and state industrial natural gas price. In addition binary
variables for months are special occurrences and are incorporated into the models. Based on
information from customer service engineers there may be load added or subtracted from the
model results to reflect plant openings, closures or load adjustments. Separate models are
estimated for the Company’s Virginia and West Virginia jurisdictions. The last actual data point

for the industrial energy sales models is January 2017.

2.4.4.4.2 Mine Power Energy Sales

For its mine power energy sales models, the Company uses some combination of the
following economic and pricing explanatory variables: service area gross regional prc‘)duct
mining, regional coal production, and service area mine power electricity prices. In addition
binary variables for months are special occurrences and are incorporated into the models. Based
on information from customer service engineers there may be load added or subtracted from the

model results to reflect plant openings, closures or load adjustments. Separate models are
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estimated for the Company’s Virginia and West Virginia jurisdictions. The last actual data point

for the industrial energy sales models is January 2017.

2.4.4.5 All Other Energy Sales

The forecast of other retail load relates energy sales to either service area employment or

service area population and binary variables.

Wholesale energy sales are modeled relating energy sales to economic variables such as
service area employment, energy prices, heating and cooling degree-days and binary variables.
Binary variables are necessary to account for discrete changes in energy sales that result from
events such as the addition of new customers. Kingsport Power’s load is modeled similarly to
APCo’s retail sales, with the exception that Kingsport Power does not have mine power energy

sales.
2.4.5 Internal Energy Forecast

2.4.5.1 Blending Short and Long-Term Sales

Forecast values for 2017 and 2018 are taken from the short-term process. Forecast values
for 2019 are obtained by blending the results from the short-term and long-term models. The
blending process combines the results of the short-term and long-term models by assigning
weights to each result and systematically changing the weights so that by July 2019 the entire
forecast is from the long-term models. The goal of the blending process is to leverage the relative
strengths of the short-term and long-term models to produce the most reliable forecast
possible. However, at times the short-term models may not capture structural changes in the
economy as well as the long-term models, which may result in the long-term forecast being used

for the entire forecast horizon.

2.4.5.2 Losses and Unaccounted-For Energy

Energy is lost in the transmission and distribution of the product. This loss of energy

from the source of production to consumption at the premise is measured as the average ratio of
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all Federal Energy Regulatory Commission (FERC) revenue class energy sales measured at the
premise meter to the net internal energy requirements metered at the source. In modeling,
Company loss study results are applied to the final blended sales forecast by revenue class and

summed to arrive at the final internal energy requirements forecast.

2.4.6 Forecast Methodology for Seasonal Peak Internal Demand

The demand forecast model is a series of algorithms for allocating the monthly internal
energy sales forecast to hourly demands. The inputs into forecasting hourly demand are blended
revenue class sales, energy loss multipliers, weather, 24-hour load profiles and calendar

information.

The weather profiles are developed from representative weather stations in the service
area. Twelve monthly profiles of average daily temperature that best represent the cooling and
heating degree-days of the specific geography are taken from the last 30 years of historical

values. The consistency of these profiles ensures the appropriate diversity of the company loads.

The 24-hour load profiles are developed from historical hourly Company or jurisdictional
load and end-use or revenue class hourly load profiles. The load profiles were developed from
segregating, indexing and averaging hourly profiles by season, day types (weekend, midweek

and Monday/Friday) and average daily temperature ranges.

In the end, the profiles are benchmarked to the aggregate energy and seasonal peaks
through the adjustments to the hourly load duration curves of the annual 8,760 hourly values.
These 8,760 hourly values per year are the forecast load of APCo and the individual companies
of AEP that can be aggregated by hour to represent load across the spectrum from end-use or
revenue classes to total AEP-East, AEP-West, or total AEP System. Net internal energy
requirements are the sum of these hourly values to a total company energy need basis. Company

peak demand is the maximum of the hourly values from a stated period (month, season or year).
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2.5 Load Forecast Results and Issues

All tables referenced in this section can be found in the Appendix of this Report in
Exhibit A.

2.5.1 Load Forecast

Exhibit A-1 presents APCo's annual internal energy requirements, disaggregated by
major category (residential, commercial, industrial, other internal sales and losses) on an actual
basis for the years 2014-2017 and on a forecast basis for the years 2018-2032. The exhibit also
shows annual growth rates for both the historical and forecast periods. Corresponding
information for the Company’s Virginia and West Virginia service areas are given in Exhibits A-
2A and A-2B.

2.5.2 Peak Demand and Load Factor

Exhibit A-3 provides APCo’s seasonal peak demands, annual peak demand, internal
energy requirements and annual load factor on an actual basis for the years 2014-2017 and on a
forecast basis for the years 2018-2032. The table also shows annual growth rates for both the

historical and forecast periods.

2.5.3 Weather Normalization

The load forecast presented in this Report assumes normal weather. To the extent that
weather is included as an explanatory variable in various short- and long-term models, the

weather drivers are assumed to be normal for the forecast period.
2.6  Load Forecast Trends & Issues

2.6.1 Changing Usage Patterns

Over the past decade, there has been a significant change in the trend for electricity usage
from prior decades. Figure 3 below presents APCo’s historical and forecasted residential and
commercial usage per customer between 1991 and 2023. During the first decade shown (1991-

2000), residential usage per customer grew at an average rate of 1.3% per year while the
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commercial usage grew by 0.6% per year. Over the next decade (2001-2010), growth in

residential usage growth was at 0.9% per year while the commercial class usage decreased by

0.3% per year. In the last decade shown (2011-2020) residential usage is projected to decline at a

rate of 1.0% per year while the commercial usage decreases by an average of 0.9% per year. It is

worth noting that the decline in residential and commercial usage accelerated between 2008 and

2017, with usage declining at average annual rates of 1.7% and 1.4% for residential and

commercial sectors, respectively, over that period.

(

Residential kWh/Customer

N

16,000
15,500
15,000
14,500
14,000
13,500
13,000
12,500

12,000

APCo Normalized Use per Customer

- Residential

/\/\,\ — Commercial

A AW
—~ = /TN \
A ~A

" 4 \ \\
-
- Se-
~

/ NIRRT

7

LN B S N K S A [N B I BN N MR SRR S RN SENE A R RN I AN SN SRk MEN I S I St B B S B A

1991 1995 1999 2003 2007 2011 2015 2019 2023

60,000
58,000
56,000
54,000
52,000
50,000
48,000
46,000

44,000

1PWOISN) /Y [e1d1awwio)

/

Figure 3. APCo Normalized Use per Customer (kWh)

The SAE models are designed to account for changes in the saturations and efficiencies

of the various end-use appliances. Every 3-4 years, the Company conducts a Residential

Appliance Saturation Survey to monitor the saturation and age of the various appliances in the

residential home. This information is then matched up with the saturation and efficiency

projections from the EIA which includes the projected impacts from various enacted federal

policies mentioned earlier.

19

TOROTSGRT



! APPALACHIAN
POWER
- 2018 Integrated Resource Plan

& ARGy
OOUNDILSS IKEROY"

The result of this is a base load forecast that already includes some significant reductions
in usage as a result of projected EE. For example, Figure 4 below shows the assumed cooling
efficiencies embedded in the statistically adjusted end-use models for cooling loads. It shows that
the average Seasonal Energy Efficiency Ratio (SEER) for central air conditioning is projected to
increase from 11.6 in 2010 to nearly 13.6 by 2030. The chart shows a similar trend in projected

cooling efficiencies for heat pump cooling as well as room air conditioning units. Figure 5 shows

similar improvements in the efficiencies of lighting and clothes washers over the same period.
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Figure 4, Projected Changes in Cooling Efficiencies, 2010-2030
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Figure 5. Projected Changes in Lighting and Clothes Washer Efficiencies, 2010-2030
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2.6.2 Dcmand-Side Management (DSM) Impacts on the Load Forecast

The end-use load forecasting models account for changing trends and saturations of
energy efficient technologies throughout the forecast horizon. However, the Company is also
actively engaged in administering various commission approved DSM and EE programs which
would further accelerate the adoption of energy efficient technology within its service territory.
As a result, the base load forecast is adjusted to account for the impact of these programs that is

not already embedded in the forecast.

For the near term horizon (through 2021), the load forecast uses assumptions from the
latest commission approved DSM programs, which may differ from the levels currently being
implemented based on projections of future market conditions. The initial base load forecast
accounts for the evolution of market and industry efficiency standards. As a result, energy
savings for a specific EE program are degraded over the expected life of the program. Exhibit A-
9 details the impacts of the approved EE programs included in the load forecast, which represent
the cumulative degraded value of EE program impacts throughout the forecast period. The IRP
process then adds the selected optimal economic EE, resulting in the total IRP EE program

savings.

Exhibit A-4 provides the DSM/EE impacts incorporated in APCo’s load forecast
provided in this Report. Annual energy and seasonal peak demand impacts are provided for the

Company and its Virginia and West Virginia jurisdictions.

2.6.3 Interruptible Load

The Company has seven customers with interruptible provisions in their contracts. These
customers have interruptible contract capacity of 306MW. However, these customers are
expected to have 135MW and 170MW available for interruption at the time of the winter and
summer peaks, respectively. An additional customer has 14MW available for interruption in
emergency situations in DR agreements. The load forecast does not reflect any load reductions
for these customers. Rather, the interruptible load is seen as a resource when the Company’s load

is peaking. As such, estimates for DR impacts are reflected by APCo in determination of PIM-
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required resource adequacy (i.e., APCo’s projected capacity position). Further discussion of the

determination of DR is included in Section 3.4.3.1.

2.6.4 Blended Load Forecast

As noted above, at times the short-term models may not capture structural changes in the
economy as well as the long-term models, which may result in the long-term forecast being used
for the entire forecast horizon. Exhibit A-5 provides an indication of which retail models are
blended and which strictly use the long-term model results. In addition, all of the wholesale

forecasts utilize the long-term model results.

In general, forecast values for the year 2018 were typically taken from the short-term
process. Forecast values for 2019 are obtained by blending the results from the short-term and
long-term models. The blending process combines the results of the short-term and long-term
models by assigning weights to each result and systematically changing the weights so that by
the end of 2019 the entire forecast is from the long-term models. This blending allows for a
smooth transition between the two separate processes, minimizing the impact of any differences
in the results. Figure 6 illustrates a hypothetical example of the blending process (details of this
illustration are shown in Exhibit A-6). However, in the final review of the blended forecast, there
may be instances where the short-term and long-term forecasts diverge especially when the long-
term forecast incorporates a structural shift in the economy that is not included in the short-term
models. In these instances, professional judgment is used to develop the most reasonable

forecast.

Blending Period

e e

[ —
— Shoxt-term
— Blended i

—Long—larml
T+ 2 3 & 5 8 1 8 8 w© n 12
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|
= ————— \
1
{

Figure 6. Load Forecast Blending Illustration
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2.6.5 Large Customer Changes

The Company’s customer service engineers are in continual contact with the Company’s
large commercial and. industrial customers about their needs for electric service. These customers
will relay information about load additions and reductions. This information will be compared
with the load forecast to determine if the industrial or commercial models are adequately
reflecting these changes. If the changes are different from the model results, then additional

factors may be used to reflect those large changes that differ from the forecast models’ output.

2.6.6 Wholesale Customer Contracts

Company representatives are in continual contact with wholesale customer

representatives about their contractual needs.

2.7 Load Forecast Scenarios

The base case load forecast is the expected path for load growth that the Company uses
for planning. There are a number of known and unknown potentials that could drive load growth
different from the base case. While potential scenarios could be quantified at varying levels of
assumptions and preciseness, the Company has chosen to frame the possible outcomes around
the base case. The Company recognizes the potential desire for a more exact quantification of
outcomes, but the reality is if all possible outcomes were known with a degree of certainty, then

they would become part of the base case.

Forecast sensitivity scenarios have been established which are tied to respective high and
low economic growth cases. The high and low economic growth scenarios are consistent with
scenarios laid out in the ElA’s 2017 Annual Outlook. While other factors may affect load
growth, this analysis only considered high and low economic growth. The economy is seen as a

crucial factor affecting future load growth.

The low-case, base-case and high-case forecasts of summer and winter peak demands and
total internal energy requirements for APCo are tabulated in Exhibit A-7. Graphical displays of

the range of forecasts of internal energy requirements and summer peak demand for APCo are
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shown in Exhibit A-8.
For APCo, the low-case and high-case energy and peak demand forecasts for the last
forecast year, 2032, represent deviations of about 10.8% below and 8.0% above, respectively, the

base-case forecast.

2.8  Economic Development

Section 56-599 of the Code of Virginia requires that each IRP consider options for

“economic development including retention and expansion of energy-intensive industries.”

This IRP sets forth portfolios to meet these and other goals in a reasonable cost manner.
The improvement in fuel diversity, including the addition of zero variable cost renewable
resources, helps to mitigate the volatility inherent in fuel and purchase power costs.
Predictability in retail rates is an important determinant in an energy-intensive company’s
decision whether to expand within a utility’s service territory. Predictability around one of the
larger input costs reduces the risk associated with any expansion or relocation investment, in turn

reducing capital costs, which engenders more investment.

It is worth noting that pricing is only one of many considerations for a firm’s decision in
locating or retaining plants. Other variables, such as power reliability, taxes, site availability and
socio-economic considerations have varying degrees of importance. The Company endeavors to
maintain its transmission and distribution systems to assure acceptable power quality and
reliability. The Company does not promote economic development alone, rather it works in

concert with local and state economic development teams.

Additionally, some large customers have corporate requirements to supply their energy
solely from renewable sources. To accommodate these customers, the Company may have to
procure and dedicate specific renewable resources to serve that load. APCo has asked for the
Commission’s approval to offer both residential and large retail customers the ability to source
their entire energy consumption from renewable energy offerings through Rider WWS. The
Company recently received approval for Rider REC which enables customers to purchase RECs

to offset their consumption, in addition to its currently available Rider RPR.
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2.8.1 Economic Development Programs

The Company has economic development programs designed to attract new businesses
and expand and retain existing businesses in its service territory. These programs benefit not
only APCo through increased electricity sales, but have direct and indirect impacts on jobs for
the region. The spillover effects associated with these jobs include the increased income
associated with job creation, which in turn results in increased activity for local businesses and
the creation of additional jobs, and increased tax revenues for local governments. The increased
activity will not be confined to the APCo service area but rather further increases economic
activity in other parts of the Commonwealth, as well. An equally important economic
development activity is in the retention of existing jobs. Just as there is a positive ripple effect of
adding new jobs to a region, there are negative economic ripple effects associated with losing

jobs for the region and the Commonwealth as a whole.

The Company has implemented a number of new initiatives that intend to encourage job
growth and retention in its Virginia service area. One of these initiatives is APCo’s Economic
Development Growth Enhancement (EDGE) program, which offers grants to nonprofit city,
county, or regional economic development organizations for marketing and promotion, business
retention and expansion, and programs that support site and building development. In 2017,
EDGE awarded the Martinsville-Henry County Economic Development Corporation a grant for
the development of marketing materials for the Commonwealth Center for Advanced Training.
The Company also promotes the development of new industrial properties through its Quality
Sites Program. Through this program, the Company performs due diligence studies to assist
growing businesses reduce overall site location risk and reduce costs associated with site

development.

The Company can further encourage potential business expansions or new customer
additions by employing its Economic Development Rider (EDR). The EDR assists both the
Company’s existing customers and potential new customers. The EDR provides an incentive for

customers with 1,000 kW or larger demand who may be associated with new investment and job
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growth. The EDR assist; existing plants that may be in competition with a firm’s other plants, in
different parts of the country or world, for expansion or a potential new plant for the firm. In
Virginia, APCo can provide incentives from 25-35% of the demand charge and can extend it for
a term of up to five years. The EDR allows APCo the flexibility to compete with other utilities

when vying for development opportunities.
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3.0 Resource Evaluation

3.1 Current Resources

An initial step in the IRP process is the demonstration of the capacity resource

requirements. This aspect of the traditional “needs” assessment must consider projections of:

o Existing capacity resources—current levels and anticipated changes;

o anticipated changes in capability due to efficiency and/or environmental
considerations;

» changes resulting from decisions surrounding unit disposition evaluations;

» regional and sub-regional capacity and transmission constraints/limitations;

e load and peak demand,

¢ current DR/EE; and

o PJM capacity reserve margin and reliability criteria.

3.2 Existing APCo Generating Resources

The underlying minimum reserve margin criterion to be utilized in the determination of
APCo’s capacity needs is based on the PIM Installed Reserve Margin (IRM) of 15.8 percent.®
The ultimate reserve margin is determined from the PJM Forecast Pool Requirement (FPR)
which considers the IRM and PJM’s Pool-Wide Average Equivalent Demand Forced Outage
Rate (EFORy).” The PJIM FPR is 9.05% for the 2018/2019 PIM planning year, and decreases to
8.98% for the remainder of the planning period, which ends with the 2032/2033 PJM planning

year. Table 1 displays key parameters for APCo’s current supply-side resources.

® Per Section 2.1.1 of PJM Manual 18: PJM Capacity Market (Effective: July 27, 2017). PJM Planning Parameters
are updated each year prior to the upcoming Base Residual Auction. These values can be obtained from

http://pjm.com/markets-and-operations/rpm.aspx. This IRP uses the PIM Planning Parameters published on Octlober

26, 2015, which reflect PJM’s Capacity Performance proposal, as currently interpreted by APCo.
7 Per Section 2.1.4 of PJM Manual 18: PIM Capacity Market (Effective: July 27, 2017).
FPR =(1 + IRM) * (1 — EFORp). Reserve Margin = FPR - 1.
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Table 1. Current Supply-Side Resources, as of April 1, 2018

. PJM Installed
Unit Name Location Unitlype PrimaryBuel Type  C.0.D.! Capaci 2
apacity (MW) "~ |
Amos 1 St. Albans, WV Steam Coal 1971 800
Amos 2 St. Albans, wv Steam Coal 1972 800
Amos 3 St. Albans, WV Steam Coal 1973 1,330
Ceredo 1 Ceredo, WV Combustion Turbine Gas 2001 75
Ceredo 2 Ceredo, WV Combustion Turbine Gas 2001 75
Ceredo 3 Ceredo, WV Combustion Turbine Gas 2001 75
Ceredo 4 Ceredo, WV Combustion Turbine Gas 2001 75
Ceredo 5 Ceredo, WV Combustion Turbine Gas 2001 75
Ceredo 6 Ceredo, WV Combustion Turbine Gas 2001 75
Clinch River 1 Carbo, VA Steam Gas 1958 225
Clinch River 2 Carbo, VA Steam Gas 1958 230
Dresden Dresden, OH Combined Cycle Gas 2012 555
Mountaineer 1 New Haven, WV Steam Coal 1980 1,305
Buck1-3 Ivanhoe, VA Hydro - 1912 9
Byllesby1-4 Byllesby, VA Hydro - 1912 22
Claytor1-4 Radford, VA Hydro - 1939 75
Leesville1-2 Leesville, VA Hydro - 1964 50
London1-3 Montgomery, WV Hydro - 1935 14
Marmet1-3 Marmet, WV Hydro - 1935 14
Niagaral-2 Roanoke, VA Hydro - 1924 2
Winfield 1-3 Winfield, WV Hydro - 1938 15
Smith Mountain 1 Penhook, VA Pump. Stor. - 1965 65 (A)
Smith Mountain 2 Penhook, VA Pump. Stor. - 1965 175 (A)
Smith Mountain 3 Penhook, VA Pump. Stor. - 1980 105 (A)
Smith Mountain 4 Penhook, VA Pump. Stor. - 1966 175 (A}
Smith Mountain § Penhook, VA Pump. Stor. - 1966 65 (A
Clifty Creck 1-6 Madison, IN Steam - 1956 179 (8)
Kyger Creek Cheshire, OH Steam - 1955 147 (8)
Beech Ridge 1 Greenbriar County, WV Wind - 2009 14 (c)
Camp Grove Marshall County, IL wind - 2008 13 (€)
Fowler Ridge Benton County, IN Wind - 2009 13 (C)
Grand Ridge 2-3 Marseilles, IL Wind - 2009 18 (€)
Summersville 1-2 Summersville, WV Hydro - 2001 80 (=]
Bluff Point Jay & Randolph Counties, IN Wwind - 2018 24 (C)
Balls Gap Battery Milton, WV Battery - 2008 0 3
6,970
{1) Commercial operation date.
{2) Peak net capability as of fillng.
{3) Battery used for frequency regulation
{A) Units 1, 3 & 5 have pump-back capablility, units 2 & 4 are generation only.
(B) Represents APCO's share of these units
{C) Represents capacity from Power Purchase Agreements (PPAs)

In regards to note 3 in Table 1 above, Balls Gap storage capability was not considered for

capacity planning purposes in this IRP. Figure 7 below depicts APCo’s current generation

resources along with their current age. Unit ratings displayed in this figure are nameplate ratings.
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Amaos 1- St Alhans, WV (800 MW)

Amos 2-St. Albans, WV (800 MW)

Amos 3- St. Albans, WV (1330 Mw)
Mountalneer- New Haven, Wv (1305 MW)
OVEC - Madison, iN / Cheshire, OH. (332 MW)*
Clinch River 1« Carbo, VA (230 MW)

Clinch River 2- Carbo, VA (210 MW}

Ceredo 1 -Ceredo, WV (7S MW)

Ceredo 2 - Ceredo, WV (75 MW)

Ceredo 3 - Caredo, WV (75 MW)

Ceredo 4 - Ceredo, WV {75MW)

Ceredo 5 - Ceredo, WV (75MW)

Ceredo 6 - Ceredo, WV {75 MW)

Dresden - Dresden, OH (555 MW)

Buck 1-3 - vanhoe, VA (8.5 MW)

Byilesby 1-4 - Byllesby, VA (21.6 MW)
Claytor 1-4 - Radtord, VA [ 75.5 MW}
Leesville 1-2 - Leesvllle, VA (50.0 MW)
London 13- Montgamery, WV (14.4 MW)
Marmet 1-3 - Marmet, WV (14.4 MW)
Niagara 1-2 - Roanoke, VA (2.4 MW)
Winfield 1-3- Winfield, WV (14.8 MW)
Smith Mauntain 1- Penhaok, VA (70MW)
Smith Mountain 2- Penhook, VA (185 MW}
Smith Mountain 3 - Penhook, VA (105 MW}
Smith Mountaln 4 - Penhook, VA (185 MW)
Smith Mountaln S- Penhook, VA (70 MW)
summersville 1 - Summersville, WV (40 MW}
Summersville 2 - Summersville, WV (40 MW)
Grand Ridge 2 - Marsallles, IL {51 MW}
Grand Ridge 3 - Marsailles, IL (50 MW)
Fowler Ridge 3 - Fowler, IN (100 MW)

Camp Grove - Marshall County, IL (75 MW)
Beech Ridge - Rupert, WV {101 MW)

Bluff Polint - lay & Randoliph Countles, IN (120 MW)
Balls Gap - Milton, WV (2 MW)

N\
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* Represents APCo Share of Ohlo Valley Electric Corporation {OVEC) units at Clifty Creek and Kyger Creek Plants
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Figure 7. Current Resource Fleet (Owned and Contracted) with Years in Service, as of April 1, 2018

APCo currently utilizes several capacity entitlements to meet the minimum PJM reserve

margin requirement, including generation from Company owned assets, joint ventures, and hydro

and wind Power Purchase Agreements (PPAs). The “Going-In position also includes a |5MW

(nameplate) solar resource in 2021.
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3.2.1 PJM Capacity Performance Rule Implications

On June 9, 2015 FERC issued an order largely accepting PJM’s proposal to establish a

new “Capacity Performance™ product. The resulting PJM rule requires future capacity auctions

to transition from current or “Base” capacity products to Capacity Performance products.

Capacity Performance resources will be held to stricter requirements than current Base resources

and will be assessed heavy penalties for failing to deliver energy when called upon.

certain

This IRP incorporates the following assumptions for Capacity Performance values for

gas-fired and intermittent resources, in order to address the Capacity Performance

rulemaking effective with the 2020/2021 PJM planning year:

Gas generation resources may require a firm natural gas supply or dual-fuel (gas/oil)
capability to hedge against non-performance due to lack of firm gas supply;

run-of-river hydro units valued at 50% of nameplate capacity rating;

full nameplate capacity of Smith Mountain when determining the Capacity Performance

rating;

solar resources will be valued at 38% of nameplate capacity rating, consistent with
current PJM rating for new solar sources;

wind resources will be valued at 5% of nameplate capacity rating, a reduction from
current PJM rating of 13.5% for new wind sources; and

DR resources will be reduced to approximately 50% of currently planned levels. This
reduction is in anticipation of current DR customers electing not to renew DR contracts
due to uncertainty associated with penalties for non-performance. This assumption will
be revisited in future IRP’s as participation in the Company’s proposed DR tariffs is

realized.

This IRP assumes that during the 2020/2021 PJM planning year all capacity resources

will need to be Capacity Performance products. In accordance with PJM’s Capacity Performance

rule, some resources could be combined, or “coupled”, to meet Capacity Performance

requirements. The assumed values for intermittent resources included in this IRP are based on
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these resources being coupled from a capacity performance perspective. The Company will
continue to investigate methods to maximize the utilization of its current (and future) intermittent
resource portfolio within that construct. An example could be the coupling of run-of-river hydro,
pumped storage, battery storage, wind and potential solar resources in a manner that would
mitigate non-performance risk. For instance, if that were to occur, then there is a reasonable
prospect that the need for incremental capacity resources set forth in the various portfolios in this

Report could be deferred further into the future.

3.3  Environmental Issues and Implications

It should be noted that the following discussion of environmental regulations is based on
the assumptions made by the Company and incorporated into its analysis within this IRP.
Activity including but not limited to Presidential Executive Orders, litigation, petitions for
review, and EPA proposals may delay the implementation of these rules, or eventually affect the
requirements set forth by these regulations. While such activities have the potential to materially
change the regulatory requirements the Company will face in the future, all potential outcomes
cannot be reasonably foreseen or estimated and the assumptions made within the IRP represent
the Company's best estimation of outcomes as of the filing date. The Company is committed to
closely following developments related to environmental regulations, and will update its analysis
of compliance options and timelines when sufficient information becomes available to make

such judgments.

3.3.1 Mercury and Air Toxics Standards (MATS)

The final Mercury and Air Toxics Standard (MATS) Rule became effective on April 16,
2012 and required compliance by April 16, 2015.% This rule regulates emissions of hazardous air

pollutants from coal and oil-fired Electric Generating Units (EGUs). Hazardous air pollutants

¥ APCo received an extension through May 31, 2015 for Kanawha River Units 1&2, Sporn Units 1&3, Glen Lyn
Units 5&6, and Clinch River Unit 3. An extension to April 16, 2016 was received for Clinch River Units 1&2.
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regulated by this rule are: 1) mercury; 2) certain non-mercury metals such as arsenic, lead,
cadmium and selenium; 3) certain acid gases, including Hydrochloric Acid (HCI); and 4) certain
organic hazardous air pollutants. The MATS Rule establishes stringent emission rate limits for
mercury, filterable Particulate Matter (PM) as a surrogate for all non-mercury toxic metals, and
HCI as a surrogate for all acid gases. Alternative emission limits were also established for the
individual non-mercury metals and for sulfur dioxide (SO;) (alternate to HCI) for generating
units that have operating Flue Gas Desulfurization (FGD) systems. The rule regulates organic

hazardous air pollutants through work practice standards.

In April 2014, the U.S. Court of Appeals for the District of Columbia Circuit denied all
of the petitions for review of the April 2012 final rule. Industry trade groups and several states
filed petitions for further review in the U.S. Supreme Court and the court granted those petitions
in November 2014.

In June 2015, the U.S. Supreme Court reversed the decision of the U.S. Court of Appeals
for the District of Columbia Circuit. The U.S. Court of Appeals for the District of Columbia
Circuit remanded the Mercury and Air Toxics Standards (MATS) rule for further proceedings
consistent with the U.S. Supreme Court’s decision that the Federal EPA was unreasonable in
refusing to consider costs in its determination whether to regulate emissions of Hazardous Air
Pollutants (HAPs) from power plants. The Federal EPA issued notice of a supplemental finding
concluding that it is appropriate and necessary to regulate HAP emissions from coal-fired and
oil-fired units. Management submitted comments on the proposal. In April 2016, the Federal
EPA affirmed its determination that regulation of HAPs from electric generating units is
necessary and appropriate. Petitions for review of the Federal EPA’s April 2016 determination
have been filed in the U.S. Court of Appeals for the District of Columbia Circuit. Oral argument
was scheduled in May 2017, but in April 2017 Federal EPA requested that oral argument be

postponed to facilitate its review of the rule. The rule remains in effect.

APCo’s supercritical units (Amos Units 1-3, Mountaineer Unit 1) are able to meet the
MATS Rule requirements as a result of previously installed control equipment including

Selective Catalytic Reduction (SCR) for mitigation of nitrogen oxide (NO,) emissions and FGD
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systems for mitigation of SO, emissions, which together achieve a co-benefit removal of
mercury as well. APCo’s sub-critical units could not meet all of the MATS requirements in their
existing configuration, and have either been refueled to consume natural gas (Clinch River Units
| & 2) or were retired as of June 1, 2015 (Kanawha River Units 1 & 2, Glen Lyn Units 5 & 6,
Clinch River Unit 3 and Sporn Units 1 & 3).

3.3.2 Cross-State Air Pollution Rule (CSAPR)

In 2011, the Federal EPA issued CSAPR as a replacement for the Clean Air Interstate
Rule (CAIR), a regional trading program designed to address interstate transport of emissions
that contributed significantly to downwind nonattainment with the 1997 ozone and PM
NAAQS. Certain revisions to the rule were finalized in 2012. CSAPR relies on newly-created
SO; and NO, allowances and individual state budgets to compel further emission reductions from
electric utility generating units. Interstate trading of allowances is allowed on a restricted sub-

regional basis.

Numerous affected entities, states and other parties filed petitions to review the CSAPR
in the U.S. Court of Appeals for the District of Columbia Circuit. In 2012, the court issued a
decision vacating and remanding CSAPR to the Federal EPA with instructions to continue
implementing CAIR until a replacement rule is finalized. Federal EPA and other parties filed a
petition for review in the U.S. Supreme Court, which was granted in June 2013. In April 2014,
the U.S. Supreme Court issued a decision reversing in part the decision of the U.S. Court of
Appeals for the District of Columbia Circuit and remanding the case for further proceedings
consistent with the opinion. The Federal EPA filed a motion to lift the stay and allow Phase | of
CSAPR to take effect on January 1, 2015 and Phase 1l to take effect on January 1, 2017. The
court granted the Federal EPA’s motion. The parties filed briefs and presented oral arguments.
In July 2015, the U.S. Court of Appeals for the District of Columbia Circuit found that the
Federal EPA over-controlled the SO, and/or NO; budgets of 14 states. The U.S. Court of
Appeals for the District of Columbia Circuit remanded the rule to the Federal EPA to timely

revise the rule consistent with the court’s opinion while CSAPR remains in place.
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In October 2016, a final CSAPR update rule was issued to address the remand and to
incorporate additional changes necessary to address the 2008 ozone standard. The final rule
significantly reduced ozone season budgets in many states and discounted the value of banked
CSAPR ozone season allowances beginning with the 2017 ozone season. The rule has been

challenged in the courts and petitions for administrative reconsideration have been filed.

APCO will rely on the installed SCR and FGD systems’ respective emission reductions
of NOxand SO, the use of allocated NOx and SOz emission allowances in conjunction with
adjusted banked allowances, and the purchase of additional allowances as needed through the
open market to comply with CSAPR Phase 2 and the CSAPR Update.

3.3.3 National Ambient Air Quality Standards (NAAQS)

The Clean Air Act (CAA) requires the EPA to establish and periodically review NAAQS
designed to protect public health and welfare. The Federal EPA issued new, more stringent
national ambient air quality standards (NAAQS) for PM in 2012, SO; in 2010 and ozone in
2015. Reviews of the PM, NO, and SO, standards are underway. States are still in the process
of evaluating the attainment status and need for additional control measures in order to attain and
maintain the 2010 SO, NAAQS and may develop additional requirements for our facilities as a
result of those evaluations. In April 2017, Federal EPA requested a stay of proceedings in the
U.S. Circuit Court for the District of Columbia Circuit where challenges to the 2015 ozone
standard are pending, to allow reconsideration of that standard by the new administration.
Management cannot currently predict the nature, stringency or timing of additional requirements

for our facilities based on the outcome of these activities.

3.3.4 Coal Combustion Residuals (CCR) Rule

In April 2015, the Federal EPA published a final rule to regulate the disposal and
beneficial re-use of coal combustion residuals (CCR), including fly ash and bottom ash generated

at coal-fired electric generating units and FGD gypsum generated at some coal-fired plants.

The final rule became effective in October 2015. The Federal EPA regulates CCR as a

non-hazardous solid waste by its issuance of new minimum federal solid waste management
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standards. The rule applies to new and existing active CCR landfills and CCR surface
impoundments at operating electric utility or independent power production facilities. The rule
imposes new and additional construction and operating obligations, including location
restrictions, liner criteria, structural integrity requirements for impoundments, operating criteria
and additional groundwater monitoring requirements to be implemented on a schedule spanning
an approximate four year implementation period. Challenges to the rule by industry associations

of which AEP is a member are proceeding.

In December 2016, the U.S. Congress passed legislation authorizing states to submit
programs to regulate CCR facilities, and the Federal EPA to approve such programs if they are
no less stringent than the minimum federal standards. The Federal EPA may also enforce
compliance with the minimum standards until a state program is approved or if states fail to

adopt their own programs.

Because AEP currently uses surface impoundments and landfills to manage CCR
materials at generating facilities, significant costs will be incurred to upgrade or close and
replace these existing facilities at some point in the future as the new rule is implemented.
Management recorded a $95 million increase in asset retirement obligations in the second quarter
of 2015 primarily due to the publication of the final rule. Management will continue to evaluate

the rule’s impact on operations.

While the necessary site-specific analyses to determine the requirements under the final
CCR Rule are ongoing, initial estimates of anticipated plant modifications and capital
expenditures are factored into this IRP. It should be noted that APCo’s Amos and Mountaineer
Plants are already equipped with dry fly ash handling systems and dry ash landfills to meet
current permit requirements, and that these projects also position the plants well for future

compliance with the CCR rulemaking.

Based on the timing of the gas conversion for Units 1 and 2 at the Clinch River Plant, that
landfill is not subject to the requirements of the final CCR Rule. However, the ash pond 1a/lb

i, as an inactive surface impoundment captured by the rule.
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3.3.5 Effluent Limitations Guidelines

In November 2015, EPA issued a final rule revising effluent limitation guidelines for
electricity generating facilities. The final rule established limits on flue gas desulfurization
(FGD) wastewater, fly ash and bottom ash transport water (BATW) and flue gas mercury control
wastewater as soon as possible after November 2018 and no later than December 2023. These
new requirements were to be implemented through each facility’s wastewater discharge permit.
The rule has been challenged in the U.S. Court of Appeals for the Fifth Circuit. In March 2017,
industry associations, of which AEP is a member, filed a petition for reconsideration of the rule
with the EPA. In April 2017, the EPA announced its intent to grant reconsideration of the rule
and in September 2017, issued a stay of the FGD wastewater and BATW compliance deadlines.
The Federal EPA also filed a motion seeking a stay of the litigation in the U.S. Court of Appeals
for the Fifth Circuit for 120 days, which was granted by the Court on April 24, 2017.
Management continues to assess technology additions and retrofits to comply with the rule and

the impacts of the Federal EPA’s recent actions on facilities® wastewater discharge permitting.

To ensure compliance with the ELG Rule, APCo has determined that wastewater
treatment projects may be necessary at its supercritical coal-fired units and these have been
considered as part of the respective long-term unit evaluations. Both the Amos and Mountaineer
Plants utilize wet bottom ash handling systems, while the Amos Plant operates a FGD
wastewater treatment system without biological treatment. Initial estimates of the potential plant
modifications and capital expenditures to comply with the ELG Rule are not expected to impact
APCo’s future resource decisions. Similar to the effect on CCR compliance mentioned above
the existing dry fly ash handling systems and dry ash landfills, along with existing wastewater
treatment plants for FGD blowdown at both the Amos and Mountaineer Plants position them

well for compliance with the final ELG rulemaking.

3.3.6 Clean Water Act 316(b) Rule

A final rule under Section 316(b) of the Clean Water Act was issued by EPA on August
15, 2014, with an effective date of October 14, 2014, and affects all existing power plants
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withdrawing more than two million gallons of cooling water per day. The rule offers seven
technology options to comply with a standard that addresses impingement of aquatic organisms
on cooling water intake screens and requires site-specific studies to determine appropriate
compliance measures to address entrainment of organisms in cooling water systems for those
facilities withdrawing more than 125 million gallons per day. The overall goal of the rule is to
decrease impacts on fish and other aquatic organisms from operation of cooling water intake
systems. Additional requirements may be imposed as a result of consultation with other federal

agencies to protect threatened and endangered species and their habitats.

Facilities with existing closed cycle recirculating cooling systems, including the Amos,
Clinch River, Dresden, and Mountaineer Plants, may not be required to make any technology
changes. This determination would be made by the applicable state environmental agency
during the plants’ next National Pollutant Discharge Elimination System (NPDES) permit
renewal cycle. If additional capital investment is required, the magnitude is expected to be
relatively small compared to the investment that could be needed if the plants were not equipped
with cooling towers. Given that all of APCo’s active units are already equipped with either
natural draft, hyperbolic or forced draft mechanical cooling towers, and these units withdraw less
than 125 million gallons of water per day, the anticipated impact of the 316(b) rule is assumed to

be limited to the installation of flow monitoring equipment.

3.3.7 New Source Review Consent Decree

In December 2007, AEP companies entered into a settlement of outstanding litigation
(Consent Decree) around New Source Review compliance. Pursuant to the terms of the
settlement, those companies have completed environmental retrofit projects on their Eastern
units, are operating the units under a declining cap on total SO, and NOy emissions, and will
install additional control technologies at certain units. For APCo, the most significant control
projects under the Consent Decree involved continuing the installation of previously planned
SCR and FGD systems at Amos Units 1-3 and Mountaineer Unit 1. Additionally, the Consent
Decree called for APCo’s Clinch River units (1-3) to install Selective Non-Catalytic Reduction
(SNCR) for NOy reduction. The retrofits to the APCo plants have been completed.
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Two minor modifications to the Consent Decree were made in 2009 and 2010 to adjust
the FGD retrofit dates for APCo’s Amos Units 1 and 2. In May 2013, a third modification to the
Consent Decree was approved that contains specific retrofit requirements for APCo’s affiliates,
as well as reductions to the caps for SO, emissions for the AEP eastern fleet. In January 2017, a
fourth modification to the Consent Decree was approved to facilitate the sale of the Gavin units.
It is projected that the system caps, as modified, will have little or no effect on the operation of

APCo’s electric generating facilities.

The annual NOyx and SO, caps contained within the Modified New Source Review Consent
Decree for the coal units owned by AEP-East operating companies, including APCo, are
displayed in Table 2 and Table 3. Additional modifications to the specific retrofit requirements at
an APCo affiliate’s facility in Indiana, which would include reductions in the AEP-East system
caps for NO, and SO, are being sought. These changes are not anticipated to affect APCo’s
operations at Amos or Mountaineer.

Table 2. Consent Decree Annual NOx Cap for AEP-East

Annual Tonnage
Calendar Year Limitations for NO,
2009 96,000
2010 92,500
2011 92,500
2012 85,000
2013 85,000
2014 85,000
2015 75,000
2016, and each year 22,000
thereafter
Table 3. Modified Consent Decree Annual SO2 Cap for AEP-East
Annual Tonnage
Calendar Year N
Limitations for SO,
2016 145,000
2017 145,000
2018 145,000
2019-2021 113,000
2022-2025 110,000
2026-2028 102,000
2029, and each year 94,000
thereafter
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3.3.8 Carbon Dioxide (CO2) Regulations, Including the Clean Power Plan (CPP)

On October 23, 2015, EPA published two final rules to regulate carbon dioxide (CO,)
emissions from fossil fuel-based electric generating units. EPA finalized New Source
Performance Standards (NSPS) under Section 111(b) of the CAA that apply to new fossil units,
as well as separate standards for modified or reconstructed existing fossil steam units.
Separately, EPA finalized a rule referred to as the CPP, which establishes CO; emission
guidelines for existing fossil generation sources under Section 111(d) of the CAA. EPA also
issued for public comment a proposed federal plan to implement the CPP if states fail to submit

or do not develop an approvable state plan for compliance.

EPA finalized CO; NSPS for new sources at 1,400 pounds CO; per megawatt-hour gross
(I6/MWh-g) for new coal units based on the agency’s assumption that carbon capture and storage
technology can be implemented. Reconstructed coal units have a limit of 1,800 or 2,000
Ib/MWh-g based on the size of the unit. The NSPS for modified coal units is site-specific based
on historical operations. For new and reconstructed Natural Gas Combined-Cycle (NGCC) units,
the NSPS was finalized at 1,000 1b/MWh-g based on the use of efficient combustion turbine

designs. No limit was proposed for modified NGCC or simple cycle units.

The CPP for existing sources establishes separate, uniform national CO; emission
performance rates for fossil steam units (coal-, oil-, and gas-steam based units) and for stationary
combustion turbines (which EPA defines as natural gas combined cycle units). The rates were
established based on EPA’s application of three building blocks as the Best System of Emission
Reduction (BSER) for existing fossil generating units. Block 1 assumes efficiency improvements
at existing coal units. Building Block 2 assumes the increased use of NGCC units that would
displace coal based generation. Building Block 3 entails the expansion of renewable energy
sources that would displace generation from both coal and NGCC units. Excluded from the
BSER process was consideration of nuclear energy, simple cycle gas turbines, and energy
efficiency measures (originally proposed by EPA as Building Block 4), all of which had been
included in the 2014 proposed rule.
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From the national emission performance rates, EPA also developed equivalent state-
specific emission rate goals and equivalent state-specific mass-based goals as alternatives for the
interim period (2022-2029) and the final period (2030 and beyond). States may use the national
emission performance rate, the interim and final emission rate goals, or the interim and final
mass-based goals to develop their state plans, or demonstrate that alternative goals are justified
based on state-specific circumstances and seek EPA approval through the state plan. For the
states in which APCo-owned or purchased fossil generation reside, EPA’s state-specific
equivalent mass-based goals for the interim and final compliance periods are included in Table 4.

Table 5 contains the equivalent rate-based goals for the same compliance periods.

Table 4. APCo State Mass-Based Clean Power Plan Goals

Short Tons of CO,
Annual Average | Annual Average | Annual Average
. . . Annual Average | Annual Average
Interim Goal - Interim Goal - Interim Goal - i )
Interim Goal Final Goal
Step 1 Step 2 Step 3
State 2022 - 2024 2025 - 2027 2028 - 2029 2022 - 2029 2030+
Indiana 92,010,787 83,700,336 78,901,574 85,617,065 76,113,835
Ohio 88,512,313 80,704,944 76,280,168 82,526,513 73,769,806
Virginia 31,290,209 28,990,999 27,898,475 29,580,072 27,433,111
West Virginia 62,557,024 56,762,771 53,352,666 58,083,089 51,325,342
Table 5. APCo State Rate-Based Clean Power Plan Goals
lb/MWh CO, Emission Rate
Annual Average | Annual Average | Annual Average
. . . Annual Average | Annual Average
Interim Goal - Interim Goal - Interim Goal - . .
Interim Goal Final Goal
Step 1 Step 2 Step 3
State 2022 - 2024 2025 - 2027 2028 - 2029 2022 - 2029 2030+
Indiana 1,578 1,419 1,309 1,451 1,242
Ohio 1,501 1,353 1,252 1,383 1,190
Virginia 1,120 1,026 966 1,047 934
West Virginia 1,671 1,500 1,380 1,534 1,305

Note: As will be described later in this document, APCo has assumed a composite state

approach when addressing the implication that the CPP could have across its existing fossil

generation sources.

For example, when determining the impacts of a (intensity) rate-based
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implementation approach, it was assumed that all resources, regardless of location, would utilize
a rate-based approach. This was done for both consistency and to simplify the overall

implications to the whole of APCo.

EPA delayed the start of the initial compliance period from 2020 in the proposed rule to
2022 in the final. States that decide to develop a state plan to implement the CPP have the option
of developing a single state plan, a multi-state plan, or a “trading ready” plan that satisfies EPA’s
requirements for linking state plans to facilitate multi-state trading of emissions allowances
among states that use a mass-based approach, or emission rate credits among states that use a
rate-based approach. A final state plan or request for extension must be submitted to EPA by
September 6, 2016. A two-year extension for submitting a final state plan is available if certain

criteria are met by the state.

The final rules are being challenged in the courts. In February 2016, the U.S. Supreme
Court issued a stay on the final Clean Power Plan, including all of the deadlines for submission
of initial or final state plans. The stay will remain in effect until a final decision is issued by the
U.S. Court of Appeals for the District of Columbia Circuit and the U.S. Supreme Court considers

any petition for review.

In March 2017, the Federal EPA filed in the U.S. Court of Appeals for the District of
Columbia Circuit notice of 1) an Executive Order from the President of the United States titled
“Promoting Energy Independence and Economic Growth” directing the Federal EPA to review
the Clean Power Plan and related rules; 2) the Federal EPA’s initiation of a review of the Clean
Power Plan and 3) if the Federal EPA determines appropriate, a forthcoming rulemaking related
to the Clean Power Plan consistent with the Executive Order. In this same filing, the Federal
EPA also presented a motion to hold the litigation in abeyance until 30 days after the conclusion
of review and any resulting rulemaking. On April 28, 2017, the Court stayed the Clean Power
Plan litigation for 60 days and directed parties to the case to file briefs addressing the future of

the litigation.

On October 16, 2017, EPA issued a proposed rule to repeal the CPP. Comments on this
proposal are due by April 26, 2018, two (2) days prior to the due date of this Report. The
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Company is preparing comments on the October 2017 proposed rule. On December 18, 2017,
EPA released an advance notice of proposed rulemaking (ANPR), seeking information that EPA
should consider as it develops new proposed guidelines to reduce emissions of greenhouse gases
from existing electric generating units. APCo will closely monitor EPA’s final rule on the CPP
as well as any information submitted in response to the ANPR and any subsequent guidelines

proposed by EPA.

3.3.9 The Proposed Federal Plan and Model Rules

On the same day that the CPP was published, EPA proposed model rules that states can
use to develop “trading ready” plans based on either the state rate or mass goals, and that will
provide a framework for the development of a federal plan if a state plan is either not submitted
or is disapproved by EPA. These proposed rules can also be used as a backstop regulatory
measure for a “state measures™ plan that includes programs or activities beyond those that were
included in the “BSER” EPA developed as a basis for the state plans and model rules. As
proposed rules, which are subject to public notice and comment, there is the potential that key
elements of the model rules or EPA’s proposed approach to developing a federal plan could

change significantly before they are finalized and implemented.

EPA initially intended to finalize model rules for both the rate-based state planning
option and the mass-based state planning option. EPA has proposed the same two options for a
federal plan, but EPA has indicated that it would prefer to finalize only one approach that would
be applied to all states that become subject to a federal plan. This would allow interstate trading
among all states that become subject to a federal plan, and other states that have adopted a

trading ready plan based on the same compliance pathway (rate or mass).

However, there are several key distinctions between the proposed federal plan and state
plan options which could potentially affect compliance decisions and customer costs. Under the
rate-based federal plan, EPA would not allow for the use of EE measures to generate Emission
Reduction Credits (ERCs). This could significantly reduce the supply of ERCs for a state subject

to a federal plan. Also, under the mass-based federal plan, EPA would use an allowance
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allocation methodology based on historic generation that includes allowance set-asides to
address leakage, including providing allowances to new renewable energy sources and natural
gas combined cycle units that achieve utilization rates above 50 percent. While APCo has
attempted to approximate the effect of such measures within this filing, many elements of the

federal plan will remain uncertain and speculative until finalized.

Following the President’s Executive Orders directing the EPA to review the CPP, the
EPA announced on April 3, 2017, that it is withdrawing both the Model Trading Rules and the

Clean Energy Incentive Program Design Details.

The following Sections of this IRP, from 3.3.10 through 3.3.17 are based on requirements
set by the Commission in the SCC’s Final Order on APCo’s 2015 IRP, and continue to be
included in the Company’s IRP for information purposes. While there has been much activity
regarding the CPP in recent months, none of that activity has yet resulted in substantial changes
to the rule or its implementation. For that reason the Company continues to include a CPP

analysis in its IRP.

3.3.10 Virginia-Specific Target Rates Versus Subcategory-Specific Rates

If Virginia elects to pursue a state plan approach that is based on a carbon intensity rate
(i.e., pounds of CO, per MWh of electricity produced (Ib./MWh)), there are several options for
program design. As noted above, EPA has established uniform national emission rates for two
sub-categories: (1) existing fossil steam units (any unit that fires coal, oil, or natural gas alone or
in combination with other fuels to produce steam in a boiler which is then used to produce
electricity); and (2) existing natural gas-fired combined cycle units. The interim rates for steam
units must average 1,534 1b./MWh over the period from 2022-2029, and eventually decline to
1,305 1b./MWh in 2030 and thereafter. For gas combined cycle units the interim rate must
average 832 1b./MWh during 2022-2029 and decline to 771 Ib./MWh in 2030 and thereafter.

These emission rates cannot be achieved in practice by existing units, whose emission
rates vary significantly, but in 2012 were about 2,200 1b./MWh for coal steam units and about

900 1b./MWh for combined cycle units on a national basis. Accordingly, if these emission rates
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become enforceable obligations for each affected unit located within Virginia, then the owners
and operators of each affected unit must collect a sufficient number of ERCs to demonstrate
compliance on a unit-specific basis through the calculations provided in EPA’s emission
guidelines. Virginia can choose to participate in multi-state trading schemes for ERCs with
states also utilizing a subcategory rate approach in order to allow unit owners and operators to

take advantage of the benefits of a broader trading market.

Alternatively, EPA has calculated an emission rate target for Virginia, based upon the
characteristics of the fleet of affected units operating in Virginia in 2012, and their contribution
to the total amount of electricity generated by affected units in that year. During the interim
period, Virginia’s state-specific target begins at 1,120 Ib./MWh and ends at 934 Ib./MWh in
2030 and beyond. If the state-specific target rates are used as the basis for the CPP, owners and
operators of affected units must still assure that in the aggregate, they possess sufficient ERCs to
demonstrate compliance on a state-wide basis. However, use of a Virginia specific rate approach

would restrict the potential for ERC trading to credits solely generated within Virginia.

APCo would expect that, given the multi-state operations of the utilities serving the
majority of Virginia electricity customers, and the advantages of participating in a multi-state
trading program, choosing a program design based on the subcategory-specific rates and
allowing interstate trading of ERCs would provide the greatest benefits for Virginia customers.
However, further analysis of these options and their impacts should be undertaken using a
production cost model capable of analyzing multiple states and their potential plan structures

before a firm commitment to a particular program design is made.

3.3.11 Leakage and Treatment of New Units

EPA requires states that elect to adopt a mass-based emission allowance program instead
of the unit-specific emission rates or equivalent state-specific rate goals described in the
emission guidelines to include measures to address what it terms “leakage.” EPA describes the

concept of “leakage” as follows:
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“Where shifts in generation to unaffected fossil-fuel sources result in increased
emissions, relative to what would have happened had generation shifts consistent with the BSER

occurred.”

In general, EPA’s modeling projects that if states adopt a mass-based allowance program
instead of a rate-based program, new NGCC units will displace a larger portion of the generation
from existing sources, and total sector emissions (that is, emissions from both new and existing

sources) will be greater.

EPA provides two methods to address the “leakage” issue in a mass-based state plan.
First, states can elect to include new units in the mass-based compliance program, and EPA has
calculated a “new source complement” that provides additional allowances to accommodate the
new sources. Alternatively, EPA has designed two allowance set-asides that would be withheld
from general distribution, and instead awarded to new renewable resources or existing NGCC
units that operate at capacity factors above 50 percent. While the new source complement does
permanently restrain growth in emissions from electric generating units, the set-asides may not
have the same effect in individual states, particularly if the state participates in a broader regional

or national trading system.

EPA’s authority to regulate total sector emissions under a program developed under
Section 111(d), which is particularly targeted at existing units, is questionable, and the
methodology used by EPA to calculate the new source complement may not be sound and
provides no flexibility for unanticipated changes. States are afforded an opportunity to
demonstrate that “leakage” does not need to be addressed in their plans. AEP continues to work

with its states to explore ways to make such a demonstration.

3.3.12 Potential for Early Action ERCs/Allowances

As part of the final emission guidelines, EPA proposed to include a Clean Energy
Incentive Program (CEIP) as a mechanism to award up to an additional 300 million ERCs or
allowances to certain types of projects that commence construction after the date for submittal of

a final plan and operate during 2020 and 2021. For purposes of the federal plan that EPA would
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administer, only wind and solar renewable energy projects that produce revenue-quality metered
electricity would be eligible. States can include broader categories of renewable resources in the
plans they submit for EPA approval. EPA has also proposed to award ERCs or allowances to
certain energy efficiency projects in low income communities, but the details of the program

have not been fully developed.

The CEIP provides credit for a very narrow range of activities, and requires states to
“match” the federal credits or allowances with ERCs or allowances that are “borrowed” from
their state budgets. EPA has solicited comments on all aspects of the CEIP and may
substantially change the program in its final model rules. Until there is some certainly regarding
eligibility and the mechanics of applying for and receiving credit for early actions, it is not

possible to quantify its impact.

3.3.13 Trading of Emissions Allowances or Emission Reduction Credits (ERCs) and Role

of Renewable Resources

APCo currently owns two existing natural gas-fired steam generating units in Virginia,
four existing coal-fired steam generating units in West Virginia, an existing NGCC facility in
Ohio, and purchases energy from an existing coal-fired generating station in Ohio and an
existing coal-fired generating facility in Indiana.  APCo also owns existing hydroelectric
facilities in Virginia and West Virginia, and purchases power from renewable energy facilities in
West Virginia, Indiana and lllinois, but these facilities are not eligible to participate in any of the

programs under the CPP.

Adoption of a regional or national trading system for allowances or ERCs by the states
within which APCo is operating is likely to reduce the overall costs of compliance and allow for
greater complhance flexibility. It may not be necessary to define a specific “region” in order to
take advantage of the benefits of a trading program. EPA guidelines would allow states to trade
freely with other states that choose the same fundamental program design (rate- or mass-based)
and whose “currency” (allowances or ERCs) are generated and tracked through an EPA-

administered or EPA—approved program as outlined in the model trading rules.
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The benefits gained by participation in a broader market-based system result from the
market's greater liquidity which allows for more efficient use of available compliance
instruments. Interstate trading would also enable affected sources to take advantage of the best
geographic locations available to generate renewable energy to either provide supplemental
energy for Virginia customers under a mass-based program or generate ERCs to assist in
compliance with a rate-based program. It is not possible to reach a firm conclusion about the
most cost-effective approach for Virginia without more detailed information and better insight
into the final framework of the CPP, and the approaches that other states are likely to take.
However, prior analyses by various regional transmission organizations, including PJM
Interconnection, LLC, the Midwest Independent System Operator (MISO), and the Southwest
Power Pool, suggest that a multi-state trading program would be more cost-effective. Further

analysis by these organizations may bring better focus to this issue.

It seems unlikely that a state-specific program with limited in-state trading would be the
most cost-effective option for APCo customers under either a rate-based or mass-based
approach. Broader markets generally produce more cost-effective reductions, and several of
Virginia’s utilities have operations in multiple states, so compliance planning and optimization
of the most cost-effective compliance strategies across multiple jurisdictions would be facilitated

by a more robust interstate trading program.

3.3.14 Other States’ Compliance Planning Approaches

As of the date of this filing, Indiana, Ohio, and West Virginia have not determined
specific compliance planning approaches. As a result of the stay issued by the U.S. Supreme
Court, there are currently no additional compliance activities planned by these states until after

judicial review or additional EPA action is completed.

3.3.15 Virginia Greenhouse Gas Cap and Trade Program

In 2017, the Virginia State Air Pollution Control Board (Board) proposed a regulation
that would regulate greenhouse gas emissions from electric generation facilities within the

Commonwealth of Virginia (Proposed Virginia Greenhouse Gas Regulation) and would set an
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initial electric sector emissions budget for Virginia of 33 or 34 million tons of CO; beginning in
2020 and decline by three percent each year thereafter. Allowances equal to the tonnage cap
would be allocated for each year of the program to affected facilities and for other purposes.
Affected facilities would then be required to submit allowances equal to their emission tonnage
to demonstrate compliance with the regulation. APCo has not yet considered the potential effect
of the Proposed Virginia Greenhouse Gas Regulation upon its facilities covered by the proposed
rule (specifically its natural gas fired units, Clinch River 1&2), although annual emissions at
Clinch River represent less than 1% of the overall Virginia emission budget proposed in the

regulation.

3.3.16 Long-Term Recommendations

Given the significant issues regarding EPA’s authority to adopt and implement the CPP,
the changes that might be made to the proposed federal plan and model rules based on comments
received, and the limited state planning that has occurred, it is not possible to provide any long-
term recommendations at this time. However, as discussed later in this Report, the Company
believes that the resource plan being proposed in this IRP should preserve reasonable CPP
implementation optionality regardless of the rule’s ultimate outcome and, with that, any

attendant future cost exposures to its customers.

3.3.17 Potential Need for Changes in Virginia Law to Implement the CPP

In the 2016 IRP Order, the Commission ordered the Company to identify whether any
aspect of its plans to comply with the CPP or the proposed or final CPP itself would require
changes to existing Virginia law. Because no specific information about the potential structure
of a state or federal plan to implement the CPP is available, it is difficult to provide any

comprehensive view of how to comply with it or any necessary statutory changes.

Currently, the Board has authority to develop and adopt regulations governing air
pollutant emissions from stationary sources like power plants. For example, the Office of the

Attorney General concluded that the Board did have the statutory authority to issue the Proposed
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Virginia Greenhouse Gas Regulation, pursuant to Va. Code § 10.1-1308, which gives the Board

broad authority to issue regulations.

Although the General Assembly has given the Board limited authority to develop
emissions trading programs in Code § 10.1-1322.3 solely for the purpose of achieving and
maintaining the national ambient air quality standards (NAAQS) under Section 108 of the CAA,
this grant of authority would not permit it to implement the CPP, which EPA proposed pursuant
to Section 111(d) of the CAA.

Moreover, the Board has no regulatory authority over the operation of existing electric
generating units, nor any authority to require the construction or use of specific types of new
generation, particularly non-emitting forms, which could be part of the final CPP or CPP

compliance plans.

Certain aspects of the CPP may also conflict with Virginia’s integrated resource planning
structure or other aspects of Virginia utility law and regulations. For example, Virginia’s IRP
authorizing statutes and Guidelines direct electric utilities to formulate a plan that “is most likely
to provide the electric generation supply needed to meet the forecasted demand ... so that the
utility will continue to provide reliable service at reasonable prices over the long term.,”

regardless of resource. See, e.g. Va. Code § 56-598 2a, Guidelines § F7 and § C 2.

Moreover, recently enacted the 2018 Virginia Act requires the Company to apply for the
Commission’s approval of, among other things, the acquisition or construction of 200MW of
solar in the Commonwealth and the investment of $140 million in energy efficiency programs
over a period of years. These requirements could impact how the Company would comply with
the CPP.

Finally, because APCo operates in two jurisdictions, its least-cost compliant plan will
depend not only on the choices made by Virginia regulators, but also on the choices made by
regulators in West Virginia, and potentially in other states where its generation units are located.
Thus, Virginia legislators may need to provide utilities with greater flexibility in formulating

such plans, and to allow the Commission greater discretion in their evaluation.
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Based on all of the foregoing considerations, the existing authorities granted to the Board
and/or the Commission may not be sufficient to create an optimal state plan, or facilitate the
implementation of a federal plan as envisioned by the CPP. As obligations related to the
development of a state plan have been stayed, and the federal plan has not yet been finalized, it is

not possible at this time to describe any necessary state law changes with specificity.
3.4  APCo Current Demand-Side Programs

3.4.1 Background

DSM refers to, for the purposes of this IRP, utility programs, including tariffs, which
encourage reduced energy consumption, either at times of peak consumption or throughout the
day/year. Programs or tariffs that reduce consumption primarily at periods of peak consumption
are DR programs, while around-the-clock measures are typically categorized as EE programs.
The distinction between DR and EE is important, as the solutions for accomplishing each

objective are typically different, but not necessarily mutually exclusive.

Included in the load forecast discussed in Section 2.0 of this Report are the demand and
energy impacts associated with APCo’s DSM programs that have been approved in Virginia and
West Virginia prior to preparation of this IRP. As will be discussed later, within the IRP process,
the potential for additional or “incremental” demand-side resources, including EE activity—over
and above the levels embedded in the load forecast—as well as other grid related projects such as
Volt VAR Optimization (VVO), are modeled on the same economic basis as supply-side
resources. However, because customer-based EE programs are limited by factors such as
customer acceptance and saturation, an estimate as to their costs, timing and maximum impacts
must be formulated. For the year 2018, the Company anticipates 168MW of peak DSM reduction
(total company basis); consisting of 13MW and 155MW of “passive” EE and “active” DR
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activity, respectively.9 In 2020, when Capacity Performance is in effect, the Company anticipates

“active” DR will be reduced to 108MW, as discussed in Section 3.2.1.

3.4.2 Impacts of Existing and Future Codes and Standards

The EISA requires, among other things, a phase-in of heightened lighting efficiency
standards, appliance standards, and building codes. The increased standards will have a
pronounced effect on energy consumption as explained in Section 2.6. Many of the standards
already in place impact lighting. For instance, since 2013 and 2014 common residential
incandescent lighting options have been phased out as have common commercial lighting
fixtures. Given that “lighting” measures have comprised a large portion of utility-sponsored EE
programs prior to the phase-out, this pre-established transition is already incorporated into the
SAE long-term load forecast modeling previously described in Section 2.4.4 and may greatly
affect the market potential of utility EE programs in the near and intermediate term. Table 6 and

Table 7 depict the current schedule for the implementation of new EISA codes and standards.

Table 6. Forecasted View of Relevant Residential Energy Efficiency Code Improvements

Technology 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Central AC SEER 13; SEER 14 in South
Room AC EER 11.0
Heat Pump SEER 14.0/HSPF 8.0
Water Heater (<=55 gallons) EFQ.95
Water Heater (>55 gallons) Heat Pump Water Heater
Screw-in/Pin Lamps p.dvanced Incandescent (20 Iumens/watt)l " Advanced Incandescent {45 lumens/watt)
Linear Fluorescent 78 (89 lumens/watt) | T8 (92.5 lumens/waty)
Refrigerator 25% more efficient
Freezer 25% more efficient
Clothes Washer 1.29 IMEF top loader | 1.57 IMEF top loader
Clothes Dryer 3.73 Combined EF
Furnace Fans Conventional | 40% more effident

9 «passive” demand reductions are achieved via “around-the-clock™ EE program activity as well as voluntary price
response programs; “Active” DR is centered on summer peak reduction initiatives, including interruptible contracts,
tariffs, and direct load control programs.
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Table 7. Forecasted View of Relevant Non-Residential Energy Efficiency Code Improvements

Technology 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Chillers 2007 ASHRAE 90.1
Roof Top Units EER 11.0/11.2
PTAC EER117 | EER 419
Heat Pump EER 11.0/COP 3.3
PTHP EER 11.9/COP 3.3
Vventilation Constant Air Volume/Variable Air Volume

Screw-in/Pin Lamps

Advanced Incandescent (20

hdvanced Incandescent{4$ lumens/watt

Linear Fluorescent T8 (89 lumens/watt) T8 {92 STumens/wall)
High Intensity Discharge EPACT2005 | Melal Halide Baflast improvement
Water Heater EF 0.97

Walk-in Refrigerator/Freezer EISA 2007 10-38% more efficient
Reach-in Refrigerator/Freezer | EPACT 2005 40% more eflicient

Glass Door Display EPACT 2005 12-28% more efficent

Open Display Case EPACT 2005 10-20% more efficient

|ce maker EPACT 2005 | 15%. more efficient
Pre-rinse Spray Valve 1.6 GPM [ 1.0GPM
Motors EISA 2007 | Expanded EISA 2007

The impact of energy efficiency, including codes and standards, is expected to reduce

residential load, commercial load, and industrial lighting load in total by over 7%, as shown in

Figure 8.
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Figure 8. Total Energy Efficiency (GWh)Compared with Total Residential and Commercial Load (GWh)
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3.4.3 Demand Response (DR)

Peak demand, measured in MW, can be thought of as the amount of power used at the
time of maximum customer usage. APCo’s maximum (system peak) demand is likely to occur
on the coldest winter weekday of the year, in the morning. This happens as a result of the near-
simultaneous use of electric heating by the majority of customers, as well as the normal use of
other appliances and, commercia! equipment, and (industrial) machinery. At other times during
the day, and throughout the year, the use of power is less. In the context of capacity planning for

PIM,; it is the consumption of energy coincident with PJM’s five highest summer peaks.

As peak demand grows with the economy and population, new capacity must ultimately
be built. To defer construction of new power plants, the amount of power consumed at the peak

can be reduced. This can be addressed several ways via both “active” and “passive” measures:

o Interruptible loads (Active DR). This refers to a contractual agreement between
the utility and a large consumer of power, typically an industrial customer. In
return for reduced rates, an industrial customer allows the utility to “interrupt” or
reduce power consumption during peak periods, freeing up that capacity for use
by other consumers.

e Direct load control (Active DR). Very much like an (industrial) interruptible
load, but accomplished with many more, smaller, individual loads. Commercial
and residential customers, in exchange for monthly credits or payments, allow
the energy manager to deactivate or cycle discrete appliances, typically air
conditioners, hot water heaters, lighting banks, or pool pumps during periods of
peak demand. These power interruptions can be accomplished through radio
signals that activate switches or through a digital “smart” meter that allows
activation of thermostats and other control devices.

o Time-differentiated rates (Active DR). This offers customers different rates for
power at different times during the year and even the day. During periods of
peak demand, power would be relatively more expensive, encouraging
conservation. Rates can be split into as few as two rates (peak and off-peak) to as
often as 15-minute increments in what is known as “real-time pricing.”
Accomplishing real-time pricing requires digital (smart) metering.

o EE measures (Passive DR). If the appliances that are in use during peak periods
use less energy to accomplish the same task, peak energy requirements will
likewise be less.
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o Voltage Regulation (Passive DR). Certain technologies can be deployed that
allow for improved monitoring of voltage throughout the distribution system.
The ability to deliver electricity at design voltages improves the efficiency of

many end use devices, resulting in less energy consumption.

What may not be apparent is that, with the exception of EE and voltage regulation
measures, the remaining DR programs do not significantly reduce the amount of energy
consumed by customers. Less energy may be consumed at the time of peak load, but that energy
will be consumed at some point during the day. For example, if rates encourage customers to
avoid running their clothes dryer at 4:00 P.M., then they will run it at some other point in the

day. This is often referred to as load shifting.

3.4.3.1 Existing Levels of Active Demand Response (DR)

APCo currently has active DR programs totaling 155MW of peak DR capability. The
majority of this DR is achieved through interruptible load agreements. A smaller portion is
achieved through direct load control. In 2015 APCo launched a DR program for residential
customers. Demand reduction is achieved by cycling customer air conditioning units on and off
during periods of high demand in the summer. Each participating resident is compensated for
this service with an end-of-season incentive payment. The current Virginia program is designed
to allow approximately 2,300 residential customers to sign up each year, on average, through
2020. Each block of 2,300 customers is estimated to provide up to 2.9MW in demand savings.

APCo’s West Virginia jurisdiction has a similar program.

3.4.4 Energy Efficiency (EE)

EE measures reduce bills and save money for customers billed on a per kilowatt-hour
usage basis. The trade-off is the up-front investment in a building/appliance/equipment
modification, upgrade, or new technology. If consumers conclude that the new technology is a
viable substitute and will pay them back in the form of reduced bills over an acceptable period,

they will adopt it.
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EE measures most commonly include efficient lighting, weatherization, efficient pumps
and motors, efficient Heating, Ventilation and Air Conditioning (HVAC) infrastructure, and
efficient appliances. Often, multiple measures are bundled into a single program that might be

offered to either residential or commercial/industrial customers.

EE measures will reduce the amount of energy consumed but may have limited
effectiveness at the time of peak demand. EE is viewed as a readily deployable, relatively low
cost, and clean energy resource that provides many benefits. However, market barriers to EE
may exist for the potential participant. To overcome participant barriers, a portfolio of EE

programs may often include several of the following elements:
¢ Consumer education
e Technical training
o Energy audits
e Rebates and discounts for efficient appliances, equipment and buildings
¢ Industrial process improvements

The level of incentives (rebates or discounts) offered to participants is a major

determinant in the pace of EE measure adoption.

Additionally, the speed with which programs can be rolled out also varies with the
jurisdictional differences in stakeholder and regulatory review processes. The lead time can
easily exceed a year for getting programs implemented or modified. This IRP begins adding new
demand-side resources in 2022 that are incremental to programs that are currently approved or

pending approval.

3.4.4.1 Existing Levels of Energy Efficiency (EE)

APCo currently has EE programs in place in its Virginia and West Virginia service
territories. Both states have approved EE programs. APCo forecasts EE measures will reduce

peak demand in 2018 by 7.8MW and reduce 2018 energy consumption by SIGWh.
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3.4.5 Distributed Generation (DG)

DG typically refers to small-scale customer-sited generation behind the customer meter.
Common examples are Combined Heat and Power (CHP), residential and small commercial
solar applications, and even wind. Currently, these sources represent a small component of
demand-side resources, even with available federal tax credits and tariffs favorable to such
applications. APCo’s retail jurisdictions have “net metering” tariffs in place which currently

allow excess generation to be credited to customers at the retail rate.

The economics of DG, particularly solar, continue to improve. Figure 9 below charts the
fairly rapid decline of expected installed solar costs, based on a combination of AEP market
intelligence and the Bloomberg New Energy Finance’s (BNEF) U.S. Renewable Energy Market
Outlook forecast. The following installed cost forecast as well as the breakeven values calculated
and shown in Figures 10 and 11 do not include an estimate of the impact of the solar tariffs that

went into effect earlier this year.
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Figure 9. Residential and Commercial Forecasted Solar Installed Costs (Nominal $/Wac) for APCo States
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Prior to 2022, during the ITC phase out for residential systems, costs for residential
customers are expected to decline rapidly. This decline, which is forecasted to bring residential
costs down to commercial cost levels, is attributed to a shift from value-based pricing to cost-
plus-margin pricing. Installers are expected to spend less on customer acquisition and less on

customer specific solutions as they aim for the lowest cost installations possible.

While the cost to install residential solar continues to decline, the economics of such an
investment are not favorable for the customer for a number of years. Figure 10 below illustrates,
by APCo state jurisdictional residential sector, the equivalent value a customer would need to
achieve, on a dollars per watt-AC ($/Wac) basis, in order to breakeven on their investment,
assuming a 25 year life of the installed solar panels based on the customer’s avoided retail rate.
Also included is the average cost of solar residential installations in PJM. Figure 10 below shows
that the current cost of residential solar exceeds the cost which would allow a customer to

breakeven on an investment over a 25 year period.

(- $5.00 \
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Figure 10. Distributed Solar Customer Breakeven Costs for Residential Customers ($/Wac)
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A challenge of determining the value of a residential solar system is assigning an
appropriate cost of capital or discount rate. Discount rates for residential investments vary
dramatically and are based on each individual’s financial situation. Figure 11, below, shows how

the value of a residential customer’s DG system can vary based on discount rate.
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Figure 11. Range of Residential Distributed Solar Breakeven Values Based on Discount Rate

3.4.5.1 Existing Levels of Distributed Generation (DG)

At the end of 2017 APCo and its Tennessee affiliate have a total of 8.2MW of customer-
installed DG consisting of 0.4AMW in Tennessee, 6.9MW in Virginia, and 0.9MW in West

Virginia.
3.4.5.2 Load Characteristics of Net-Metered Customers

APCo’s net-metered customers are able to realize energy “credits” during the times when

generation from their rooftop solar system is greater than their own demand. This is particularly
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true for solar generators during summer months when rooﬁop panels are able to generate close to
their rated capacity for more hours of the day. Figure 12 below illustrates the average summer
load profile for a representative customer with roofiop solar (blue line) and without rooftop solar
(red line).

Unitized Average Summer (May - Septcmber) Load

Hour Ending

=—=Solxr Sagpir (Undileed) ~——Rosidentind Clovs O Siorshine Mbmtes

Figure 12. Average Summer (June — September) Load Profile for Representative Net-Metered Customer with Rooftop
Solar Installation

Figure 12 indicates that on average, during summer months, from approximately 9:30am
until Spm, a customer with rooftop solar would be supplying electricity to the grid, as evident by
the negative load requirement. Figure 13 illustrates the average winter load profile for a

representative customer with rooftop solar (blue line) and without rooftop solar (red line).
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Figure 13. Average Winter (December - March) Load Profile for Representative Net-Metered Customer with Rooftop
Solar Installation
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Figure 13 indicates that on average, during winter months, from approximately 11am
until 3:30pm, a customer with rooftop solar would be supplying electricity to the grid, as evident
by the negative load requirement. During periods when DG systems are generating they are
offsetting the Company’s total generation requirement, however the total offset is both difficult

to quantify and plan for due to the variability of system output.

3.4.5.3 Impacts of Increased Levels of Distributed Generation (DG)

As mentioned previously, rooftop solar installations allow customers to reduce their
energy consumption from the utility and potentially reduce their peak demand. While the latter
benefit could lead to a lower overall PJM peak demand for APCo it does not reduce APCo’s true
peak demand. As discussed in Section 2.0, APCo’s overall peak demand generally occurs in the
early morning on a winter day. As shown above in Figure 13, during these times of peak demand

rooftop solar installations are providing little to no demand savings.

Increasing levels of DG present challenges for the Company from a distribution planning
perspective. Higher penetration of DG can potentially mask the true load on distribution circuits
and stations if the instantaneous output of connected DG is not known, which can lead to under-
planning for the load that must be served should DG become unavailable. Increased levels of DG
could lead to a requirement that DG installations include smart inverters so that voltage and other
circuit parameters can be controlled within required levels. Additional performance monitoring
capabilities for DG systems will facilitate accurate tracking and integration of DG generators

into the existing resource mix.

Currently, DG applicants in APCo’s Virginia and West Virginia jurisdictions are required
to fund any improvements needed to mitigate impacts to the operation and power quality of
affected distribution stations and circuits. As DG penetration grows there is potential that the
“next” applicant would be required to fund improvements that are a result of the aggregate
impacts of previous DG customers because the incremental impact of the “next” customer now
drives a need for improvements. This could lead to inequities among DG customers if necessary

improvements are not planned appropriately.
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3.4.6 Volt VAR Optimization (VVO)

An emerging technology known as VVO represents a form of voltage control that allows
the grid to operate more efficiently. Depicted at a high-level in Figure 14, with VVO sensors and
intelligent controllers monitor load flow characteristics and direct controls on capacitor and
voltage regulating equipment to optimize power factor and voltage levels. Power factor is the
ratio of real power to apparent power, and is a characteristic of electric power flow which is
controlled to optimize power flow on an electric network. Power factor optimization also
improves energy efficiency by reducing losses on. the system. VVO enables Conservation
Voltage Reduction (CVR) on a utility’s system. CVR is a process by which the utility
systematically reduces voltages in its distribution network, resulting in a proportional reduction
of load on the network. Voltage optimization can allow a reduction of system voltage that still
maintains minimum levels needed by customers, thereby allowing customers to use less energy
without any changes in behavior or appliance efficiencies. Early results from limited rollouts in
APCo’s West Virginia service territory and other AEP operating companies indicate a range of
0.7% to 1.2% of energy demand reduction for each 1% voltage reduction is possible.
Furthermore, in late 2016 APCo placed in service a VVO pilot on 3 circuits in West Virginia

where approximately 3% energy and demand savings have been observed to-date.

Substation LTC or Line Voltage Capacitor Bank Line Voitage Single Phase
Voltage Regulator Regulator Regulator YMFR Customer

Figure 14. Volt VAR Optimization Schematic

While there is no “embedded” incremental VVO load reduction impacts implicit in the base load

forecast case, VVO has been modeled as a unique EE resource.
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35 AEP-PJM Transmission

3.5.1 General Description

The AEP eastern transmission system (eastern zone) consists of the transmission facilities
of the ten eastern AEP operating or Transmission companies (APCo, Ohio Power Company
[OPCo], Indiana Michigan Power [1&M], Kentucky Power Company [KPCo], Wheeling Power
Company [WPCo], Kingsport Power Company [KgPCo], AEP Indiana Michigan Transmission
Company, AEP Kentucky Transmission Company, AEP Ohio Transmission Company, and AEP
West Virginia Transmission Company). This portion of the transmission system is composed of
approximately 14,600 miles of circuitry operating at or above 100kV. The eastern zone includes
over 2,100 miles of 765kV transmission lines overlaying 3,500 miles of 345kV lines and over
8,700 miles of 138kV circuitry. This expansive system allows the economical and reliable
delivery of electric power to approximately 21,660MW of customer demand connected to the
AEP eastern transmission system that takes transmission service under the PJM open access

transmission tariff.

The AEP eastern transmission system is part of the Eastern Interconnection, the most
integrated transmission system in North America. The entire AEP eastern transmission system is
located within the ReliabilityFirst Corporation (RFC) geographic area. On October 1, 2004,
AEP’s eastern zone joined the PJM Regional Transmission Organization (RTO) and now

participates in the PJM markets.

As a result of the AEP eastern transmission system’s geographical location and expanse
as well as its numerous interconnections, the eastern transmission system can be influenced by
both internal and external factors. Facility outages, load changes, or generation re-dispatch on
neighboring companies’ systems, in combination with power transactions across the
interconnected network, can affect power flows on AEP’s transmission facilities. As a result, the
AEP eastern transmission system is designed and operated to perform adequately even with the

outage of its most critical transmission elements or the unavailability of generation. The eastern
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transmission system conforms to the NERC Reliability Standards and applicable RFC standards

and performance criteria.

Despite the robust nature of the eastern transmission system, certain outages coupled with
extreme weather conditions and/or power-transfer conditions can potentially stress the system
beyond acceptable limits. The most significant 765kV transmission line enhancement to the AEP
eastern transmission system over the last several years was completed in 2006. This was the
construction of a 90-mile 765kV transmission line from Wyoming Station in West Virginia to
Jacksons Ferry Station in Virginia. In addition, Extra High Voltage (EHV) transformer capacity

has been increased at various stations across the eastern transmission system.

AEP’s eastern transmission system assets are aging. Figure 15 below demonstrates the
development of that Transmission Bulk Electric System. In order to maintain reliability,

significant investments will have to be made in the rehabilitation of existing assets over the next

decade.
| Introduction of 1;8‘k\d
[Introduction of 345 kV |
| Introduction of 765 kV I
36 Years 16 YeakA
F + —
1917 1953 1969

Figure 15. AEP Eastern Transmission System Development Milestones

Over the years, AEP, and now PJM, entered into numerous study agreements to assess
the impact of the connection of potential merchant generation to the eastern transmission system.
AEP companies, in conjunction with PJM, have interconnection agreements in their service
territories with several merchant plant developers. Several generation additions are planned to be
connected to the eastern transmission system over the next several years (including upgrades to

existing facilities, once studied and approved through the PJM Generation Interconnection queue
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process'?, and based on executed agreements as of December 31%, 2017). There are also

significant amounts of merchant generation under study for potential interconnection.

The integration of the merchant generation now connected to the eastern transmission
system required incremental transmission system upgrades, such as installation of larger capacity
transformers and circuit breaker replacements. None of these merchant facilities required major
transmission upgrades that significantly increased the capacity of the transmission network.
Other transmission system enhancements will be required to match general load growth and
allow the connection of large load customers and any other generation facilities. In addition,
transmission modifications may be required to address changes in power flow patterns and
changes in local voltage profiles resulting from operation of the PJM and adjacent markets, such
as MISO and NYISO.

The transmission line circuit miles in APCo’s Virginia service territory include
approximately 349 miles of 765kV, 96 miles of 500kV, 69 miles of 345kV, 15 miles of 230kV,
1,615 miles of 138kV, 632 miles of 69kV, 48 miles of 46kV and 98 miles of 34.5kV lines.
APCo’s West Virginia service territory includes approximately 382 miles of 765kV, 16 miles of
500kV, 329 miles of 345kV, 1,509 miles of 138kV, 18 miles of 88kV, 431 miles of 69kV, 670
miles of 46kV, and 58 miles of 34.5kV lines.

The retirement of 13,000MW of generation in PJM, including 325MW at Glen Lynn in
Virginia, coupled with the 800MW at Big Sandy in Kentucky, 400MW at Kanawha River,
630MW at Kammer, and 1050MW at Sporn in West Virginia, has created a need to develop
transmission improvements within the APCo footprint. The retirement of these units requires
deployment of improvements of the Virginia/West Virginia/Ohio/Kentucky infrastructure. There

are three areas in particular that require transmission enhancements to maintain and allow

© pJM  Generation Interconnection queue is located at:  https://www.pim,com/planning/services-

requests/interconnection-queues.aspx
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sustainable reliable operation of the transmission network in the area encompassing APCo’s

Virginia and West Virginia service areas:

3.5.2

AEP-Dominion Interface: The power flow patterns of the interface driven by generation

availability, winter loading conditions, peak and off-peak load levels, will require
transmission enhancements, additions of reactive support - both static and dynamic. The
Cloverdale Station Improvements and re-conductor of the Cloverdale-Lexington 500kV
line will address a majority of these issues in the near term. Additional 765/138kV
improvements like the Wythe Area Improvements will also address the need for voltage
improvements which have been previously identified.

Megawatt Valley: Transmission upgrades in the area have improved area stability,

however, generation resource retirements in the Gavin/Mountaineer/Flatlick area and
NERC standard changes continue to influence area stability constraints. Transmission
enhancements are required, possibly including the construction of EHV lines and/or the
addition of multiple large transformers, to more fully integrate the transmission facilities
in this generation-rich area.

The Kanawha Valley: Power plant retirements in the Kanawha and Ohio River valleys

have changed the way electric power flows on the electric transmission grid. To
accommodate those changes and address additional needs identified by PJM, upgrades
are needed to the grid in West Virginia, with most of the work slated for the Kanawha
Valley. The Kanawha Valley Area Transmission Reinforcement project along with the

Kammer Area Improvements will address these issues.

Transmission Planning Process

AEP and PJM coordinate the planning of the transmission facilities in the AEP System-

East Zone through a “bottom up/top down” approach. AEP will continue to develop transmission

expansion plans to meet the applicable reliability criteria in support of PJM’s transmission

planning process. PJM will incorporate AEP’s expansion plans with those of other PJM member

utilities and then collectively evaluate the expansion plans as part of its Regional Transmission

Expansion Plan (RTEP) process. The PJM assessment will ensure consistent and coordinated
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expansion of the overall bulk transmission system within its footprint. In accordance with this
process, AEP will continue to take the lead for the planning of its local transmission system
under the provisions of Schedule 6 of the PJM Operating Agreement. By way of the RTEP, PJM
will ensure that transmission expansion is developed for the entire RTO footprint via a single
regional planning process, ensuring a consistent view of needs and expansion timing while
minimizing expenditures. When the RTEP identifies system upgrade requirements, PJM
determines the individual member’s responsibility as related to construction and costs to
implement the expansion. This process identifies the most appropriate, reliable and economical
integrated transmission reinforcement plan for the entire region, while blending the local
expertise of the transmission owners such as APCo with a regional view and formalized open

stakeholder input.

AEP’s transmission planning criteria are consistent with North American Electric
Reliability Corporation (NERC) and RFC reliability standards. The AEP planning criteria are
filed with FERC annually as part of AEP’s FERC Form 715 and these planning criteria are
posted on the AEP website''. Using these criteria, limitations, constraints and future potential
deficiencies on the AEP transmission system are identified. Remedies are identified and
budgeted as appropriate to ensure that system enhancements will be timed to address anticipated

deficiencies.

PJM also coordinates its regional expansion plan on behalf of the member utilities with
the neighboring utilities and/or RTOs, including the MISO, to ensure inter-regional reliability.
The Joint Operating Agreement between PJM and the MISO provides for joint transmission

planning.

"hitps://www.aep.com/about/codeofconduct/OA SIS/TransmissionStudies/docs/20 | 8/4%20AEP_East%20FERC%2
0715 2018 Final Part%204.pdf
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3.5.3 System-Wide Reliability Measures

Transmission reliability studies are conducted routinely for seasonal, near-term, and long-
term horizons to assess the anticipated performance of the transmission system. The reliability
impact of resource adequacy (either supply or demand side) would be evaluated as an inherent
part of these overall reliability assessments. If reliability studies indicate the potential for
inadequate transmission reliability, transmission expansion alternatives and/or operational

remedial measures would be identified.

3.5.4 Evaluation of Adequacy for Load Growth

As part of the on-going near-term/long-term planning process, AEP and PJM use the
latest load forecasts along with information on system configuration, generation dispatch, and
system transactions to develop models of the AEP transmission system. These models are the
foundation for conducting performance appraisal studies based on established criteria to
determine the potential for overloads, voltage problems, or other unacceptable operating
problems under adverse system conditions. Whenever a potential problem is identified, PJM and
AEP seek solutions to avoid the occurrence of the problem. Solutions may include operating
procedures or capital transmission project reinforcements. Through this on-going process, AEP
works diligently to maintain an adequate transmission system able to meet forecasted loads with

a high degree of reliability.

In addition, PJM performs a Load Deliverability assessment on an annual basis using a
90/10'? load forecast for areas that may need to rely on external resources to meet their demands
Y y

during an emergency condition.

'290% probability that the actual peak load will be lower than the forecasted peak load and 10% probability that the
actual peak load will be higher than the forecasted peak load.
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3.5.5 Evaluation of Other Factors

As a member of PJM, and in compliance with FERC Orders 888 and 889, AEP is
obligated to provide sufficient transmission capacity to support the wholesale electric energy
market. In this regard, any committed generator interconnections and firm transmission services
are taken into consideration under AEP’s and PJM’s planning processes. In addition to providing
reliable electric service to AEP’s retail and wholesale customers, PJM will continue to use any
available transmission capacity in AEP’s eastern transmission system to support the power

supply and transmission reliability needs of the entire PJM — MISO joint market.

A number of generation requests have been initiated in the PJM generator interconnection
queue. AEP, through its membership in PJM, is obligated to evaluate the impact of these projects
and construct the transmission interconnection facilities and system upgrades required to connect
any projects that sign an interconnection agreement. The amount of this planned generation that

will actually come to fruition is unknown at this time.

3.5.6 Transmission Expansion Plans

The transmission system expansion plans for the AEP eastern system are developed and
reviewed through the PJM stakeholder process to meet projected future requirements. AEP and
PJM use power flow analyses to simulate normal conditions, and credible single and double
contingencies to determine the potential thermal and voltage impact on the transmission system

in meeting the future requirements.

As discussed earlier, AEP will continue to develop transmission reinforcements to serve
its own load areas, in coordination with PJM, to ensure compatibility, reliability and cost

efficiency.

3.5.7 FERC Form 715 Information

A discussion of the eastern AEP System reliability criteria for transmission planning, as
well as the assessment practice used, is provided in AEP’s 2018 FERC Form 715 Annual

Transmission Planning and Evaluation Report. That filing also provides transmission maps, and
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pertinent information on power flow studies and an evaluation and continued adequacy

assessment of AEP’s eastern transmission system.

As the transmission planner for AEP and AEP subsidiaries in the east, PJM performs all
required studies to assess the robustness of the Bulk Electric System. All the models used for
these studies are created by and maintained by PJM with input from all transmission owners,
including AEP and its subsidiaries. Information about current cases, models, or results can be
requested from PJM directly. PJM is responsible for ensuring that AEP meets all NERC

transmission planning requirements, including stability of the system.

Performance standards establish the basis for determining whether system response to
credible events is acceptable. Depending on the nature of the study, one or more of the following
performance standards will be assessed: thermal, voltage, relay, stability, and short circuit. In
general, system response to events evolves over a period of several seconds or more. Steady state
conditions can be simulated using a power flow computer program. A short circuit program can
provide an estimate of the large magnitude currents, due to a disturbance, that must be detected
by protective relays and interrupted by devices such as circuit breakers. A stability program
simulates the power and voltage swings that occur as a result of a disturbance, which could lead
to undesirable generator/relay tripping or cascading outages. Finally, a post contingency power
flow study can be used to determine the voltages and line loading conditions following the

removal of faulted facilities and any other facilities that trip as a result of the initial disturbance.

The planning process for AEP’s transmission network embraces two major sets of
contingency tests to ensure reliability. The first set, which applies to both bulk and local area
transmission assessment and planning, includes all significant single contingencies. The second
set, which is applicable only to the Bulk Electric System, includes multiple and more extreme
contingencies. For the eastern AEP transmission system, thermal and voltage performance

standards are usually the most constraining measures of reliable system performance.

Sufficient modeling of neighboring systems is essential in any study of the Bulk Electric
System. Neighboring company information is obtained from the latest regional or interregional

study group models, the RFC base cases, the Eastern Interconnection Reliability Assessment
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Group (ERAG) Multlreglonal Modeling Workmg Group (MMWG) power flow library, the PJM
base cases, and neighboring companies themselves. In general, sufficient detail is obtained to
adequately assess all events, outages and changes in generation dispatch, which are contemplated

in any given study.

3.5.8 Transmission Project Details

A detailed list and discussion of certain transmission projects undertaken by APCo, or its
affiliates AEP West Virginia Transmission Company, Inc. (WV Transco) and Transource West
Virginia, that have recently been completed or are presently underway in Virginia and West
Virginia can be found below. In addition, several other projects outside of Virginia and West
Virginia area have also been completed or are underway across the AEP System-East Zone.
These projects contribute to the robust health and capacity of the overall transmission grid,

which benefits all customers.

AEP’s eastern transmission system is anticipated to continue to perform reliably for the
upcoming peak load seasons. AEP will continue to assess the need to expand its system to ensure

adequate reliability for APCo’s customers.

A brief summary of the major transmission projects in APCo’s Virginia and West
Virginia service territories for the 2017-2022 timeframe is provided below. Project information

includes the project name and a brief description of the project scope.

Broadford Station Improvements: Three new 765 kV circuit breakers will be

added to increase operational flexibility and reliability; six existing 138 kV circuit
breakers will be replaced to address safety performance; and three new 138 kV

circuit breakers will be added for greater operational flexibility and reliability.

Jacksons Ferry Station Improvements: Recently, various operational procedures

had to be initiated to mitigate both high and low voltage conditions in the area
around the Jacksons Ferry Station. APCo is installing a -450/+450 MV AR Static
Var Compensator (SVC). This is a PJIM mandated/baseline project. In addition,
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an existing 765/500 kV transformer will be replaced; a new 765 kV circuit

breaker will be added; and three existing 138 kV circuit breakers will be replaced.

Kanawha River Station Improvements: Replacement of the following assets at

Kanawha Station will improve reliability, mitigate safety concerns, and/or allow
for operational flexibility: three existing 345 kV circuit breakers; the existing

Series Capacitor; and the existing 345/138 kV transformer.

Joshua Falls 138 kV Station Improvements: The Joshua Falls Improvement

project includes building a new 138kV yard adjacent to the existing Joshua Falls
765 kV Station in Lynchburg, VA, which has been retired. This project will also
establish a new connection from the 138 kV yard to the 765 kV yard and upgrade

some line relays.

Reusens Station Improvements: The Reusens Station Improvement Project will
replace three 138 kV circuit breakers, four 69 kV breakers, and two 138/34.5 kV

transformers; install a new Drop In Control Module (DICM); and add three new

138 kV sectionalizing devices to improve overall reliability of the area.

Cloverdale Area Improvement Project: The Cloverdale Area Improvement

Project will address reliability by replacing a 765/345 kV transformer, a 765 kV
circuit breaker and two 345 kV current breakers; and adding two new 765 kV
circuit breakers. In the 138 kV yard, the 138/69 kV transformer will be replaced

and four new 138 kV breakers will be installed to improve reliability.

Opossum Synchronous Condenser Project: Two new smaller synchronous

condensers at Opossum Creek Station will be installed and the existing single unit
will be retired. Seven 138 kV breakers will be replaced and five new 138 kV
breakers will be installed to add sectionalizing capability and thus improve overall

reliability.

Cliffview Area Improvements: The major scope of work includes constructing a

new double 138 kV circuit to a newly constructed 138 kV Cliffview Station.

2018 Integrated Resource Plan
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Upon completion of the work, the existing Wythe — Cliffview and Wythe —
Byllesby 69 kV lines will be retired.

Sheridan Area Improvements: The Sheridan Area Improvements addresses

necessary infrastructure improvements in Lincoln and Logan Counties in West
Virginia as well as improvements related to looping long radial lines serving
substantial load. The major scope of work includes constructing a new double
circuit 138 kV line from the Midkiff 138 kV Station to a newly constructed
Sheridan 138 kV Station. The Darrah — Sheridan 69 kV line will then be retired.
Also, a new 138 kV line will be constructed from the Midkiff 138 kV Station to
the Stone Branch 138 kV Station in order to provide a second feed to the
approximately 40 MVA of load served out of Stone Branch. A new station at
Chapmanville will be constructed in order to retire the Trace Fork Switching
Station currently on the Hopkins — Logan 138 kV circuit. This new 138 kV

Station will improve reliability of the 138 kV system in the area.

Leon — Ripley Conversion: The Leon — Ripley 69 kV conversion project

addresses thermal violations for the loss of the Gavin — Meigs 69 kV line in
conjunction with the Ripley — Ravenswood 69 kV line. In addition, this project
will resolve voltage violations for the loss of the Leon — Ripley 69 kV line and the
loss of the Gavin — Meigs 69 kV line. The major scope of work includes
rebuilding the existing Leon — Ripley line and converting it to 138 kV, as well as

building a new 138 kV Ripley Station.

Abingdon Area Improvements: The Abingdon Area lmprovemer;ts addresses an

overload on the Abingdon-Hillman Highway 69kV line and the Abingdon
138/69kV transformer. The major scope of work includes construction of a new
138/69/12kV South Abingdon Station connected to the Broadford-Wolf Hills
138kV circuit via a new double circuit 138kV line and a new 69kV line between

the new South Abingdon and Arrowhead Stations.
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Tri State Station Rehab Project:  Tri-State Station is currently serving

approximately 5,600 customers in the Huntington, West Virginia area with a
projected load of approximately 34 MVA. The major scope of work, which will
improve reliability, includes the replacement of two existing 345/138 kV
transformers and a 345 kV circuit breaker, as well as the installation of four new

345 kV circuit breakers.

Huntington Area Improvements: The Huntington Area Improvement project

addresses thermal violations on the 34.5 kV subtransmission network that
supports the city of Huntington, WV. The major scope of work entails the

construction of a new 138 kV line between Darrah and East Huntington Stations.

McDowell Area Improvement Project: The McDowell Area Improvement Project
will address thermal and voltage violations on a 1920s 88 kV line. The line will
be converted to 138 kV to match the surrounding system. The project includes
the removal of approximately 35 miles of existing 88kV transmission line,
rebuilding and upgrading approximately 17 miles of an existing transmission line
to 138kV, retirement of two substations, construction of three new substations,

and upgrades at various existing substations.

Nagel Gas Insulated System (GIS) Replacement. The proposed system will

rebuild and replace the existing 500/138 kV GIS station yard as a conventional
Air Insulated Station (AIS). In addition, a second 500/138 kV transformer will be
installed at Nagel station in order to mitigate identified thermal criteria violations

on the 34.5 kV subtransmission network.

Fieldale Synchronous Condenser 138kV: The Fieldale Synchronous Condenser

was originally installed in 1974 and is one of only two facilities that provide
dynamic voltage regulation and reactive compensation to the 138kV system
around Roanoke. This project consists of installing two new -50/100 MV Ar units
at Fieldale Station that will replace the existing single -100/250 MVAr unit. In
addition, several 138 kV and 69 kV breakers will be replaced. Five new 138 kV

P . ;,’Z‘()wl‘g_lp\tegrqteiq BESQUTCE P_lqn; .
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breakers will be installed to add sectionalizing capability and improve overall

reliability.

Bland Area Improvements: The Bland Area Improvements addresses thermal

criteria improvements on the Tazewell-Buckhorn line in addition to voltage
magnitude improvements in the South Princeton area for the outage combination
of Glen Lyn-Hinton 138kV and Jim Branch-Switchback 138kV lines. The major
scope of work includes rebuilding the Wythe-South Bluefield 69kV line to
138kV, re-routing the new line into the Progress Park 138kV Station, and
replacing the Bland 69kV Station with the Town Creek 138kV Station.

Fayette County Area Transmission Improvements: To improve voltage, thermal,
and reliability performance, the Fayette County Project entails constructing
certain transmission facilities in the vicinity of Beckley and elsewhere in Fayette,
Greenbrier and Raleigh Counties. Specifically the Fayette County Project
includes: constructing new Beury Mountain and Brackens Creek Stations,
constructing approximately twelve miles of 138kV transmission line between the
new Beury Mountain and Brackens Creek Stations, constructing approximately
two miles of new 138kV transmission line, rebuilding and upgrading
approximately thirteen miles of existing 69kV transmission line to 138kV
between the McClung and Brackens Creek Stations, and installing equipment at

three existing stations.

Wyoming 765kV Reactor Addition: This project was developed in order to

mitigate operational high voltage constraints identified on the APCo 765kV
system during off peak time periods. The major scope of work includes the
addition of a new 300 MVAR shunt reactor connected via a new 765kV circuit

breaker at Wyoming station.

Thorofare Project: This Transource West Virginia project addresses a

Transmission Planning Criteria violation that is expected to occur in 2019 in the

area northeast of Charleston, West Virginia. The major scope of work includes the
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addition of a new 138kV switching station (Linden Road Station) off First
Energy’s Powell Mountain — Goff Run 138kV transmission line and the
construction of a new 138kV transmission line to connect the new Linden Road

Station to APCo’s existing Thorofare Creek switching station.

3.6 Electric Distribution Grid Transformation Overview

Section 56-599.B.10 of the Virginia Code, which was added by the 2018 Virginia Act
and will be effective for APCo’s next IRP, requires utilities as part of their IRPs to
“systematically evaluate” and consider proposing “[IJong-term electric distribution grid planning
and proposed electric distribution grid transformation projects.” In addition, the 2018 Virginia
Act creates special regulatory ratemaking treatment for “electric distribution grid transformation

projects” (EDGT projects).

In the 2017 IRP Order, the Commission directed APCo to provide plans to implement the
mandates contained in the 2018 Virginia Act. Given that the implementation of EDGT projects
is not a mandate, and that the timing of the Act, the 2017 IRP Order and the filing of this IRP did
not afford APCo sufficient time for a detailed and systematic analysis of EDGT, APCo was not
able to systematically evaluate EDGT projects and provides instead the following overview of
some projects that meet the broad definition of EDGT projects'? in the 2018 Virginia Act. APCo

13 Projects “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
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has already begun to implement these projects as it works to develop the groundwork for a smart
grid, and APCo will continue to evaluate other such projects in the coming years. Note that the
evaluation of these types of projects is, for the large part and due to their nature, different than
the evaluation of supply- and demand-side generation resources that is traditionally part of the

IRP process.

3.6.1 Projects that “Enhance Electric Distribution Grid Reliability”

Managing vegetation on APCo’s rights-of-way underpins its strategy for maintaining
distribution system reliability, as vegetation-related momentary or sustained outages are among
the biggest challenges to reliability. Indeed, the impact of other EDGT projects could be

diminished by vegetation contact with these reconfigured facilities.

3.6.2 “Advanced Metering Infrastructure” and “Expanded Access to Energy Usage”

Projects

In 2017, APCo began to deploy the first phase of two-way communicating AMI meters
along with the supporting infrastructure. The initial rollout was targeted at urban and suburban
areas, including locations with high customer turnover such as apartment complexes and college

and university communities.

Among other benefits, AMI will provide customers with more information and choice

about their energy use, and will provide data to help APCo more efficiently operate the system as

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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levels of DG and EV continue to increase. It allows for quick and safe connects, disconnects and
reconnects, benefitting both Company employees and customers. Importantly, AMI will provide
increased customer education and control by allowing customers access to their data through

web portals and mobile applications.

3.6.3 “Energy Storage” Projects

APCo is testing new ways of combining already available hydroelectric power with
energy storage to support the grid. In 2017, APCo partnered with Greensmith Energy to integrate
a 4 MW energy storage system with the Buck and Byllesby hydroelectric power plants in
southwest Virginia. The hybrid system combines advanced energy storage and software with
hydroelectric generation to provide ancillary services to the grid. The system is commissioned
and currently awaiting PJM approval for market operations. In 2008, APCo installed a 2 MW
NasS battery at the Balls Gap station, just south of Milton, West Virginia, which helped defer the
construction of a new substation until 2017. During this period, the Balls Gap installation
provided islanding functionality that allowed for service to up to 700 customers to be maintained
for up to seven hours during an interruption in service. This battery also recently has been placed

in the PJM market for frequency regulation.

3.6.4 “Distribution System Hardening” Projects

In 2018, a multi-year initiative to modernize and reinforce APCo’s underground electrical
network including the one located in Roanoke will be complete. The project gives APCo the
capability to monitor the networks in real time using fiber optics and cutting-edge sensor
technology to capture data in five-second intervals. This gives APCo a real-time view of the
distribution grid, a capability that will be needed as the distribution system becomes a more

diverse, flexible system, allowing all resources to connect and manage demand at the same time.
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4.0 Modeling Parameters

4.1 Modeling and Planning Process — An Overview

The objective of a resource planning effort is to recommend a system resource expansion
plan that balances “least-cost” objectives with planning flexibility, asset mix considerations,
adaptability to risk, and conformance with applicable NERC and RTO criteria. In addition, the
planning effort must ultimately be in concert with anticipated long-term requirements established
by the EPA-driven environmental compliance planning process. Resources selected through the

modeling process are not locational specific.

The information presented with this IRP includes descriptions of assumptions, study
parameters, methodologies, and results including the integration of supply-side resources and

DSM programs.

In general, assumptions and plans are continually reviewed and modified as new
information becomes available to ensure that market structures and governances, technical
parameters, regulatory constructs, capacity supply, energy adequacy and operational reliability,
and environmental mandate requirements are routinely reassessed to ensure optimal capacity
resource planning.

Further impacting this process are a growing number of federal and state initiatives that
address many issues relating to industry restructuring, customer choice, and reliability planning.
Currently, fulfilling a regulatory obligation to serve native load customers represents one of the
cornerstones of the APCo IRP process. Therefore, as a result, the “objective function” of the
modeling applications utilized in this process is the establishment of the least-cost plan, with cost
being more accurately described as revenuwe requirement under a traditional ratemaking
construct.

That does not mean, however, that the best or optimal plan is the one with the absolute
least cost over the planning horizon evaluated. Other factors—some more difficult to monetize
than others—were considered in the determination of the Hybrid Plan. Sensitivity analyses were

performed to understand the impact of addressing factors which may increase costs.
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4.2 Methodology

The TRP process aims to address the long-term “gap” between resource needs'® and
current resources. Given the various assets and resources that can satisfy this expected long-term
gap, a tool is needed to sort through the myriad of potential combinations and return an optimum
solution—or portfolio—subject to constraints. Plexos® is the primary modeling application, used by
APCo and AEP for identifying and ranking portfolios that address the gap between needs and
current available resources.'> Given the cost and performance parameters around sets of
potentially-available supply- and demand-side proxy resources and a scenario of economic
conditions that include long-term fuel prices, capacity costs, energy costs, emission-based
pricing proxies including CO,, as well as projections of energy usage and peak demand, Plexos®
will return the optimal suite of proxy resources (portfolio) that meet the resource need. Portfolios
created under similar pricing scenarios may be ranked on the basis of cost, or the Cumulative
Present Worth (CPW), of the resulting stream of revenue requirements. The least cost option is

considered the “optimum? portfolio for that unique input parameter scenario.

4.3 Fundamental Modeling Input Parameters

The AEP Fundamental Analysis group prepares the Long-Term North American Energy
Market Forecast (“Fundamentals Forecast™) with support from the proprietary AURORA Energy
Market Model (“AURORA”). Similar to Plexos®, AURORA is a long-term fundamental
production cost-based energy and capacity price forecasting tool developed by EPIS, Inc., that is
driven by comprehensive, user-defined commodity input parameters. For example, nearer-term
unit-specific delivered fuel and emission allowance price forecasts, based upon actual

transactions, which are established by AEP Fundamental Analysis and AEP Fuel, Emissions and

' APCo, in accordance of its understanding of Virginia law and the Commission’s Integrated Resource Planning
Guidelines, has historically viewed resource needs as encompassing both capacity and energy, and “least reasonable
cost™ aspects.

15 plexos®is a production cost-based resource optimization model, which was developed and supported by Energy
Exemplar, LLC. The Plexos® model is currently licensed for use in 37 countries throughout the world.
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Logistics, are input into AURORA. Estimates of longer-term natural gas and coal pricing are
projected by AEP Fundamental Analysis informed by research received from consultants,
industry groups, trade press, governmental agencies, and others. Similarly, capital costs and
performance parameters for various new-build generating options, by duty-type, are vetted
through AEP Engineering Services and incorporated into the tool. Other information specific to
the thousands of generating units being modeled is researched from Velocity Suite, an on-line
information database maintained by ABB’s Energy Velocity. This includes data such as unit
capacity, heat rates, retirement dates and emission controls status. Finally, the model maintains
and determines region-specific resource adequacy based on regional load estimates provided by
AEP Economic Forecasting, as well as current regional reserve margin criterion. AEP uses
AURORA to model long-term (market) energy and capacity prices for the entire U.S. eastern
interconnect as well as Electric Reliability Council of Texas (ERCOT). The projection of a CO;
pricing proxy is based on assumptions developed in conjunction with the AEP Strategic Policy
Analysis organization. Figure 16 shows the Fundamentals process flow for solution of the long-
term commodity forecast. The input assumptions are initially used to generate the output report.
The output is used as feedback to change the base input assumptions. This iterative process is
repeated until an equilibrium state is reached (e.g., level of natural gas consumption is suitable

for the established price and all emission constraints are met).

Input Output
Fuol Forocnst : Expnnsl‘t:;lnc"y
1

Genemte Roport
Load Forecast Annuat DE Emission Totals

- Fuel Bum Totals
I Market Pricos

i

Capital Cost F

i

¥ Recycle |

Figure 16. Long-term Power Price Forecast Process Flow
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The Company used its most recent (2016) commodity price forecast to optimize and
evaluate resource portfolios for this IRP'®. While the Company’s forecast used in previous
filings represents the best information available at the time, given concerns raised about its Base
Case forecast in recent SCC Orders, this IRP gave more consideration to the Low Band forecast

in developing APCo’s Hybrid Plan.

4.3.1 Commodity Pricing Scenarios

Four commodity pricing scenarios were developed by AEP Fundamental Analysis that
enabled Plexos® to construct resource plans for APCo under various long-term pricing
conditions. In this Report, the four distinct long-term commodity pricing scenarios that were
developed for Plexos® are the Mid, Low Band, High Band, and No Carbon scenarios. The
overall fundamental forecasting effort was most recently completed in October of 2016. The
Mid, Low Band, and High Band scenarios each consider the potential impact of carbon
regulations. The modeling associated with these scenarios determined the appropriate
combination of CO; and energy prices which would provide for nationwide compliance with the
CPP on a mass basis, considering compliance beginning in 2024. These CO; allowance values
vary across the three scenarios and support the premise that CO, values are highly dependent

upon fuel price assumptions — particularly natural gas.

4.3.1.1 Emission Reduction Credit (ERC) Pricing

As indicated, for purpose of the CPP modeling performed by the Company, AEP
Fundamental Analysis created a set of CO; allowance pricing scenarios predicated upon national
compliance under a mass-based approach. This was done as a matter of modeling convenience
given that a) the underlying AURORA (dispatch) modeling framework itself was more

conducive to the use of a mass-based commodity approach and, b) there are greater uncertainties

'S The AEP Fundamental Analysis group is in the process of evaluating market fundamentals in advance of

developing a new Fundamentals Forecast.
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surrounding wide implementation approaches for an Emission Reduction Credit (ERC) or rate-
based pricing scheme. This action, however, neither introduces nor presumes any bias toward a
fundamental pricing basis for one CPP pricing approach (mass-based ‘allowance’) versus the
other (rate-based ‘ERC?’).

In fact, based on mass-based versus rate-based pricing approaches from other observed
projections, overall mass versus rate pricing profiles were generally consistent. For this reason
the Company assumed that, for the purpose of the Plexos® optimization modeling exercise, a
reasonable proxy for such a forecast of ERC pricing would be equal to the pricing point
established for the mass-based approach. For example, a $10 per ton allowance price in a given

year would also be assumed to equal a $10/MWh ERC price in that same year.

4.3.1.2 Renewable Energy Credit (REC) Pricing

There are a number of factors that will determine supply and demand for renewable
energy credits (RECs) during the IRP forecasting period, including new renewable projects,
retiring fossil generation, new transmission projects bringing mid-western wind into eastern
demand centers, and state level renewable regulation. As more renewable generation is added,
the supply of RECs is expected to outstrip demand, resulting in a long-term price of zero for PJM
Tier | RECs. However, uncertainty exists with each of these variables, with the potential of both

upward and downward pressure on REC pricing.

PJM Tier 1 RECs will serve as a proxy for modeling REC prices associated with
incremental solar and wind additions in the IRP process. Given the uncertainty and general
tendency towards lower values, portfolios were optimized with a zero REC value. To capture
the range of possible outcomes, two sensitivities were included: REC prices of $5 and $10.
These values were selected based on current pricing, published market intelligence, and known

developments in the industry.

4.3.1.3 Mid Band or Base Scenario

This scenario recognizes the following major assumptions:
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¢ MATS Rule implementation beginning in 2015;
o relatively lower natural gas price due to the emergence of shale gas plays; and

e CO;emission pricing beginning in 2024

As mentioned above, the Mid, Low Band, and High Band scenarios include CO; pricing
as a result of the assumed implementation of CO; reduction regulation. Also, the specific effects
of the MATS Rule are modeled in the development of the long-term commodity forecast by
retiring the smaller, older solid-fuel (i.e., coal and lignite) units which would not be economic to
retrofit with emission control equipment. The retirement time frame modeled runs through 2017.
Those remaining solid-fuel generating units will have some combination of controls necessary to
comply with EPA rules. Incremental regional capacity and reserve requirements will largely be
addressed with new natural gas plants. One effect of the expected retirements on the emission
control retrofit scenario is an over-compliance of the CSAPR emission limits. This IRP models

emission allowance prices for SO, and NOj, at zero.

4.3.1.4 Low Band Scenario

This scenario is best viewed as a plausible lower natural gas/solid-fuel/energy price
profile compared to the Mid scenario. In the near term, Low Band natural gas prices largely track
Mid prices but, in the longer term, natural gas prices represent an even more significant
reduction of shale gas exploration costs. From a statistical perspective, this long-term pricing
scenario is approximately one (negative) standard deviation (-1.0c) from the Mid scenario and
illustrates the effects of coal-to-gas substitution at plausibly lower gas prices. Like the Mid

scenario, CO;, pricing is assumed to start in 2024.

4.3.1.5 High Band Scenario

Alternatively, the High Band scenario offers a plausible, higher natural gas/solid-
fuel/energy price profile compared to the Mid scenario. High Band natural gas prices reflect
certain impediments to shale gas developments including stalled technological advances (drilling
and completion techniques) and as yet unseen exploration and development environmental costs.

The pace of environmental regulation implementation is in line with the Mid and Low Band
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scenarios. Analogous to the Low Band scenario, this High Band view, from a statistical
perspective, is approximately, one (positive) standard deviation (+1.0c) from the Mid. Also, like

the Mid and Low Band scenarios, CO; pricing is assumed to begin in 2024,

4.3.1.6 No Carbon Emission Regulation (No Carbon) Scenario

While a 2016 No Carbon scenario was evaluated in APCo’s 2017 IRP, it is not being
used to evaluate potential portfolios in this 2018 IRP. The 2016 No Carbon scenario, which did
not incorporate a price for CO, emissions, was designed to gauge the impact of a CO, emissions’
price on unit dispatch, and to serve as a baseline when compared to the Mid Band scenario.
Consequently, the 2016 No Carbon scenario reflected a generation fleet that is unaffected by the
cost of CO, mitigation regulations, which results in greater coal consumption and relatively

higher power prices in the near term when compared against the Mid Band scenario.

As stated earlier, this IRP utilizes the Low Band scenario as one of the primary bases for
developing the Hybrid Plan. It also uses the Low Band scenario to develop CPP compliant plans
and calculate the cost of those plans. Comparing the Hybrid Plan or CPP compliant plans to the
2016 No Carbon scenario would not be meaningful because the 2016 No Carbon scenario is
intended as a baseline against the Mid Band scenario rather than the Low Band scenario.
Therefore, the 2016 No Carbon scenario was not used to evaluate potential portfolios for this
IRP.

4.3.1.7 Forecasted Fundamental Parameters

Figure 17 through Figure 23 below illustrate the forecasted fundamental parameters (fuel,
energy, capacity and CO; emission prices) that were used in the long-term optimization
modeling for this IRP. The Low Band fundamental parameters were also used to develop CPP

compliant portfolios.
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Figure 17. Dominion South Natural Gas Prices (Nominal $/mmBTU)
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Figure 18. Dominion South Natural Gas Prices (2018 Real $/mmBTU)
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Figure 22. PIM Off-Peak Energy Prices (Nominal $/MWh)
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Figure 23. PJM Capacity Prices (Nominal $/MW-Day)
4.4  Demand-Side Management (DSM) Program Screening & Evaluation Process

4.4.1 Overview

The process for evaluating DSM impacts for APCo is divided into two spheres: “existing
DSM programs” and “incremental DSM programs.” Existing DSM programs are those that are
known or are reasonably well-defined, and follow a pre-existing process for screening and
determining ultimate regulatory approval. The impacts of APCo’s existing DSM programs are
propagated throughout the long-term load forecast. Incremental DSM program impacts which
are, naturally, less-defined, are developed with a dynamic modeling process using more generic

cost and performance parameter data.

For APCo, the potential incremental DSM programs were developed and ultimately
modeled based on APCo’s DSM team input and the Electric Power Research Institute’s (EPRI)
“2014 U.S. Energy Efficiency Potential Through 2035” report. This report served as the basic
underpinning for the establishment of potential EE “bundles”, developed for residential and

commercial customers that were then introduced as a resource option in the Plexos® optimization
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model. In order to reflect potential energy savings available in the industrial sector, the end-
usage associated with lighting was combined for both the commercial and industrial sectors. The
indoor and outdoor lighting bundles shown below in Table 11 reflect the potential energy savings

for both sectors.

4.4.2 Achievable Potential (AP)

The amount of available EE is typically described in three sets: technical potential,
economic potential, and achievable potential. The previously-cited EPRI report breaks down the
achievable potential into a High Achievable Potential (HAP) and an Achievable Potential (AP),
with the HAP having a higher utility cost than the AP. Briefly, the technical potential
encompasses all known efficiency improvements that are possible, regardless of cost, and thus,
whether or not it is cost-effective (i.e., all EE measures would be adopted if technically feasible).
The logical subset of this pool is the economic potential. Most commonly, the total resource cost
test is used to define economic potential. This compares the avoided cost savings achieved over
the life of a measure/program with the cost to implement it, regardless of who paid for it and
regardless of the age and remaining economic life of any system/equipment that would be
replaced (i.e., all EE measures would be adopted if economic). The third set of efficiency assets
is that which is achievable. As highlighted above, the HAP is the economic potential discounted
for market barriers such as customer preferences and supply chain maturity; the AP is
additionally discounted for programmatic barriers such as program budgets and execution

proficiency.

Of the total technical potential, typically only a fraction is ultimately achievable and only
then over time due to the existence of market barriers. The question of how much effort and
money is to be deployed towards removing or lowering the barriers is a decision made by state

governing bodies (legislatures, regulators or both).

The AP range is typically a fraction of the economic potential range. This achievable

amount must be further split between what can or should be accomplished with utility-sponsored
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programs and what should fall under codes and standards. Both amounts are represented in this

IRP as reductions to what would otherwise be in the load forecast.

4.4.3 Evaluating Incremental Demand-Side Resources

The Plexos® model allows the user to input incremental CHP, EE, DG, DR and VVO as
resources, thereby considering such alternatives in the model on equal-footing with more

traditional “supply-side® generation resource options.

4.4.3.1 Incremental Energy Efficiency (EE) Modeled

To determine the economic demand-side EE activity to be modeled that would be over-
and-above existing EE program offerings in the load forecast, a determination was made as to the
potential level and cost of such incremental EE activity as well as the ability to expand current
programs. It was assumed that the incremental programs modeled would be effective in 2022. As
a result of the 2018 Virginia Act, which provides that customers above 500kW of demand are
not eligible for new EE programs going forward, these Virginia customers were removed from
the available EE potential and thus not modeled. Figure 24 and Figure 25 show the “going-in”
make-up of projected end-usage in 2022 for APCo’s residential and commercial sectors with
lighting end-use also included for the industrial sector. Future incremental EE activity can further

target these areas or address other end-uses.

The 2018 Virginia Act further requires that APCo propose $140 million of EE programs
by 2028, and develop a long-term plan for EE measures in IRPs to accomplish the policy goals
of reduction in customer bills, particularly for low-income, elderly, and disabled customers;
reduction in emissions; and reduction in carbon intensity. To the extent that the Company’s
Hybrid Plan does not approach this level of spending, it is the Company’s plan to continue to
seek cost-effective energy efficiency programs to propose, and, to the extent reasonable, target
low-income, elderly, and disabled customers. These programs may consist of an expansion of
the Company’s current Low Income Weatherization program, additional low income-type

programs, and/or programs designed to address energy efficiency in lower-income multi-family
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residences. At this time, the Company expects it will propose $5-10 million in EE spending, per

year, incremental to the EE spending in the Hybrid Plan, to meet these policy goals.
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Figure 24. 2022 APCo Residential End-Use (GWh)
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Figure 25. 2022 APCo Commercial End-use & Industrial Lighting End-use (GWh)
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To determine which end-uses are targeted, and in what amounts, APCo looked at the
previously-cited 2014 EPRI report and consulted its DSM team. The EPRI report and the APCo
DSM team provided information on a multitude of current and anticipated end-use measures
including measure costs, energy savings, market acceptance ratios and program implementation
factors. APCo utilized this data to develop “bundles™ of future EE activity for the demographics
and weather-related impacts of its service territory. Table 8 and Table 9, from the EPRI report,

list the individual measure categories considered for both the residential and commercial sectors.

Table 8. Residential Sector Energy Efficiency (EE) Measure Categories

Pumps

Central Air Conditioning Programmable Storm Doors Dishwashers
Thermostat
Air-Source Heat Pumps Water Heating External Shades Clothes Washers
Ground-Source Heat Faucet Aerators Celling [nsulation Clothes Dryers

Room Alr Conditioning

Pipe Insulation

Foundation Insulation

Refrigerators

Air Conditioning Low-Flow Showerheads Ductinsulation Freezers
Maintenance
Heat Pump Maintenance Duct Repair Wall Insulation Cooking
Attic Fan Dehumidifier Windows Televisions
Furnace Fans Lighting ~ Linear Reflective Roof Personal Computers
Fluorescent
Ceiling Fan Lighting — Screw-in tnfiltration Control Smart Plug Strips, Reduce

Standby Wattage

Whole-House Fan

Enhanced Customer Bill

Presentment

Table 9. Commercial Sector Energy Efficiency (EE) Measure Categories

Fluorescent

Heat Pumps Water Heater Energy-Efficient Motors Lighting - Screw-in
Central Air Conditioning | Water Temperature Reset| Variable Speed Controls Lighting - LED Street
Lighting
Chiller Computers Programmable Anti-Sweat Heater
Thermostat Controls
Cool Roof Servers Duct Testing and Sealing | Floating Head Pressure
Controls
Economizer Displays HVAC Retro- Installation of Glass
commissioning Doors
Energy Management Copiers Printers Efficient Windows High-Efficiency Vending
System Machine
Roof Insulation Other Electronics Lighting - Linear lcemakers

Duct Insulation

Lighting - HID to LED

Reach-in Coolers and
Freezers
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What can be derived from the tables is that the 2014 EPRI report has taken a
comprehensive approach to identifying available EE measures. From this information and recent
APCo DSM activity, APCo has developed proxy EE bundles for residential, commercial and
industrial customer classes to be modeled within Plexos®. These bundles are based on measure
characteristics identified within the EPRI report, recent APCo DSM planning, and APCo

customer usage.

Table 10 and Table 11 list the energy and cost profiles of EE resource “bundles™ for the
residential and commercial sectors, respectively. In order to reflect the potential EE savings
available in the industrial sector, each of the lighting bundles shown in Table 11 includes
potential savings for both commercial and industrial customers.

Table 10. Incremental Residential Energy Efficiency (EE) Bundle Summary

Yearly Potential | Yearly Potential | Yearly Potential
Installed Cost R R ) Bundle
Bundle ($/kWh) Savings (MWh) | Savings (MWHh) | Savings (MWh) Life
2022-2024 2025-2029 2030-2040
Thermal Shell - AP $0.22 10,148 3,545 4,607 10
Thermal Shell - HAP $0.34 47,262 24,274 11,586 10
Heat Pump - AP $1.29 28,707 5,266 327 18
Heat Pump - HAP $1.93 33,773 577 0 18
Water Heating - AP $0.03 6,158 1,205 1,245 10
Water Heating - HAP $0.05 28,508 12,231 4,419 10
Appliances - AP $0.27 17,914 2,463 1,335 16
Appliances - HAP $0.48 36,087 8,012 4,078 16
Lighting - AP $0.03 27,723 0 0 30
Lighting - HAP $0.05 48,808 2,108 338 30
Enhanced Customer Bill $0.75 79,695 0 0 10

Table 11. Incremental Commercial and Industrial (Lighting) Energy Efficiency (EE) Bundle Summary

installed Cost Yearly Potentia! | Yearly Potential | Yearly Potential Bundle
Bundle ($/kWh) Savings (MWh) | Savings (MWh) | Savings (MWh) Life
2022-2024 2025-2029 2030-2040
Heat Pump - AP $10.02 10,921 1,699 0 15
Heat Pump - HAP $15.03 12,849 212 0 15
HVAC Equipment - AP $0.89 7,249 1,143 953 15
HVAC Equipment - HAP $1.31 13,212 2,341 69 15
Indoor Screw-In Lighting - AP $0.01 9,481 0 0 6
Indoor Screw-In Lighting - HAP $0.02 13,983 0 0 6
Indoor HID/Fluorescent Lighting - AP $0.21 114,320 15,790 1,734 13
Indoor HID/Fluorescent Lighting - HAP $0.32 134,494 2,164 0 13
Outdoor Lighting - AP $0.14 18,023 2,706 23 15
Outdoor Lighting - HAP $0.22 21,203 347 0 15
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As can be seen from the tables, each program has both AP and HAP characteristics. The
development of these characteristics is based on the 2014 EPRI EE Potential report that has been
previously referenced. This report further identifies Market Acceptance Ratios (MAR) and
Program Implementation Factors (PIF) to apply to primary measure savings, as well as
Application Factors for secondary measures. Secondary measures are not consumers of energy,
but do influence the system that is consuming energy. The Residential Thermal Shell,
Residential Water Heating and Commercial Cooling bundles—in both AP and HAP—include
secondary measures. The MAR and PIF are utilized to develop the incremental AP program
characteristics and the MAR only is used to develop the incremental HAP program
characteristics.

Figure 26 below shows the Levelized Cost of Electricity (LCOE) and potential energy
savings in 2022 for each of the bundles offered into the model as a potential resource. To
preserve a reasonable scale for illustrative purposes, the two bundles with the highest LCOE,
Commercial Heat Pump AP and Commercial Heat Pump HAP, were omitted from Figure 26.
The total potential energy savings for EE programs that begin in 2022 is 721GWh, 2% of
APCo’s total load.
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Figure 26. EE Bundle Levelized Cost vs. Potential Energy Savings for 2022
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Each EE bundle is offered into the model as a stand-alone resource with its own unique
cost and potential energy and demand savings. Should the model determine that a bundle is
economical, that bundle will be included in the portfolio of optimized resources. APCo will
consider the details of which EE bundles were selected by the Plexos model, and included in the
Hybrid Plan, to develop appropriate EE offerings to propose for APCo’s customers in Virginia
and West Virginia. Efforts to determine program attributes such as participant costs, penetration
rates, and bill savings, prior to that point in time would be highly speculative and potentially

inaccurate.

4.4.3.2 Volt VAR Optimization (VVO) Modeled

Potential future VVO circuits considered for modeling varied in relative cost and energy-
reduction effectiveness. The circuits were grouped into 15 “tranches™ based on the relative
potential peak demand and energy reduction of each tranche of circuits. The Plexos® model was
able to pick the most cost-effective tranches first and add subsequent tranches as merited. Each
VVO tranche is estimated to encompass 37 circuits. Table 12 details all of the tranches offered

into the model and the respective cost and performance of each. The costs shown are in 2016

dollars.
Table 12. Voit VAR Optimization (VVO) Tranche Profiles
L. Capital Annual Demal.':d Energ-y
Tranche | No. of Circuits Reduction |Reduction
Investment O&M

(kW) (MWh)

1 37 $12,358,000 $370,740 15,602 64,234
2 37 $12,358,000 $370,740 12,170 50,106
3 37 $12,358,000 $370,740 10,656 43,872
4 37 $12,358,000 $370,740 9,579 39,440
5 37 $12,358,000 $370,740 8,856 36,463
6 37 $12,358,000 $370,740 8,272 34,058
7 37 $12,358,000 $370,740 7.847 32,306
8 37 $12,358,000 $370,740 7,513 30,931
9 37 $12,358,000 $370,740 7,283 29,986
10 37 $12,358,000 $370,740 6,985 28,759
1 37 $12,358,000 $370,740 6,764 27,849
12 37 $12,358,000 $370,740 6,469 26,633
13 37 $12,358,000 $370,740 6,143 25,292
14 37 $12,358,000 $370,740 5,839 24,039
15 37 $12,358,000 $370,740 5,562 22,901
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4.4.3.3 Demand Response (DR) Modeled

= _— = e o

Incremental levels of DR were included in the IRP model. These resources, which are
included in the model as a resource for the entire operating company, were modeled based on the
Bring Your Own Thermostat (BYOT) program, which reduces demand by either cycling the
customer’s air conditioner(s) or setting back the thermostat temperature. In the BYOT program,
customers would own and self-install Wi-Fi enabled thermostats, which will communicate with
APCo. Table 13, below, shows the DR resource offered into the model for residential and
commercial customers. The model may select up to four units, each comprised of 3,000

customers, in any calendar year, beginning with 2022. Each unit has a service life of seven years.

Table 13. Incremental Demand Response (DR) Resource

Sector Participants | Demand | Energy {installation | Annual | Total First [Service Life
Savings Savings [Cost Cost Year Cost |{Years)
(kw) (kWh)
Residential / 3,000 2,810 60,000 $151,000 $888,000| $1,039,000 7
Commercial

4.4.3.4 Distributed Generation (DG) Modeled

DG resources were evaluated assuming a residential rooftop solar resource, as this is the
primary distributed resource. To determine the level of customer penetration APCo referenced a
forecast conducted by IHS Inc. on behalf of PJM'”. This forecast considered the level of solar
photovoltaic (PV) installations over the period of 2018-2033. The updated forecast utilized by

PJM included the Net Energy Metering Reform scenario'®.

' Solar PV Capacity Additions Forecast for PJM States: 2018-33, October 31, 2017. Available at
http://www.pjm.com/~/media/committees-groups/subcommittees/1as/20171115/201711 15-item-03-ihs-solar~
forecasi-2017.ashx

"¥ Distributed Solar Generation Update, November 15, 2017. Available at http://www.pim.com/~/media/committees-

roups/subcommittiees/las/20171115/20171115-ttem-03-pim-distributed-solar-peneration-forecast-2018.ashx and
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Figure 27 below depicts the forecast of DG resources in APCo over the planning period. To
determine the level of DG penetration APCo created a forecast using existing levels of DG, as
well as the incremental additions from PJM’s forecast. This forecast is shown as the red line in
Figure 27 below. The green line in Figure 27 utilizes the same forecast method but incorporates
Virginia’s state cap on net-metering, which is expected to affect the forecast beginning in 2022.
The capped forecast (green line, or PJM Forecast w/VA Cap in Figure 27), is the level of DG

resources included in this IRP.

100 +

APCo Distributed Generation Forecast Scenarios - Cumulative MW,

90 + R S e~ s —_———
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-_-_’,J
- - - -
0o == —— - ———

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

= = »Existing = PJM Forecast —===PIM Forecast w/VA Cap

Figure 27. APCo Forecasted Distributed Generation Installed, or Nameplate, Capacity (MW)

Distributed Solar Generation Forecast by Zone and State. Available at http://www.pjm.com/~/media/committees-
groups/{subcommiitees/las/20171115/20171115-item-03 -distributed-solar-generation-data.ashx
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PJM’s forecast issued in November 2017 represents a lower level of DG penetration from
the same forecast issued one year prior. APCo intends to closely monitor the levels of DG
installed throughout its service territory to observe any potential divergence from the forecast

shown above.

It is significant to note that rooftop solar does not represent the most economic means for
APCo to add renewable generation as the cost of rooftop solar remains considerably higher than

the cost of large-scale solar, the cost of which is discussed in Section 4.5.5.1.1.

4.4.3.5 Optimizing Incremental Demand-side Resources

The Plexos® software views demand-side resources as non-dispatchable “generators” that
produce energy similar to non-dispatchable supply-side generators such as wind or solar. Thus,
the value of each resource is impacted by the hours of the day and time of the year that it

“generates” energy.

4.4.3.6 Combined Heat and Power (CHP)

CHP (also known as Cogeneration) is a process where electricity is generated and the waste
heat by-product is used for heating or other processes, raising the net thermal efficiency of the
facility. To take advantage of the increased efficiency associated with CHP, the host must have a

ready need for the heat that is otherwise potentially wasted in the generation of electricity.

APCo worked with AEP Generation Engineering to develop a generic CHP option. The
CHP option developed is a 15MW facility utilizing a natural gas fired combustion turbine, Heat
Recovery Steam Generator (HRSG) and SCR to control NO,. A major assumption is that all of
the steam is taken by the host and the efficiency of the modeled CHP resource is credited for the
value of the steam provided to the host. The overnight installed cost is estimated to be
$2,100/kW and the assumed modeled full load heat rate is approximately 4,800 Btu/kWh.
Additionally, the assumed capacity factor was 90%.
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4.5  ldentify and Screen Supply-side Resource Options

4.5.1 Capacity Resource Options

New construction supply-side alternatives were modeled to represent peaking and base-
load/intermediate capacity resource options. To reduce the number of modeling permutations in
Plexos®, the available technology options were limited to certain representative unit types.
However, it is important to note that alternative technologies with comparable cost and
performance characteristics may ultimately be substituted should technological or market-based

profile changes warrant.

When applicable, APCo may take advantage of economical market capacity and energy
opportunities. Prospectively, these opportunities could take the place of currently planned

resources and will be evaluated on a case-by-case basis.

4.5.2 New Supply-side Capacity Alternatives

Natural gas base/intermediate and peaking generating technologies were considered in
this IRP as well as large-scale solar and wind. Further details on these technologies are available
in Exhibit B of the Appendix. To reduce the computational problem size within Plexos®, the
number of alternatives explicitly modeled was reduced through an economic screening process
which analyzed various supply options and developed a quantitative comparison for each duty-
cycle type of capacity (i.e., base-load, intermediate, and peaking) on a forty-year, levelized basis.
The options were screened by comparing levelized annual busbar costs over a range of capacity

factors.

In this evaluation, each type of technology is represented by a line showing the
relationship between its total levelized annual cost per kW and an assumed annual capacity
factor. The value at a capacity factor of zero represents the fixed costs, including carrying
charges and fixed Operations and Maintenance (O&M) costs, which would be incurred even if
the unit produced no energy. The slope of the line reflects variable costs, including fuel,

emissions, and variable O&M, which increase in proportion to the energy produced.
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The best of class technology, for each duty cycle, determined by this screening process
was explicitly modeled in Plexos®. These generation technologies were intended to represent
reasonable proxies for each capacity type (base-load, intermediate, peaking). Subsequent
substitution of specific technologies could occur in any later plan, based on emerging economic

or non-economic factors not yet identified.

AEP continually tracks and monitors changes in the estimated cost and performance
parameters for a wide array of generation technologies. Access to industry collaborative
organizations such as EPRI and the Edison Electric Institute, AEP’s association with architect
and engineering firms and original equipment manufacturers, as well as its own experience and
market intelligence, provides AEP with current estimates for the planning process. Table 14,
below, offers a summary of the most recent technology performance parameter data developed.
Additional parameters such as the quantities and rates of solid waste production, hazardous
material consumption, and water consumption are significant; however the options which passed
the screening phase and were included in Plexos® were natural gas facilities which generally

have limited impacts on these areas of concern.

Table 14. New Generation Technology Options with Key Assumptions

Emission Rates Capacity Overall
Type Capabllity—557 NOx coz Factor | Avaitability
(MW)(a) {Lb/mmBtu) | (Lb/mmBtu)] (Lb/mmBtu) (%) {%)
- . _ Baseload U R 1N . L
. Nuclear 1610 0.00 0.00 0.00 90 94
| Base Load (90% C02 Capture New Unit) 1 1 ] R o ) o
Pulv. Coal (Ultra-Supercritical) (PRB) 540 0.07 0.05 21.3 85 80
[ ~ Base / Intermediate (b) I o ] L T
Combined Cycle (1X1 "J” Class) 540 0.0007 0.007 117.1 60 89
Combined Cycle (2Xt “J' Class) 1080 0.0007 0.007 1171 60 89
Combined Cycle (2X1 "H" Class) 1150 0.0007 0.007 117.1 60 89
- B Peaking B I R D | B
Combustion Turbine (2 - "E" Class) (b) 180 0.0007 0.008 117.1 25 93
Combustion Turbine (2 - "F" Class, w/evap coolers) (b) 490 0.0007 0.008 117.1 25 93
Aero-Derivative (2 - Small Machines) (b,c) 120 0.0007 0.008 117.1 25 97
Recip Engines (12 - w/SCR, Natural Gas Only) 220 0.0007 0.008 117.1 25 08
Storage Battery (4 Hour-Lithium lon) 10 — — - 25 99

Notes: (a) Capability at Standard 1ISO Conditions at 1,000 feet above sea lewel.
(b) Includes Dual Fuel Capability & SCR Environmental Controls.
(c) Includes Black-Start Capability.
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4.5.3 Base/Intermediate Alternatives

Coal and Nuclear base-load options were evaluated by APCo but were not included in the

Plexos®

resource optimization modeling analyses. The forecasted difference between APCo’s
load forecast and existing resources is such that a large, central generating station would not be
required. In addition, for coal generation resources, environmental regulation (see Section 3.3)
makes the construction of new coal plants economically impractical. New nuclear construction is
also economically impractical since it would potentially require an investment of $7,100/kW or

more.

Intermediate generating sources are typically expected to serve a load-following and
cycling duty and effectively shield base-load units from that obligation. Historically, many
generators relied on older, smaller, less-efficient/higher dispatch cost, subcritical coal-fired or
gas-steam units to serve such load-following roles. Over the last several years, these units have
improved ramp rates and regulation capability, and reduced downturn (minimum load
capabilities). With the retirement of APCo’s subcritical units, other generation dispatch
alternatives and new generation will need to be considered to cost effectively meet this duty

cycle’s operating characteristics.

4.5.3.1 Natural Gas Combined Cycle (NGCC)

An NGCC plant combines a steam cycle and a combustion gas turbine cycle to produce
power. Waste heat (~1,100°F) from one or more combustion turbines passes through a HRSG
producing steam. The steam drives a steam turbine generator which produces about one-third of
the NGCC plant power, depending upon the gas-to-steam turbine design “platform,” while the

combustion turbines produce the other two-thirds.

The main features of the NGCC plant are high reliability, reasonable capital costs,
operating efficiency (at 45-60% Lower Heating Value), low emission levels, small footprint and
shorter construction periods than coal-based plants. In the past 8 to 10 years, NGCC plants were
often selected to meet new intermediate and certain base-load needs. NGCC plants may be

designed with the capability of being “islanded™ which would allow them, in concert with an
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associated diesel generator, to perform system restoration (Black Start) services. Although
cycling duty is typically not a concern, an issue faced by NGCC when load-following is the
erosion of efficiency due to an inability to maintain optimum air-to-fuel pressure and turbine

exhaust and steam temperatures. Methods to address these include:

¢ Installation of advanced automated controls.

o Supplemental firing while at full load with a reduction in firing when load
decreases. When supplemental firing reaches zero, fuel to the gas turbine is
cutback. This approach would reduce efficiency at full load, but would
likewise greatly reduce efficiency degradation in lower-load ranges.

e Use of multiple gas turbines coupled with a waste heat boiler that will give

the widest load range with minimum efficiency penalty.

4.5.4 Peaking Alternatives

Peaking generating sources provide needed capacity during extreme high-use peaking
periods and/or periods in which significant shifts in the load (or supply) curve dictate the need
for “quick-response™ capability. The peaks occur for only a few hours each year and the installed
reserve requirement is predicated on a one day in ten year loss of load expectation, so the
capacity dedicated to serving this reliability function can be expected to provide relatively little
energy over an annual load cycle. As a result, fuel efficiency and other variable costs applicable
to these resources are of lesser concern. Rather, this capacity should be obtained at the lowest
practical installed/fixed cost, despite the fact that such capacity often has very high energy costs.
Ultimately, such “peaking” resource requirements are manifested in the system load duration

curve.

In addition, in certain situations, peaking capacity such as combustion turbines can
provide backup and some have the ability to provide emergency, Black Start, capability to the

grid.
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4.5.4.1 Simple Cycle Combustion Turbines (NGCT)

In “industrial” or “frame-type” Combustion Turbine (CT) systems, air compressed by an
axial compressor is mixed with fuel and burned in a combustion chamber. The resulting hot gas
then expands and cools while passing through a turbine. The rotating rear turbine not only runs
the axial compressor in the front section but also provides rotating shaft power to drive an
electric generator. The exhaust from a combustion turbine can range in temperature between 800
and 1,150 degrees Fahrenheit and contains substantial thermal energy. A CT system is one in
which the exhaust from the gas turbine is vented to the atmosphere and its energy lost, i.e., not
recovered as in a combined-cycle design. While not as efficient (at 30-35% Lower Heating

Value), they are inexpensive to purchase, compact, and simple to operate.

4.5.4.2 Aeroderivatives (AD)

Aeroderivatives (AD) are aircraft jet engines used in ground installations for power
generation. They are smaller in size, lighter weight, and can start and stop quicker than their
larger industrial or "frame" counterparts. For example, the GE 7E frame machine requires 20 to
30 minutes to ramp up to full load while the smaller LM6000 aeroderivative only needs 10
minutes from start to full load. However, the cost per kW of an aeroderivative is considerably

higher than a frame machine,

The AD performance operating characteristics of rapid startup and shutdown make the
acroderivatives well suited to peaking generation needs. ADs can operate at full load for a small
percentage of the time allowing for multiple daily startups to meet peak demands, compared to
frame machines which are more commonly expected to start up once per day and operate at
continuous full load for 10 to 16 hours per day. The cycling capabilities provide ADs the ability
to backup variable renewables such as solar and wind. This operating characteristic is expected
to become more valuable over time as: A) the penetration of variable renewables increase; B)
base-load generation processes become more complex limiting their ability to load-follow and;

C) more intermediate coal-fueled generating units are retired from commercial service.
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AD units weigh less than their industrial counterparts allowing for skid or modular
installations. Efficiency is also a consideration in choosing an AD over an industrial turbine. AD
units in the less than 100MW range are more efficient and have lower heat rates in simple cycle
operation than industrial units of equivalent size. Exhaust gas temperatures are lower in AD

units.

4.5.4.3 Reciprocating Engines (RE)

The use of Reciprocating Engines (RE) or internal combustion engines has increased over
the last twenty years. According to EPRI, in 1993 about 5% of the total RE units sold were
natural gas-fired spark ignition engines and post 2000 sales of natural gas-fired generators have

remained above 10% of total units sold worldwide.

Improvements in emission control systems and thermal efficiency have led to the
increased utilization of natural gas-fired RE generators incorporated into multi-unit power
generation stations for main grid applications. RE generators’ high efficiency, flat heat rate
curves and rapid response make this technology very well suited for peaking and intermediate
load service and as back up to intermittent generating resources. Additionally, the fuel supply
pressure required is in the range of 40 to 70 psig; this lower gas pressure gives this technology
more flexibility when identifying locations. A further advantage of RE generators is that power
output is less affected by increasing elevation and ambient temperature as compared to gas
turbine technology. Also, a RE plant generally would consist of multiple units, which will be
more efficient at part load operation than a single gas turbine unit of equivalent size because of
the ability to shut down units and to operate the remaining units at higher load. Common RE unit
sizes have generally ranged from 8MW to 18MW per machine with heat rates in the range of
8,100 —to- 8,600 Btu/kWh (Higher Heating Value).

Regarding operating cost, RE generators have a somewhat greater variable O&M than a
comparable gas turbine; however, over the long term, maintenance costs of RE are generally
lower because the operating hours between major maintenance can be twice as long as gas

turbines of similar size.
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4.5.4.4 Battery Storage

The modeling of Battery Storage as a Peaking resource option is becoming a more
common occurrence in IRPs. In recent years Lithium-ion battery technology has emerged as the
fastest growing platform for stationary storage applications. The Battery Storage resource that
was modeled in this IRP is a Lithium-ion storage technology and it has a nameplate rating of
10MW and 40MWh, with a round trip efficiency of 87%. For Capacity Performance
considerations the assumed PJM capacity rating that was modeled was SMW. To develop this
resource, AEP’s Generation Engineering Services considered a wide range of sources including:
the DOE/EPRI 2015 Electricity Storage Handbook in Collaboration with the National Rural
Electric Cooperative Association (NRECA), EPRI TAGWEB, BNEF and battery storage

equipment suppliers.

4.5.5 Renewable Alternatives

Renewable generation alternatives use energy sources that are either naturally occurring
(wind, solar, hydro or geothermal), or are sourced from a by-product or waste-product of another
process (biomass or landfill gas). In the past, development of these resources has been driven
primarily as the result of renewable portfolio requirements. That is not universally true now as
advancements in both solar photovoltaics and wind turbine manufacturing have reduced both

installed and ongoing costs.

At this time within the industry, renewable energy resources, because of their intermittent
nature, provide more energy value than capacity value. For this [RP, the overall threshold for
intermittent resource additions, 30% for wind and 15% for solar, exceeds the PJIM study’s
recommendation by 15%. This assumes that the RTO and other key stakeholders will advance
the understanding, forecasting and management of intermittent resources, ultimately supporting a

higher penetration level and capacity planning values.
4.5.5.1 Solar

4.5.5.1.1 Large-Scale Solar
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Solar power comes in two forms to produce electricity: concentrating and photovoltaics.
Concentrating solar — which heats a working fluid to temperatures sufficient to generate steam
to power a turbine — produces electricity on a large scale and is similar to traditional centralized
supply assets in that respect. Photovoltaics can be distributed throughout the grid and are a

scalable resource that, for example, can be as small as a few kilowatts or as large as S00MW.

The cost of large-, or utility-scale, solar projects has declined in recent years and is
expected to continue to decline (see Figure 28 below). This has been mostly a result of reduced
panel prices that have resulted from manufacturing efficiencies spurred by accelerating
penetration of solar energy in Europe, Japan, and California. With the trend firmly established,
forecasts generally foresee declining nominal prices in the next decade as well, notwithstanding

solar panel tariffs which from an IRP perspective are regarded as a short-term impact.

Large-scale solar plants require less lead time to build than fossil plants. There is no
defined limit for how much utility solar can be built in a given time. However, in practice, solar

facilities are not added in an unlimited fashion given siting and regulatory constraints.

Solar resources were made available in the Plexos model with some limits on the rate
with which they could be chosen. In the IRP modeling, the assumption was made that large-scale
solar resources were available in yearly quantities up to 300MWac'® of nameplate capacity
starting in June 2021. A limit on solar capacity additions is needed because as solar costs
continue to decrease relative to the market price of energy, there will come a point where the
optimization model will theoretically pick an unlimited amount of solar resources. Additionally,
this 300MWac annual threshold recognizes that there is a practical limit as to the number of sites
that can be identified, permitted, constructed, and interconnected by APCo in a given year. For
example, the land requirement to develop a IMW solar plant is estimated to be 7 acres, implying

that 700 acres of land would be required to develop 100MW of solar annually. Over the planning

'® Manufacturers usually quote system performance in DC watts; however electric service from the utility is
supplied in AC watts. An inverter converts the DC electrical current into AC electrical current. Depending on the
inverter efficiency, the AC watlage may be anywhere from 80 to 95 percent of the DC wattage.
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period the maximum threshold for solar resource additions was limited to approximately 15% of
APCo’s load obligation or 2,180MWZ, Certainly, as APCo gains experience with solar
installations, this limit would likely be modified (for example, it may be lower earlier and greater

later).

Solar resources were available in two tiers. Referred to as tier 2 in this IRP, the overall
pricing trend over the planning period is based on the BNEF utility scale solar pricing forecast.
An additional pricing tier was developed, tier 1, which is 10% lower than the base BNEF
forecast. The tier | pricing is considered a “Best-In-Class” solar resource. The 10% discount
from the tier 2 product is based on the concept that during an RFP process the “Best Bids” would
be approximately 10% less than the average bids. Both tiers of solar resources were available in

blocks of 150MW, which is comprised of three SOMW installations and totals 300MW annually.

Figure 28 below illustrates the projected large-scale solar pricing included in the IRP

model. Both tiers account for Federal ITCs, which were extended at the end of 2015.

The large-scale solar pricing used in this IRP reflects a normalized treatment of the 1TC,
as well as a two-year safe harbor factor in ITC pricing. This safe harbor factor allows projects to
lock in 1TC benefits two years prior to commercial operation, as long as construction has been
commenced. The ITC benefit is included through 2030. At this point in time the 10% ITC benefit

would become indiscernible from potential variations in forecasted prices.

0 piMms Evolving Resource Mix and System Reliability, March 30, 2017, pages 4 and 34.

= - I — = = = =>
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Figure 28. Large-Scale Solar Pricing Tiers

Solar resources’ PJM capacity is less than its nameplate rating. This IRP assumes solar

resources will have PJM capacity valued at 38% of nameplate rating.

4.5.5.1.2 Trends in Solar Energy Pricing

As mentioned above, solar energy prices have declined significantly in recent years as
shown below in Figure 29. From 2010 to 2018 installation costs have declined by more than 50%
for residential, commercial, and large-scale solar. Further, large-scale solar has been, and is
projected to be, substantially lower in cost compared to other sectors, with large-scale
installations costing 50% and 29% less than residential and commercial installations,

respectively, based on 2018 costs.
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Figure 29. PIJM Average Solar Photovoltaic (PV) Installation Cost (Nominal $/WAC) Trends,
excluding Investment Tax Credit Benefits

4.5.5.2 Wind

Large-scale wind energy is generated by turbines ranging from 1.0 to 2.7MW. Typically,
multiple wind turbines are grouped in rows or grids to develop a wind turbine power project
which requires only a single connection to the transmission system. Location of wind turbines at
the proper site is particularly critical as not only does the wind resource vary by geography, but
also its proximity to a transmission system with available capacity, which will factor into the

cost.

A variable source of power in most non-coastal locales, with capacity factors ranging
from 30 percent (in the eastern portion of the U.S.) to over 50 percent (largely in more westerly
portions of the U.S., including the Plains states), wind energy’s life-cycle cost ($/MWh),
excluding subsidies, is currently higher than the marginal (avoided) cost of energy, in spite of its

negligible operating costs.
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Another consideration with wind power is that its most critical factors (i.e., wind speed
and sustainability) are typically highest in more remote locations, which forces the electricity to
be transmitted longer distances to load centers necessitating the build out of EHV transmission to

optimally integrate large additions of wind into the grid.

For modeling purposes, wind was an option at two tranches each year with different
performance characteristics. The wind resources are first made available to the model in 2022
(i.e., commercial operation date 12/31/21), due to the amount of time necessary to secure
resources and obtain any necessary regulatory approvals. Figure 30 below shows the LCOE
prices of wind resource tranches assumed for the IRP. The first tranche of wind resources,
Tranche A, was modeled as a 150MW resource. Tranche A has a 35% capacity factor load
shape. The second tranche of wind resources, Tranche B, was modeled as a 150MW resource.
Tranche B has a 32% capacity factor load shape. The pricing of both tranches reflect the value of
Federal Production Tax Credits (PTCs). After 2020 tax credits reduce to 80%, 60% and 40% of
their 2020 value in 2021, 2022, and 2023, respectively. These PTC values are based on
developers taking advantage of the safe-harbor guidelines which provide up to a four year delay
in the effects of declining tax credits as long as adequate construction has commenced. Both
tranches were assigned a capacity value of 5% of nameplate rating based upon APCo’s current
evaluation of the PJM Capacity Performance rule. Wind prices were developed based on the
Bloomberg New Energy Finance H2 2017 U.S. Renewable Energy Market Outlook and market

knowledge.
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Figure 30. Levelized Cost of Electricity of Wind Resource Tranches (Nominal $/MWh)

The expected magnitude of wind resources available beginning in 2022 per year was
limited to 300MW nameplate through the remainder of the planning period. In total, wind
resources were limited to 3,300MW nameplate over the planning period. The annual limit on
wind additions is based on APCo’s ability to plan, manage and develop either the construction or
the procurement of these resources. As with solar resource additions, as APCo gains experience
with wind installations, this limit would likely be modified (for example, it may be lower earlier
and greater later). This cap is based on the DOE’s Wind Vision Report?' which suggests from

numerous transmission studies that transmission grids should be able to support 20% to 30% of

2 Wind Vision. A New Era for Wind Power in the United States (2015). Retrieved from
http://www]1.cere.encrgy.gov/library/default.aspx?Page=12, Figure 1-5.
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intermittent resources in the 2020 to 2030 timeframe. The cap for APCo allows the model to

select up to 30% of generation energy resources as wind-powered by 2032.

4.5.5.3 Hydro

The available sources of, particularly, larger hydroelectric potential have largely been
exploited and those that remain must compete with the other uses, including recreation and
navigation. The potentially lengthy time associated with environmental studies, Federal Army
Corp of Engineer permitting, high up-front construction costs, and environmental issues (fish and
wildlife) make new hydro prohibitive at this time. As such, no incremental hydroelectric

resources were considered in this IRP.

4.5.5.4 Biomass

Biomass is a term that typically includes organic waste products (sawdust or other wood
waste), organic crops (corn, switchgrass, poplar trees, willow trees, etc.), or biogas produced
from organic materials, as well as select other materials. Biomass costs will vary significantly
depending upon the feedstock. Biomass is typically used in power generation to fuel a steam
generator (boiler) that subsequently drives a steam turbine generator; similar to the same process
of many traditional coal fired generation units. Some biomass generation facilities use biomass
as the primary fuel, however, there are some existing coal-fired generating stations that will use
biomass as a blend with the coal. Given these factors, plus the typical high cost and required
feedstock supply and attendant long-term pricing issues, no incremental biomass resources were

considered in this IRP.

4.6  Integration of Supply-Side and Demand-Side Options within Plexos® Modeling

Each supply-side and demand-side resource is offered into the Plexos® model on an
equivalent basis. Each resource has specific values for capacity, energy production (or savings),
and cost. The Plexos® model selects resources in order to reduce the overall portfolio cost,

regardless of whether the resource is on the supply- or demand-side, and regardless of whether or
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not there is an absolute capacity need. In other words, the model selects resources that lower

costs to customers.

4.6.1 Optimization of Expanded DSM Programs

As described in Section 4.4.3, EE and VVO options that would be incremental to the current
programs were modeled as resources within Plexos*. In this regard, they are “demand-side
power plants” that produce energy according to their end use load shape. They have an initial
(program) cost with no subsequent annual operating costs. Likewise, they are “retired” at the end

of their useful (EE measure) lives (see Table 10 and Table 11).

4.6.2 Optimization of Other Demand-Side Resources

Customer-sited DG, specifically roofiop solar, was not modeled. Instead, reductions in
energy use and peak demand were built into the load forecast based on the adoption rates

discussed in Section 4.4.3.4.

CHP was modeled as a high thermal efficiency, NGCC facility, as described in Section
4.43.6.

4.7 Market Alternatives

As discussed above, the IRP considers proxy supply- and demand-side resource options
to develop an optimum solution based on the inputs provided. In developing the input resources’
costs and performance characteristics, APCo works with various subject matter experts both
within and external to the company to develop reasonable proxy resources to be modeled in the
IRP. Typically, the experts will use various approaches to develop the proxy estimates. These
approaches for example, could include market comparable, recent internal projects and industry

collaboration.

Figure 31 below prepared by IHS as part of their North American Power Update,
published in March 2017, summarizes recent power purchase agreements by technology for the

United States. THS expects to publish an update in early May 2018.

2018 Integrated Resource Plan
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Figure 31. U.S. Renewable PPA Prices
The available data set identifies key renewable technologies that have reported pricing

and are being deployed within the U. S. and the PJM region. The data shows there is limited
insight to be gained for both wind and solar PPA transactions in PJM, especially related to recent
transactions in 2016. The data shows one solar transaction in 2015 in the eastern portion of the
U.S. and two 2015 wind transactions in PJM. Such limited data is of little value for APCo’s IRP
purposes.

APCo also examined planned new resource deployments through the use of SNL’s

dataset. Table 15 below shows new generating capacity within PJM which is scheduled to be in-
service in 2018 or 2019.
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Table 15, PIM Total New Generating Capacity and Cost by Type (Under
Construction) — 2018 and 2019 In-Service Dates

Construction Cost
. Generating Capaci
Type of Capacity g Capacity (Est. Weighted)
(MW) (%) (8/kw)

Combined Cycle (CC) 10,813 91.5% 1,063
Renewables

wind 366 3.1% 1,953

Solar 236 2.0% 2,471
Total 601 5.1% 2,156
Other

Combustion Turbine 359 3.0% 950

Internal Combustion 22 0.2% 1,200

Storage 20 0.2% N/A
Total 401 3.4% 964*
Total PJM New Capacity 11,815 100.0%

Based upon a review of this market data, APCo has concluded it is reasonable to base
IRP pricing assumptions for both wind and solar resources on the BNEF H2 2017 U.S.
Renewable Energy Market Outlook report. A complete description of the solar resource
assumptions is in Section 4.5.5.1 and the wind resource assumptions are in Section 4.5.5.2. For
the combined cycle assumptions, APCo is utilizing a 25% share of an advanced gas turbine
technology, in a 2x1 configuration, with an estimated cost of $900/kW, and a full load heat rate

of approximately 6,300 Btu/kWh High Heating Value, as shown in Exhibit B.
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5.0 Resource Portfolio Modeling

5.1  The Plexos® Model - An Overview

Plexos® LP long-term optimization model, also known as “LT Plan",” served as the basis
from which the APCo-specific capacity requirement evaluations were examined and
recommendations were made. The LT Plan® model finds the optimal portfolio of future capacity
and energy resources, including DSM additions, which minimizes the CPW of a planning
entity’s generation-related variable and fixed costs over a long-term planning horizon. By
minimizing CPW the model will provide optimized portfolios with the lowest and most stable
customer rates, while adhering to the Company’s constraints. Low, stable rates benefit the entire
region by attracting new commercial and industrial customers, and retaining/expanding existing
load.

® accomplishes this by using an objective function which seeks to minimize the

Plexos
aggregate of the following capital and production-related (energy) costs of the portfolio of

resources:

e Fixed costs of capacity additions, i.e., carrying charges on incremental
capacity additions (based on an APCo-specific, weighted average cost of
capital), and fixed O&M;

e fixed costs of any capacity purchases;

e program costs of (incremental) DSM alternatives;

e variable costs associated with APCo generating units. This includes fuel,
start-up, consumables, market replacement cost of emission allowances
and/or carbon ‘tax,’ and variable O&M costs;

e distributed, or customer-domiciled, resources which were effectively valued
at the equivalent of a full-retail “net metering™ credit to those customers; and

e a ‘netting’ of the production revenue earned in the PJM power market from
APCo’s generation resource sales and the cost of energy — based on unique

load shapes from PJM purchases necessary to meet APCo’s load obligation.
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Plexos™ executes the objective function described above while abiding by the following

possible constraints:

e Minimum and maximum reserve margins;

e resource additions (i.e., maximum units built);

o age and lifetime of power generation facilities;

e retrofit dependencies (SCR and FGD combinations);

e operation constraints such as ramp rates, minimum up/down times, capacity,
heat rates, etc.;

¢ fuel burn minimum and maximums;

e emission limits on effluents such as SO; and NO,; and

e energy contract parameters such as energy and capacity.

The model inputs that comprise the objective function and constraints are considered in
the development of an integrated plan that best fits the utility system being analyzed. Plexos®
does not develop a full regulatory Cost-of-Service (COS) profile. Rather, it typically considers

only the relative load and generation COS that changes from plan-to-plan, and not fixed

“embedded” costs associated with existing generating capacity and demand-side programs that
would remain constant under any scenario. Likewise, transmission costs are included only to the
extent that they are associated with new generating capacity, or are linked to specific supply
alternatives. In other words, generic (nondescript or non-site-specific) capacity resource
modeling would typically not incorporate significant capital expenditures for transmission

interconnection costs.

5.1.1 Key Input Parameters

Two of the major underpinnings in this IRP are long-term forecasts of APCo’s energy
requirements and peak demand, as well as the price of various generation-related commodities,
including energy, capacity, coal, natural gas and, potentially, CO,/carbon. Both forecasts were
created internally within AEP. The load forecast was created by the AEP Economic Forecasting

organization, while the long-term commodity pricing forecast was created by the AEP

117

EOBGBTSB8T



APPALACHIAN
POWIER

AARPL oy
POUNDLESD ENFRGY

__ 2018 Integrated Resource Plan_

Fundamental Analysis group. These groups have many years of experience forecasting APCo
and AEP system-wide demand and energy requirements and fundamental pricing for both
internal operational and regulatory purposes. Moreover, the Fundamental Analysis group
constantly performs peer review by way of comparing and contrasting its commodity pricing
projections versus “consensus” pricing on the part of outside forecasting entities such as IHS-
Cambridge Energy Research Associates (CERA), Petroleum Industry Research Associates
(PIRA) and the EIA.

Another input parameter of note is the PJM capacity reserve margin. The PJM capacity
reserve margin, combined with APCo’s forecasted demand, set the limit for the minimum
capacity required to maintain service reliability within the region. Each of the scenarios modeled
below are optimized while adhering to this constraint. This ensures that each of the scenarios

considered will result in an acceptable amount of generation available to APCo customers.

With regard to environmental regulations, the estimated, potential impact of current and
pending regulations was factored into the analyses of potential resource plans by adding
incremental costs to comply. As a proxy for modeling the effect of, and a cost-effective means of
complying with the CPP proposal this IRP analyzed both mass-based and rate-based approaches,
and for each of those approaches it considered market, stand-alone (island), and federal plan
views.

Additional critical input parameters include the installed cost of replacement capacity
alternative options, as well as the attendant operating costs associated with those options. This

data came from the AEP Engineering Services organization.
5.2  Plexos® Optimization

5.2.1 Modeling Options and Constraints

The major system parameters that were modeled are elaborated on below. The Plexos LT
Plan® models these parameters in tandem with the objective function in order to yield the least-

cost resource plan.
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There are many variants of available supply-side and demand-side resource options and
types. As a practical limitation, not all known resource types are made available as modeling
options. A screening of available supply-side technologies was performed with the optimum
assets made subsequently available as options. Such screens for supply alternatives were

performed for baseload, intermediate, and peaking duty cycles.

The selected technology alternatives from this screening process do not necessarily
represent the optimum technology choice for that duty-cycle family. Rather, they reflect proxies
for modeling purposes. Other factors which will determine the ultimate technology type (e.g.,
choices for peaking technologies) are taken into consideration. The full list of screened supply

options is included in Exhibit B of the Appendix.

Based on the established comparative economic screenings, the following specific supply

alternatives were modeled in Plexos® for each designated duty cycle:

e Peaking capacity was modeled, effective in 2020 due to the anticipated period
required to approve, site, engineer and construct, from:
o A 50% share of two CT units consisting of “F” class turbines with

evaporative coolers and dual fuel capability, rated at 5S00MW total at
summer conditions.

o AD units consisting of 2 aeroderivative turbines at 130MW total at
summer conditions.

o RICE units consisting of 12 reciprocating engines rated at 220MW
total at summer conditions.

o Battery Storage units available in 10MW blocks per year.
e Intermediate-Baseload capacity was modeled, effective in 2022 due to
anticipated period required to approve, site, engineer and construct, from:
o A 25% share of a NGCC (2x1 “H” class turbines with duct firing and
evaporative inlet air cooling) facility, rated at 1,500MW at summer

conditions. The 25% interest assumes APCo coordinates the addition
of this resource with other parties.

e Wind resources were made available up to 300MW annually beginning in
2022 (commercial operation date 12/31/21). One 150MW unit of each
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Tranche A and B was available each year. Tranche A had a LCOE of
$46.24/MWHh, in 2021 with the PTC. Tranche B had a LCOE of $52.31/MWh,
in 2021 with the PTC. Wind resources were assumed to have a PJM capacity

value equal to 5% of nameplate rating.

e Large-scale solar resources were made available in two tiers, with up to
150MW of each tier available each year beginning in 2021, for a total of up to
300MW annually. Initial costs for Tier 1 were approximately $1,250/kW in
2021 with the ITC. Tier 2 has an initial cost of approximately $1,390/kW in
2021 with the ITC. Solar resources were assumed to have a PJM capacity

value equal to 38% of nameplate rating.

e DG, in the form of distributed solar resources, was embedded in amounts
equal to a Compound Annual Growth Rate (CAGR) of 16.5% over the

planning period.

e  CHP resources were made available in 15SMW (nameplate) blocks, with an
overnight installed cost of $2,100/kW and assuming full host compensation

for thermal energy for an effective full load heat rate of ~4,800 Btu/kWh.

e EE resources—incremental to those already incorporated into the Company’s
long-term load and peak demand forecast in up to 21 unique “bundles” of
Residential, Commercial, and Industrial measures considering cost and
performance parameters for both HAP and AP categories. Industrial measures
were limited to lighting. The Commercial and Industrial potential was reduced
based on the 2018 Virginia Act.

e  VVO was available in 15 tranches of varying installed costs and number of
circuits/sizes ranging from a low of 5.6MW up to 15.6MW of demand savings

potential.
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5.2.2 Traditional Optimized Portfolios

The key decision to be made by APCo during the planning period is how to fill the
resource need identified. Portfolios with various options addressing APCo’s capacity and energy
resource needs over time were optimized under various conditions. Five of the six traditional
scenarios were initially analyzed for this IRP, resulting in five unique portfolios (see Table 16
below). Please see Section 4.3.1.6 for further discussion on the decision to not model the
traditional No Carbon scenario for this 2018 IRP. The portfolios discussed below represent
incremental resources which are in addition to those currently in-service. The portfolios do not
include APCo’s planned additions of a 15 MW solar resource discussed in Section 3.2, which is

assumed to be in-service in 2021.

Table 16. Traditional Scenarios/Portfolios

Commodity

Type Name Pricing Lo-al d
‘e Conditions

Conditions
Commodity Mid Mid Base
Pricing Low Band Low Band Base
Scenarios High Band High Band Base
Load Low Load Low Band Low
Scenarios High Load Low Band High

5.2.2.1 Mid, Low Band, High Band Commodity Pricing Portfolios

Table 17 below shows the capacity additions associated with the Mid, Low Band, and
High Band commodity pricing scenarios. Recall from Section 4.3.1 that each of these scenarios

includes a unique set of prices for CO; emission allowances.
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Table 17. Cumulative PIM Capacity Additions (MW) and Energy Positions (GWh) for Mid, Low Band and

High Band Commodity Pricing Scenarios

Avg Net Energy
2032 Nct Energy
Commodity Pricing Scenario 2018 2019 2020 2023 2622 2023 2024 2025 2026 1017 2028 2029 2030 2001 2032 Position (GWh)
Position (GWh)
(2018-2032)
Mid | Bascfinteemediate |} N I
N1, S At i
__ solur (Fiom] L i 57 {3ia | 171 [ 266 | 380 1 294 | eos | €65 | 722
_ Selar tNameplavg] [ 1150 17300 | 450 { 700 {1,00013001,600{1,750[3,900
wind {Hrm) _b 15 | 30 § 38 | a5 ] 53 1 6p [ 68 i 75 i 83 i 90 ; 98 |
Wind (N;meptote) 300 | 600 [ 750 i 900 {1,05011,700; 135015001 1,6507 180071950 8,737 3214
. Batrery Storage -
_ _Entrqy Effictency 15 56 ;308 ; 112 } 120 ; 129 ; 141 : 150 : 354 i 1631 § 170
- cHp
wo 17 30 42 52 62 62 82 62 62 62
_OcmandRowponse | b R
Distr Grn., 18 19 a2 23 28 ; 26 27 29 30 32 34
Low Band Basc/intermediate
Peakinp
Salor (Firm) 57 ;114 : 171 | 285 ; 399 ; 933 | S70
Solor (Nameplato} 150 ; 380 ; 4SO ; 750 [1,050 1,350}1,560
Wind {Firm} 8 15 15 15 15 13 15 15 15 19 15
Wind {Namrplatn] 150 | 300 ; 300 | 300 | 300 ; 300 : 300 | 300 ; 300 ; 300 | 300 3,467 m
Battory Storogo ’
Enerpy Efficiency 13 58 {308 | 112 } 118 ; 128 ; 139 ; 149 | 151 | 196 | 164
cHP
wa 17 30 42 a2 a2 42 42 42 A2 42
Demand Response
Distr. Gen. 18 | 19 | 23 | 23 ; 26 : 36 ; 27 { 79 | 30 | 32 | ad
High Band _Basr/intermediate 373 {373 | 373
_ _ _Peoking — .
__ Solar{rem) [ §7 {114 | 171 | 266 ; 380 i 494 | 608 : 722 | 779 | 835
. Solor {Namepiate) [ 1 __ 1150 { 300 | 450 | 700 {100071,300§1,600{1,900;2,050}2,200
Windfhemy | 1T 15 1 30 | 38 | 53 | 68 } 03 | 68 {113 { 120 | 128 | 135 |
_ Wind [Nemenlyiel 300 | 600 | 750 {1050}1,35071650;1,950]2,250i240072550]2,700 14,649 5273
| _Botiery Starape | _i -
| Encrny Efficiency | T 1 231 %7 1130 ] 134 | 142 {162 ; 166 | 177 { 183 | 180 | 169
cHe
I _wo___ | __ 37 1 17 137 [ 30 a7 52 [ 62 | 71 ; BO ; 6B | 96 i 96 | 95
Brmand Respome |~ T £
Bistr. Gen. 18 1 19 § 22 T 33 | 24 ; 26 1 27 { 28 | 30 ; 32 | 34

Base/Intermedi NGCC; Peaking=NGCT, AD; VVO=Volt VAR Optimization; DG=Distributed Generatlon

All three portfolios include similar resource additions, such as:

e Wind resources of 150MW (nameplate) or more beginning in 2022;

e solar resources of 150MW (nameplate) or more beginning as early as

2023; and
e EE programs including VVO totaling 206MW or more by 2032.

All three portfolios results in APCo having a positive annual net energy position in the

last year of the planning period, 2032.
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5.2.2.2 Load Sensitivity Scenario Portfolios

Table 18 below shows the capacity additions associated with the Low Load and High

Load sensitivity scenarios, using Low commodity prices.

Table 18. Cumulative PIM Capacity Additions (MW) and Energy Positions (GWh) for Low Load and High
Load Sensitivity Scenarios

2032 Net Energy | VB NetEnersy
Load Sensitivities 2018 2019 2020 2023 2022 2023 2024 2025 2026 2027 2013 2029 1030 2051 2037 N "BY | position (GWh)
Position (GWh)
(2018-2032)
Low Load Basefintermediate | U R R A s R R
_ paawnp_ [ TF T 1.1 i L I
__solar(Rrm)__ [ 57 ;114 ;171 | 285 | 399 i 513 | 570
_Solar(Nameptate) | — 7 P N 150 § 300 | 450 | 750 |1,050:3.350 1,500
_Vemd(hem) __ [ L B L Y5 {38 {15 | 18 i 15 { 15 4 15 | 15 i 1§ | 15
_\*llgd_@.yg‘sgl.m[ 180 | 300 3 300 { 300 | 300 ¢ 300 ; 300 i 300 | 300 : 300 i 300 7,035 3,109
_ BomeryStorane |y i F_f __ | i L |
IneyyEtheioney | 3 @ i 119 | 56 {208 1112 1138 {128 | 139 | 149 | 151 | 156 | 164 |
_owe_ .
wWo 17 30 ; 42 42 42 42 a2 42 42 42
_DemandRepanse f 1 .
Distr. Gen, 18 19 22 23 24 26 27 29 30 32 34
High Load Axsefintermegiotn 373 1 373 1373 | 373 ] 373 j 37313734373
Peakin
Solar (Flr $2 1114 ;171 | 285 § 399 { 513 | 570
_ Solar {Nomrplatal 150 | 300 | 450 | 750 11,05011,3501500
wind (Fitm) ] 15 18 15 15 15 ] 15 15 LI
WBL:ﬂ Qm_rgsl_n;nl 180 | 300 ; 300 ; 300 | 300 | 300 | 300 { 300 ; 300 | 300 { 300 2,694 38
Encipty Efficleney 19 56} 108 !} 1312 ; 118 1 128 | 139 ; 349 ; 151 | 156 { 164
CHP
wo 17 El 42 42 42 a2 42 42 42 42
Demand Response
Distr. Gen, iR 19 22 23 24 26 27 29 30 32 EL]
Base/int di NGCC; PeakingzNGCT, AD; CHP=Combined Heat & Power; VVOaVolt VAR Optimization; DG=Distributed Generation

As expected, the overall capacity additions in the High Load scenario are naturally
greater than those in the Low Load scenario. The High Load scenario calls for NGCC capacity
(25% of a 2x1 facility) in 2025 whereas in the Low Load scenario NGCC capacity is not needed

during the planning period.

5.2.3 Clean Power Plan (CPP) Scenarios

In December of 2016 the Commission issued its Final Order in APCo’s 2016 IRP. In its
Order the Commission required, among other things, that APCo model and present, at a

minimum, the following scenarios:

o “Least-cost base plan (non-compliant with the CPP);
o Least-cost CPP-compliant intensity-based plan (regional and island

approaches);
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o Least-cost CPP-compliant mass-based plan (regional and island
approaches);
o Federal implementation plan, and

o  Company-preferred plan, if any.”

Modeling compliance with the CPP presents challenges. CPP compliance plans could be
implemented at various levels (e.g. state-specific, regional, national, etc.) and currently the four
states in which APCo owns (or purchases) fossil generation — Virginia, West Virginia, Ohio and
Indiana — have not provided guidance on preference for a type of plan or design elements.
Furthermore, the stay issued by the U.S. Supreme Court in February 2016 and the EPA’s
proposed rule in October 2017 to repeal the CPP will likely delay the development of
compliance plans and strategies. Without knowing the specific details of each state’s compliance
strategy, any modeling results should be viewed as indicative only, based on the need to
incorporate numerous assumptions for what today are large unknowns in both policy choices and
market outcomes. With this in mind, the following portfolios should be reviewed with careful
understanding of the parameters under which they were modeled. Furthermore, given the
speculative nature of the assumptions used and the scope of the study, it is premature to make

substantive conclusions from this analysis as to prudent state compliance decisions.

For this IRP, mass-based and rate-based CPP compliance scenarios were considered. In a
mass-based scenario, APCo is assumed to be allocated a specific number of CO; emission
allowances each year (i.e. an amount of CO; mass) for each applicable state. APCo’s generation
is then monitored throughout the year to determine the total mass of CO, which has been emitted
by units in each state. Each ton of emissions requires one emission allowance for compliance
purposes. In a rate-based scenario, APCo generates ERCs in MWh for eligible renewable energy
and EE programs in each applicable state. APCo’s generation is then monitored throughout the
year to determine the amount of CO; emissions per MWh of generation. The ERCs are used to
help demonstrate compliance by providing emission free MWhs in the rate calculation, which
help to lower APCo's CO, emission rate. More details on the four compliance methods

considered in this IRP are as follows:
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e Mass-based - Island

APCo is constrained to comply with a total company total mass limit of
CO; emissions absent access to additional emissions allowances from an external
market. APCo’s limit is determined by APCo’s pro rata share of historical (2012),
state-specific emissions in each state which APCo has generating assets (Indiana,
Ohio, Virginia, and West Virginia). The assumed emission limit, which would
correspond to an allocation of allowances, is speculative in that states ultimately
have authority over the allocation of allowances and could utilize a different
methodology. Additionally, this scenario assumes that allowances would be
fungible across the four states in which APCo has affected generation and that
allocations are received in perpetuity. Table 19 below displays the assumed

allowance allocations for APCo.

Table 19. APCo Assumed Average Annual Allowance Allocations (short tons)

EQOBBTSOGBT

State 2012 (Actual) 2024-2026 2027-2029 2030-2031 2032+
Indiana 1,015,000 848,000 772,000 727,000 702,000
Ohio 1,895,000 1,638,000 1,493,000 1,411,000 1,365,000
Virginia 1,016,000 890,000 825,000 794,000 780,000
West Virginia | 23,354,000 20,202,000 18,331,000 17,230,000 16,575,000
Total-APCo 27,284,000 23,578,000 21,421,000 20,162,000 19,422,000

s Mass-based - Market
APCo is constrained to comply with a total company mass limit of CO,
emissions and is able to procure additional emissions allowances from an external
market. Initial allowances are allocated in the same manner as the island approach
above. Given that the Mass-based — Market CO; pricing and dispatch constraints
were the same as those included in the Mid, Low Band, and High Band
commodity pricing scenarios discussed above in Section 5.2.2.11, no additional

scenarios were modeled.
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APCo is constrained to comply with a total company rate-based limit of

CO; emissions (Ib./MWh), absent of access to ERC’s from an external market. It

was assumed that the ERCs generated by eligible renewables or EE would be

fungible across the four states in which APCo has affected generation. Table 20

below shows the total company (i.e. state-composite) weighted ERC targets. The

targets are based on the EPA’s subcategory emissions rates for ‘Fossil-Steam’ and

‘(Existing) NGCC’ resources, shown in Table 21.

Table 20. APCo Assumed Annual (Weighted) Emission Rate Credit (ERC) Targets (Ib./MWh)

2012 (Actual)

2024-2026

2027-2029

2030-2031

2032+

Total-APCo

1,961

1,567

1,421

1,314

1,251

Table 21. Sub-Category Emission Rate Credit (ERC) Targets (short tons)

Sub-Category 2024-2026 2027-2029 2030-2031 2032+
Fossil-Steam 1,671 1,500 1,380 1,305
NGCC 877 817 784 770

¢ Rate-based - Market:

APCo is constrained to comply with a total company rate-based limit of CO,

emissions (Ib./MWh), and is able to procure additional ERCs from an external market.

Rate-based limits were determined in the same manner as the island approach discussed

above.

The Mass and Rate emission targets shown above in Table 19 and Table 20 represent a

two year delay in the implementation of the CPP. In other words, when compared to the EPA’s

emission goals discussed in Section 3.3.8 the targets above take effect two years later.

In order to provide flexibility to meet CPP-related constraints, additional supply-side

resource options were made available to the model during the optimization of the CPP scenarios

described above. The options only affected APCo’s large coal-fired units at the Amos and

Mountaineer plants, and consisted of the following:
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o Unit curtailments were considered as alternatives for Amos Units 1, 2 and
3 and Mountaineer Unit 1;
o co-firing on natural gas was considered for Amos Units 2 and 3; and

o the retirement of Amos Unit 1.
5.2.3.1 Clean Power Plan Mass-Based Scenario Portfolios

5.2.3.1.1 Mass-Based- Island

Table 22 below shows the capacity additions associated with the Mass-Based — Island
CPP scenario. In order to meet APCo’s CO, limits without an external market the optimized
portfolio includes the retirement of Amos Unit 1 in 2030, as well as unit curtailments. During the
planning period Amos Units 2 and 3 were each curtailed to run at capacity factors as low as 32%.

Mountaineer Unit 1 was curtailed to run at a capacity factor as low as 63%.

Table 22. Cumulative PIJM Capacity Additions (MW) and Energy Positions (GWh) for Mass-based — Island

CPP Scenario
Avg Net Encrgy
CPP Analyses 2018 201 2020 2021 2022 2023 2024 2028 2016 2027 028 2079 2030 031 2032 2032 Net Energy Position (GWh)
Pasition (GWh)
(2018-2032)
Mass Based - island | Susclintermediate { cde g ]
- ___Pcakinp _ 4 I s S -
T Solur (Remt | ] 138 | 95 | 152 | 266 ; 380 | 494 | 608 | 665 ; 722 |
. Setar (Nameplatel [~ ] _{__Too | 2507 ‘00 { 760 {1,00011,30611,60611.250]1.800]
[ wind(hrmi B 118 7 15 | 1S 1 15 | 18 | 15 ] 15 [ 15 | 15 | 15
Cwied (Nameplaw) | | 1 1501 300 | 300 | 300 | 300 | 300 i 300 | 300 i 300 ; 360 | 300 (3.604) {L,976)
BoterySworape {1 ’
_Encrpyffficteney | T T 19 | 56 108 [ 137 | 119 | 128 ; 14D | 150 ; 152 | 187 | 165_
CHP
_:'_ wo 17 30 § 42 42 a2 52 S2_: 62 | 62 | 62 _
|- Demand Resporae |~ i T T L 4T -
Oistr, Gin. 18 19 22 23 24 26 27 29 a0 kYl 34

Base/intermediate=NGCC; Peaking=NGCT, AD; CHP=Combined Heat & Powar; VVO=Volt VAR Optimization; DG=Distributed Generation

5.2.3.1.2 Mass-Based - Market

As mentioned above, the Mid, Low Band, and High Band commodity pricing portfolios
represent compliance plans under a Mass-Based approach with access to allowances in an
external market. Capacity additions associated with these portfolios are shown above in Table

17.

5.2.3.1.3 Clean Power Plan Mass-Based Portfolio CO; Emissions
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Figure 32 below illustrates the emissions of CO; for each of the Mass-Based CPP
scenario portfolios. The island approach forces the model to optimize the portfolio of resources
such that CO, emissions stay below the Company limit. In the Mass-Based ~ Market scenarios
each portfolio may emit more CO, than the initial limit due to the availability of additional
allowances in an external market. The quantity of the additional allowances needed in each
market plan is represented in Figure 32 as the distance between each market scenario trend line

and the dashed black target line.
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Figure 32. Mass-Based CPP Scenario Emissions (Million Tons of CO,) vs. Target

5.2.3.2 Clean Power Plan Rate-Based Scenario Portfolios

5.2.3.2.1 Rate-Based - Island

Table 23 below shows the capacity additions associated with the Rate-Based — Island
CPP scenario. The Rate-Based — Island plan calls for the addition of large-scale solar beginning
in 2023 and wind generation beginning in 2022. This portfolio further seeks to add additional
carbon-free capacity resources with increased amounts of VVO (80MW). In order to meet

APCo’s CO; limits without an external market the optimized portfolio includes unit curtailments.
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During the planning period Amos Units 1, 2, and 3 were each curtailed to run at capacity factors

as low as 30%. Mountaineer Unit 1 was curtailed to run at a capacity factor as low as 63%.

Table 23. Cumulative PJM Capacity Additions (MW) and Energy Positions (GWh) for Rate-based — Island
CPP Scenario

Avg Net Encrgy
CPP Analyses 2018 2019 2020 2021 1032 2023 2014 2025 2016 2027 2028 2029 2030 2031 2032 ?i?::‘(eg\jv? Posltion {(GWh)
n
) {2018-2032)
Rate Based - Island | Basefintermodiate
Peaking
Satar (Firm) 57 114 ; 171 | 285 | 369 { S13 { 627 : 741
_Salar (Nameplate)_| 150 i 300 | 450 | 750 }1,0501,350 |1,650.1,950}2,300
_ _Wind iFirm) _ 15 | 30 7 38 | 85 | 53 | 6B : 75 { 831 : 80
wind (omlte] [T T T T g0 1 600 | 750 | 9no 11050113501 15001165013 80011 257 3,060
_ButerySworope ) f A B ’ ’
| _Encrpy Efficioney, | . 25 | 69 ;137 1341 | 149 | 160 { 173 | 183 | 183 | 19
CHP
I T R S o 177130 {2 {57 | 62 f 62 | 71 | B0 { 00 | 80 |
. Bemand Response _ b b R SN SN S
Diste. Grn i8 19 22 23 24 26 27 29 10 32 34
Base/intermedi C; Peaking CT, AD; CHP=Combined Heat & Power; VVOsVolt VAR Optimization; DG=Distributed Generation

5.2.3.2.2 Rate-Based - Market

Table 24 below shows the capacity additions associated with the Rate-Based — Market

CPP scenario.

Table 24. Cumulative PJM Capacity Additions (MW) and Energy Positions (GWh) for Rate-based — Market
CPP Scenario

2032 Net Energy Avg Net Enargy
CPP Analyses 7018 2019 2020 2021 2027 2023 2014 2028 2026 2027 2028 2023 2030 2031 2032 Position {GWh) Position (GWh)
os {2018-2032)
Rate Based - Market | Base/imcrmediate | (SR I S b ] S SN A R A
Peaking L N S SV A
. Solar(firm) | 57 {114 [ 228 | 342 | 456 | 570 ! GB4 } 741
Solar (Nameplate] [~ _ 1 150 | 300 ! 600 : 900 {1,200:1,500 1,800 1,950
wind (Fiem 15 | 30 1 38 | 45 | 53 : 60 ! 68 | 75 | 83 ! 80 | O |
wind [Nameptot ) 300 | 600 | 750 | 600 §1,05011,20031.350 | 1,500 1,650} 1,800 1850 9623 3231
__ Banery Stararg . ’ ’
__Enctpy Efficieney [ 19 | 56 [ 108 {1312 | 120 j 131 | 144 ; 155 : 158 | 163 | 170
CHP N
wo 17 30 42 52 62 62 62 62 62 62
Berond Re<panse
Distr. Gen a8 1 19 22 | 23 | 24 1 26 } 27 | 29 i 30 | 32 | 34

8ase/intermediateeNGCC; Peaking=NGCT, AD: CHF:EComplned Heat &.Powe{; VVO.=VoIt VAR Op_tlmizauon: DG=Distributed Generation

The Rate-Based Market plan includes unit curtailments. During the planning period
Amos Units 1, 2, and 3 were each curtailed to run at capacity factors as low as 42%.

Mountaineer Unit 1 was curtailed to run at a capacity factor as low as 63%.

Substantial amounts of carbon-free energy and capacity are included with the addition of

large-scale solar and wind resources.
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5.2.3.2.3 Clean Power Plan Rate-Based Portfolio CO; Emissions

Figure 33 below illustrates the emission rates for each of the Rate-Based CPP scenario
portfolios during select years. The island approach forces the model to optimize the portfolio of
resources such that CO, emissions stay below the Company limit. In the Rate-Based Market
scenarios each portfolio may emit CO; at a higher rate than the initial limit due to the availability
of additional ERCs from an external market. The quantity of the additional ERC’s needed in

each market plan is represented in Figure 33 as the difference between the “Pre-ERC Market

Rate™ column in blue and the “Target” rate shown in green.

( 1,700 A

1,650

IlBMER&
1,600 - —

1,550 -

1,500 -~

I 1.5M ERCs

1,450 -

1,400 -

Pounds of CO, / MWh

1,350 - :1.7M ERCs |

1,300 A

2025 2028 2031

®Rate w/o ERCs B Rate w/ERCs U Target ®Rate Island
. /

Figure 33. Rate-Based CPP Scenario Emissions (Ibs. CO,/MWh) vs. Target

5.2.3.3 Comparing Clean Power Plan Scenario Costs

The cost of the CPP compliant plans may be compared, to the extent that they were
developed, using the same commodity pricing scenario, as shown below in Table 25. As the table
shows, the Rate-Based Market compliance strategy is the least costly (i.e., has a lower CPW of
costs) of the CPP compliant portfolios.
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Table 25, Clean Power Plan Compliance Scenario Cost Comparison ($000)

' Plan CPW Cost Above Lowest Cost
CPP Scenario ($000) CPP Compliant Plan
($000)
Rate-Based Market Plan $21,070,904 Lowest Cost
Rate-Based Island Plan $21,180,417 $109,513
Mass-Based Market Plan $21,339,824 $268,920
Mass-Based Island Plan $21,752,625 $681,721

5.2.3.4 Assessing the Cost of CPP Compliance

Determining the cost of CPP compliance is challenging due to the overall impact the CPP
could have on the energy and energy-related markets. A reasonable way to assess the cost of
complying with the CPP would be to take the lowest cost CPP-compliant plan, determine the
cost of the plan if it did not comply with the CPP, and compare the difference between the two
values. The difference is considered to be the cost of CPP-compliance. Table 26 below shows

this comparison for the Rate-Based Market view, which is the lowest cost CPP-compliant plan.

Table 26. Lowest Cost of Compliance with Clean Power Plan ($000)

. Plan CPW
Scenario
($000)
Compliant Rate-Based Market Plan $21,070,904
Non-Compliant Rate-Based Market Plan $20,985,134
Cost of CPP Compliance $85,770

5.2.3.5 Federal Implementation Plan Analyses

The proposed federal plans are market-based plans where either allowances (if mass-
based) or ERCs (if rate-based) can be purchased on an open market. The federal plans are
assumed to be more restrictive than what was assumed for the state market plans. For example,
in the assumed mass-based federal plan, APCo’s emission allowances will be reduced over time
as EPA has proposed that retired units would not receive an allocation in perpetuity. For the
federal rate-based plan, it is assumed that EE projects would not be eligible for generating ERCs.

As a result of these differences between the assumed federal and state plans, additional
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allowances or ERCs would need to be purchased. To determine the cost of a plan that complies
with the draft federal rules, APCo used the market-based portfolios described above as starting
points, then adjusted the APCo target (mass or rate) in accordance with the proposed federal plan
rules to determine the incremental allowances or ERCs that would need to be procured. The cost
(i.e., CPW) of the state and federal mass-based and rate-based plans are shown below in Table
27. Note that the cost difference is much more significant with the mass-based plans.

Table 27. Clean Power Plan Federal Impiementation Plan Cost Comparison ($000)

) Plan CPW Cost Above State Plan
Scenario
($000) ($000)
Rate-Based Market - Federal | $21,084,429 $13,525
Rate-Based Market - State $21,070,904
Mass-Based Market - Federal| $21,592,955 $253,131
Mass-Based Market - State $21,339,824

5.2.3.6 Rate Impacts of Clean Power Plan Scenarios

The Company evaluated the rate impacts of the various presumptive CPP compliant
portfolios, which were requested by the Commission and are discussed in this Report, relative to
a least-cost scenario. Incremental rate impacts were calculated from the CPW of each plan as
well as the Company’s forecasted load. Figure 34 below illustrates the incremental rate impacts
of the CPP-compliant scenarios. These rate impacts are in comparison to the lowest-cost non-

compliant Rate-Based Market plan shown in Table 26.
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Figure 34. Rate Impacts (cents/kWh) of Clean Power Plan (CPP) Compliance Scenarios, Shown as
Incremental Change from Least Cost Non-Compliance Scenario.

It is important to remember that these increases are over and above any incremental costs
to implement the Non-Compliant Rate-Based Market Approach (i.e. are not representative
increases from current rates), and are highly dependent upon both the assumptions used in the
Company’s modeling and the uncertainties surrounding the CPP, as discussed throughout this

Report. These projected increases are likely to change as better information becomes available.

53  Hybrid Plan

Each of the scenarios analyzed provides insight into APCo’s potential mix of resources
for the future. APCo’s Hybrid Plan was developed based on certain considerations such as
minimizing revenue requirement exposure (i.e., cost to customers) over the planning period

while meeting capacity obligations, minimizing the Company’s dependency on external energy
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and its corresponding risk of energy market price volatility, and meeting Virginia’s voluntary
RPS goals in a reasonably cost effective manner. To arrive at the Hybrid Plan, APCo considered
a resource mix that included attributes of the various Optimal Plans and the RPS goals, taking
into account the mandates of the 2018 Virginia Act. As a practical consideration, the Company
staggered the implementation of renewable resource additions to reflect the time it takes to bid,
evaluate, negotiate terms, and obtain necessary regulatory approvals. APCo then calculated the
cost of this Hybrid Plan under the three long-term commodity price forecasts to ensure it was
reasonable. The Hybrid Plan is presented as an option that balances cost, including energy costs,

and other factors, while meeting the 2018 Virginia Act mandates.

The incremental capacity additions associated with the Hybrid Plan are shown below in
Table 28. Specifically, the Hybrid Plan incorporates the following changes from the optimized
Low Band portfolio:

¢ Advancement of solar resources from 2026 to 2024;

e an additional 150MW of wind added in 2027; and

o the addition of battery storage in 2021. Pursuant to provisions in the Virginia
Act which allows the utility to participate in a battery storage pilot, the

Company has included a 10MW (nameplate) battery resource.

Table 28. Yearly Cumulative PIM Capacity Additions (MW) and Energy Positions (GWh) for Hybrid Plan

Avg Net Energy
Hybrid Plan 2088 2013 2020 2021 2022 2023 2024 2025 1026 2027 2028 2029 2030 203%1 2032 2032 Net Enargy Position {(GWH)
Position (GWh)
(2018-2032)
low Commodity, Bpse | Boecfimermediate 3 p b 1 IS S S S N N .
Load Peaking, __ -
____Solas {Firm) 57 1 57 {114 1114 § 171 | 173 : 285 385 | 399 |
Salsr {Romeplatr) 150 { 150 { 300 ; 300 : 450 | 450 ! 750 | 750 {1.050
Wind thirm) 8 3 8 15 15 23 23 23 13 ki) 23
Wind (Namoplate) 150 | 150 ; 150 | 300 { 300 | 450 ; 450 | 450 ! 450 { 450 450 2,856 704
_Battery Storago 5 5 S 5 s 5 5 s 5 5 515
Enarpy Efficiency 19 S6 {108 { 112 } 1318 ; 128 : 139 | 148 : 151 } 156 | 164
CHP
- wo 17 30 a2 a2 a2 42 42 a2 42 4{:
Demand Response _
Diste, Gon 18 19 22 23 24 26 27 28 3o 32 34
Base/intermedi NGCC; PeakingeNGCT, AD; CHP=Combined Heat & Power; VVO=Voit VAR Optimization; DG=Distributed Generation

The 2018 IRP Hybrid Plan includes less wind resources compared to the 2017 IRP. This
is predominately due to the utilization of the Company’s Low Case commodity pricing scenario,

the phase out of the PTC, the reduction in the value of the PTC resulting from the 2017 Tax Act,
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and the projected cost differential among wind, solar and EE resources. The modeling results
continue to indicate the energy costs and production profile of wind resources make near-term
addition of those resources uniquely suited to mitigate energy market risk associated with

APCo’s energy short winter position.

The Hybrid Plan reduces APCo’s need to purchase energy from the PJM market. APCo
experiences its greatest demand during the winter, and hence is a winter-peaking entity. PJM as a
whole operates as a summer-peaking RTO. Therefore, when APCo meets its summer demand
obligations—per PJM rules—it is not meeting its winter peak demand obligations and ultimately
the Company is short on energy during the winter months. The Hybrid Plan has the potential to
minimize the consequences of APCo’s energy position by adding renewable resources that
provide significant energy in both the summer and winter months. Similarly, the Plan also calls
for DSM programs—EE and VVO—which also reduce both demand and energy on a year-round

basis.

The near-term actions contained in the Hybrid Plan, as identified in the Company’s five-
year action plan (see Section 6.0), offer APCo significant flexibility should future conditions
differ considerably from its assumptions. Changes to APCo’s existing portfolio associated with

this Hybrid Plan are also described in greater detail in Section 6.0 of this Report.

5.3.1 Future CO; Emissions Trending — Hybrid Plan

The Hybrid Plan could be a CPP compliant plan under a Mass-Based Market approach.
Figure 35 below shows how the Hybrid Plan’s CO; emissions compare with the CPP targets on a
mass basis. Again, the distance between the Hybrid Plan emission and the target emission lines

represent CO, allowances which would need to be purchased from the market.
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Figure 35. Mass-Based CO, Emissions (Million Tons of CO,) of Hybrid
Pian vs. Target

5.3.2 Demand-Side Resources

In the Hybrid Plan, incremental EE resources were selected beginning in 2022 and
throughout the remainder of the planning period. Economic savings are attributable to both
Commercial/Industrial and Residential programs, with the majority coming from
Commercial/Industrial Lighting programs. By 2032, overall EE savings — consisting of Other
Energy Efficiency, Existing DSM Programs, and Incremental DSM Programs — provide a

decrease in residential and commercial energy usage of over 7% (see Figure 36 below).

( 20,000 I 8%\
19,500 o
19,000

6%
18,500
18,000 - 5%
£
2 17,500 - 4%
Q
17,000 - Va ® Other Energy Effiency (GWh 3%
16,500 - 2 8 Incremental DSM Programs (GWh)
y - 2%
16.000 - C Existing DSM Programs {GWh)
15,500 B Res. and Com. Load plus Ind. Lighting Load - 1%
15,000 - ’ ' ' ‘ . . , " ’ ’ 0%
. ) O " 12 > ™ “ © \ > O ) Y 2V
N\ \: \32 Qv v A2 Qv v i \s Qv 3 3 $ >
L ORI S S S S S I S S S Sl S R S )

Figure 36. APCo Energy Efficiency Savings According to Hybrid Plan
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As part of the Hybrid Plan, the model selected three of the 15 available VVO tranches.
When coupled with APCo’s existing pilot installation, this results in a cumulative capacity
reduction of 42MW by 2032. The three tranches of circuits (in addition to the pilot program) are
added in 2023, 2024, and 2025. The VVO estimates are subject to future revision as more
operational information is gained from the pilot installation as well as other tests that are

currently underway throughout the AEP system.

DG (i.e. rooftop solar) resources were not modeled during the planning period. DG
resources were added incrementally at a CAGR of 16.5% (based on nameplate capacity),

resulting in a total of 34MW of PJM capacity credit (§9MW nameplate) by 2032.

5.3.3 Comparing the Cost of the Hybrid Plan

When comparing plan costs it is important to remember that there are distinct differences
between how the rate-based market and mass plan targets and subsequent optimized portfolios
were developed, and the inherent assumptions in each. For the mass plans, the introduction of
incremental carbon free energy into the portfolio, whether through EE or additional renewable
resources, does not allow APCo to achieve its mass goal on its own. The way APCo meets its
goal in the mass-based strategy is through the reduction of CO; output from its affected sources —
its existing fossil units, followed by the purchase of an allowance for each ton of CO, emitted in
excess of its target. In a rate-based strategy, adding non-carbon energy sources in concert with
reduced fossil unit output will contribute to APCo’s rate reduction goals. As a result, carbon free
resources have more value (and subsequently less net costs) in a rate-based strategy than in a

mass-based strategy.

It is appropriate, therefore, to compare the Hybrid Plan, which was developed under the
assumption of a mass-market strategy, to other mass-market plans. Table 29 below compares the
CPW cost of the Hybrid plan to the optimized plans under the Low, Mid, and High pricing
scenarios. It also includes a calculation of the levelized annual bill impact for a customer using
1,000 kWh of energy per month, assuming that cost would apply over the entire study period.

Note that the resource selection under the Hybrid Plan in the near term is similar to the optimized
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and CPP plans, and therefore could be easily adjusted if the states in which APCo has affected

units follow a rate-based strategy, or if the CPP is further delayed.

Table 29. Comparison of Hybrid Plan vs. Optimized Plan based on Cumulative Present Worth ($000),
Incremental Cost ($000), and Levelized Annual Bill Impact ($)

EQ9BDTLSBET

] Low Band Mid Band High Band
Scenario
CPW (5000) CPW ($000) CPW (5000)
Optimized Scenarios $21,339,824 | $22,538,884 | $23,256,396
Hybrid Plan $21,408,306 522,836,328 $24,245,258
Incremental Cost $68,481 $297,444 $988,862
Levelized Annual Bill Impact ($) $0.42 $1.84 $6.12

Furthermore, the Company considered two sensitivities to the Hybrid Plan based on the
forecasted value of Renewable Energy Credits (RECs). One sensitivity valued RECs at $5 each
and the other valued RECs at $10 each. The Hybrid Plan generates RECs over and above the
Virginia voluntary RPS, and APCo could monetize (i.e., sell) those excess RECs to lower costs
for customers. At the $5 REC price, the Hybrid Plan cost, which currently does not include REC
values, would be reduced by approximately $25 million and, correspondingly, a $10 REC price
would reduce the Plan cost by approximately $50 million. See Table 30, for the details

associated with these two sensitivities.

Table 30. Renewable Energy Credit Sensitivities

Assumed
Renewable Annual

Energy Credit - [RECs Sold|  $5/REC $10/REC

Sensitivities {000) (S000) {$000)
2018 950 |S$ 4750 S 9,500
2019 200 S 1,000 | § 2,000
2020 190 | $ 950 | $ 1,900

2021 - 3 - $ .

2022 $ $

023 - s - ]s -
2024 20(8 1,100]$ 2,200
2025 | 150 $ 750 $ 1,500
2026 600(S 3000f$ 6,000
2027 790 (s 390)5 7,900
2028 1,100|$ 55005 11,000
2029 8005 40005 8,000
2030 - 1400|S  7,000|S 14,000
2031 1500 |$ 7500|$ 15,000
2032 ©21001$ 105001$ 21,000
Total 10,000 | $ 50,000] % 100,000
Net Present Value $ 2521006 S0419
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The Hybrid Plan presented in this IRP is expected to provide adequate reliability over the
planning period. By minimizing CPW, the Company’s model produced optimized portfolios with
the lowest and most stable rates for customers. Low stable rates benefit customers by attracting
new commercial and industrial customers, and retaining and/or expanding existing load. A key
aspect of the Hybrid Portfolio presented in this IRP is that it would reduce APCo’s need to
purchase energy from the PJM market, which enhances energy independence. Also, by including
renewable resources, the Hybrid Portfolio reduces volatility in future fuel and purchase power

COSts.

5.4  Risk Analysis

In addition to comparing the Hybrid Plan to the optimized portfolios under a variety of
pricing assumptions, the Hybrid Plan and an alternative portfolio were also evaluated using a
stochastic, or “Monte Carlo” modeling technique where input variables are randomly selected
from a universe of possible values, given certain standard deviation constraints and correlative
relationships. This offers an additional approach by which to “test” the Hybrid Plan over a
distributed range of certain key variables. The output is, in turn, a distribution of possible
outcomes, providing insight as to the risk or probability of a higher cost (revenue requirement)

relative to the expected outcome.

This study included multiple risk iteration runs performed over the study period with four
key price variables (risk factors) being subjected to this stochastic-based risk analysis. The
results take the form of a distribution of possible revenue requirement outcomes for each plan.
Table 31 and Table 32 below show the input variables or risk factors within this IRP stochastic
analysis and the historical correlative relationships to each other. Table 31 shows the risk factor
details before carbon regulation (2017-2023) and Table 32 shows the risk factor details after

carbon regulation.
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Table 31. Risk Analysis Factors and Relationships Prior to Carbon Regulation, 2018-2023

Coal Gas Power
Coal 1 0.89 0.87
Gas 1 0.9
Power 1
Standard Deviation| 11.1% 9.0% 7.4%

Table 32, Risk Analysis Factors and Relationships After Carbon Regulation, 2024-2036

Coal Gas Power co,
Coal 1 -0.3 0.48 0.53
Gas 1 0.43 0.48
Power 1 0.82
co, 1
Standard Deviation| 13.9% 11.0% 12.6% 26.7%

Comparing the Hybrid Plan to an alternative portfolio which is both plausible yet
significantly different, provides a data point that may be used to evaluate the risk associated with
the Hybrid Plan. The Hybrid Plan has a similar resource profile to other optimized plans, so there
would be little difference in the risk profiles between such portfolios and the Hybrid Plan, and
therefore those portfolios were not included in the stochastic analysis. Instead, a portfolio that
minimally complies with the voluntary Virginia RPS goals was used for comparison. This allows
APCo to determine if the renewable resources in the Hybrid Plan introduce more risk than
relying on minimal renewable additions. The range of values associated with the variable inputs

is shown in Figure 37.
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Figure 37. Range of Variable Inputs for Stochastic Analysis

5.4.1 Stochastic Modeling Process and Results

For each portfolio, the results of 100 random iterations are sorted from lowest cost to
highest cost, with the differential between the median and higher percentile result from the
multiple runs identified as Revenue Requirement at Risk (RRaR). For example, the 95"
percentile is a level of required revenue sufficiently high that it will be exceeded, assuming the
given plan is adopted, only five percent of the time. Thus, it is 95 percent likely that those
higher-ends of revenue requirements would not be exceeded. The larger the RRaR, the greater
the likelihood that customers could be subjected to higher costs relative to the portfolio’s mean
or expected cost. Conversely, there is equal likelihood costs may be lower than the median value.
These higher or lower costs are generally the result of the difference, or spread, between fuel
prices and resultant PJM market energy prices. The greater that spread, the more “margin® is

enjoyed by the Company and its customers.
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Figure 38 below

illustrates the RRaR (expressed in terms of incremental cost over the 50"

percentile).
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Figure 38. Revenue Requirement at Risk (RRaR) ($000) for Select Portfolios

The difference in RRaR between the two portfolios that were analyzed is relatively small

over the 100 simulations, with the Hybrid Plan being slightly less risky at the 95™ percentile,

which indicates that the additional renewable generation in the Hybrid portfolio does not

introduce additional risk.

Based on the risk modeling performed, it is reasonable to conclude that the inherent risk

characteristics of the Hybrid Plan, which includes a significant level of renewable resources, is

no greater than a portfolio with minimal renewable resources. This suggests that the Hybrid Plan

represents a reasonable combination of expected costs and risk.
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6.0 Conclusions

The optimization results and associated risk modeling of this IRP demonstrate that APCo,
as a stand-alone entity in the PJM RTO, can serve customer needs over the prescribed planning
period by continuing operation of its existing resources while adding wind and solar renewables,
and DSM resources, including EE measures and VVO. The Hybrid Plan attempts to balance cost,
and the potential risk of a volatile energy market, while allowing APCo the flexibility to adapt to

future changes.
The following are summary highlights of the Hybrid Plan:

e Assumes 15SMW (nameplate) of solar energy resources are added by 2021, with subsequent
additions throughout the planning period, for a total of 1,065MW (nameplate) by 2032;

o Assumes 150MW (nameplate) of wind energy resources are added by 2022, with an
additional 150MW (nameplate) of wind energy resources in 2025, and again in 2027, for a
total of 450MW (nameplate) of incremental wind energy resources by 2032;

o Implements customer and grid EE programs reducing energy requirements by 546GWh
annually and summer capacity requirements, including VVO, by 206MW by 2032;

e Meets Virginia’s Voluntary Renewable Portfolio Standard (RPS) goals;

o Assumes APCo’s customers add distributed generation (DG) (i.e. rooftop solar) capacity
totaling over 90MW (nameplate) by 2032;

o Adds 10MW (nameplate) of battery storage resources in 2021;

e Addresses PJM Capacity Performance rule impacts on APCo’s capacity position beginning
with the 2020/2021 PJM planning year. Among other things, it assumes that the rule may
result in APCo:

o reducing wind resources from prior PJM-recognized capacity levels (i.e. from 13% to 5%
of nameplate capacity); and
o reducing run-of-river hydro contributions to 50% of nameplate rating;

e Continues operation throughout the planning period of APCo’s facilities including the Amos

Units 1-3 and Mountaineer Unit 1 coal-fired facilities, the Ceredo and Dresden natural gas
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facilities and operating hydro facilities. Maintains APCo’s share of Ohio Valley Electric
Company (OVEC) coal-fired facilities: Clifty Creek Units 1-6 and Kyger Creek Units 1-5;

e Retires the natural gas-steam Clinch River Units 1 and 2 in 2026; and

¢ Reflects the expiration of 455MWs of wind and hydro purchase power contracts during the
2027-2030 timeframe.

Specific APCo capacity changes over the 15-year planning period associated with the
Hybrid Plan are shown in Figure 39 and Figure 40, and their relative impacts on APCo’s annual

energy position are shown in Figure 41 and Figure 42.
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Figure 39. 2018 APCo Nameplate Capacity Mix (Excludes Market Purchases & Sales)
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Figure 40. 2032 APCo Nameplate Capacity Mix (Excludes Market Purchases & Sales)
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Figure 41, 2018 APCo Energy Mix (Excludes Market Purchases & Sales)
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Figure 42. 2032 APCo Energy Mix (Excludes Market Purchases & Sales)

Figure 39 through Figure 42 indicate that this Hybrid Plan would reduce APCo’s reliance
on coal-based generation and increase reliance on demand-side and renewable resources, further

diversifying the portfolio. Specifically, over the 15-year planning horizon the Company’s
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nameplate capacity mix attributable to coal-fired assets would decline from 60.2% to 55.0%.
Wind and solar assets climb from 6.5% to 19.8%, and demand-side resources (including EE,

VVO, DG, and Demand Response [DR]) increase from 2.0% to 3.1% over the planning period.

APCo’s energy output attributable to coal-fired generation shows a decrease from 83.4%
to 73.5% over the period. The Hybrid Plan shows an increase in renewable energy (wind and
solar), from 4.4% to 11.8%. Energy from these renewable resources, combined with EE and

VVO energy savings reduce APCo’s exposure to energy, fuel and potential carbon prices.

Figure 43 and Figure 44 show annual changes in capacity and energy mix, respectively,
that result from the Hybrid Plan, relative to capacity and energy requirements. The capacity
contribution from renewable resources is fairly modest due to the implications of PJM’s
Capacity Performance rule reducing the amount of capacity credit for intermittent resources;
however, those resources (particularly wind) provide a significant volume of energy. APCo’s
model selected those wind resources because they were lower cost than alternative energy
resources. When comparing the capacity values in Figure 43 with those in Figure 39 and Figure
40, it is important to note that Figure 43 provides an analysis of PJM-recognized capacity, while

Figure 39 and Figure 40 depict nameplate capacity.
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Figure 43. APCo Annual PJM Capacity Position (MW) According to Hybrid Plan
(Excludes Market Purchases & Sales)
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Figure 44. APCo Annual Energy Position (GWh) According to Hybrid Plan
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While the Hybrid Plan improves APCo’s annual energy position, it also improves
APCo’s monthly energy position. Figure 45 shows APCo’s monthly energy position for 2018,
the first year of the planning period. In each month except December, APCo is at an energy
deficit and its customers are vulnerable to market prices. This situation is most prominent in the

Spring and Fall when APCo’s existing fleet is dispatched less due to low power prices.

Figure 46 shows APCo’s monthly energy position for 2032, the end of the planning
period. In 2032 APCo has an energy surplus in each month except January. While APCo’s
existing fleet is dispatched more in 2032, the energy surplus is largely due to addition of the

renewable resources called for in the Hybrid Plan.

4 5,000 B
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4,000
3,500 camm DSM(EE, DG, VVO)
3,000 <1———~ — Hydro
5

2,500 I———- - N =22 Renewables
2,000 o —— —_—
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Figure 45. 2018 Energy Position (GWh) by Month
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Figure 46. 2032 Energy Position (GWh) by Month
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Table 33 provides a summary of the Hybrid Plan, which resulted from analysis of
optimization modeling under load and commodity pricing scenarios, giving consideration to

APCo’s CPP modeling:

Table 33. Hybrid Plan Cumulative Capacity Additions throughout Planning Period (2018-2032)

"_Cumulative Firm Capadiy Additions (MW)

Avg Net Energy
Hybrid Plan 2018 2019 2020 2021 2032 2023 I0I4 1025 2026 027 201K 2019 2030 2031 2032 2:3:::;(!2;:7 Positlon {GWh)
0!
(2018-2032)
Low Commodity, Base Load Base/intermedtate ] _ R
_ _Pedlann A . . [ A DU S I
Sofar [Firm} 57 1 57 {114 114 {172 i 171 1 285 { 285 | 398
| Selot (Nameplate) | 150 _&JQL,.@L,@-,ELLSQ_J§LL°L'%
. Wind tFirmi [ R R ] B 318 15 1 73 ; 28 i 23 ; 23 ¢ a8 12y |
Wind (N1meplste] 150 1 150 ; 150 : 300 ; 00 | 950 ; 450 ; 450 ! 450 450 | 450 2,85 04
| Bagery Simgare 3 5 L] S ] 3 s i3 5 ] Si.5
Forry Ethcleney |1 19 {56 1108 {112 1 116 | 128 1357} 149 151 | 198 § 154
N . SN DU S RS S S, PRI SN Ny I AU A S
_____ W R 7.5 W (A7 43 142t a7 i a3 Larial @y
Demand Respornse - e
Distr Gen. 18 39 23 % 33 b 24 i o9s i 37 i 79 {30 : 32 i da
Capacity Reserves Above PIM
514 ;473 {279 {263 ;559 {537 {520 120 ;111 § 56 § 35 ! 3 | (14); (27) } {40)
Requirement without New Additions
Capacity Reserves Above PIM
A 514 {473 284 {268 j 609 ;622 ;703 }310 :354 i303 {335 {297 [393 {377 {478
Requirement with New Additions

Base/Intarmed! NGCC; PeakingsNGCT, AD; CHP=Combinad Hoat & Power; VvQ=Voit VAR Optimization; DG=Distributed Generatiop
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Conclusion

This IRP presents various plans, including the Hybrid Plan that would provide adequate
capacity resources at reasonable cost, through a combination of supply-side resources (including

renewable supply-side resources) and demand-side programs throughout the planning period.

It also presents plans that would improve APCo’s winter energy shortfall position, and
reduce or minimize energy costs, over the planning period. The Hybrid Plan includes
incremental resources that will provide—in addition to the needed PJM installed capacity to
achieve mandatory PJM (summer) peak demand requirements—modest amounts of additional

energy to reduce the long-term exposure of the Company’s customers to PJM energy markets.

Recognizing PIM’s Capacity Performance construct, the portfolios discussed in this
Report attribute limited capacity value for certain intermittent resources (solar, wind, energy
storage, and run-of-river hydro). It is possible that intermittent resources can be combined, or
“coupled,” and offered into the PJM market as Capacity Performance resources. The Company
continues to investigate methods to maximize the utilization of its intermittent resource portfolio

within that construct, which becomes effective in the 2020/2021 PJM planning year.

This IRP also addresses the 2018 Virginia Act mandates regarding solar, energy storage
and energy efficiency; APCo’s plans to satisfy Virginia’s voluntary RPS goals throughout the

planning period; and the effects of potential carbon emission regulations on its IRP.

The IRP process is a continuous activity; assumptions and plans are reviewed as new
information becomes available and modified as appropriate. Indeed, the resource portfolios
developed herein reflect, to a large extent, assumptions that are subject to change; an IRP is
simply a snapshot of the future at a given time. As noted previously, this IRP is not a
commitment to specific resource additions or other courses of action, as the future is highly
uncertain. The resource planning process continues to be complex, especially with regard to such
things as pending regulatory restrictions, technology advancement, changing energy supply

pricing fundamentals, uncertainty of demand and end-use efficiency improvements. These
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complexities exacerbate the need for flexibility and adaptability in any ongoing planning activity

and resource planning process.
To that end, APCo intends to pursue the following five-year action plan:
1. Consider re-filing to acquire the Wind Facilities under the new 2018 Virginia Act.
2. Purchase the output of the 15 MW Coronal Depot solar facility beginning in 2021.
3. Implement a battery pilot program with up to I0MW of energy storage.

4. Continue the planning and regulatory actions necessary to implement additional
economic EE programs in Virginia and West Virginia, as well as programs that target

low-income customers provided for in the 2018 Virginia Act.
5. Plan to meet Virginia’s Voluntary Renewable Portfolio Standard goals.

6. Continue to monitor market prices for renewable resources, particularly wind and
solar, and, if economically advantageous, or, if needed to meet escalating voluntary
RPS goals, pursue competitive solicitations that would include self-build or

acquisition options.
7. Pursue opportunities to identify a suitable host facility for a CHP installation.
8. Monitor developments associated with PJM’s Capacity Performance rule; continue to

investigate opportunities to couple/hedge traditional hydro and renewable resources

(wind and solar) as reasonable Capacity Performance products.

9. Maonitor the status of, and participate in formulating any proposed carbon emissions
regulations. Once established, perform specific assessments as to the implications of

such regulations on APCo’s resource profile.

10. Be in a position to adjust this action plan and future IRPs to reflect changing

circumstances.
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Appendix

Exhibit A Load Forecast Tables
Exhibit B Non-Renewable New Generation Technologies
Exhibit C Schedules

Exhibit D Cross Reference Table
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Exhibit A Load Forecast Tables
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EXHIBIT A-5
Appalachian Power Company
Short-Term Load Forecast
Blended Forecast vs. Long-Term Model Results

Class Virginia West Virginia
JResidential Ltong-Term Blend

Commercial Long-Term Long-Term

Industrial Long-Term Long-Term
JOther Retail Long-Term tong-Term
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Short-term
Month Forecast

1,000
1,010
1,020
1,030
1,040
1,050
1,060
1,070
1,080
1,090
1,100
1,110
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O WO ~NOWUM L W

-t ——
N —

EXHIBIT A-6
Blending illustration

Long-term
Weight forecast

100% 1,150
100% 1,160

100% 1,170
100% 1,180
83% 1,190
67% 1,200
50% 1,210
33% 1,220
17% 1,230
0% 1,240
0% 1,250
0% 1,260

Blended
Weight  Forecast

0% 1,000
0% 1,010
0% 1,020
0% 1,030
17% 1,065
33% 1,100
50% 1,135
67% 1,170
83% 1,205
100% 1,240
100% 1,250
100% 1,260
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EXHIBIT A-8

Appalachian Power Company
Range of Forecasts

Internal Energy Requirements

43000
Actual |Forecast
41000
39000 I‘ \
37000 / w High
35000 \ //
3 \/J Base
O 33000
31000
Low
29000
27000
25000 +~—+——r-r-rr-r—r-r-r-r-r-Trrr-rrTrh T rr—rr
2000 2005 2010 2015 2020 2025 2030
Year
Annual Peak Demand
9,000
! Actual {Forecast
8,500 \
8,000 A\ \
7,500 \ ———m High
g 7,000 \.L:\é‘ Base
6,500 1N
V \ Low
6,000
5,600
5000 +—4+——r--—r-—r——v'r—r-1rr-—r—vrr-rr—r—rrrr-r--rrrrr-rrrrr
2000 2005 2010 2015 2020 2025 2030
Year
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Exhibit A-9

Appalachian Power Company

EXHIBIT A-9

2018 Integrated Resource Plan

Forecasted DSM, Adjusted for IRP Modeling'l

Total APCo
Summer Winter
Energy Peak Peak
Year (MWh) (MW}  (MW)
2018 106.082 15.7 16.6
2019 149,474 218 235
2020 140,490 213 237
2021 145,554 24.7 29.0
2022 175,326 232 271
2023 110.458 15.1 18.0
2024 82,625 11.3 134
2025 58,825 8.1 9.6
2026 38,253 5.4 6.4
2027 22.920 34 41
2028 15.404 23 29
2029 9.394 14 1.8
2030 4314 0.7 0.9
2031 908 0.2 03
2032 0.0 0.0 0.0

(1) DSM values shown here reflect the most recent information for APCo
available at the time of the IRP. These values may differ from the DSM values
shown in Exhibit A-4, which are the APCo DSM values at the time of the overall

APCo load forecast.
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Exhibit B

Non-Renewable New Generation Technologies
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Virginia - tod ni ul s Reference Section/Pape Reference
A_Pumpose The of these guidelnes st & isions of §§ 56-697, 66-688 and 56-500 of the Code of
Viginla with respecito ir mwmmmhﬂnwmaﬂsmm
hebmhd!uﬁ&ysplmLhelRP&gshalmi:deamm Y 3ng the yng flected in its
h&&n&aﬁad&c&dhhwd&&mfcb&hﬂwﬂwuﬂﬂs ing pr the i Mndudea
desaription of the uiy's rath for the sel of any A on addition or d d-side
ful ) its f sted need. Such descriptk Mmuwswmahmmmwmamm
for each resource to confim and each resouTtce & has chosen,

narrative shal alsa descnbe the planning process inchuding timelines and approge: and’or appr of the
utility’s ptan. For bers of PJM In ction, LLC {PJIM), the namatve should desarbe haw the RP incorporates the
P43 planning and implementaton pr and how & vell sat'sly PIM toad abfgations,
Thesa guidelines akso nclude sample schedudes to suppk ¢ this narmative di ion and assist the ulities i developing a
tabulation of the utility's forecast for at least a 15-year pasod and dentily the projected supply-side or demand-side resource
additions and solutions t adequately and refably meet the electricly needs of the C akh. This tatkiation shall also
indzale the projeciad effects of demand response and energy effic and activites on ted annual energy
andpea\mdsfwhmpemd.mesewheﬁwamdmmldlm?mngsMdemunmtnmpam:lyem;ate

various supply-side tech ies and d - and logies on an equivalent basks as more fully described
bebwnSedimF(l).TheOmmisshnmaLmsemsﬂgg the sample schedules as needed or wamanted,
g Applicability These g are applicable to alt & owned utiites responsibie for procurement afany or Al of ks
MMW

gn Mﬂnomgg Each utiity shall develop and keep cumrent an mtegrated resource plan, which incarporates, at a
the followenyy:

IC1_Fomeast A three-year historical recerd and a 15-year forecast of the utly's native load requiremenss, the utity’s PJM
oad obégations if apprupriate, and other system capaciy of firm energy obfigations for each peak season along with the supply-
skle {nchuding ownedfeased generation capacity and fim purchased powes amangements) and demand-sds resources

Schedule 1, Exhibits A-1, A-2A, A-2B, A-

3, Section 5.3
upectedmsa:kfymbadsandmemmg'nmmd.
C.2, Opbori Analvses A hensiv 75 of all existh mdnew Opions (suppy- and Gemand-side). Mdudig
mbensﬁs.mksunoemtes.tﬁahihyand 1sto idered and chosen by the ulity 5
hmdmwmmmwmsmwﬁmmmmwemw&ymaa Sectons 5.2
the kwest reasonatile cost, over the planaing period.
‘mﬂmamusasmmﬂwssmdbme&dms&wmmmem
power marketers o supply & with needed capadty and desaibe in detal any d to purchase electriciy from the wholesal Sections 4.7, 53

market

[C2b Supohecide Enery Rocorees Assess the potential costs and benefis of reasonably avalable traditional and altemative
supphy-side energy resource options, inckiding, but not imited to technologies such as, nuclear, pulverzed coal| dean coal
crasating fukied bed, wood, combined cycle, Integrated gas¥ication combined cycle, and combustion turbine, as well as
WWWMnmmmmwmmm&swmmmm.

Section 4.5, Exhiba 8

Assessmepoemh!oos:smbeneﬁsdr & that gr d d-sde management. For
demkammmeawmwmmmm
il colectively be referred b 25 demand-side gptions.

Section 4.4

C.2d. Evaluaton of Resouree Ontions Analyze p options and combinations of resource options to serve

Y m&.aﬂngmwhawuhbdna%ubvaa&unmmtmdmku.mw

memmmsm but rot fmied o, thetsts iatad with wh ¥ riets, fuel
and distribution costs, nital impacts and complance costs.

Secions 52, 83

|G 3_Data Avalabity To the extems the informats d is not Bable or fs not applicable, the utiity wi clearly
mmmm&mmmmhcpmﬂ narrative, asehedme.
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jnia - nning Guidefines Cross Reference Ta Sectipn/Page Reference
MMmm ide a namatve y delaiing the major ends, events, and'or condiions
|reflacted in the tad data sub d n resp o these guideines. Examples of items which should be iighiighted in the Sectons 1,2.3
summary include: :
Dl Dsmsmmgmﬁnﬂnfumdpatbadmmw requirements. PJM mambers should also discuss tha Seclion 2.5

of the utiRy's expected non-coinciden peak and fis expected PJM refated load obigatons.
regardnaeunpanygoabandptansmmsponsebdteﬁwso‘@npmzsmd%mme&ofmcoded
enargy efficency, energy conservation, damand-side and resp prog and the Sections 3.4
energy res

Executive Summary, Seation 1.2

D4, mammwasmmmmmw and expected changes in lnad growth induding
N foad ag vanations in < Section 2
levels of economic activiy, variations in fuel pri and ¢ inventories, etc.
D.5. Dscussion regarding costbeneft analyses and the resulls of such factors on this plan, inchxfng the methodslogy used to
|consider equal or comparable treaiment afforded both the d d-side options and supphy-side resources. Secton §
D.6. wmmhmmmammmmumu h in unit avafiabities,
changes in capacity resource mbx, changes in fuel supplies o transp eosvml'anoetmipe*!mn\zweem. Section 8, Schedules 8, 9, 10 and 43
D.7. OScussion reganding the effectiveness of the utiity’s [RP to meet its load obiigations with supply-side and demand-side Section 5
resources to enable the utily 1o provide relable service at reasonabie prices over the long term.

E. fikng By Sepiember 1, 2008, and every two years therea®iat, each uliidy shall fie with the Commission its then current
integrated resource plan, which shall include afl Iformation required by these guidelnies for the ensung 15-year planming period
along with the prior three-year historical period. The process and analyses shall be descibed in a narative dis aussion and the
resufts presentad in tabutar format using an EXCEL spreadshest format, simiar to the attached sample schedides. and be
pmdeanpmbdmdﬂe&micneﬁ.Fcﬁmemmbsmmaspmdamnmm system, the
Mbeshﬁedfaboxhﬂwendwdudwnpanyandmegemphmmpodofﬂud\ﬂ!emﬁysammmber
mmﬁtemmemmmemmmmedmmwhemﬁvdumﬂycmmmymhewmﬁr
partial ownership of any faciity, please provide the percent ownership and footnote accordingly.

EanhfingMW&aﬁv&y&ampﬂnMdespeéoa&msammﬁybemMmhyhemﬁyh

enserﬁheﬂmscractrvnes&menas pprooriate per the IRP. Executve Y. Section 6

a utidy iders ceraain informat ndisPmbepmwesaryormfdu\taLmeumymyso gnate, te sep by and | Confdental Schedirles wilbe Tabeled as

g such treatment in d. with the Commission’s Rules of Practice and Procedures. such and will be inckided in aseparate
GConfdantial Supplement |

Addronally, by September 1 of each year in which a gan & not requred, each utiily shad fle a namative summary
MMyWMMammmNMWMWmemmmm
and size of resources ientified. (f the utilty provides a toa! system [RP in another Lmsdiction bySepreﬂoftheyearn
mmamsmmﬂmmmmwmumlmﬁmfum this section

MsWEmmemmdmwmmmybbehm each utiity shall also inckude a copy of its
|propesed notice to be used to afford such an apporturdy,

F. Contents of the Filing The [RP shall indude the following data:
E.1, Forecasiofload The indude descripbons of the methods, models, and assumpnons used by the utity to

prepare [ty forecasts of ity bads, requirements associatad with the utiiy's P3M load obfigation (MW) 2 appropriata, the utiity's
peak load (MW) and energy sales (MWh) and the variables used in the models and shafl inchude, at a minimum, the following:

Section 2; Schedui 1

F.1.a. The most recent three-year history and 15-year forecast of energy sales (kWh) by each dass,

Section 2; Exhibiis A-1, A-2A. A-28

.1.b. The mos! recent three-year history and 15-year forecast of the utldy's peak load and the expetted load abfgtion to
safisly PIM's coincident peak forecast § appropriate, m&\emysmhmdmtpeakbadandasmtedmnwmpeak

hndsfasmmaaﬁmmsemﬁeanhmrwmmywxmmy and resultant resesve

During the forecast period, the tabulati mmmmmmwmmmmmm
forecasted annual enemy and peak loads, and

F.1.c. \Where future resourtes are required, a description and ciated ch istics of the option that the utility prop to Section 5: Schedude 15
wse to address the forecastad need.
P

i mmmmmemfummmawmmmmwmrmmg
wmswmwmmnwmﬁm b, g cogeneration and Sections 3: Schedies 13, 14
povver production) and 3 tive description of the driver{s) underlying such anticipated changes such as expected
envronments pik carbon ictions, technology enftancements, eic:
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inia ted R Pianning Guidefines R Tabl SectionPage Reference
[Fa E?_tl_@@enemnniaeis;&gw_mﬁﬁmw
of fuelis) used: ch 14
. Type cfunit (e g.. base, intermediate, or peaking): ey r
ﬂ Location of each exsung unt; Schedule 14
v. Commercial Operaton Bae; 4
v. Ske (namepiate, dependable operatng capacity, and expected capacity value to meet load obfgation (MW]X Schedues 13 and 14
vi. Unazs to be placed in resesve shutdown or retred from sesvice with expected date of shutdown or rets and an
e . o the g e or stutdown dates: Schedites 13 and 14
wii. Units with specdic pians for ife extension, refurbishment, fued oarversion, modcation of upgradng. The reporting
utiily shal also provide Bre expecied {or actuaf}date remaved from service, expected retum to service date, capacity rating Schedwes 13 and 14
upen retum to sesvioe, a general description of work to be performad as wedl as an economic analysis supperting sudh plans for
existing units;
vil Major capital improvements such as the addition of scrubbers, shallbe evaluated through the IRP analys's to assess
whether such &mprovements are cost justifed when compared to other allematives, induding retrement and replacement of Secton 3
suth resources; and
bx. Other changes to exisiing genarating units that are expected to ncrease or decrease generation capabty of suich Schedulz 14

unts,

TF.Z.D Assessmens of Supply-side Resources. Include the current gvesall assessment of exsting and potential trad tional and
alermbvesupply-sk‘bmergyreswm.mdn&rgadesmpﬁve smnaryofeadtmalysupexfonmdwmedbymeumyhv\e

Sections 3.1, 32 and 4.5

assessment. The utiity shal also p o jon on any changes to the method: P used in
Mmﬂmbmmlﬂumm

[F2bi meeumnﬁyuperatmdw future supply-side energy inchuded, vide ¥t jon on the
capacity and enengy jected to be avaflable from the and d costs. The utilty shall also provide

mmwmmamwﬂwewmmmmemmammhm
biennix’ report and the r for that discordh

Schedules 0, t3and 15

or supply-sdde energy resources evabuated bat rejected, a L of the 1 : the poternttial capacity and
mmmmm eshnmedcostsandmeremhnhemecmﬂcfmem

Secton
[FZe. Planned Generation Additons, A W5t of pianned g hon addiions, the fatonale as to why each Tsied genesation N -
addifion was selscted, and a 15-ye ar projection of the following for each fistad addtion; Section 5.3 ; Schedule 15
Type of conventional or 2termative facility and fuelis) used: Schedule 16
i._Type o Uni (.0, Baseisad, niermedate, peaking ) Schedule
Loc:rbono!eadtwﬂggi,mgmgmgmgmalmgmmwwum&ﬂngﬁy Schedule 18
d Commimescial Op: 1 Date; Schedue 15
v. Sl-z!eﬁ\amephte depem@&operm\gcapamy and expectad capacty vake  meet load cbigation (MN}X Schedule 15

vl. Sunrmades of the analyses supportng such new generation addions, induding its type of fue] and designation as

Section §.3, Schedule 16

ba_sealn_tamed?ate, or peaking capaciy.
additions to corm) with &

Schedule 15

F2d. Nan-lkiﬁyGamaﬂon Ammmddmﬂy&mmmmhmw induding cusiomer-
owned and stand-by generating faclties, This iist shall inclsde the facifty name, location, primary fuel type, and consrachsal
capacity (including any contract dispatch conditions or imitations), and the contractual start and expiration dales. The utlity shat
also indicate which facities are included 0 their total supply of resources.

Schedule 11

[E-3, Capacity Postio MammmmmWWMMthmm

Secton 8

’--ua PJW s load obigation, similar to Scheduk 18010»*“ d schedud
Sale o

2 or the Purchase ang owect Audfrmwhdesiepwd\asedmmdwmm
mﬂeaednmeptnmmemafymdtype.dagmmasbase. diate. orp g capacy, pacty

Schedule 11

commencement and dates, and volume.
9, Provide the results o #s overall assessment of exising and potenta demand-sice opton Progrants,
luding a descripth demmawwmﬂﬁwht and any ges to the

thods and ployed snce its tast IRP. Such desariptive summary, and comresponding sctredules, shall clearly
mmmwdeammm

Section 4.4; Schedules 12 and 18

@n_mmﬂmm Provide a descripbon and 3 summary of the results of the utilty's analyses of potential
resousce optons and combinations of resourcs aptions performed by & pursuant to these guidefnes to detenmne fs intagrated
nh costs

e costs, expected service. fife, overnightt consuction costs, Exed charged rate, and the bas’s of escatation for each
component,

resource plan. (RP fings should ident®y and incdude forecasted transm’ssion cton and Sections 5 and 8
associzted wih spectic resources evaluated in conjunction wih the anafysis of options.

F.7. Comparatve Costs of Optons Provide detalled information on levetzed busbar costs, annual revenue requirements or
WmmhmwmmmmmwmdMWmn

equitable footng. Such data should be tabutated and at 3 mini reflect the 's heat rate, variable and foed operating Section 4, Exhibk B
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1a - by Resource Planning Guidelines Cross Reference Tabke Section/Page Reference
uired Schedules not S Addressed Above Schedules 2,3,4,5, 8, 7,17 and 1B

th%ﬂsofﬂ\emvzgw i3 Acts of A bly ("Senate 8d) 3117
aspanolits o plan pursiant to this act, each elecine utlty shall assess gov
profit, and utiidy pr g nhmmbm&mmlmvﬂ:mmwm

examine, in cooperation with relevant governmenta, nonprof, and private sector stakeholders, options for making any needed
chanpes w such programs.

2015 inia Acts of A bly ("Senate Bill 13497) *

Brovide a copy of megrated resource plan © the Ghainmen of the House ang Senate COmMGEes on Commerce and Labor and
bmchainmo‘meCmmsmmElemU' Requtat,

halemsi!zopﬁmsfurmnm_ng nhanctgrainstabﬁy

Sechions 1.3, 52.33 and 6.3.3

pmaﬂﬁaﬂmmﬁ)mmﬂahimdmmsmddmﬁmmu!m&amyawdmmw
| recuste 2 change in existng Virgria taw

o corrsider for mainfaning and enhancig enefiry independence Sectons 1.3.and 60 |
: —I_'& opbons for mantaning and = Sopmertt inclidng 1 and Sectons 1.3 and 2.0
{or maintaning and Sections Sand 8
mwiedera!e:\vuumnalmmlm?upmmemmopemmdem Section 33
onfmw_mmmmndnmem
emmeﬂewvemmdmnmwmwmmmmm L ental regulations, o ) 5
plince options to mnimize effects on a rates of such reguati Secton
[Final Grder from 2013 Virginia P {Case No. PUE-201500036]
Clean Power Plan
mgmmamw&rﬂ(mmhxaﬂa)brmmmm&ﬂyneedsdmmmtennmymme Seclions8.22.1, 53
mawmemmmmmcﬁmmaam and an Xy-based
Wahwmmmmmmmmaasmmmuhammmmm
consTaints impased by the CPP), providing a detaled of the Impacts of each (in tarms of total cost, neluding capital, Sections 33.8,3.3.17 and 523

Anafyza the final fodera) implementation pian (showkd the final federal plan be publshed by May 1, 2016 o, # nct, analyzing

any propasad federal pian), providing a detaded analysis of the impact of a federal ptan in tems of al costs, as well as he Seston 5234
impact on rates and identification of whether any aspect of the federad plan would require a change in existing Virpinia taw;
Provide a detalled description of leakage and treatment of new unis under difering compliance regimes: Section 3.3.11
Examne the d fering enpacss of the Virgnia-speciic Largats verses source subcategory-s rates under an intensity- Secton 3.3.10
based 3
Emm‘nehepowufnrealyaam tssion e cred) that may be for quatified bie energy Secton 33.12
d d-side enemy efficency measures; -
Ennmehmslbmeﬁudk&mmsmﬁb«muumsmmmaammm on 23,13
from Inside and cutside of Virginia; Secton
m:detaded on of e 4op of stata complance plans in ndana, Ofo, and West VIGIS, as wall a5
the p | for differing compliance approaches in each and how such differing approaches may impact APCo’s abifty to Secton 3.3.14
comply with the GPP
\dentdy a lonp-term pndaton that refiects EPA's tnal version of the CPP Secton 3.3.18
Rare Design
%Mw@gmm‘ rate structhure s i the best tuterest of residential customers Conurission's Order for 2016 (RP
optons tor variable pneing models that would neent customers to sith consumpiion away from peak tmes o - g .
redica costs and esmisst provided respite of these requirements
Market Alernatives
ea analyss of market altematives, especialy rod-party purchases, that may provide long-term price stabity .7
and which inodes wind and solar Section
Examne wind and soar purchases at prices (noluding prces avalab ugh lang-t#rm purchase pover agr yand Section 4.7
in quartites that are seen in the market 3t the tme that the Company prepares is IRP fings -
Solar P Izic Generazton
[~ Exammne the tnpad of hygher levels of dstiutad generation and ientily any bamers t increased felance by the Companty Section 34.5
on sdar voRalc -
Inchude a detaided analys’s of the load ch isties of net metering 3 and the g i fated impacts of
customes generation Sedtion 34.5
Final Order from 2017 ia RP {Case No. PUR-2017-00045)
ﬁﬂﬂ?“?’&m;nnshmmﬁmﬁor'mzmamm
inckude detalled plans to implement the mandates contamed in Senate B 968: .
APCo is mandated to construct or oquve at feast 200MW of utity-owned so'ar: s 1353,

APCo i recuiired to request Comumssion approval of $140 miion in EE programs over ten years, customers over  500kW)|
are not efighle for now EE programs, and develop a long-term plan for enecgy efidency measures to acoomplish palicy goals of

Executve Summary, Sections 1.3,

distribution prid transformation projects

dion & costormer bib: __4431.53.am0
mmymmhupw1Wsdmumywmmmnpandaﬁve-mbmwmpmmw . 13.53,
[ APCo may systematcally evaluate and consiger proposng long-em electrio dstibuton gid planning and proposed electo Section 16

190

SEBT

=

986




	RD247A
	RD247B
	RD247C
	RD247D

