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(804) 698-5526 (F) 1300 East Main Street, First Floor
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Dear Mr. Peck:

Pursuant te §§ 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 2017
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
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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.
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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 impact 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, particularly in light of current economic conditions, the movement towards increasing use
of renewable generation and end-use efficiency, as well as current and future environmental
regulations, including the status of the U.S. Environmental Protection Agency’s (EPA) Final Clean
Power Plan (CPP).

The Virginia State Corporation Commission’s (Commission or SCC) December 14, 2016
Order in APCo’s 2016 IRP case (2016 IRP Final Order) directed the Company to present potential
plans compliant with multiple scenarios of the CPP, as well as a “No Carbon” scenario. This
direction was similar to that which was provided by the Commission in its February 1, 2016 Order
following the Company’s 2015 IRP (2015 IRP Final Order). Recognizing many uncertainties, this
IRP provides useful information to assess potential approaches for compliance with, and the possible
costs and rate impacts of, the CPP. 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).

On June 9, 2015, the Federal Energy Regulatory Commission (FERC) issued an order
pertaining to PJM’s proposed Capacity Performance construct, thereby providing guidance to PJM
on its capacity market proposals. FERC allowed an exemption from the Capacity Performance rules
for companies which utilize the Fixed Resource Requirement (FRR) (i.e. self-supply) alternative
through 2018/19. APCo has elected the FRR alternative to fulfill its capacity obligations through
2019/20. Until APCo has actual experience with the Capacity Performance Construct, its effects will

remain uncertain.

In addition to those described above, APCo faced a number of other dynamic circumstances
as it developed this IRP. Those circumstances are discussed throughout this Report. Given all of
these circumstances, this IRP, and the action items described herein are subject to change as new

information becomes available or as circumstances warrant.
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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 period (in this filing, 2017-2031). This IRP has been developed

using the Company’s current long-term assumptions for:

e Customer load requirements — peak demand and energy;

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

e supply-side alternative costs — including fossil fuel and renewable generation
resources; and

e demand-side program costs and impacts.

APCo considered the effect of environmental rules and guidelines, such as the CPP,
which has the potential to add significant costs and present significant challenges to operations.
The CPP is still being reviewed by the courts, and, if it were to move forward, individual state
plans to implement it may not be finalized — let alone approved - for a number of years. In
preparing this Report, APCo has analyzed multiple scenarios, with differing commodity pricing
conditions, as well as multiple internal load conditions. As with the 2016 IRP, APCo has also
conducted analyses that specifically address certain aspects of compliance with the CPP, per the
2016 Final Order. In March 2017, President Trump issued a series of executive orders designed
to allow the EPA to review and take appropriate action to revise or rescind regulatory
requirements that place undue burdens on affected entities, including specific orders directing the
EPA to review rules that unnecessarily burden the production and use of energy. The EPA has
published notice and an opportunity to comment on how to identify such requirements and what
steps can be taken to reduce or eliminate such burdens. Future changes that result from this

effort may affect APCo’s compliance plans.

To meet its customers’ future 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) and combustion

turbine (Ceredo) units, its two gas-steam units at Clinch River and the Company’s hydro-electric
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generators, including Smith Mountain Lake; it will also continue to purchase power from various
generators under contract including over 375MW (nameplate) of wind resources. 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,
potentially limiting the capacity value of intermittent resources, such as run-of-river hydro, wind,
solar, as well as pumped storage'. Keeping these considerations in mind, APCo has developed an
IRP that provides adequate supply and de:nand resources to meet peak load obligations for the

next fifteen years. The key components of this Plan are for APCo to:

e Continue to diversify its mix of supply-side resources through the addition of

cost-effective wind and large-scale solar;

e incorporate demand-side resources, including but not limited to additional Energy

Efficiency (EE) programs and Volt VAR Optimization (VVO) installations; and

e recognize 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 2016 IRP

This IRP includes the following changes from the Company’s 2016 IRP:
e Utilizes the Company’s most recent 2016 H2 fundamentals forecast;

e Assumes an increase in the PJM capacity credit for Smith Mountain from 385MW
to S85MW. This increase leaves APCo in a position of sufficient capacity until

the assumed retirement of Clinch River units 1 and 2 in 2026; and

'"The FERC’s June 9, 2015 Capacity Performance Order indicates that there may be a further opportunity to
aggregate the capacity value of some of these intermittent resources.
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e Incorporates a two-year delay (from 2022 to 2024) in the beginning of CPP
emission targets for modeling purposes. This results in a two-year delay in
APCo’s assumed mass-based and rate-based CO; emission targets which are used

for modeling scenarios compliant with the CPP.
The Clean Power Plan (CPP) and APCo’s Preliminary Modeling Assessment

On October 23, 2015, the EPA published a final rule — the Clean Power Plan or CPP - in
the Federal Register establishing carbon dioxide (CO;) emission guidelines for existing fossil
fueled electric generating units under Section 111(d) of the Clean Air Act. The CPP established
interim and final uniform national emission standards for two subcategories of generating units:
(1) fossil-fueled electric steam generating units; and (2) natural gas-fired combined-cycle units.
The EPA also determined equivalent state-specific CO, emission rate-based goals and mass-
based goals. The interim goals decline over the period from 2022-2029, with final goals effective
in 2030 and beyond.

The CPP requires states to develop plans to implement the national uniform CO; emission
standards or state goals, and to submit a final state plan or a request for extension by September
6, 2016. Twenty-seven states, many utilities, coal producers, unions, national business
associations and other interested parties challenged the final rule, and sought to stay its
implementation pending judicial review. Although the D.C. Circuit denied these motions for
stay, on February 9, 2016, the U.S. Supreme Court granted the applications, staying
implementation of the CPP during review by the D.C. Circuit and any subsequent petitions for

review by the Supreme Court.

More recently, the President’s “Promoting Energy Independence and Economic Growth”
Executive Order, signed on March 28, 2017, directs the EPA to review, among other things, the
CPP. Following that Executive Order, the Deputy Assistant Attorney General asked the D.C.
Circuit Court to hold in abeyance its review of the CPP. Although these further developments
cloud the future of the CPP, APCo continues to include an analysis of the CPP in this IRP,
consistent with the 2016 IRP Final Order. At this time the Company cannot reasonably predict

the outcome of the numerous challengesto the CPP.
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Despite the fact that the CPP has been stayed, the Governor of Virginia has announced
that the Commonwealth will proceed with efforts to develop a state plan. Given this
announcement, the uncertainty of the outcome in the courts, the Trump Administration’s
Executive Order, and the Commission’s directives in its 2016 IRP Final Order, APCo’s IRP
continues to consider strategies to comply with the CPP and emerging state and/or federal
compliance plans. Such strategies will be strongly influenced by the resolution of the pending
litigation and the development of various state plans. Particularly for multi-state utilities like
APCo, it will be critical to leverage the investments in and operations of utility assets across
multiple jurisdictions. APCo has used the model EPA rules to inform its preliminary examination
of compliance options, but the final emission guidelines provide a wide range of program design
options for the states. The choices states will make about whether to use a rate-based or mass-
based compliance methodology, whether to allow interstate trading of compliance instruments,
which activities or facilities will be eligible to receive credits or allowances, how such credits or
allowances will be distributed, and many other issues will have a profound impact on the costs of
compliance. Additionally, many states, including those in which APCo has operations or
facilities, are deferring plan development while the stay remains in effect. At this time, there is
limited information available about which options may be pursued by each of those states, if the

CPP is ultimately implemented.

The Commission directed in its 2015 IRP Final Order that APCo present preliminary
analyses of multiple potentially CPP-compliant plans. In order to establish a baseline, APCo also
modeled another view assuming no CPP impact. As the Commission suggested, the suite of
modeling performed was based on a host of assumptions that may or may not be applicable
depending upon the ultimate outcome of the CPP. Given that, these analyses, while informative,
should be considered as quite preliminary and will be subject to change over time. The
Commission’s 2016 IRP Final Order in APCo’s 2016 IRP case directed APCo to present updated
analyses in its 2017 IRP.
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The following initial observations can be drawn from these analyses:

e A CPP-compliant resource plan could result in incremental costs to APCo of
approximately $1.6 billion;

o there are likely minimal material cost differences for APCo between a “mass-
based” or a “rate-based” compliance approach;

e an approach that assumes an interstate-market for trading of allowances (or
emission reduction credits) appears preferable to APCo being essentially self-
compliant as “an island,” as the latter view could result in incremental costs to
APCo of approximately $700 to $750 m'illion; and

o a federal plan based upon the model rule could result in higher incremental costs,

when compared to the presumed state plan, of up to $340 million.

Additional supporting information pertaining to these initial observations, as well
as the Company’s response to other requests for information and comments can

be found in Section 5 of this Report.
Summary of APCo Resource Plan

APCo’s total internal energy requirements are forecasted to increase at a compound
average growth rate (CAGR) of 0.1% through 2031. APCo’s peak internal demand is forecasted
to decrease at a CAGR of -0.1%, with annual peak demand expected to occur in the winter
season through 2031. Figure ES-1, below, shows APCo’s “going-in” (i.e. before resource
additions) capacity position over the planning period, which uses the summer peak to determine
resource requirements. Through 2025, APCo has capacity resources to meet its forecasted
internal demand, but, in 2026 APCo is anticipated to experience a capacity shortfall based upon
APCo’s assumptions regarding the retirement of Clinch River Units 1 and 2, which is evident
from the (slight) gap between the stacked bar of available resources and the black line
representing APCo’s load demand, plus PJM reserve margin requirements. This expected
capacity deficiency is smaller, and occurs later, than in APCo’s 2016 IRP because of an increase

in the PJIM capacity credit attributed to the Smith Mountain pumped storage units.
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Figure ES-1. APCo "Going-In" PJM Capacity Position (MW)

To determine the appropriate level and mix of incremental supply-side and demand-side
resources required to address the indicated going-in capacity deficiencies, APCo utilized the
Plexos® Linear Program optimization model to develop least cost resource portfolios under a
variety of pricing and load scenarios. Although the IRP planning period is limited to 15 years
(through 2031), the Plexos® modeling was performed through the year 2036, so as to properly

consider various cost-based “end-effects™ for the resource alternatives being considered.

APCo used the results of the modeling to develop a “Preferred Plan.” To arrive at the
Preferred Plan composition, APCo developed Plexos®-derived, “optimum® portfolios under four
long-term commodity price forecasts, and two “load sensitivity” forecasts. The Preferred Plan is
presented as an option that attempts to balance cost and other factors while meeting APCo’s peak
load obligations. In addition, this IRP considers existing and future environmental requirements,
including those that may result from the CPP, and the practical limitations of customer self-

generation.
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In summary, the Preferred Plan:

Assumes 25MW (nameplate) of new large-scale solar energy in 2019, with
subsequent additions throughout the planning period, for a total of 525MW
(nameplate) by 2031;

includes 120MW (nameplate) of approved new wind energy in 2018; assumes
225MW (nameplate) of new wind energy in 2019; and adds.300MW (nameplate) of
incremental wind energy by 2020, with subsequent additions throughout the planning
period, for a total of 1,695MW (nameplate) of incremental wind energy by 2031;
implements customer and grid EE programs, including VVO, reducing energy
requirements by 850GWh annually and summer capacity requirements by 203MW by
2031,

assumes APCo’s customers add distributed generation (DG) (i.e. rooftop solar)
capacity totaling over 123MW (nameplate) by 2031. (Note 1);

adds lOMW (nameplate) of battery storage resources in 2025;

assumes a host facility is identified such that a Combined Heat and Power (CHP)
project can be implemented by 2021;

addresses expected 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 25% of nameplate rating;

continues operation of APCo’s facilities including the Amos Units 1-3 and
Mountaineer Unit 1 coal-fired facilities, the Ceredo and Dresden natural gas facilities
and operating hydro facilities. Maintains APCo’s share of Ohio Valley Electric
Company (OVEC) solid-fuel facilities: Clifty Creek Units 1-6 and Kyger Creek Units
1-5; and

retires gas-steam Clinch River Units 1 and 2 in 2026.

Note 1: APCo does not have control over the amount, location or timing of these additions.
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Specific APCo capacity changes over the 15-year planning period associated with the
Preferred 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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Purchases, 0.3%

Pumped Storage,
8.2%

Gas-Steam, 5.9%
Coal, 61.2%

GasCT, 6.0%

Figure ES-2. 2017 APCo Nameplate Capacity Mix
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Pumped Storage,
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Figure ES-3. 2031 APCo Nameplate Capacity Mix
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Figure ES-4. 2017 APCo Energy Mix

Coal, 69.6%

Figure ES-5. 2031 APCo Energy Mix

Figure ES-2 through Figure ES-5 indicate that this Preferred 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

nameplate capacity mix attributable to coal-fired assets would decline from 61.2% to 51.3%.
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Wind and solar assets climb from 5% to 24.8%, and demand-side resources (including EE, VVO,
DG, Demand Response [DR], and Combined Heat and Power [CHP]) increase from 2.0% to
3.5% over the planning period.

APCo’s energy output attributable to coal-fired generation shows a decrease from 76.9%
to 69.6% over the period. The Preferred Plan shows a significant increase in renewable energy
(wind and solar), from 4.4% to 17.6%. Energy from these renewable resources, combined with
EE and VVO energy savings reduce APCo’s exposure to energy, fuel and potential carbon

prices.

Figure ES-6 and Figure ES-7 show annual changes in capacity and energy mix,

respectively, that result from the Preferred Plan, relative to capacity and energy requirements.
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Figure ES-6. APCo Annual PJM Capacity Position (MW) According to Preferred Plan
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Figure ES-7. APCo Annual Energy Position (GWh) According to Preferred Plan

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 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.

Table ES-1 below provides a summary of the Preferred Plan, which resulted from
analysis of optimization modeling under load and commodity pricing scenarios, giving

consideration to APCo’s CPP modeling:
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Conclusion

This IRP, based upon various assumptions, provides adequate capacity resources at
reasonable cost, through a combination of supply-side resources (including renewable supply-

side resources) and demand-side programs throughout the forecast period.

Moreover, this IRP also addresses APCo’s energy short position. The Preferred Plan
offers incremental resources that will provide—in addition to the needed PJM installed capacity
to achieve mandatory PJM (summer) peak demand requirements—additional energy to reduce

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

Recognizing PIJM’s Capacity Performance construct, the portfolios discussed in this
Report attribute limited capacity value for certain intermittent resources (solar, wind 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 will continue to
investigate methods to maximize the utilization of its intermittent resource portfolio within that

construct.

This IRP also addresses this Commission’s specific 2017 IRP requirements to perform
analyses associated with the requirements of the CPP, compared to a least-cost non-compliant
analysis. Each of the Commission’s requirements has been examined and, despite the uncertainty
surrounding the legal status of the CPP and various other uncertainties, the Company has made a
good-faith effort to provide both appropriate responses to the Commission’s inquiries and

reasonable analyses under the circumstances.

The IRP process is a continuous activity; assumptions and plans are reviewed as new
information becomes available and modified as appropriate. Indeed, the capacity and energy
resource portfolios reported 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 is becoming increasingly complex when

considering pending regulatory restrictions, technology advancement, changing energy supply
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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. Complete implementation activities necessary to purchase renewable energy
from approved 120MW wind resource beginning in 2018.

2. Obtain regulatory approval of 225MW of additional wind energy, and have
these resources in-service beginning in 2019.

3. Continue evaluation, due diligence, and regulatory activities necessary to
select a 2SMW solar resource, obtain regulatory approval, and have the
resource in-service beginning in 2019.

4. Continue the planning and regulatory actions necessary to implement
economic EE programs in Virginia and West Virginia.

5. Continue to monitor market prices for renewable resources, particularly wind
and solar, and if economically advantageous, pursue competitive solicitations
that would include self-build or acquisition options.

6. Pursue opportunities to identify a suitable host facility for a CHP installation.

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.

8. Monitor the status of, and participate in formulating, Virginia (as well as West
Virginia, Ohio and Indiana) state plans pertaining to the CPP. Once
established, perform specific assessments as to the implications of the CPP on
APCo’s resource profile.

9. Be in a position to adjust this action plan and future IRPs to reflect changing

circumstances.
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1.0 Introduction

1.1 Overview

This Report presents the 2017 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 power 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:
e Determining capital expenditure requirements;

e rate case planning; and

e environmental compliance and other planning processes.

1.2 Integrated Resource Plan (IRP) Process

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

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

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

e 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);

o identify current supply-side resources, including projected changes to those
resources (e.g., de-rates or retirements), and transmission system integration
issues;

e identify and evaluate supply-side resource options; and
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e perform resource modeling, including modeling for possible Clean Power Plan

(CPP) effects, and use the results to develop various portfolios.

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 957,000 retail customers in those states, including approximately 528,000
and 429,000 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 2016/17)
actual APCo summer and winter peak demands were 5,885MW and 6,984MW, occurring on
July 25, 2016 and January 9, 2017, respectively.
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Figure 1. APCo Service Territory

This TIRP 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
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in light of current economic conditions, the increasing use of renewable generation and end-use

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

The action items described herein are subject to change as new information becomes
available or as circumstances warrant. This IRP report is being filed by May 1, 2017 in
compliance with Virginia Senate Bill 1349. Senate Bill 1349 amended Section 56-599 of the
Code of Virginia and required that electric utilities file an updated [RP by July 1, 2015, followed
by annual updated IRPs due each year on May 1. Section 56-599 also required electric utilities to

consider six factors in each [RP.

The first four factors to be considered relate to options (i.e. options for maintaining and
enhancing rate stability; energy independence; economic de\;elopment, 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.
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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 2016.2 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 (2017-2031)%, APCo’s service territory is expected to see
population and non-farm employment growth of 0.1% and 0.5% per year, respectively. 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 and peak demand are

expected to change at an average rate of 0.1% and -0.1% per year, respectively, through 2031.
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 December 2016.

2 The load forecasts (as well as the historical loads) presented in this Report reflect the traditional concept of internal
load, i.e., 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, 2017.
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Moody’s Analytics projects moderate growth in the U.S. economy during the 2017-2031 forecast
period, characterized by a 2.0% 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 1.5% per year during the same period. Moody’s projects employment growth
of 0.5% per year during the forecast period and real regional income per-capita annual growth of

1.7% 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 (EIA) 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.

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
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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
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.
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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.

Historical Company Economic Forecast Weather Data Bullding & Appﬂinoo Other Adjustments
O3ata {Customers, (Demographics, (Normal Cooling & Effidencles & {OSM/EE Programs,
kWh, Appllance Prices, Output) Heating Degrae Days) Saturation Forecasts Large Customer
Saturstions) {E1a) Expansion/Closure)
| |
I |
I |
1 1
! | Load Shapes
| | (Heating, Cooling, |
| | Lighting, Other) |
* \ll Monnthly Sales
Gemerrran —, "
Revenue Class) | INENEEE) —
(by Revenue ) Revaniie Class) Raquirements
Forecast
Unbilled & Line I
Losses
ST ‘..‘.;' DTS

Figure 2. APCo Internal Energy Requirements and Peak Demand Forecasting Method
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2.4  Detailed Explanation of Load Forecast

24.1 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
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
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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.

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 2006 through January
2016. There are models for residential, commercial, industrial, other retail, and wholesale
sectors. The industrial models are comprised of 22 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
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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.

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 after 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 1995-2014

The long-term energy sales forecast is developed by blending of the short-term forecast with the

10
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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 EIA’s
“2015 Annual Energy Outlook.” The natural gas price model is based upon 1980-2015 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 “2015 Annual Energy Outlook.” The estimation

period for the model was 1998-2015.

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

1
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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;
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.

12
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The SAE residential models are estimated using linear regression models. These monthly
models are typically for the period January 1995 through January 2016. 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
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,

13
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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 2016.

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 product
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
estimated for the Company’s Virginia and West Virginia jurisdictions. The last actual data point

for the industrial energy sales models is January 2016.

2.4.4.5 All Other Energy Sales

The forecast of public-street and highway lighting 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 modelled similarly to
APCo’s retail sales, with the exception that Kingsport Power does not have mine power energy

sales.

14

SLBOTSBLT



! APPALACHIAN
POWER

At AKP Oy

YOUNDLESK INEROY 2017 Integrated Resource Plan

2.4.5 Internal Energy Forecast

2.4.5.1 Blending Short and Long-Term Sales

Forecast values for 2016 and 2017 are taken from the short-term process. Forecast values
for 2018 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 2018 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
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

15
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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).

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 2013-2016 and on a forecast basis for the years 2017-2031. 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 2013-2016 and on a

16
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forecast basis for the years 2017-2031. 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 2020. During the first decade shown (1991-
2000), residential usage per customer grew at an average rate of 1.3% per year while the
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 0.8% per year while the commercial usage decreases by an average of 0.6% per year. It is
worth noting that the decline in residential and commercial usage accelerated between 2008 and
2016, with usage declining at average annual rates of 1.2% and 1.1% for residential and

commercial sectors, respectively, over that period.

17
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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.

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 over 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.

18
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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 Effidiencies, 2010-2030

2.6.2 Demand-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
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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 2018), the load forecast uses assumptions from the
latest commission approved DSM programs. For the years beyond 2018, the IRP model selected
optimal levels of economic EE, 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 141MW and 185MW available for interruption at the time of the winter and
summer peaks, respectively. An additional five customers have 33MW 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 PJM-
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.
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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 2017 were typically taken from the short-term
process. Forecast values for 2018 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 2018 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 =]
-

----—-‘--_-----— #

-—---—-— s a2 .

@ Short-term

e Blended

e LONG-tEITN
1 2 3 4 s 6 1 8 9 10 1 1

Time Period (months)

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 EIA’s 2016 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, 2031, represent deviations of about 8.3% below and 9.0% above, respectively, the

base-case forecast.

2.8 Economic Development
A requirement set forth by Senate Bill 1349 is that:

“...the IRP shall consider options for maintaining and enhancing
economic development including retention and expansion of energy-intensive

industries.”

This IRP sets forth portfolios to meet these and other needs 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.

23

SLBBESOLT



! APPALACHIAN
POWER

An AP Compry

1OUNDLESE ENERGY: 2017 Integrated Resource Plan

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 will result in increased activity for local businesses and the
creation of additional jobs. 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, for potential business expansions or new customer additions, can employ
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 growth. The
EDR assists 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 “needs” assessment must consider projections of:

o Existing capacity resources—current levels and anticipated changes;

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

o changes resulting from decisions surrounding unit disposition evaluations;

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

e load and peak demand,

o current DR/EE; and

e 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 16.6 percent.4
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 (EFORp).’ The PIM FPR is 9.67% for the 2017/2018 PJM planning year, and decreases to
8.92% for the remainder of the planning period, which ends with the 2031/2032 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: December 22, 2016). 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 [RP uses the PJM Planning Parameters published on October
26, 2015, which reflect PJM’s Capacity Performance proposal.

5 Per Section 2.1.4 of PJM Manual 18: PJM Capacity Market (Effective: December 22, 2016).

FPR =(1 +IRM) * (1 - EFORp). Reserve Margin = FPR - 1.
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Table 1. Current Supply-Side Resources, as of April 1, 2017
i PiM Capacity
Unit Name Location Unitllype PrimaryBuel Type C.0.D. (aw)?
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 230
Clinch River 2 Carbo, VA Steam Gas 1958 210
Oresden Dresden, OH Combined Cycle Gas 2012 555
Mountaineer 1 New Haven, WV Steam Coal 1980 1,305
Buck1-3 lvanhoe, VA Hydro - 1912 9
Byllesby 1-4 Byllesby, VA Hydro - 1912 22
Claytor1-4 Radford, VA Hydro - 1939 75
Leesvillel -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
Winfield1-3 Winfield, WV ‘Hydro - 1938 15
Smith Mountain 1 Penhook, VA Pump. Stor. - 1965 70 (A)
Smith Mountain 2 Penhook, VA Pump. Stor. - 1965 185 (A}
Smith Mountain 3 Penhook, VA Pump. Stor. - 1980 105 (A)
Smith Mountain 4 Penhook, VA Pump. Stor. - 1966 185 (A)
Smith Mountain S Penhook, VA Pump. Stor. - 1966 70 (A)
Clifty Creek 1-6 Madison, IN Steam - 1956 179 (8)
Kyger Creek Cheshire, OH Steam - 1955 147 (8)
Beech Ridge 1 Greenbriar County, WV Wind - 2009 15 (C)
Camp Grove Marshall County, IL Wind - 2008 11 (C)
Fowler Ridge Benton County, IN Wind - 2009 13 (C)
Grand Ridge 2-3 Marseilles, IL Wind - 2009 17 Q)
Summersville 1-2 Summersville, WV Hydro - 2001 80 (C)
6,958
(1) Commercial operation date.
(2) Peak net capability as of filing.
(A) Units 1, 3 & S have pump-back capability, units 2 & 4 are generation only.
(B) Represents APCo's share of these units
(C) Respresents capacity from Power Purchase Agreements (PPAs)

Figure 7, below, depicts all generation sources employed to meet the APCo needs, along

with their current age. Unit ratings displayed in this figure are nameplate ratings.
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Amos 1 - St. Albans, WV (800 MW)

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

Amos 3 - St. Albans, WV (1330 MW)
Mountaineer - 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 (75 MW)

Ceredo 2 - Ceredo, WV (75 MW)

Ceredo 3 -Ceredo, WV (75 MW)

Ceredo 4 - Ceredo, WV (75 MW)

Ceredo S - Ceredo, WV (75 MW)

Ceredo 6 - Ceredo, WV (75 MW)

Dresden - Dresden, OH (555 MW)

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

Byllesby 1-4 - Byllesby, VA (21.6 MW)
Claytor 1-4 - Radford, VA (75.5 MW)
Leesville 1-2 - Leesville, VA (50.0 MW)
London 1-3 - Montgomery, WV (14.4 MW)
Marmet 1-3 - Marmet, WV (14.4 MW)
Nlagara 1-2 - Roanoke, VA (2.4 MW)
winfleld 1-3 - Winfield, WV (14.8 MW)
Smith Mountain 1 - Penhook, VA (70 MW)
Smith Mountalin 2 - Penhook, VA (185 MW)
Smith Mountain 3 - Penhook, VA (105 MW)
Smith Mountain 4 - Penhook, VA (185 MW)
Smith Mountaln S - Penhook, VA (70 MW)
Summersville 1 - Summersville, WV (40 MW)
Summersvlie 2 - Summersville, WV (40 MW)
Grand Ridge 2 - Marsellles, IL (51 MW)
Grand Ridge 3 - Marseifles, IL (SO MW)
Fowler Ridge 3 - Fowler, IN (100 MW)
Camp Grove - Marshali County, IL (75 MW)
Beech Ridge - Rupert, WV (101 MW)

.

Years in Service
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* Represents APCo Share of Ohio Valley Electric Corporation(OVEC) units et 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, 2017

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). In addition to the current assets shown above,

APCo’s “Going-In” resource position includes a 120MW (nameplate) wind Renewable Energy
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Purchase Agreement (REPA) which, having been approved by this Commission and the Public
Service Commission of West Virginia, will take effect in 2018. The “Going-In” position also
includes an additional 225MW (nameplate) of wind resources and 25SMW (nameplate) of solar
resources in 2019. These resources reflect APCo’s current plans to pursue additional renewable

energy resources in the near future.

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.

This IRP incorporates the following assumptions for Capacity Performance values for
certain gas-fired and intermittent resources, in order to address the Capacity Performance

rulemaking effective with the 2020/2021 PJM planning year:

e 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;

e run-of-river hydro units valued at 25% of nameplate capacity rating;

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

e 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

e DR resources will be reduced to 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.
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APCo’s 2016 IRP assumed 2/3 of the nameplate capacity (385MW of the 585MW
available) from the Smith Mountain pumped storage site as its Capacity Performance rating. The
details of how FRR entities will be treated under the Capacity Performance rule have become
clearer. In APCo’s 2017 IRP, this clarity led to using the full nameplate capacity of Smith

Mountain when determining the Capacity Performance rating in this [RP.

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
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, wind and potential solar resources in a manner that would mitigate non-
performance risk. The potential exists that a strategy could be formulated such that a portion of
the over 200MW of run-of-river hydro generating capability, which is not currently recognized
in APCo’s ultimate Preferred Plan as being Capacity Performance-eligible, could count as
capacity in future PJM planning years. 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 activity has the potential to materially
change the regulatory requirements the Company will face in the future, those potential changes
cannot be reasonably foreseen or estimated at this time. The Company is committed to closely

following developments related to environmental regulations, and will update its analysis of
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compliance options and timelines when sufficient information becomes available to make such
judgments. At this time, the Company does not have sufficient information regarding these

developments to justify the alteration of current compliance assumptions and plans.

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
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) system's. 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 EPA was unreasonable in refusing to

consider costs in its determination whether to regulate emissions of HAPs from power plants.

¢ 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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The 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. In April 2016, the EPA affirmed
its determination that regulation of HAPs from electric generating units is necessary and
appropriate. Petitions for review of the EPA’s April 2016 determination have been filed in the
U.S. Court of Appeals for the District of Columbia Circuit. Oral argument is scheduled in May
2017, but in April 2017 the 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 (NOy) emissions and FGD
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
I & 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 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 EPA with instructions to continue implementing

CAIR until a replacement rule is finalized. The EPA and other parties filed a petition for review
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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 EPA filed a motion to lift the stay and allow Phase I of CSAPR to take effect on
January 1, 2015 and Phase II to take effect on January 1, 2017. The court granted the 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 EPA over-controlled the SO; and/or
NOy budgets of 14 states. The U.S. Court of Appeals for the District of Columbia Circuit
remanded the rule to the EPA to timely revise the rule consistent with the court’s opinion while

CSAPR remains in place.

In October 2016, a final rule was issued to address the remand and to incorporate
additional changes necessary to address the 2008 ozone standard. The final rule significantly
reduces ozone season budgets in many states and discounts 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 NOx and SOz, 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 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, the 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
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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 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 EPA regulates CCR as a non-
hazardous solid waste by its issuance of new minimum federal solid waste management
'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 EPA to approve such programs if they are no less
stringent than the minimum federal standards. The EPA may also enforce compliance with the
minimum standards until a state program is approved or if states fail to adopt their own

programs.

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.

33

SLBBETSEBLT



@mm

M &P DTy

BOUNDLESS ENERCY 2017 [ntegrated Resource Plan

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/1b

is, as an inactive surface impoundment captured by the rule.

3.3.5 Effluent Limitations Guidelines

In November 2015, the EPA issued a final rule revising Effluent Limitation Guidelines
(ELG) for electricity generating facilities. The final rule establishes limits on flue gas
desulfurization wastewater, fly ash and bottom ash transport water and flue gas mercury control
wastewater as soon as possible after November 2018 and no later than December 2023. These
new requirements will 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, a
petition for reconsideration of the rule was filed with the EPA. In April 2017, the EPA
announced its intent to grant reconsideration of the rule and issued a stay of the rule’s future
compliance deadlines. The 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.

To ensure compliance with the ELG Rule, APCo has determined that wastewater
treatment projects will 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 necessary
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.
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3.3.6 Clean Water Act 316(b) Rule

A final rule under Section 316(b) of the Clean Water Act was issued by the EPA on
August 15, 2014, with an effective date of October 14, 2014, and affects all existing power plants
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, AEP has completed environmental retrofit projects on its Eastern units, is 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
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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.

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 NOx 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.

Table 2. Consent Decree Annual NO, Cap for AEP-East

Annual Tonnage
Calendar Year e
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 72,000
thereafter
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Table 3. Modified Consent Decree Annual SO, Cap for AEP-East

Annual Tonnage
Calendar Year .
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 h
and each year 94,000
thereafter

3.3.8 Carbon Dioxide (CO;) Regulations, Including the Clean Power Plan (CPP)

On October 23, 2015, the EPA published two final rules to regulate carbon dioxide (CO,)
emissions from fossil fuel-based electric generating units. The 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, the 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. The 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.

The EPA finalized CO, NSPS for new sources at 1,400 pounds CO; per megawatt-hour
gross (Ib/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
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combustion turbines (which the 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 the EPA as Building Block 4), all of which had
been included in the 2014 proposed rule.

From the national emission performance rates, the 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,
A | A I A A |
nnua' verage Annua' verage nnua' Average Annual Average | Annual Average
InterimGoal- | InterimGoal- | Interim Goal -
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
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Table 5. APCo State Rate-Based Clean Power Plan Goals
Ib/MWh CO, Emission Rate
| |
Annual Average Annua- Average | Annual Average Annual Average | Annual Average
Interim Goal - | InterimGoal- | InterimGoal - ) )
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 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.

The EPA delayed the start of the initial compliance period from 2020 in the proposed rule
to 2022 in the final rule. 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
the 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
the 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.
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In March 2017, the 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 EPA to review the Clean Power Plan
and related rules; 2) the EPA’s initiation of a review of the Clean Power Plan and 3) if the EPA
determines appropriate, a forthcoming rulemaking related to the Clean Power Plan consistent
with the Executive Order. In this same filing, the EPA also presented a motion to hold the
litigation in abeyance until 30 days after the conclusion of review and any resulting rulemaking.

The motion is still pending.

3.3.8.1 The Proposed Federal Plan and Model Rules

On the same day that the CPP was published, the 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” the 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 the EPA’s proposed approach to developing a federal

plan could change significantly before they are finalized and implemented.

The EPA intends to finalize model rules for both the rate-based state planning option and
the mass-based state planning option. The EPA has proposed the same two options for a federal
plan, but the 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, the EPA would not allow for the use of EE measures to generate

40

SLBRATSBLT



{ APPALACHIAN
FOWER

A AIP Corpay
touNoLIsS snrrOY- 2017 Integrated Resource Plan

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, the EPA would use an
allowance 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.

Following the President’s Executive Order 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 3.3.8.2 through 3.3.8.8, 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 this analysis in its IRP, until such time that development regarding the regulation will

warrant updating the analysis included in these sections.

3.3.8.2 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, the 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
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for steam units must average 1,534 Ib/MWh over the period from 2022-2029, and eventually
decline to 1,305 Ib./MWh in 2030 and thereafter. For gas combined cycle units the interim rate
must average 832 Ib./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 Ib./MWh for coal steam units and about
900 Ib./MWh for combined cycle units on a national basis. Accordingly, if these emission rates
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, the 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 1b./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.
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3.3.8.3 Leakage and Treatment of New Units

The 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.” The EPA describes

the concept of “leakage” as follows:

“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.

The 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 the EPA
has calculated a “new source complement” that provides additional allowances to accommodate
the new sources. Alternatively, the 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 the 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.
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3.3.8.4 Potential for Early Action ERCs/Allowances

As part of the final emission guidelines, the 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 the EPA
would 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. The 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. The 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.

3.3.8.5 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 Illinois, 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
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greater compliance 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 prograim as outlined in the model trading rules.

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.

3.3.8.6 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
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Court, there are currently no additional compliance activities planned by these states until after

judicial review is completed.

3.3.8.7 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.

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

Because no specific information about the potential structure of a state plan to implement
the CPP is available, it is difficult to provide any comprehensive view of the changes that might
be needed to Virginia law. Currently, the Air Pollution Control Board (the Board) has authority
to develop and adopt regulations govering air pollutant emissions from stationary sources like
power plants, but beyond regulating air emissions, 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.

The General Assembly has given the Board limited authority to develop emissions
trading programs in Code § 10.0-1322.3. The General Assembly authorized the Board to
develop emissions trading programs solely for the purpose of achieving and maintaining: the
national ambient air quality standards (NAAQS) under Section 108 of the CAA. Such programs
must result in net emissions reductions, create economic incentives for reducing air emissions,
and allow for continued economic growth. In addition, for electric generating units specifically,
such programs must foster competition and encourage the construction of new clean generating
units. Speci_ﬁc requirements for new unit set-asides, offsets, trading with mobile sources, and

consideration of allocations are also provided in the statute. Regulations adopted by the Board
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cannot prohibit trading of credits or allowances between private industries, provided that trades
do not adversely impact Virginia air quality. Substantial additional authority would have to be

granted to the Board by the General Assembly to fully implement the CPP.

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 [RP
authorizing statutes direct electric utilities to formulate a plan that “is most likely to provide the
electric generation supply needed to meet the forecasted demand, net of any reductions from
demand side programs, so that the utility will continue to provide reliable service at reasonable
prices over the long term. ” Va. Code § 56-598 2a. An IRP should also “reduc[e] load growth
and peak demand growth through cost-effective demand reduction programs. ” Id. at lc.
Moreover, the Commission's Integrated Resource Planning Guidelines ("Guidelines") direct that
utilities provide detailed information on levelized busbar costs, annual revenue requirements or
equivalent methodology for various supply-side and demand side options, Guidelines § F7, and
engage in a “comprehensive analysis of all existing and new resource options . . . necessary to
provide reliable electric utility service, at the lowest reasonable cost, over the planning period. ”

Guidelines at § C 2.

In anticipation of the CPP, the Virginia General Assembly enacted Senate Bill 1349,
establishing the Virginia Transitional Rate Period. See Virginia Code §§ 56-585.1:1
(Transitional Rate Period: review of rates, terms and conditions for utility generation facilities);
56-599 (Integrated Resource Plan Required). The legislation directed the Commission to report
to legislators annually on the projected cost and anticipated rate impacts of various CPP
compliance options. Va. Code § 56-599 A; 56-585.1:1 F1-2. In order to fulfill these
requirements, the Commission ordered electric utilities to provide in their 2016 IRPs "multiple
plans that are each compliant with the Clean Power Plan, under both a mass-based approach and
an intensity-based approach . . . ." See, e.g. In re: Appalachian Power Company's Integrated
Resource Plan filing pursuant to Va. Code § 56-597, et seq., Case No. PUE-2015-00036, Final
Order entered February 1, 2016 at 4-5). It also ordered APCo to include in its IRP "a least-cost
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compliant plan where the Plexos model is allowed to choose the least-cost path given the

emission constraints imposed by the Clean Power Plan." Id. at 4.

Assuming the CPP is implemented in its current form after review by the U.S. Supreme
Court, APCo’s least-cost compliant plan will depend not only on the choices made by Virginia
regulators, but also on the choices made by regulators in other states. While Virginia could
attempt to structure its CPP state plan submittal to allow for separate CPP compliance pathways
for each regulated utility that represents a “least-cost compliant plan” based on the current
integrated resource planning statutes and regulations, Virginia legislators may need to provide
utilities with greater flexibility in formulating such plans, and to allow the Commission greater
discretion in evaluating a CPP-compliant IRP. EPA’s model rules contemplate a much different
approach, where multiple states adopt “trading ready” programs that can interact with one

another.

In addition, statutes and regulations governing the selection of individual resource
options may need to be harmonized with whatever state or federal CPP compliance plan
emerges, as well as with each other. Virginia utility law currently provides utilities with a menu
of resource options with which to meet forecasted demand and ensure reliability of service. The
CPP, on the other hand, sets broad emissions targets, but does not mandate the means by which
individual utilities must achieve compliance. During Virginia’s Transitional Rate Period
retirement of an electric power generation facility is restricted pending CPP implementation. Va.
Code § 56-585.1:1 E. The statute also creates incentives for construction or purchase of certain
solar generation facilities located within the Commonwealth and establishes a statutorily-
mandated, prima facie finding that such facilities are in the public interest regardless of whether
they are located within the utility’s service territory. Va. Code § 56-585.1:1 G. Other, non-solar
new generation facilities remain subject to approval based on a finding that such facilities are
"necessary to enable the public utility to furnish reasonably adequate service and facilities at
reasonable and justrates." Va. Code § 56-234.3. Utility-sponsored DSM programs, on the other
hand, are subject to approval according to a rigorous cost/benefit analysis. 20 VAC 5-304-20; 20

VAC 5-304-30. The legislature may need to consider the impact of these provisions on the
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practicality of implementing either a state or federal plan, and adjust the requirements for

approval of potentially CPP-compliant resource options.

Based on all of the foregoing considerations, and others that have not yet been identified,
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. However, obligations related to the development of a state plan have been stayed, and
the federal plan has not yet been finalized, so it is not possible at this time to describe any

necessary state law changes with specificity.
34  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 2017, the Company anticipates 162MW of peak DR (total
company basis); consisting of 13MW and 149MW of “passive” EE and “active” DR activity,
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respectively.” In 2020, when Capacity Performance is in effect, the Company anticipates “active”

DR will be reduced to 119MW, 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

Water Heater (<=55gallons)

Water Heater (>55gallons)

Sarew-in/Pin Lamps

SEER 14.0/HSPF 8.0

el M,

Advanced Incandescent (20 lumens/watt§

P bty e

Llinear Fluorescent

T8 (89 lumens/watt)

Refrigerator

25% more efficient

Freezer

25% more efficient

Clothes Washer

1.29 IMEF top loader

Clothes Dryer

Furnace Fans

Conventional

7 “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

PTAC EER1L7 [ ~ S

Heat Pump EER 11.0/COP 3.3

PTHP EER 11.9/COP 3.3

Ventilation Constant Air Volume /Variable Air Volume

Advanced Incandescent (20

Screw-in/Pin Lamps

Linear Fluorescent 18(8 Iumens/att
High Intensity Discharge EPACT 2005 |
Water Heater

Walk-in Refrigerator/Freezer EISA 2007

Reach-in Refrigerator/Freezer| EPACT 2005

Glass Door Display EPACT 2005
Qpen Display Case EPACT 2005 |
Ice maker EPACT 2005
Pre-rinse Spray Valve 1.6GPM

Motors EISA 2007 g

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

reduce retail load by nearly 7%, as shown in Figure 8.

4 20,000 8% B

19,000

18,000
17,000
16,000

£ 15000
14,000
mTotal Energy Efficiency (GWh)

13,000
W Residential and Commercial Load (GWh)

12,000

OTotal Energy Efficiency (% of Load)

11,000

10,000
I T R S S S NY, JRC. S SRS

> & 5 M
L U R R P R P i

J
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, commercial 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

PJM, 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.

e 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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e 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.; 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 149MW 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 a credit to their bill. The current Virginia program is designed to allow 3,000
residential customers to sign up each year during 2015, 2016, and 2017. Each block of 3,000
customers is estimated to provide up to 2.7MW in demand savings. APCo’s West Virginia

jurisdiction has a similarly sized 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 the consumer concludes that the new technology is
a viable substitute and will pay him back in the form of reduced bills over an écceptable period,

he will adopt it.

53

846OTSHLT



l__l
APPALACHIAN
POWER

A 1P Comysry
SOUNDIFSS ENEROY" 2017 Integrated Resource Plan

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:
e Consumer education
o Technical training
¢ 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 2019 that are incremental to currently approved programs.

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 rate-design programs to promote EE programs. APCo has
installed EE measures that reduced peak demand in 2017 by 12.9MW and reduced 2017 energy
consumption by 83GWh.
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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) Installed Cost of Solar forecast.
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350 1

\ = Commercial
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K Source: Bloomberg New Energy Financé H2 2016 US PV Market Outlook )

Figure 9. Residential and Commercial Forecasted Solar Installed Costs (Nominal $/Wac) for APCo States

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-
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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 W

$4.00

$3.00 \

(s/W,o)

$2.00 >

\‘:
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* Residential discount rate assumed to be 10%
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=—\irginia ==———West Virginia ====BNEF - PJM (S/WAC)
. J
Figure 10. Distributed Solar Customer Breakeven Costs for Residential Customers ($/Wac)

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)

As of the end of 2016 APCo has a total of 5.4MW of DG installed throughout the service
territory, consisting of 0.2MW in Tennessee, 4.4MW in Virginia, and 0.8MW 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
true for solar generators during summer months when rooftop 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 rooftop solar (blue line) and without rooftop solar

(red line).
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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 10am
until 5pm, 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 |lam
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 a customer 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

AERP affiliate operating companies indicate a range of 0.7% to 1.2% of energy demand reduction

for each 1% voltage reduction is possible.

Substation LTC or Line Voltage Capacitor Bank Line Voltage
Voltage Regulator Regulalor Contral Regulator

Figure 14. Volt VAR Optimization Schematic

While there is no “embedded” VVO load reduction impacts implicit in the base load
forecast case, VVO has been modeled as a unique EE resource. Furthermore, in late 2016 APCo
placed in service a VVO pilot on 3 circuits. The estimated energy and capacity savings are

included in the IRP results discussed in Section 5.0.
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3.5 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 14,500 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
8,600 miles of 138kV circuitry. This expansive system allows the economical and reliable
delivery of electric power to approximately 24,200MW 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 few 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 AEP’s eastern 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 138 kV |
(Introduction of 345 kV |
| introduction of 765 kV |
36 Years 16 Yek
r T 1
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, in conjunction with PJM, has interconnection agreements in the AEP service territory with
several merchant plant developers. Approximately 5,000 MW of generation additions are
planned to be connected to the eastern transmission system over the next several years (including
upgrades to existing facilities and based on executed agreements as of December 31%, 2016).
There are also significant amounts of merchant generation under study for potential

interconnection.
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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,
1,613 miles of 138kV, 628 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, 311 miles of
345kV, 1,110 miles of 138kV, 37 miles of 88kV, 349 miles of 69kV, 682 miles of 46kV, and 56
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
sustainable reliable operation of the transmission network in the area encompassing APCo’s

Virginia and West Virginia service areas:

e 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 significant 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
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3.5.2

major 765/138kV improvements like the Wythe Area Improvements will also address the
mitigation of voltage problems which have been previously identified.

Megawatt Valley — the Gavin/Amos/Mountaineer/Flatlick area currently has stability
limitations and reliability issues during multiple transmission outages. Multiple
overlapping transmission outages may require the reduction of generation levels in this
area to ensure continued reliable transmission operation, although such conditions are
expected to occur infrequently. Generation resource additions and retirements in the
Gavin/Amos/Mountaineer/Flatlick area are influencing these stability constraints,
requiring transmission enhancements—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 issues 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

expans

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

planning process. PIM 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

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
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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.

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.

®http://www.aep.com/about/codeofconduct/OA SIS/ TransmissionStudies/docs/2017/AEP_East%20FERC%20715_2
017_Final_Part%204.pdf
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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

during an emergency condition.

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 PIM — MISO joint market.

A number of generation requests have been initiated in the PJM generator interconnection

queue. AEP, through its membership in PIM, is obligated to evaluate the impact of these projects

? 90% 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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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 2017 FERC Form 715 Annual
Transmission Planning and Evaluation Report. That filing also provides transmission maps, and
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
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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
Group (ERAG) Multiregional Modeling Working Group (MMWG) power flow library, the PJIM
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
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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 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 territory for the 2016-2021 timeframe is provided below. Project information

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

Cloverdale Station Improvements: The upgrades are required in order to

mitigate issues identified with transmission planning criteria, improve the
reliability of the transmission system in the Roanoke, Virginia area and the
interface capacity and operational performance between AEP and Dominion
Virginia Power by eliminating congestion and reinforcing the existing network for
future growth. In summary, the major scope of work included establishing a new
Cloverdale East 500kV station, installation of a new 765/500kV, 2250MVA
transformer and replacement of various transformers and associated circuit

breakers.

Cloverdale-Lexington 500kV Re-Conductor: This project was developed in

order to mitigate issues with planning criteria, address identified congestion
issues, maintain adequate and reliable electrical service to the surrounding area,
and to relieve the significant market congestion on the AEP-Dominion interface.
The major scope of work includes re-conductoring 36 miles of the AEP owned
portion of the Cloverdale-Lexington 500kV line in order to increase the thermal
capability improving the reliability of the regional transmission system and

operational performance.
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Christiansburg Area Improvements: An analysis identified that during

projected summer~2015 peak load conditions, a single contingency outage of the
138kV Merrimac Tap Line, Merrimac 138/69kV transformer, or the North
Blacksburg 138/69kV transformer would overload the Midway-South
Christiansburg 69kV sub-transmission circuit serving the Town of Christiansburg
beyond its maximum allowable thermal limit, which could have jeopardized
service to over 160MW of sub-transmission load. The major scope of work,
which has been completed, included the construction of a 138kV line between the
Falling Branch and Merrimac Substations on the east side of Christiansburg
establishing two-way service to the existing Vicker and Merrimac Substations,
increasing transmission service reliability to the area. Also, a new 138/69kV
transformer has been installed at Merrimac Substation to improve reliability and

prevent thermal violations.

South Lynchburg Area Improvements: The South Lynchburg area has

approximately 65MW of combined load served from Brush Tavern, George
Street, and Lawyers Substations which are served radially by a transmission
source. In order to provide adequate service reliability to these radially served
substations, this project will provide two-way service by constructing
approximately 4.0 miles of new 138kV line from Brush Tavern to a newly
established 138/12kV distribution station (Lynbrook) and rebuilding the 69kV
line to 138kV between South Lynchburg and Lawyers stations. The new
Lynbrook station will replace the existing Lawyers station and will be located
approximately 1 mile south of Lawyers station. George St. Station will be
converted to 138kV by replacing the 69/12kV transformer with a 138/12kV
20MVA transformer. The new Lynbrook station will include a new 138/12kV
20MVA transformer. In addition, new 138kV breakers are being installed at New
London, Brush Tavern and South Lynchburg stations, improving the reliability of
the 138kV system.
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Wythe Area Improvements: The Wythe Area Improvements project addresses

transmission planning voltage deviation criteria violations in excess of 8%,
improved the reliability of the existing transmission network in the Wytheville,
VA area, and reinforced the electrical infrastructure for future growth. The major
scope of work consists of constructing a 17 mile line from Jacksons Ferry to
Progress Park and Wythe Substations. Also, a second 765/138kV transformer was
installed at Jacksons Ferry. In summary, the project will mitigate planning voltage
criteria issues, enhance operational performance and reliability to over 295MW of
load, introduce a new source into the Wythe area and provide flexibility for

routine maintenance of the transmission system.

Abingdon Area Improvements: The Abingdon Area Improvements addresses an

overload on the Abingdon-Hillman Highway 69kV line and the Abingdon
138/69kV transformer due to the outage of the Meadowview 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 Station.

Bland Area Improvements: The Bland Area Improvements addresses thermal
criteria issues on the Tazewell-Buckhorn line in addition to voltage magnitude
issues 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 to 138kV, re-routing the
new line into Progress Park 138kV station, and replacing Bland 69kV station with
Town Creek 138kV station.

Tazewell-Bearwallow 138kV: A comprehensive program to replace the aging

69kV sub-transmission system in Tazewell County, Virginia with a new 138kV

transmission network includes rebuilding approximately 12.5 miles of the existing
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Tazewell-Bearwallow 69kV line, of which 7.8 miles is located in Virginia; the

remaining line is located in McDowell County, West Virginia.

Richlands-Whitewood Rebuild: A new 8.0 mile 138kV line from Richlands to

Whitewood is to be constructed in Tazewell and Buchanan Counties in addition to

a new switchyard. This solution addresses thermal and voltage issues projected in
2017.

-

Other major transmission projects previously undertaken, or currently being performed

by APCo, and/or WV Transco, are as follows:

Kanawha Valley Area Transmission Reinforcement Project: As addressed

previously, power plant retirements in the Kanawha and Ohio River valleys
changed the way electric power flows on the electric transmission grid. To
accommodate those changes and address additional issues identified by PJM,
existing transmission lines and substations in the Kanawha Valley have been
rebuilt and upgraded, respectively. The bulk of the remaining Kanawha Valley
work will take place between APCo’s Amos Plant and its Turner and Cabin Creek
substations, with a key loop in the Cross Lanes area and another in the Kanawha
City area. Additional work will be done to facilities that feed off the backbone

transmission line that runs from Poca to Cabin Creek.

Fayette County Area Transmission Improvements: PIM has identified voltage,

thermal, and reliability concerns in Fayette County, West Virginia and in the
surrounding areas. 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
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between the McClung and Brackens Creek Stations, and installing equipment at

three existing stations.

McDowell Area Improvement Project: The McDowell Area Improvement

Project will boost the electric transmission grid reliability in the region. The
McDowell Area Improvements Project will also provide southern West Virginia
with an infrastructure capable of handling future economic growth. The project
includes: 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.

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 project was proposed by an AEP affiliate, Transource

West Virginia, to address 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 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.
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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 revenue 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 Preferred Plan. Sensitivity analyses were

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

The IRP 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™™P
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 fuel delivery and emission allowance price forecasts, based
upon actual transactions, which are established by AEP Fundamental Analysis and AEP Fuel,
Emissions and Logistics, are input into AURORA™™. Estimates of longer-term natural gas and
coal pricing are provided by AEP Fundamental Analysis in conjunction with input received from

consultants, industry groups, trade press, governmental agencies, and others. Similarly, capital

1 plexos® ™ a production cost-based resource optimization model, which was developed and supported by Energy

Exemplar, LLC. The Plexos® medel is currently licensed for use in 37 countries throughout the world.
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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 Ventyx, an ABB Company. 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 the output is congruent with the input assumptions (e.g.,
level of natural gas consumption is suitable for the established price and all emission constraints

are met).

Input Output

Fuel Forecast

SONCTATREPOTT
Emission Totals
Fuel Burn Totals
MackotRrca

Load Forecast

Annual Dispatch

Capital Cost F

Emisslon Retrofits

Feedback
T

Figure 16. Long-term Power Price Forecast Process Flow
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4.3.1 Commodity Pricing Scenarios

Four commodity pricing scenarios were developed by AEP Fundamental Analysis for
APCo to enable Plexos® to construct resource plans 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 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. Each scenario is described below.

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
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
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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 Mid Scenario
This scenario recognizes the following major assumptions:

e MATS Rule implementation beginning in 2015;
e relatively lower natural gas price due to the emergence of shale gas plays; and

o 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 will drive the

emission allowance prices for SO; and NOy to zero by 2018 or 2019.

4.3.1.3 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 (-1.06) 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.
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4.3.1.4 High Band Scenario

Alternatively, the High Band spenario 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
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.

4.3.1.5 No Carbon Scenario

This scenario does not consider a price for CO; emissions, and so includes the necessary
correlative fuel price adjustments. It also serves as a baseline to understand the impact of a price
of CO; emissions on unit dispatch. Consequently, the No Carbon Scenario has a generation fleet
that is unaffected by the cost of impending CO; mitigation regulations and results in greater coal

consumption and relatively higher power prices in the near term.

4.3.1.6 Forecasted Fundamental Parameters

Figure 17 through Figure 23 below illustrate the forecasted fundamental parameters
included in this IRP.
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44  Demand-Side Management (DSM) Program Screening & Evaluation Process

44.1 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 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
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that were then introduced as a resource option in the Plexos® optimization 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 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 2019,
due to the time needed to develop specific program cost and measures and receive regulatory
approval to implement such programs. Figure 24 and Figure 25 show the “going-in” make-up of
projected end-usage in APCo’s residential and commercial sectors in the year 2019. Future

incremental EE activity can further target these areas or address other end-uses.

~ )

B Heating

& Cooling

B Water Heating
B Appliances

m Television

W Lighting

B Miscellaneous

Total = 11,347GWh

N J
Figure 24. 2019 APCo Residential End-Use (GWh)
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@ Heating

B Cooling

® Water Heating

@ Refrigeration

# Iindoor Lighting

B Outdoor Lighting
= Office Equipment
® Ventilation

0O Miscellaneous

156 Total = 6,780GWh

137
Figure 25. 2019 APCo Commercial End-use (GWh)

J

To determine which end-uses are targeted, and in what amounts, APCo looked at the
previously-cited 2014 EPRI report. The EPRI report provides 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.
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Table 8. Residential Sector Energy Efficiency (EE) Measure Categories

Central Air Conditioning

Programmable
Thermostat

Storm Doors

Dishwashers

Air-Source Heat Pumps

Water Heating

External Shades

Clothes Washers

Ground-Source Heat

Faucet Aerators Ceiling Insulation Clothes Dryers
Pumps
Room Air Conditioning Pipe Insulation Foundation Insulation Refrigerators
Air Conditionin
) Honing Low-Flow Showerheads Duct Insulation Freezers
Maintenance
Heat Pump Maintenance Duct Repair Wall Insulation Cooking
Attic Fan Dehumidifier Windows Televisions

Furnace Fans

Lighting — Linear
Fluorescent

Reflective Roof

Personal Computers

Ceiling Fan

Lighting = Screw-in

Infiltration Control

Smart Plug Strips, Reduce
Standby Wattage

Whole-House Fan

Enhanced Customer Bill
Presentment

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

Heat Pumps

Water Heater

Energy-Efficient Motors

Lighting —Screw-in

Central Air Conditioning

Water Temperature Reset

Variable Speed Controls

Anti-Sweat Heater

System

Controls
Programmable Floating Head Pressure
Chiller Computers g ne
Thermostat Controls
Cool Roof Servers Duct Testing and Sealing |Installation of Glass Doors
HVAC Retro- High-Efficiency Vendin
Economizer Displays . & Y €
commissioning Machine
Energy Management
&Y € Copiers Printers Efficient Windows Icemakers

Roof Insulation

Other Electronics

Lighting —Linear
Fluorescent

Reach-in Coolers and
Freezers

Duct Insulation

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, APCo has
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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 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

installed Cost Yearly Potential | Yearly Potential | Yearly Potential Bundle
Bundle Savings (MWh) | Savings (MWh)} | Savings (MWh)
($/kWh) Life
2019-2024 2025-2029 2030-2040
Thermal Shell - AP $0.24 3,926 2,977 4,639 10
Thermal Shell - HAP $0.37 19,550 20,762 10,523 10
Heat Pump - AP $1.49 11,664 4,548 1,013 18
Heat Pump - HAP $2.23 14,139 976 0 18
Water Heating - AP $0.05 2,229 922 1,053 10
Water Heating - HAP $0.07 11,035 9,626 3,842 10
Appliances - AP $0.16 13,236 3,379 2,129 16
Appliances - HAP $0.26 30,541 15,843 7,504 17
Lighting - AP $0.03 33,538 0 0 30
Lighting - HAP $0.04 60,868 23,971 4,398 30
Enhanced Customer Bill $0.67 40,722 0 57 10

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

Yearly Potential | Yearly Potential | Yearly Potential
Installed Cost ) Bundle
Bundle ($/kWh) Savings (MWh) | Savings (MWh) | Savings (MWh) Life
2019-2024 2025-2029 2030-2040
Heat Pump - AP $4.95 10,226 3,937 0 15
Heat Pump - HAP $7.43 12,031 416 0 15
HVAC Equipment - AP $0.55 5,452 1,809 1,691 15
HVAC Equipment - HAP $0.82 9,889 3,515 82 15
Indoor Screw-in Lighting - AP $0.01 14,807 1,779 405 6
Indoor Screw-In Lighting - HAP $0.02 21,840 6,940 1,388 6
Indoor Fluorescent Lighting - AP $0.12 36,830 11,685 0 10
Indoor Fluorescent Lighting - HAP $0.18 43,329 1,433 0 10
Outdoor Lighting - AP $0.09 13,617 4,582 0 11
Outdoor Lighting - HAP $0.14 16,019 536 0 11
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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 2019 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 in 2019 is 448GWh, 4% of APCo’s total

load, or 8% of APCo’s total residential and commercial load.

~
([ 3300 @ R-Lighting-AP

= C&)-Indoor Screw-in Lighting-AP
@ R-lighting-HAP

@ C&JIndoor Screw-in Lighting-HAP
m R-Water Heating-AP

@ R-Water Heating-HAP

® C8)-Outdoor Ughting-AP

® R-Appliances-AP

& C&-Indoor Fluor, Lighting-AP

= C8)-Outdoor Lighting-HAP

8 C&l-Indoor Fluor. Ughting-HAP

@ R-Appliances-HAP

8 R-Thermal Shell-AP

®R-Thermal ShelHHAP

$250

$200

LCOE ($/MWh)
v
&
o

$100

$50 B C-HVAC Equipment-AP
8 C-HVAC Equipment-HAP
© R-Enhanced Customer Bill
S0 mR-Heat Pump-AP
0 50 100 150 200 250 300 350 400 Qg penpumpp
\. Gwh J

Figure 26. EE Bundle Levelized Cost vs. Potential Energy Savings for 2019
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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 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 Preferred 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 tran\ches 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 (VWO) Tranche Profiles

Capital Demand Energy

Tranche | No. of Circuits Investment Annual O&M | Reduction |Reduction
(kw) (Mwh)

1 37 $12,358,000 | $370,740 15,362 63,250
2 37 $12,358,000 | $370,740 12,027 49,516
3 37 $12,358,000 | $370,740 10,367 42,681
4 37 $12,358,000 | $370,740 9,211 37,922
5 37 $12,358,000 | $370,740 8,646 35,596
6 37 $12,358,000 | $370,740 8,169 33,633
7 37 $12,358,000 | $370,740 7,817 32,182
8 37 $12,358,000 | $370,740 7,530 31,004
9 37 $12,358,000 | $370,740 7,272 29,942
10 37 $12,358,000 | $370,740 6,984 28,753
1 37 $12,358,000 | $370,740 6,675 27,481
12 37 $12,358,000 | $370,740 6,309 25,977
13 37 $12,358,000 | $370,740 5,985 24,640
14 37 $12,358,000 | ~ $370,740 5,730 23,590
15 37 $12,358,000 $370,740 5,507 22,674
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4.4.3.3 Demand Response (DR) Modeled

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 cycling customer air
conditioners, APCo recently proposed the BYOT program in its West Virginia jurisdiction. In
the BYOT program, customers would own and self-install Wi-Fi enabled thermostats, which will
communicate with APCo. Table 12, 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 2019. Each unit has a service life of seven

years.
Table 13. Incremental Demand Response (DR) Resource
D d
. eman Ene.rgy Installation | Annual | Total First | Service Life
Sector Participants | Savings Savings Cost Cost Year Cost (Vears)
(kw) (kwh)
Residential /
) 3,000 2,810 126,600 $142,000 | $837,000 | $979,000 7
Commercial i

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 2017-2032. The forecast included levels of
large-scale solar PV, but did not consider state caps for net-metering which exist in Virginia and
West Virginia. 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

"' Solar PV Capacity Addition Forecast for PJ/M  States: 2017-2032.  Available at
http://www.pjm.com/~/media/planning/res-adeq/load-forecast/ihs-pjm-pv-forecast-report.ashx
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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 2019. The capped forecast (green line, or PJM Forecast w/VA Cap in Figure 27), is

the level of DG resources included in this IRP.

[ )
2% '

200

MW, ¢ (nameplate)

¢ me=p====-- L
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

= = = Existing = PJM Forecast = PJM Forecast w/VA Cap
\ J
Figure 27. APCo Forecasted Distributed Generation Installed, or Nameplate, Capacity (MW)

PJM’s forecast issued in October 2016 represents a significant increase in 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.
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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 1SMW facility utilizing a natural gas fired combustion turbine, Heat
Recovery Steam Generator (HRSG) and SCR to control NOx. 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
$2,000/kW and the assumed modeled full load heat rate is approximately 4,800 Btu/kWh.

Additionally, the assumed capacity factor was 90%.
4.5  Identify 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.
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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.

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
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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 Ratos Capacity Overall
Type Capability SO; NO, | CO; Factor | Avallability
(MW)a) | (ibymmBtu) [(IbkmmBtu) (Ib/mmBtu) (%) (%)
_ Baso Load A _ L ] .
S Nuclear .| . 160 | ooooo | oo 00 0 | o4
Base Load (80% CO2 Capture New Uniy R ISR I S o
Pulv. Coal (Ultre-Supercritical) (PRB) 540 0.1000 0.070 21.3 85 80
IGCC °F" Class (PRB) v 480 | 00800 |  0.060 .23 85 . .88
_. _Basa / Intermediate (b) R I U - L o -

Combined Cycle (1X1 "F" Class) 380 0.0007 0.009 1174 eo0 89
Combined Cycle (1X1 "J" Class) 480 0.0007 0.007 1171 60 89
Combined Cycle (2X1 "J" Class) 1070 0.0007 0.007 117.4 60 89

. Combined Cycle (2X1 "H" Class) I 1020 | 00007 | 0007 { 117.1 .. .80 | 88

. Peaking . o R IR B | I .

Combustion Turbine (2 - "E" Class) (b) 170 0.0007 0.009 1171 25 93
Combustion Turbine (2 - "F" Class, w/evap coolers) (b) 470 0.0007 0.009 1171 25 3
Aero-Deriwative (1 - Large Machine) 110 0.0007 0.007 1171 25 97
Aero-Derwetive (2 - Large Machines) (b) 200 0.0007 0.007 1171 25 97
Aero-Derivative (2 - Small Machines) (b) 100 0.0007 0.007 1171 25 97
Reclp Engine Farm (3 Engines) (b) 50 0.0007 0.018 1174 25 98
Battery Storage (Lithium-lon) 10 - - - 25 84

Notes: (a)Capability at Standard ISO Conditions at 1,000 feet above sea level
(b) Includes Dual Fuel capability and SCR environmenttal installation

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, the proposed EPA NSPS rulemaking
effectively makes the construction of new coal plants environmentally/economically impractical
due to the implicit requirement of Carbon Capture and Sequestration (CCS) technology. New
nuclear construction is financially impractical since it would potentially require an investment of

$7,000/kW or more.
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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
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:

o Installation of advanced automated controls.
¢ 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
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cutback. This approach would reduce efficiency at full load, but would
likewise greatly reduce efficiency degradation in lower-load ranges.
o 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.

4.5.4.1 Simple Cycle Combustion Turbines (NGCT)

In “industrial” or “frame-type” Combuistion 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
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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 a frame machine.

The AD performance operating characteristics of rapid startup and shutdown make the
aeroderivatives 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.

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 I00MW 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
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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.

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 [RP is a Lithium-ion storage technology and it has a nameplate rating of
10MW and 30MWh, 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, Generation Engineering Services considered a wide range of sources including: the
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DOE/EPRI 2013 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 recent 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.
4.5.5.1 Solar

4.5.5.1.1 Large-Scale Solar

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 produce electricity on a smaller scale (typically 2kW

to 20MW per installation) and can be distributed throughout the grid.

The cost of large-, or utility-scale, solar projects has declined in recent years and is
expected to continue to decline (see Figure 29 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.

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.
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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

2 of nameplate capacity

solar resources were available in yearly quantities up to 120MWac'
starting in 2019. 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
120MWac 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 in the 6 to 8 acres
range, implying that 600 to 800 acres of land would be required to develop 100MW of solar
annually. Over the planning period the maximum threshold for solar resource additions was

limited to approximately 15% of APCo’s UCAP load obligation or 905MW .

For this IRP, the overall threshold for intermittent resource capacity additions, 30% for
wind and 15% for solar, exceeds the PJM 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.

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. The overall pricing trend over the planning
period is based on the BNEF utility scale solar pricing forecast. These prices were adjusted
down based on an initial review of the APCo solar RFP. Both solar pricing tiers are based on an
initial screen of proposals that were more closely aligned with the RFP request of 2SMW. The

first tier was priced at a “Best-In-Class” level and represents approximately 17% of the

"2 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 wattage may be anywhere from 80 to 95 percent of the DC wattage.

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

101

LLBGTSBLT



-Amulcnmn
l POWER

A1 AEP Conpaon

sounoLrss enenoy 2017 Integrated Resource Plan

— T e

proposals. Resources from this tier were available in blocks of 60MW, which is comprised of
three 20MW installations. The second tier was priced at the average of the remaining proposals
that aligned with the initial screen, and represented approximately 26% of the responses.
Resources from this tranche were also available in 60MW blocks, again comprised of three
20MW installations. The RFP pricing discounts to the BNEF values were recognized over the
next four years, in a linear declining impact approach; by 2022 the solar pricing assumptions
revert back to BNEF values for tier 2 and a 10% discount off of tier 2 for tier | pricing. 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 ITC,
as well as a two-year safe harbor factor in ITC pricing. This safe harbor factor allows projects to
lock in ITC 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.
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Figure 28. Large-Scale Solar Pricing Tiers
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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 2017 installation costs have declined by 50% for
residential, commercial, and larg;a-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 47% and 25% less than residential and commercial installations,

respectively, based on 2017 costs.
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Figure 29. PIM Average Solar Photovoltaic (PV) Installation Cost (Nominal $/WAC) Trends, excluding
Investment Tax Credit Benefits
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4.5.5.2 Wind

Large-scale wind energy is generated by turbines ranging from 1.0 to 2.5MW. 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.

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

optimally integrate large additions of wind into the grid.

In addition to already existing wind resources, APCo included 120MW (nameplate) of
wind resources, which have been approved by both this Commission and the Public Service
Commission of West Virginia, in the model, and assumed 225MW (nameplate) of wind
resources would be added in 2019 as a result of its 2016 wind RFP. For modeling purposes, wind
was considered under two ‘blocks’ or ‘tranches’ each year thereafter with different pricing and
performance characteristics. The wind resources are first made available to the model in 2020,
due to the amount of time necessary to obtain approval for and secure resources. 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, with a total of 300MW available each
year through 2023. Beginning in 2024 a total of 150MW of Tranche A was available in each
year. The change in the quantity available is intended to recognize a potential limit to the

availability of quality wind resources within the PJM market. Tranche A has a 38% capacity
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factor load shape. The second tranche of wind resources, Tranche B, was modeled as a 150MW

resource with a total of 150MW available in each year of the planning period. Tranche B has a

35% capacity factor load shape. The pricing of both tranches reflect the full value of Federal
Production Tax Credits (PTCs) in 2020. 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 U.S.

DOE’s Wind Vision Report 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 per year was limited to 450MW

nameplate through 2023, and 300MW nameplate beginning in 2024. Wind resources were

" Wind Vision: A New Era for Wind Power
http://www1 .eere.energy.gov/library/default.aspx?Page=9

in the United States (2015).

Retrieved from
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limited to a total of 1,800MW 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 ReportIS which suggests from
numerous transmission studies that transmission grids should be able to support 20% to 30% of
intermittent resources in the 2020 to 2030 timeframe. The cap for APCo allows the model to

select up to 30% of generation capacity resources as wind-powered by 2035.

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

1* Specifically, Figure 1-5, p.12
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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.

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 rooftop 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
4.4.3.6.

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 extemnal 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
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approaches for example, could include market comparable, recent internal projects and industry

collaboration.

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

United States.

PPA prices for newly activated and recent projects*

in prior Scheduded Updates
Notes: “Prices are in US dollan per mageatiéns and rep four-quostar everages for avalable baraodins tvough tird quarter 2016, nol Incuding
ta3t enargy. tMay not raact Al Svarope anvud prica recoved under variatie pricing scheduias. IMay not reBlect vatue of envioromertal attritastos (0.9
RECs). Locations are appraxbratn, See addSaral proped notas in o accompanyiy data shoeta, Sourco: 43 Energy, FERC EQR fings
ox1Ms Provebed "m o, slSrut 2y saracty, Tha mig s s

Figure 31. U.S. Renewable PPA Prices

This data set identifies key renewable technology that is being deployed and reported
pricing within the U. S. and the PJM region. The data shows there is limited value to be gained
for both wind and solar PPA transactions in PIM, 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 2017 or 2018.
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Table 15. PJM Total New Generating Capacity and Cost by Type (Under Construction) — 2017 and 2018
. In-Service Dates

Construction Cost
. Generating Capacity )
Type of Capacity (Est. Weighted)
Mw) | (%) ($/kW)

Combined Cycle (CC) 14,397 91.3% 1,081
Renewables

Wind 1,135 7.2% 1,934

Solar 53 0.3% 2,596
Total 1,188 7.5% 1,963
Internal Combustion

Natural Gas / 22 0.1% 1,200

Biomass 160 1.0% 6,250
Total 182 1.2% 5,640
Total PJM New Capacity) 15,767 100.0%

Based upon a review of this market data and APCo’s RFP data for wind and solar
. resources'®, APCo has concluded it is reasonable to rely primarily on RFP data for short-term
IRP pricing assumptions for both wind and solar resources, and on the DOE Wind Vision report
for wind, and BNEF for solar, long-term IRP pricing trends. 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 $1,000/kW, and a full load
heat rate of approximately 6,300 Btu/kWh High Heating Value, as shown in Exhibit B.

'® Wind RFP process took place from January 5, 2016 — April 1, 2016;
Solar RFP process took place from January 19,2017 — March 9, 2017
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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.

Plexos® accomplishes this by using an objective function which seeks to minimize the
aggregate of the following capital and production-related (energy) costs of the portfolio of

resources:

o 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;

o 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;

o retrofit dependencies (SCR and FGD combinations);

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

e 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 [RP 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 Fo}ecasting

organization, while the long-term commodity pricing forecast was created by the AEP
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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 [HS-
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 470MW total at
summer conditions.

o AD units consisting of 1 GE LMS 100 turbines at 112MW total at
summer conditions.

o Battery Storage units available in 10MW blocks per year.
o 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 “J” class turbines with duct firing and
evaporative inlet air cooling) facility, rated at 1,373MW 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 450MW annually through 2023,
and 300MW thereafter. From 2020 to 2023, two units (150MW/each) of
Tranche A were available and post 2023 150MW of Tranche A was available.
One 150MW unit of Tranche B was available each year. Tranche A had a
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LCOE of $47.50/MWh, in 2020 with the PTC. Tranche B had a LCOE of
$54/MWHh, in 2020 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 tranches, with up to
60MW of each tier available each year, for a total of up to 120MW annually.
Initial costs for Tier 1 were approximately $1,210/kW in 2020 with the ITC.
Tier 2 has an initial cost of approximately $1,370/kW in 2020, with the ITC
benefits. Solar resources were assumed to have a PJIM capacity value equal to

38% of nameplate rating.

e DG, in the form of distributed solar resources, was embedded in incremental

amounts equal to a CAGR of 22.5% over the planning period.

o CHP resources were made available in 15SMW (nameblate) blocks, with an
overnight installed cost of $2,000/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.

e  VVO was available in 15 tranches of varying installed costs and number of
circuits/sizes ranging from a low of 5.5MW, up to 15.3MW of demand

savings potential.

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. Six traditional scenarios were
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initially analyzed for this IRP, resulting in six unique portfolios. The modeled portfolios shown
in Table 16, and discussed below, represent incremental resources which are in addition to those
currently in-service. The portfolios do not include APCo’s planned additions of wind and solar

resources discussed in Section 3.2, which are assumed to be in-service in 2018 and 2019.

Table 16. Traditional Scenarios/Portfolios

Commodity Load

Type Name Pricing Conditions

Conditions

Commodity No Carbon No Carbon Base
Pricing Mid Mid Base
Scenarios Low Band Low Band Base
High_ﬁBand High Band Base
Load Low Load Mid Low
Scenarios High Load Mid High

Once the details of model inputs were finalized, an initial modeling exercise was
conducted to validate these inputs and ensure the model was producing plausible optimized
portfolios. The capacity additions for the optimized portfolio resulting from this exercise are

shown below in Table 17. Note that the term “firm” in the following capacity addition tables

represents PJM capacity.

Table 17. Cumulative PJM Capacity Additions (MW) and Energy Positions (GWh) for Initial Modeling

Exercise
Avg Net Enn
2031 NotEnergy | o Y
Initial Exercise 2017 1038 3015 2020 2023 2022 3020 2034 2025 2024 2027 039 018 2090 2033 Position (GWh)
Position (GWh)
{2017-2031)
Mid C dity Prices, |_Base/intermediate
Peaking
Base Load Sotar {Firm] 8 30 53 76 1 114 1 160 } 205 : 251 ; 274
Solar (Namenlate] 20 ; B0 i 140 } 200 : 300 r 420 } 540 ; 660 : 720
Wind (Firm) 15 30 45 53 53 53 53 S3 53 60 68 68
w;::ﬁa:::n:&) 300 : 600 ; 900 11,050:1,05011.050}1,05011,050;1,050}1,200:1,35011,350 5,184 3,440
Energy Efficiency 38 73 i 101 : 140 1 184 1 241 : 250 } 260 : 270 i 282 } 296 i1 299 : 303
CHP
wo 17 30 30 30 30 41 41 41 a1 41
Demand Response
Oistr. Gen, [ 12 17 18 20 22 24 31 33 35 37 139 42 a4 47

Base/Intarmediate=NGCC; Peaklng=NGCT, AD; VVO=Voit VAR Optimization; DG=Distributed GeneraT;n
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As shown above in Table 17, the initial modeling portfolio included significant levels of
renewable energy and EE. Beginning in 2026, the model was initially constrained to select
incremental resources only up to the point where APCo had a 15% reserve margin, which is
about 6% greater than the 8.92% reserve margin required by PJM (see Section 3.2). The
additional 6% equated to approximately 300MW of resources. The initial modeling portfolio
approached the limit in each year from 2026-2036. The additional 300MW of capacity could
present a risk to APCo customers in the event that market prices deviate from forecasted values.
In order to mitigate the customers’ exposure to market risk APCo opted to modify the reserve
margin constraint to 150MW beyond the PJM requirement, in the years 2026-2036, for all other

scenarios analyzed in this IRP.

5.2.2.1 No Carbon Commodity Pricing Portfolio

Table 18 below shows the results of the No Carbon scenario. The No Carbon portfolio
sets out the resources which would be used to satisfy APCo’s capacity and energy needs, absent
any restrictions due to carbon regulations. Because it assumes no carbon regulation throughout
the forecast period of this IRP, the commodity prilces upon which the No Carbon portfolio is
based are fundamentally different than those used in the CPP-compliant scenarios. Consequently,
the No Carbon scenario should not be considered to be a baseline for comparison with CPP
compliant plans. In the No Carbon scenario APCo would add 900MW (nameplate) of wind
generation and 380MW (nameplate) of solar generation by the end of the planning period. This
portfolio would also include demand-side resources consisting of VVO, EE and DG.

Table 18. Cumulative PJM Capacity Additions (MW) and Energy Positions (GWh) for No Carbon
Commodity Pricing Scenarios

2031 Nat En Avg Net Enargy
Commadity Pricing Scenarfo 2017 2048 2089 2020 3021 2021 3023 202¢ 2028 2026 2027 7028 2029 200 2031 ot Enargy Position (GWh)}
Position {GWh)
(2017-2031)
No Carbon Base/intarmediote
Peaking
Solar {Firm 23 [ 461 78 [ 122 | 144
Solar (Nameplatn) 60 1 120 i 200 | 320 ; 380
Wind (Firm) 15 { 30 i 45 | 45 7 45 | 45 § 45 | 45 | 45 ¢ 45 | 45 | 45
Wind (Nameplate) 300 ; 600 | 900 ; 900 i 900 i 900 i 900 ; 900 i 900 : 800 i 500 i 900 238 1,664
Battery Stora !
Energ::::lm 30 1 S5 i 75 | 98 1126 § 150 { 155§ 159 § 169 § 181 i 194 | 198 202
wWo 17 T 17 747 (w717
' |_Demand Respanse
DG 6 ¢ 12 3 17 : 18 ;1 20 | 22 ; 24 ; 31 : 33 § 35 ; 37 i 39 ; 42 ;: 44 | 47
Base/! di CC; Peaking CT, AD; VWO=VolIt VAR Optimization; DG=Oistributed Generation
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5.2.2.2 Mid, Low Band, High Band Commodity Pricing Portfolios

Table 19 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.

Table 19. Cumulative PJM Capacity Additions (MW) and Energy Positions (GWh) for Mid, Low Band and
High Band Commaodity Pricing Scenarios

Avg Nat Energy
2031 Net Energy
jCommadity Pricing Scenario 207 2018 2019 2020 2021 2022 2023 026 1028 2028 2027 2028 2023 2030 2031 Position (GWh)
Paosition (GWh)
(2017-2031)
Mid Base/Intermediate
Peaking
Solar {Flrm} 23 46 68 1 114 1 137
Solar (Nameplate) 60 1 120 : 180 : 300 : 360
Wind {Firm) 15 30 45 53 53 53 53 53 $3 60 68 68
Wind (Nameplate) 300 : 600 ; 900 :1,050:1/050:1,050)1,050;1.050;1,050:1,200;1,350,1,350 4185 2,873
Battery Storage
Energy Efficlency 30 52 73 95 i 117 ; 138 : 142 3 145 : 156 1 167 : 180 : 182 | 186
CHP
wWo 17 17 17 17 17
Oemand Response
Olstr. Gep. (] 12 A7 18 3 20 22 24 31 33 3s 37 33 42 44 a7
Low Band Base/Intermediate
Peaking
Solar (Firm) 23 46 84 1 129 : 152
Sofar (Namepiate) 60 : 120 ; 220 j 340 : 400
Wind (Firm) A5 § 30 1 45 i 45 i 45 1 45 i 45 i A4S | 45 ; 45 | 45 ;7 45
Wind {Nameplate) 300 ; 600 ; 900 ; 900 i 900 : 8500 | 900 ; 900 : 800 ; 900 i 900 ; 300
Battery Storage 2803 2159
Energy Efficlency 27 50 70 92 ; 121 ; 148 : 153 ; 156 ; 166 i 177 ; 180 : 193 ; 197
CHP
wo 17 5 17 } 17 3 17 17
Demand Response
Distr Gen, [ 12 3 17 ; 18 ¢ 2 22 § 24 } 31 ¢ 33 i 35 ; 37 ; 39 ; 42 ; 44 ;| 47
Migh Band Base/intermediate
Peaking
Solar {Firm) 23 61 99 t 137 i 160
Solar (Nameplate) 59 4 159 1 259 : 359 1 420
Wind (Firm) 15 30 i 45 53 53 53 53 53 &0 68 68 68
w::[uagrgnls:n) 300 + 600 ; 900 :1,0501,05011,05031,050;1,0501,20011,350:1,35011,350 5,260 3,760
Encrgy Efficlency 30 S5 75 98 3 125 : 141 : 145 147 ; 157 : 168 ; 181 i 181 ; 184
~1
CHP
wo
Demand Response
Distr_ Gen, € ;22 ;17 ;18 ; 20 { 22 | 24 ; 31 1 33 7 35 ; 37 { 39 | 42 1 a4 | a7
Base/! di GCC; Peaking=NGCT, AD; VVO=Volt VAR Optimization; DG=Distributed Generation

All three portfolios include similar resource additions, such as:

e Wind resources of 900MW (nameplate) or more beginning in 2020;
e solar resources of 360MW (nameplate) or more beginning in 2027; and

e EE programs totaling 184MW or more by 2031

The total amount of resource additions is similar in each scenario given the model’s

constraint of limiting resource additions to only 150MW beyond the PJM requirement.
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* All three portfolios results in APCo having a positive annual net energy position in the

last year of the planning period, 2031.

5.2.2.3 Load Sensitivity Scenario Portfolios

Table 20 below shows the capacity additions associated with the Low Load and High

Load sensitivity scenarios, using Mid commodity prices.

Table 20. Cumulative PJM Capacity Additions (MW) and Energy Positions (GWh) for Low Load and High
Load Sensitivity Scenarios

Avg Nat Energy
&
Lood Sensitivities 2017 2038 2015 020 2021 2022 2023 2024 2025 1028 2027 2028 2079 2030 0% 290:;11:::(6"\:/% Position (GWh)
(2017-2031}
Low Load Bascfintermediate
Peaking
Solar (Rrm) 8 30 53 61
Satar {(Nameplate) 20 : 80 ; 140 : 160
Wind {Firm) 15 30 45 53 53 53 53 53 53 53 53 &0
W;::[Nasr:\::a;ﬂ 300 : 600 : 900 $1,05071,05011,050:1,05011,050;1,050:1,0501,050;1,200 5,931 4,494
|_Battery Siorage
Energy Effictency 25 § a4 ; 57 : 69 : M2 ; 85 : 86 ; 88 : 97 : 108 ; 118 ; 118 ; 121
oHP
wo
Desmand Response
Dlstr. Gen, [ 12 3 17 {18 ¢ 20 ; 22 ; 24 i 3t ¢ 33 1 35 ¢ 37 { 39 t 42 i 44 : 47
High Load Base/intermediate 330 ; 330 { 330 j 330 ; 330 i 330
Peaking
Solar {Arm) 23 46 68 : 114 : 160 ;1 205 i 251 ; 289
Sotar (Nameplate) 60 i 120 : 180 : 300 ( 420 ; 540 i 660 ; 760
Wind (Firm} 15 : 30 ; 45 ; 53 ; 53 § 53 : S3 i 53 : 53 ; 60 { 68 ; 68
WBl:sansr_rg_g‘oﬁla:e 300 : 600 : 900 :1,05011,050:1,050:1,05011,050:1,050;3,200:1,350:1,350 4,285 1973
. Battery Storage
Energy Efficiency 30 63 90 ;5 124 ; 169 i 225 1 235 i 245 : 255 _Z_QZ_AI_'_Z!_IS_FZ_BS_
CHP
wo 17 17 17 17 17 30 41 51 61 69
Demand Respanse
5 12 § 17 | 18 3§ 20 { 22 ; 24 ; 31 ; 33 ; 35 { 37 ; 39 ) 42 ; 44 | 47

Base/IntermeadiatesNGCC; PeakingaNGCT, AD; CHP=Combined Heat & Power; VVO=Volt VAR Optimization; DG=Distributed Genaration

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), as well as higher quantities of wind and large-scale solar resources as

compared to the Low Load scenario.

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);
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e Least-cost CPP-compliant intensity-based plan (regional and island
approaches);

e 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 and the review initiated by the Trump
Administration 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
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help to lower APCo's CO, emission rate. More details on the four compliance methods

considered in this [RP are as follows:

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 21 below displays the assumed

allowance allocations for APCo.

Table 21. APCo Assumed Average Annual Allowance Allocations (short tons)

State 2012 (Actual) | 2024-2026 | 2027-2029 | 2030-2031 2032+

Indiana 1,019,000 848,000 772,000 727,000 702,000
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 | 23,354000 | 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

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
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commodity pricing scenarios discussed above in Section 5.2.2.2, no additional
scenarios were modeled.

e Rate-based - Island

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 22
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 23.

Table 22. APCo Assumed Annual (Weighted) Emission Rate Credit (ERC) Targets (Ib./MWh)

2012 (Actual) | 2024-2026 2027-2029 2030-2031 2032+

Total-APCo 1,961 1,599 1,442 1,330 1,262

Table 23. 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

e Rate-based - Market:
APCo is constrained to comply with a total company rate-based limit of €O,
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.
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The Mass and Rate emission targets shown above in Table 21 and Table 22 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:

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 24 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 2026, 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 35%.

Mountaineer Unit 1 was curtailed to run at a capacity factor as low as 60%.

Table 24. Cumulative PJM Capacity Additions (MW) and Energy Positions (GWh) for Mass-based ~ Istand

CPP Scenario
Avg Net Energy
CPP Analyses 017 2018 2019 2000 2021 2012 2023 2028 2025 2026 2027 2018 2019 2030 1083 ?:,'::::g;":: Position (GWh)
(2017-2031)
Mass Based - Island Base/intermadlate 330 1 330 i 330 ; 330 ; 330 : 330
Peaking
Solar (Firm) a 30 53 76 99 3 122 : 167 1 213 t 258 i 304 ¢ 327
Solnrgnamlale) 20 B0 : 140 ; 200 ; 260 1 320 : 440 ; 560 : 680 ; 800 | B6O
Wind (Fom) 15 30 45 53 53 53 53 53 53 80 68 68
Wind (Nameplate) 300 | 600 ; 900 §1,05071.05071,0501105071,05011,050;1,200:1,35071,350 (1,555) 162
8a Stora "
Energy Etficioncy 38 71 5 106 : 144 ;1 192 ;: 248 i 261 i 275 : 289 : 303 : 317 ; 323 ; 330
CHP
Wo 17 30 { &1 i 51 { 61 [ 69 | 69 { 69 { 78 | 86 |
Demand Response
§ 12 {17 { J® | 20 § 22 § 24 7 31 7 33 ;7 35 { 37 ;7 39 i 42 ; 44 ; 47

Distr, Gen,
di VGCC; Peaking; CT, AD; CHP=Combined Heat & Power; VVOsVoit VAR Optimization; DG=Distributed Generation

Base/
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5.2.3.1.2 Mass-Based - Market

As mentioned above, the Mid, Low Band, and High Band commaodity 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

19.

5.2.3.1.3 Clean Power Plan Mass-Based Portfolio CO; Emissions

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.

4 40 A
e
§ \--\‘
s “-ﬁ__
g 20 = =~ =
[>4
g 10
=
0 ] ] [ T T ¥ T T T T T T T T T T T
A Q9 0O N > 5 o %QQ'\'»% 9 40
» & D & & '\. SR
B SN L R R P P @é&§“§§9§
Market - Mid = Market - Low Band Market - High Band
— Mass - Island ====Target
- J

Figure 32, Mass-Based CPP Scenario Emissions (Million Tons of CO,) vs. Target
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5.2.3.2 Clean Power Plan Rate-Based Scenario Portfolios

5.2.3.2.1 Rate-Based - Island

Table 25 below shows the capacity additions associated with the Rate-Based — Island
CPP scenario. The Rate-Based — Island plan calls for the addition of NGCC capacity in 2026
(25% of a 2x1 facility) as well as amounts of large-scale solar and wind generation. This
portfolio further seeks to add additional carbon-free capacity resources with increased amounts
of VVO (109MW). In order to meet APCo’s CO; limits without an external market the
optimized portfolio includes the retirement of Amos Unit 1 in 2026, 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 60%. Mountaineer Unit 1 was curtailed to run at a capacity factor as low as 70%.

Table 25, Cumulative PJM Capacity Additions (MW) and Energy Positions (GWh) for Rate-based - Island

CPP Scenario
Avg Net Ensrgy
CPP Andlysas 2007 2018 2019 JOzo 2024 2022 2020 2024 2025 2028 1927 2038 2039 2040 20Mm ZPUMI:II(E;\:;:Y Position (GWh)
osition (GWh) | 2517.2n37)
‘Rate Based - Island Base/Intermediate 330 ; 330_: 330 | 330 } 330 | 330
Peaking P
Solar {Firm) 46 3 68 [ 81 i 137 i 182 | 220 | 266 ; 812 ; 334 | 334 | 334
Solar (Nameplate] 120 7 180 ; 240 | 360 1 480 | 580 i 700 ; 820 | 880 ; 880 | 880
‘ind (Flrm] 30 | 45 | 53 § 53 1 53 | 53 | 53 | 60 | 68 ; 68 | 68
Wind (Nameplate] 300 | 600 { 900 [1,05011,050;1,050}1,050}1,050;1,200]1,350;1,350 11,350 o 3180
Battery Storage ’
Energy Efficiency 38_i 71 1 106 i 1a4 | 192 | 249 | 262 | 276 | 289 i 305 | 320 i 324_: 329
CHP L
) 17 {17 | 17 {30 | a1 | 51 : 61 | €9 | 78 | 86 | 94 { 102 { 109 |
Demand Response
_Distr, Gary § 1121 17 1 18 2 L 24 {31 [ 33 [ 3t { 37 [ 30 | 43 44 1 a7

Base/intermeadi GCC; Peaking=NGCT, AD; CHP=Combined Heat & Power; VVO=Volt VAR Optimization; DG=Dlstributed Generation

5.2.3.2.2 Rate-Based - Market

Table 26 below shows the capacity additions associated with the Rate-Based — Market
CPP scenario.

Table 26. Cumulative PJM Capacity Additions (MW) and Energy Positions (GWh) for Rate-based — Market

CPP Scenario
Avg Not-Enargy
CPP Andlyses 2017 2018 2018 2020 2021 W22 3023 2024 2025 2036 1027 W 2020 2030 201 P ":::(ng:: Position (GWh)
o (2017-2031)
Rate Based - Markat Base/intermediate
Peaking
Solar {Firm) 38 ; 6% 7 99 [ 137 i 160
Solar (Namaniatel 100 ; 160 § 260 i 360 : 420
wind (Flrm) 15 1 30 1 45 7 53 ¢ 53 v 53 & S3 i 83 ; 60 ; 68 ; 68 : 68
Wind (Nameotate} 300 | 600 : 900 11,050711,050711,05071,050:1,050:1,20071.35071,35011,350 11,57 6,082
Battery Storage
Engw,,czﬂn;cmgv 30 : 52 5 73 1 95 i 119 ; 140 : 144 I 147 ; 157 | 168 i 180 i 180 ; 182
WO
Demand Resnonse
DistrGen | 6 + 12 3 17 1 18 + 20 ¢« 22 ; 24 { 91 ;| 33 ; 35 { 37 { 39 ; 42 | a4 | 47
Base/l di NGCC; Peaking=NGCT, AD; CHP=Combined Heat & Power; VVO=Volt VAR Optimization; 0G=Distributed Generatlon,
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The Rate-Based Market plan does not include unit retirements, curtailments, or co-firing.
Substantial amounts of carbon-free energy and capacity are included with the addition of large-

scale solar and wind resources.

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 )

1,650 -

§Lmo-

6.3M ERCs

9.6M ERCs

2025 2028 2031

®m Rate w/o ERCs ®Rate w/ERCs ®Target ® Rate Island J
\_

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 they were developed

using the same commodity pricing scenario, as shown below in Table 27. As the table shows, the
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Rate-Based Market compliance strategy is the least costly (i.e. has a lower CPW of costs) of the

CPP compliant portfolios.

Table 27. Clean Power Plan Compliance Scenario Cost Comparison ($000)

Cost Above
CPP Scenario Plan CPW Lowest Cost CPP
Compliant Plan
Rate-Based Market Plan $21,815,378 Lowest Cost
Rate-Based Island Plan $22,576,683 $761,305
Mass-Based Market Plan $21,955,105 $139,727
Mass-Based Island Plan $22,651,029 $835,651

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. As shown in Section 4.3.1, carbon
regulation can have a substantial impact on commodity prices, which will ultimately affect the

dispatch of existing resources, as well as the selection of incremental resources.

A more accurate way to assess the cost of complying with the CPP would be to take the
lowest cost CPP-complaint 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 28 below shows this comparison for the Rate-Based Market view,

which is the lowest cost CPP-compliant plan.

Table 28. Lowest Cost of Compliance with Clean Power Plan ($000)

Scenario Plan CPW
Compliant Rate-Based Market Plan $21,815,378
Non-Compliant Rate-Based Market Plan $20,228,082
Cost of CPP Compliance $1,587,296
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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 the 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
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

29. Note that the cost difference is much more significant with the mass-based plans.

Table 29. Clean Power Plan Federal Implementation Plan Cost Comparison ($000)

Scenario Plan CPW Cost Above State
Plan
Rate-Based Market - Federal | $21,842,180 $26,802
Rate-Based Market - State $21,815,378
Mass-Based Market - Federal| 522,295,136 $340,031
Mass-Based Market - State $21,955,105

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 28.
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Figure 34. Rate Impacts (cents/kWh) of Clean Power Plan (CPP) Compliance Scenarios, Shown as
Incremental Change from Least Cost Compliance Scenario

Figure 34 emphasizes the value of market-based approaches to compliance by illustrating
the increased costs associated with island-based compliance approaches. 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.

5.3 Preferred Plan

Each of the scenarios analyzed provides insight into APCo’s preferred potential mix of
resources for the future. This mix is referred to as the Preferred Plan. APCo’s Preferred 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 and its corresponding risk of energy market price
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volatility, and accelerating renewable energy resources (wind and solar) in a reasonably cost

effective manner.

The incremental capacity additions associated with the Preferred Plan are shown below in
Table 30. The capacity additions below do not include APCo’s planned additions of wind and
solar resources discussed in Section 3.2, which are assumed to be in-service in 2018 and 2019.
Specifically, the Preferred Plan incorporates the following changes from the optimized Mid and

No CO; portfolios:

e Advancement of solar resources from 2027 to 2020. Beginning in 2020
20MW (nameplate) of solar is added annually. This allows APCo to gain
experience with smaller tranches of solar capacity before embarking on a
larger build program.

e Addition of battery storage in 2025. While currently not an economic
resource, battery storage may provide benefits which complement the
additional renewable sources; and

e Addition of a CHP facility in 2021. This acknowledges that certain customers

are interested in CHP initiatives and assumes a suitable host application is

identified.
Table 30. Yearly Cumulative PIM Capacity Additions (MW) and Energy Positions (GWh) for Preferred
Plan
Avg Not Energy
Preferred Plan 2007 2018 019 2020 2023 2021 2013 2026 2025 2026 2027 2018 1020 2020 2088 ?3;“52‘::: Poslton (GWH)
osition | (2016-2030)
Mid Commodity, Base Base/Intermediate
Load Peaking
Solar (Firm) [] 15 23 30 38 46 53 76 99 ; 122 i 167 : 190
Solar (Nameplate) 20 40 60 80 ; 100 : 120 : 140 i 200 : 260 : 320 i 440 : 500
wind (Frm) 15 30 a5 53 58 53 53 53 53 60 68 68
Wind {Nameplate) 300 ; 600 | 900 ;11,050;1,050:105031,05011,05011,050{1,20011,3501,350 4638 3.152
Battery Storage S S 5 S S, S S ‘ g
Energy Efficiency 30 52 73 95 i 117 138 ;: 142 i 145 | 156 i 167 | 180 ; 182 : 186
cHP 14 1 14 1 14 | 14 7 14 7 14 1 14 i 14 | 14 4 ;1 14
WO 17 1 17 1 17 7 1 17
Demand Respanse 1
Distr_Gen. 6 ; 12 1 17 7 I8 { 20 § 23 ; 24 | 31 | 33 | 35 | 37 | 39 ; 47 | aa § 47

Base/IntermeadIate=NGCC; PeakingsNGCT, AD; CHP=Combined Heat & Power; VVOsVolt VAR Optimization; DG=DIstributed Generation

A key facet of the Preferred Plan is that it reduces APCo’s need to purchase energy from
the PJM market. APCo finds itself short on energy largely because the Company’s load profile
does not align with that of PJM. APCo experiences its greatest demand during the winter, and
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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 true
peak demand obligations and ultimately the Company is short on energy during the winter
months. The Preferred Plan has the potential to minimize the consequences of APCo’s energy
position by adding renewable resources which can provide significant energy in both the summer
and winter months. Similarly, the Plan also calls for DSM programs—EE and VVO—which

reduce both demand and energy on a year-round basis.

The Preferred Plan, in conjunction with the Company’s five-year action plan (see Section
6.0), offers APCo significant flexibility should future conditions differ considerably from its
assumptions. For example, as EE programs progress, APCo will gain insight into customer
acceptance and develop additional hard data as to the impact these programs have on load
growth. This will assist APCo in determining whether to expand program offerings, change
incentive levels for programs, or target specific customer classes for the best results. If current

long-term renewable cost assumptions ultimately increase, APCo could consider a more

traditional new peaking capacity build, which has a relatively short lead time to implement.

Changes to APCo’s existing portfolio associated with this Preferred Plan are described in greater

detail in Section 6.0 of this Report.

5.3.1 Future CO; Emissions Trending — Preferred Plan

The Preferred Plan could be a CPP compliant plan under a Mass-Based Market approach.
Figure 35 below shows how the Preferred Plan’s CO, emissions compare with the CPP targets
on a mass basis. Again, the distance between the Preferred 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 Preferred Plan vs. Target

5.3.2 Demand-Side Resources

In the Preferred Plan, incremental EE resources were selected beginning in 2019 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 2031, 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 nearly 7% (see Figure 36, below).

@ 20,000 89?
19,500 7%
19,000

6%
18,500 -
18,000 5%
g 17,500 - 4%
17,000 m Other Energy Effiency (GWh) 3%
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Figure 36. APCo Energy Efficiency Savings According to Preferred Plan

131

LELBOTGBAET



! APRALACHIAN
POWER

A AID COTOwY

QOUNDIEES INFROY" 2017 Integrated Resource Plan

B p—

As part of the Preferred Plan, 1 of the 15 available VVO tranches was ultimately selected
by the model. When coupled with APCo’s existing pilot installation this results in a cumulative
capacity reduction of 17MW by 2031. The tranche of circuits (in addition to the pilot program) is
added in 2027. 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 selected under any economic scenario during
the planning period. DG resources were added incrementally at a CAGR of 22.5% (based on
nameplate capacity), resulting in a total of 47MW of PJM capacity credit (123MW nameplate)
by 2031.

5.3.3 Comparing the Cost of the Preferred Plan

When comparing plan costs it is important to remember that there are distinct differences
between how the rate-based and mass-based plan targets and subsequent optimized portfolios
were developed and the inherent assumptions in each. For the mass plans, incremental carbon
free energy that is introduced 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 Preferred Plan, which was developed under the
assumption of a mass-market strategy, to other mass-market plans. Table 31 below compares the
CPW cost of the Preferred 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 typical customer

using 1,000 kWh of energy per month, assuming that cost would apply over the entire study
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period. Note that the resource selection under the Preferred Plan in the near term is similar to all
the optimized 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 31. Comparison of Preferred Plan vs. Optimized Plan based on Cumulative Present Worth ($000),
Incremental Cost ($000), and Levelized Annual Bill Impact ($)

. Low Band Mid Band High Band
Scenario
CPW (3000) | cPw (5000) | CPW ($000)
Optimized Scenarios $20,704,455 $21,955,105 $23,089,197
Preferred Plan $20,801,215 $21,964,933 $23,090,076
Incremental Cost $96,760 $9,828 $879
Levelized Annual Bill Impact (S) $9.44 $0.96 $0.09

The Preferred 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 Preferred 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 IRP should mitigate volatility in future fuel and purchase

power costs.

5.4  Risk Analysis

In addition to comparing the Preferred Plan to the optimized portfolios under a variety of
pricing assumptions, the Preferred 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 Preferred 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.
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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 32 and Table 33 below show the input variables or risk factors within this IRP stochastic
analysis and the historical correlative relationships to each other. Table 32 shows the risk factor
details before carbon regulation (2017-2023) and Table 33 shows the risk factor details after
carbon regulation.

Table 32. Risk Analysis Factors and Relationships Prior to Carbon Regulation, 2017-2023

Coal Gas Power
Coal 1 0.89 0.87
Gas 1 0.9
Power 1
Standard Deviation| 11.1% 9.0% 7.4%

Table 33. 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 Preferred 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 Preferred Plan. The Preferred Plan has a similar resource profile to other “non-island”
optimized plans, so there would be little difference in the risk profiles between such portfolios
(High Band, Low Band, Rate-Based Market) and the Preferred Plan, and therefore those
portfolios were not included in the stochastic analysis. Instead, a portfolio which built a NGCC
but no new renewable capacity was used for comparison. All other Preferred Plan resources
(existing units, energy efficiency, CHP, battery), are identical in both portfolios. This allows

APCo to determine if the renewable resources in the Preferred Plan introduce more risk than
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relying on traditional fossil generation 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 95t
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
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enjoyed by the Company and its customers. Figure 38, below, illustrates the RRaR (expressed in

terms of incremental cost over the 50" percentile).

4 A

2,500,000 v
- i
Q ]
Q ]
o '
3 '
& 2,000,000 _—
E Revenue Requirement at Risk " )
g Preferred Plan  $1.205B 95 Perce"t“e\:
E Thermal Only Plan $1.2328 '
& 1500000 :
9 i
8 i
d
E 1,000,000
g
&
% 500,000

0 T r r . x v Y
50 55 60 65 70 75 80 85
Percentlle
—preferred Plan  =—=—=Thermal Only Plan
- J

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
through the 83" percentile, with the Preferred Plan always being less risky. At the tail end of the
analysis (84" through 95th percentiles), the Thermal Only portfolio shows increased risk relative
to the Preferred Plan. The additional natural gas generation in this portfolio, in combination with
the removal of renewable resources, relative to the Preferred Plan, appears to introduce

additional risk.

Based on the risk modeling performed, it is reasonable to conclude that the inherent risk
characteristics of the Preferred Plan, which includes renewable resources, is not as great as
portfolios which rely on NGCC resources. For this IRP, the risk analysis suggests that the
Preferred Plan represents a more reasonable combination of expected costs and risk than a

portfolio that relies on gas generation as the primary incremental resource.
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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 Preferred 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 Preferred Plan:

BLOBTSBLT

e Assumes 25MW (nameplate) of new large-scale solar energy in 2019, with
subsequent additions throughout the planning period, for a total of 525MW
(nameplate) by 2031; |

e includes 120MW (nameplate) of approved new wind energy in 2018; assumes
225MW (nameplate) of new wind energy in 2019; and adds 300MW
(nameplate) of incremental wind energy by 2020, with subsequent additions
throughout the planning period, for a total of 1,695MW (nameplate) of
incremental wind energy by 2031,

e implements customer and grid EE programs, including VVO, reducing energy
requirements by 850GWh annually and summer capacity requirements by
203MW by 2031;

e assumes APCo’s customers add distributed generation (DG) (i.e. rooftop solar)
capacity totaling over 123MW (nameplate) by 2031. (Note 1);

e adds I0OMW (nameplate) of battery storage resources in 2025;

e assumes a host facility is identified such that a Combined Heat and Power
(CHP) project can be implemented by 2021;

o addresses expected 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:
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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 25% of nameplate rating;

e continues operation of APCo’s facilities including the Amos Units 1-3 and
Mountaineer Unit 1 coal-fired facilities, the Ceredo and Dresden natural gas
facilities and operating hydro facilities. Maintains APCo’s share of Ohio Valley
Electric Company (OVEC) solid-fuel facilities: Clifty Creek Units 1-6 and
Kyger Creek Units 1-5; and

e retires gas-steam Clinch River Units 1 and 2 in 2026.

Note 1: APCo does not have control over the amount, location or timing of these additions.

Specific APCo capacity changes over the 15-year planning period associated with the
Preferred 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. Figure 39 through Figure 42
indicate that this Preferred Plan would reduce APCo’s reliance on coal-based generation and

increase reliance on demand-side and renewable resources, further diversifying the portfolio.

138

BLOBTSALT



[_I
APPALACHIAN
POWER'

Ay AIP Loty
QOUNDLESS ENERGY’

2017 Integrated Resource Plan

( DSM (EE & WO),

0.2%

Purchases, 0.3%
Pumped Storage,

Coal, 61.2%

~

Figure 39. 2017 APCo Nameplate Capacity Mix
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Figure 40. 2031 APCo Nameplate Capacity Mix
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Figure 42. 2031 APCo Energy Mix
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Specifically, over the 15-year planning horizon the Company’s nameplate capacity mix
attributable to coal-fired assets would decline from 61.2% to 51.3%. Wind and solar assets climb
from 5% to 24.8%, and demand-side resources (including EE, VVO, DG, Demand Response
[DR], and Combined Heat and Power [CHP]) increase from 2.0% to 3.5% over the planning

period.

APCo’s energy output attributable to coal-fired generation shows a decrease from 76.9%
to 69.6% over the period. The Preferred Plan shows a significant increase in renewable energy
(wind and solar), from 4.4% to 17.6%. 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 Preferred 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 PIM-recognized capacity, while

Figure 39 and Figure 40 depict nameplate capacity.
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Figure 43. APCo Annual PIJM Capacity Position (MW) According to Preferred Plan
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Figure 44. APCo Annual Energy Position (GWh) According to Preferred Plan
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While the Preferred Plan improves APCo’s annual energy position, it also improves

APCo’s monthly energy position. Figure 45 shows APCo’s monthly energy position for 2017. In

each month except December, APCo is energy deficient and its customers are vulnerable to

market prices. This situation is most prominent in the Spring and Summer when APCo’s existing

fleet is dispatched less due to low power prices. Figure 46 shows APCo’s monthly energy

position for 2031. In 2031 APCo has an energy surplus in each month except January. While

APCo’s existing fleet is dispatched more in 2031, the energy surplus is largely due to the

addition of the renewable resources called for in the Preferred Plan.
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Figure 45. 2017 Energy Position (GWh) by Month
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Figure 46. 2031 Energy Position (GWh) by Month
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Conclusion

This IRP, based upon various assumptions, provides adequate capacity resources at
reasonable cost, through a combination of supply-side resources (including renewable supply-

side resources) and demand-side programs throughout the forecast period.

Moreover, this IRP also addresses APCo’s energy short position. The Preferred Plan
offers incremental resources that will provide—in addition to the needed PJM installed capacity
to achieve mandatory PJM (summer) peak demand requirements—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 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 will continue to
investigate methods to maximize the utilization of its intermittent resource portfolio within that

construct.

This IRP also addresses this Commission’s specific 2017 IRP requirements to perform
analyses associated with the requirements of the CPP, compared to a least-cost non-compliant
analysis. Each of the Commission’s requirements has been examined and, despite the uncertainty
surrounding the legal status of the CPP and various other uncertainties, the Company has made a
good-faith effort to provide both appropriate responses to the Commission’s inquiries and

reasonable analyses under the circumstances.

The IRP process is a continuous activity; assumptions and plans are reviewed as new
information becomes available and modified as appropriate. Indeed, the capacity and energy
resource portfolios reported 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 is becoming increasingly complex when

considering pending regulatory restrictions, technology advancement, changing energy supply
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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.

Complete implementation activities necessary to purchase renewable energy
from approved 120MW wind resource beginning in 2018.

Obtain regulatory approval of 225MW of additional wind energy, and have
these resources in-service beginning in 2019.

Continue evaluation, due diligence, and regulatory activities necessary to
select a 25MW solar resource, obtain regulatory approval, and have the
resource in-service beginning in 2019.

Continue the planning and regulatory actions necessary to implement
economic EE programs in Virginia and West Virginia.

Continue to monitor market prices for renewable resources, particularly wind
and solar, and if economically advantageous, pursue competitive solicitations
that would include self-build or acquisition options.

Pursue opportunities to identify a suitable host facility for a CHP installation.

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.

Monitor the status of, and participate in formulating, Virginia (as well as West
Virginia, Ohio and Indiana) state plans pertaining to the CPP. Once
established, perform specific assessments as to the implications of the CPP on
APCo’s resource profile.

Be in a position to adjust this action plan and future IRPs to reflect changing

circumstances.
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Year GWH %_Growth
Actual
2013 11,914 —
2014 12,183 23
2015 11,495 -5.6
2016 11,421 -0.6
Forecast
2017 11,391 -0.3
2018 11,282 -1.0
2019 11,116 -1.5
2020 11,017 -09
2021 10,958 -0.5
2022 10,930 -0.3
2023 10,899 -0.3
2024 10,878 -0.2
2025 10,870 -0.1
2026 10,849 -0.2
2027 10,849 0.0
2028 10,860 0.1
2029 10,875 0.1
2030 10,863 -0.1
2031 10,859 0.0
Average Annual Growth Rates
2013-2016 -14
2017-2031 0.3

Residential Sales

Commercial Sales

Appaiachian Power Company
Annual Internal Energy Requirements and Growth Rates

EXHIBIT A-1

2013-2031

Industrial Sales

Other Internal Sales

GWH % Growth GWH % Growth
6,828 — 10,393 -—
6,829 0.0 10,314 -0.8
6,721 -16 9,866 4.3
6,751 0.4 9,410 4.6
6,708 -0.6 9,489 0.8
6,689 -0.3 9,558 0.7
6,688 0.0 9,614 0.6
6,694 0.1 9,653 0.4
6,702 0.1 9,686 0.3
6,724 0.3 9,725 0.4
6,747 0.3 9,757 0.3
6,775 0.4 9,783 0.3
6,797 0.3 9,810 0.3
6,821 0.4 9,837 0.3
6,846 04 9,864 03
6,872 04 9,893 0.3
6,899 0.4 9,921 0.3
6,918 0.3 9,946 0.3
6,941 0.3 9,975 0.3

-04 3.3
0.2 04

GWH

6,855
6,904
6,890
6,591

6,459
6,576
6,630
6,654
6,659
6,652
6,670
6,684
6,690
6,697
6,707
6,721
6,737
6,747
6,757

% Growth

0.7
-0.2
-4.3

-2.0
1.8
0.8
0.4
0.1

-0.1
0.3
0.2
0.1
0.1
0.2
0.2
0.2
0.1
0.2

-1.3
0.3

Total Intemal
Energy Requirements
GWH % Growth
35,990 -
36,230 0.7
34,972 -3.5
34,172 2.3
34,048 -0.4
34,106 0.2
34,048 -0.2
34,017 -0.1
34,005 0.0
34,031 0.1
34,073 0.1
34,120 0.1
34,167 0.1
34,204 0.1
34,266 0.2
34,346 0.2
34,431 0.2
34,475 0.1
34,532 0.2
1.7
0.1
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EXHIBIT A-2A
Appalachian Power Company-Virginia
Annual Internal Energy Requirements and Growth Rates

2013-2031
Total Internal
Residential Sales Commercial Sales Industrial Sales Other Internal Sales Energy Requirements
Year GWH % Growth GWH % Growth GWH % Growth GWH % Growth GWH % Growth
Actual
2013 6,297 — 3,208 — 5474 —— 3,190 — 18,170 -
2014 6,461 26 3,223 0.5 5,488 0.2 3,233 1.3 18,405 13
2015 6,138 -5.0 3,199 -0.7 5,356 24 3,241 0.2 17,934 -2.6
2016 6,153 0.2 3,233 1.1 5,270 -16 3,191 -1.5 17,847 0.5
Forecast
2017 6,057 -1.6 3,216 -0.5 5,251 04 3,285 29 17,810 -0.2
2018 6,008 -0.8 3,202 -0.4 5,248 -0.1 3,350 20 17,808 0.0
2019 5,954 -0.9 3,200 -01 5,276 0.5 3,383 1.0 17,813 0.0
2020 5,924 -0.5 3,199 -0.1 5,286 0.2 3,400 0.5 17,809 0.0
2021 5,909 -0.3 3,202 0.1 5,296 0.2 3,406 0.2 17,814 0.0
2022 5,907 0.0 3,214 0.4 5,311 0.3 3,405 0.0 17,837 0.1
2023 5,907 0.0 3,227 0.4 5,321 0.2 3,417 0.3 17,872 0.2
2024 5912 0.1 3,242 0.5 5,328 0.1 3,425 0.2 17,908 0.2
2025 5,922 0.2 3,256 0.4 5,335 0.1 3,430 0.1 17,943 0.2
2026 5,920 0.0 3,271 04 5,342 0.1 3,434 0.1 17,967 0.1
2027 5,930 0.2 3,286 0.5 5,350 0.2 3,440 0.2 18,006 0.2
2028 5,945 0.3 3,301 0.5 5,360 0.2 3,448 0.2 18,055 0.3
2029 5,962 0.3 3,317 0.5 5,369 0.2 3,457 0.3 18,106 0.3
2030 5,966 0.1 3,329 0.3 5378 0.2 3,463 0.2 18,136 0.2
2031 5,973 0.1 3,341 04 5,387 0.2 3,470 0.2 18,172 0.2
Average Annual Growth Rates
2013-2016 0.8 0.3 -1.3 0.0 -0.6
2017-2031 0.1 0.3 0.2 0.4 0.1
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EXHIBIT A-2B
Appalachian Power Company-West Virginia
Annual Internal Energy Requirements and Growth Rates

2013-2031
Total Intema'l
Residential Sales Commercia! Sales Industrial Sales Other Internal Sales Energy Requirements
Year GWH %_Growth GWH % Growth GWH % Growth GWH % Growth GWH % Growth
Actual
2013 5,617 -— 3,620 — 4,919 - 1,556 — 15,712 -—
2014 5,722 1.9 3,606 -0.4 4,826 -1.9 1,488 4.4 15,643 0.4
2015 5,357 6.4 3,522 -2.3 4,510 6.6 1,503 1.0 14,892 4.8
2016 5,268 -1.7 3,518 0.1 4,140 8.2 1,303 -13.3 14,228 4.5
Forecast
2017 5,334 1.2 3,492 -0.7 4,238 24 1,075 -17.5 14,139 -0.6
2018 5,274 -11 3,487 -0.2 4,311 1.7 1,130 5.1 14,202 0.4
2019 5,162 -2.1 3,488 0.0 4,338 0.6 1,152 1.9 14,140 -0.4
2020 5,093 -1.3 3,495 0.2 4,367 0.7 1,160 0.7 14,115 -0.2
2021 5,050 -0.8 3,500 0.1 4,389 0.5 1,160 0.0 14,098 -0.1
2022 5,023 -0.5 3,510 0.3 4,414 0.6 1,152 -0.7 14,099 0.0
2023 4,992 -0.6 3,521 0.3 4,435 0.5 1,155 0.3 14,103 0.0
2024 4,965 -0.5 3,533 0.3 4,455 04 1,156 0.1 14,109 0.0
2025 4,948 -0.3 3,541 0.2 4,475 0.5 1,154 -0.2 14,118 0.1
2026 4,928 -0.4 3,550 0.3 4,495 04 1,153 0.0 14,127 0.1
2027 4,919 -0.2 3,560 0.3 4,514 04 1,154 0.1 14,147 0.1
2028 4,915 -0.1 3,571 0.3 4,532 04 1,155 0.1 14,173 0.2
2029 4,913 0.0 3,581 0.3 4,551 04 1,157 0.2 14,202 0.2
2030 4,897 -0.3 3,590 0.2 4,568 04 1,158 0.0 14,213 0.1
2031 4,886 -0.2 3,600 0.3 4,588 04 1,158 0.0 14,232 0.1
Average Annual Growth Rates
2013-2016 -2.1 -0.9 56 -5.8 -3.3
2017-2031 0.6 0.2 0.6 0.5 0.0
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Actual
2013
2014
2015
2016

Forecast
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031

EXHIBIT A-3

Appalachian Power Company

Seasonal and Annual Peak Internal Demands, Energy Requirements and Load Factor
2013-2031

Summer Peak

Preceding_ Winter Peak

Annual Peak, Energy and Load Factor

Load

—Date MW % Growth ~ Date Mw % Growth Mw % Growth GWH % Growth Factor %
07/18/13 5,902 - 01/23/13 6,839 — 6,839 - 35,990 — 59.9
07/02/14 5,649 -4.3 01/30/14 8,460 237 8,460 23.7 36,230 0.7 48.9
06/23/15 5,744 1.7 02/20/15 8,708 2.9 8,708 2.9 34,972 -3.5 458
07/25/16 5,885 25 01/19/16 7.379 -15.3 7,379 -156.3 34,172 -2.3 52.9

5,686 -34 7,158 -3.0 7,158 -3.0 34,048 -0.4 54.1
5,692 0.1 7.171 0.2 7,171 0.2 34,106 0.2 54.3
5,703 0.2 7,152 -0.3 7,152 -0.3 34,048 -0.2 54.3
5,696 -0.1 7,110 -0.6 7,110 -0.6 34,017 -0.1 54.6
5717 0.4 7,121 0.2 7,121 0.2 34,005 0.0 54.4
5,730 0.2 7,116 -0.1 7.116 -0.1 34,031 0.1 546
5,748 0.3 7,117 0.0 7,117 0.0 34,073 0.1 54.6
5,750 0.0 7,095 -0.3 7,095 -0.3 34,120 0.1 549
5,780 0.5 7,118 0.3 7,118 0.3 34,167 0.1 54.6
5,791 0.2 7,108 -0.1 7,108 -0.1 34,204 0.1 54.9
5,806 0.3 7,105 -0.1 7,105 -0.1 34,266 0.2 55.1
5,810 0.1 7,079 -0.4 7.079 -04 34,346 0.2 55.4
5,845 0.6 7,108 0.4 7,108 0.4 34,431 0.2 55.3
5,859 0.3 7.102 -0.1 7,102 -0.1 34,475 0.1 55.4
5,875 0.3 7,098 -0.1 7.098 -0.1 34,532 0.2 55.5
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Year

2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031

DSM/Energy Efficiency Included in Load Forecast
Energy (GWh) and Coincident Peak Demand (MW)

APCo DSM/EE

EXHIBIT A4
Appalachian Power and Virginia and West Virginia Jurisdictions

APCo - Viginia DSM/EE

APCo - West Virginia DSM/EE

Energy Demand Demand

83.0
125.0
2243
2415
244.8
245.7
244.6
2433
240.8
236.8
233.2
230.5
229.0
227.3
223.9

Summer*

12.9
19.5
239
20.8
193
17.7
15.9
14.7
15.1
16.6
18.4
20.4
225
25.2
28.1

Winter*

15.5
23.8
34.5
33.9
33.7
331
324
32.0
34.5
39.6
45.2
50.8
56.6
62.3
68.2

Energy

47.4
75.2
105.5
1131
114.5
114.8
114.2
113.2
112.1
111.0
110.0
109.5
109.4
109.4
108.3

Summer* Winter*
Demand Demand

6.7
10.8
12.3
11.2
10.7
10.1

9.3

8.6

8.6

9.2

9.9
10.6
11.2
121
12.9

*Demand coincident with Company's seasonal peak demand.

9.3
14.8
18.0
17.4
173
16.9
16.5
16.2
17.7
20.8
239
26.7
29.4
31.6
334

Energy

35.7
49.9
118.8
128.4
130.3
130.9
130.5
130.1
128.7
125.8
123.2
121.0
119.6
117.9
115.5

Summer*

Demand Demand

6.2
8.7
11.6
9.6
8.7
7.7
6.6
6.0
6.5
7.4
8.5
9.8
113
131
15.2

Winter*

6.3
9.0
16.5
16.5
16.4
16.2
15.9
15.8
16.8
18.8
213
241
27.3
30.6
34.9

BLBBTSBAT



EXHIBIT A-5

Appalachian Power Company
Short-Term Load Forecast
Blended Forecast vs. Long-Term Model Results

Class Virginia West Virginia
Residential Long-Term Long-Term
Commercial Long-Term Long-Term
Industrial Long-Term Long-Term
Other Retail Long-Term Long-Term

2L00TSRLT



Month

T o©®@WONO OB LN 2

-
N

Short-term
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

EXHIBIT A-6
Blending lllustration

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

Weight

0%
0%
0%
0%
17%
33%
50%
67%
83%
100%
100%
100%

Blended
Forecast

1,000
1,010
1,020
1,030
1,065
1,100
1,135
1,170
1,205
1,240
1,250
1,260
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Winter Peak

Internal Demands (MW)

Low  Base High
Year Case Case Case
2017 6,991 7,158 7,294
2018 6,969 7,171 7,359
2019 6,896 7,152 7,372
2020 6,814 7,110 7,383
2021 6,790 7,121 7,459
2022 6,751 7,116 7,507
2023 6,716 7117 7,556
2024 6,662 7,095 7,581
2025 6,648 7,118 7.639
2026 6,606 7,108 7,669
2027 6,574 7,105 7,681
2028 6,527 7,079 7,662
2029 6,537 7,108 7,706
2030 6,518 7,102 7,717
2031 6,506 7,098 7,736

Average Annual Growth Rate % - 2016-2025

-0.5

-0.1

0.4

EXHIBIT A-7
Appalachian Power Company
Low, Base and High Case for
Forecasted Seasonal Peak Demands and Internal Energy Requirements

Summer Peak

Internal Demands (MW)

Internal Energy
Requirements (GWH)

Low Base High
Case Case Case
5,553 5,686 5,793
5,531 5,692 5,840
5,499 5,703 5,879
5,459 5,696 5914
5,451 5,717 5,989
5,437 5,730 6,045
5,424 5,748 6,102
5,400 5,750 6,145
5,398 5,780 6,203
5,382 5,791 6,248
5,373 5,806 6,277
5,357 5,810 6,289
5,375 5,845 6,337
5,377 5,859 6,366
5,385 5,875 6,403

-0.2 0.2 0.7

Low Base High
Case Case Case
33,253 34,048 34,693
33,145 34,106 34,998
32,830 34,048 35,097
32,602 34,017 35,325
32,424 34,005 35,620
32,289 34,031 35,904
32,150 34,073 36,171
32,039 34,120 36,459
31,910 34,167 36,668
31,787 34,204 36,900
31,709 34,266 37,048
31,671 34,346 37,177
31,665 34,431 37,329
31,639 34,475 37,458
31649 34532 37,637
-0.4 0.1 0.6
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EXHIBIT A-8
Appalachian Power Company
Range of Forecasts

GWH

43,000

Internal Energy Requirements

41,000

Actual | Forecast

39,000

37,000

High

35,000 N
> ——

33,000

Low

31,000

29,000

27,000

25,000 e T T e T T T T

2000

2005 2010 2015 2020 2025 2030

Year

b
2
o

Annual Peak Demand

9,000

Actugl |Forecast

8,500

8,000

A

High

7,500

7,000 -

Base

\—

6,500 -V
6,000

Low

5,500

5,000 +—r—r-r—+—"-"—"T""T"T"T""T"TTTTT T T T T T T

2000

2005 2010 2015 2020 2025 2030

Year

BLO0RTSRET



Exhibit A-9
Appalachian Power Company
Forecasted DSM, Adjusted for IRP Modeling *

Total APCo
Summer Winter
Energy Peak Peak
Year (MWh) (MW) (MWw)

2017 83,034 12.9 15.5
2018 125,041 19.5 23.8
2019 125,311 19.5 246
2020 87,318 13.5 18.6
2021 69,923 10.7 14.9
2022 54,934 8.3 11.6
2023 42,086 6.3 9.1
2024 32,383 4.9 7.2
2025 23,869 3.7 5.5
2026 16,838 2.7 4.1
2027 11,517 1.9 2.9
2028 7,651 1.2 1.9
2029 4,664 0.8 1.2
2030 2,472 0.4 06
2031 1,050 0.2 0.3

(1) DSM values shown here reflect the most recent information for APCo
avallable 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

AEP System-East Zone
New Generation Technologles
Key Supply-Side Resource Option Assumptions (a)(b)(c)

installed Full Load Fuel Variable Fixed Emission Rates Capacity Overall
Capability (MW) (g) Cost{c,d)  HeatRats Cost(f) oam oam S02 NOx co2 Factor Availability  LCOE (k)
e SH.(SO  Wintw  Sommer ey (Y Exswn) (VMEB) (8/MWh) (W) (LbhemBt) {Lidmmen) (bt} ) ~) o) |
Base Load
Nudear 1,610 1,690 1,560 7,400 10,500 1.1 6.2 1435 0.0000 0.000 0.0 90 94 176.2
Base Load {30% CO2 Cagtira New Unity )

v. Coal (Ultra-Supe ) 540 570 520 8,700 12,500 32 13.0 95.8 0.1000 0.070 21.3 85 80 252.6
IGCC F~ Class (PRB) 490 510 470 8,200 10,300 32 56 76.3 0.0638 0.062 213 85 88 215
Base / Intermedlate
Combined Cydie (1X1F Class) 37e 400 510 1,200 6,600 74 37 75 0.0007 0.009 17.1 60 89 91.9
Combined Cycle (1X1 “J° Class) 484 510 620 1,400 6,300 74 37 8.1 0.0007 0.007 1171 60 89 94.6
Combined Cycle (2X1 "J" Class) 1,088 1,120 1,370 1,000 6,300 7.4 37 4.9 0.0007 0.007 17,1 60 89 82.5
Combined Cydle (2X1 “H" Class) 1020 1,080 1,320 800 6,400 7.4 37 49 0.0007 0.007 174 60 89 833
Peakina
[Combustion Turbine (2 - "€ Ciass) () 175 180 180 1,200 11,700 7.4 158 9.8 0.0007 0.009 171 25 - 93 196.9
Combustion Turbine (2 - “F~ Class, w/evap coolers) (h) 488 480 470 700 10,000 7.4 15.6 52 0.0007 0.009 171 25 93 151.3
Aerg-Derivative (1 - Large Machine) (h) 110 110 110 1,500 9,200 7.4 158 13.7 0.0007 0.007 17,1 25 97 180.8
jAero-Dertvative (2 - Large ) (D 200 210 210 1,300 9,200 7.4 156 10.1 0.0007 0.007 171 25 97 180.7
Aero-Derivative (2 - Small Machines) (h.) 100 100 100 1,700 9,800 74 15.8 437 0.0007 0.007 171 25 97 206.6
Recip Engine Farm (3 - Engines) (h) 50 S0 S0 1,800 8,400 74 6.2 27.2 0.0007 0.018 1171 25 98 198.5
'Bsnew Storage (Lithium-ion) 10 10 10 2,300 87% ) - - 159 - - - 25 84 209.8

Notes: (a) Installed cost, capabiily and heat rate numbers have bean rounded.
(b) A costs in 2017 doltars. Assume 2.13% e<calatinn rate for 2017 and beyond.
(¢) $/kW costs am based on nomina) capahfity.
(d) Tota! Plant Investmant Cest w/ARUDC (AEP-Essi rate of 5.4%,site rating S/kW).
(0 Levellzed Fuel Cost (40-Yr. Period 2018-2057)
(@) All Capabiitias are at 1,000 leet above ses lavel
M) Dual Fuel and SCR [
() inchxdes Biack Stant capabifty .
(@ Denctes (wW/ power
() Leveized cost of enarpy based on asswned capacily (actors shown in table.
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COMPANY NAME: APPALAGHIAN POWER COMPANY (APCoNStand Atone View) Schedula 1
PEAK LOAD AND ENERGY FARFTAST
(PROJECTED)
1. Peak Load (MW) 014 s 18] [_2017 o8 219 270 o0 2022 203 2024 205 7026 2027 2028 075 7030 o]
PIM Calncident tntertsl toad wa o/ /s s.710 5,813 5801 5,804 SA38 5,449 SAES 5A65 5434 5,506 ss5n 5527 5,562 5,579 5,597
A Summer
1 Base Foreaast - - - 5.699 5,712 5,727 5,717 5,736 5,748 s,764 5,765 5,735 5,208 5828 5,830 5,858 5,884 5903
2. Canservatiom, Effidency ™ - - - (13) (20) (24) (21) (19) (18) (16) (15) (15) an (18) (20) (23) (25) (28)
3, Comand-side and Repanse . - - 0 [} [ 0 0 0 [ [ [} [ [} 0 0 0 0
4. Adprted Load 5,649 5,748 5,885 5,686 5,692 5,703 5,695 5,717 5,730 5,748 5,750 5.780 s,791 5,306 5,810 5,845 5859 5,875
S. % tncrease in Adfusted Load
(from previous year) (12) 2 2 3) 0 0 (© 0 0 0 0 1 0 0 0 1 0 0
8 wWmter®
L Base Forecast* - - - 7.174 7,195 7187 7144 7155 7,149 2,183 7,127 7,153 7,148 7150 7.130 7.165 2,184 2,166
2. Conservation, Efficency ™ - - - {16) (24) 3s) (34) (34) (33) (32) (32) (35) (L] (4s) {51) (s7) (62) (s8)
3. Oemand-side and Response ™ - . - o o 0 0 ) 0 0 0 0 ° 0 0 [ [ o
4. Adjusted Load 8,460 8,708 7379 7,158 217 7,152 7.110 7,121 716 7117 7.095 718 7.108 7105 2,079 7.108 7102 7.098
S. % tncrease In Adjusted Load ‘
(trom previaas year) E] 3 (15) 3) 0 (o) () [} (0) 0 () 0 (0) {0} ) 0 (V] (0
2. Energy (6Wh)
A Base Forecast* - - - 34,084 34,156 34,167 34,145 34,135 34,162 34,208 34,750 34296 34,330 34,389 34,467 34551 34,593 34,648
8. Carsenarion, Eficency ™ - - - (36) (50) 119) (128) (130) (131) (131) (130) (129) (126) (123) (121) (120) (118) {116)
C. Demand-side and Resparne ™ - . - [ [ [} [} 0 0 0 [ o ] [ [ [} [} [
D. Adjusted Energy 36230 34972 uan 34,048 34,106 34,088 34,017 34,005 34,031 34,073 34,120 34,167 34204 34,266 34,326 34431 34475 34,532
E. % Increase in Adjusted Enevgy
(from previcis year) 1 [£)] @) © o © (©) ©) o [] o o o ] ] ] [] o
(1) Reflects the Lnpaa of past and ongoing and load and ap or d new progr
(2) Estimated aggregate impact of projectrd demand-tide and enevgy progr

(3) 2014 data refer to winter of 2013/2014, 2014 data refer to winter of 2014/2015, etc
(4) Through 2019, the \alues shown represent an estimate of APCo's share of the final and fnrecasted PJM foad that s the basis for AEP's capacity ohilgation
The remainbg years represent an extimate of APE0's share of the tntemal AEP forerast that has been adjusted to the PIM peak.

{S} APCo ks not an independent PIM member and therefure does not have actial PIM spedfic data.
(6) Tabdes reflect DSM levels contistent with June 2016 farears and do not indude DSM b

~= not avallable

to the foreaast

with Piexos portfalios

SLBOTGOLT



COMPANY NAME: APPALACQAN POWER COMPANY (APCo)(Stand Alans View)

GENERATION

L SYSTEM GUTPUTIGWH)
A. Nudear
8. Coal
C. Heavy Fuel 01
D. Ught Fue! Oil
E. Natural Gas
F. Hydro-Canventiomal'
G. Hydro-Pumped Storage
H. Renewable Resources®
1. Total Generation (sum of A through H)®
1. Purdhased and Imerchang, h
1 fArm

2. Toral OSM *
3, Other”

K. Pumping Enesgy

L Net Market Purchase/(Sate) *

M. Total System Firm Energy Requirements

L. ENERGY SUPPUED BY:
COMPETITIVE SERVICE PROVIDERS

(1) Includes purrhases from Summersvile Hydro

Schedule 2
{AcTUAY (PAOIECTED)

[ 2014 015 015 ] 2017 018 2019 2020 2021 2022 2023 2024 2025 26 2027 2m8 2029 2030 o3 ]
24,760 1851 2121 15,584 2580 29,786 29,836 28,691 26,751 27,208 26970 25637 25,066 24,658 24,792 24,416 25,919 24,978
4,105 4251 4364 3,445 1,956 2,205 2,249 2254 2,607 2621 2,854 2,739 2,865 2,964 3,074 3,207 3,275 3,792
m 31} 848 815 765 023 849 848 848 848 849 843 848 756 629 629 629
365 294 S09 551 687 660 641 641 646 659 663 639 616 597 585 578 574 559
1003 1.024 3] 948 1,339 2,085 3139 4178 5222 5,768 5,829 5,862 5,909 6049 6,018 6371 6,823 6,807
0,581 2959 28,299 20,788 31,643 34,899 38073 35,969 35,428 36,445 36,5 35,086 34,588 34,427 34513 34,623 36,646 36,206
- - - 26 a7 295 495 624 755 855 958 a24 689 664 627 621 s36 481
1,710 133 1486 1093 1,791 1919 1,506 1910 1,962 1,955 1,928 1,930 1503 1,894 1,884 1893 1,885 1859
(379) (229) (544) (641) (83s) (797) (768) () o (795) (808) (786} (733) (708) (688) (679) (675) (651}
3,939 4,073 4,386 12,177 675 (2.945) (4,329) (4,358) (3.383) (5,062} (5.138) (3544) (2.950) (2,596) (2.557) (2.585) (4.478) (3,899)
36,230 34,972 34,172 34,084 34,156 4,167 34,145 34,135 34,162 34,204 34,250 34,296 34,330 34,389 34,467 34,551 34,593 34,648

{2) Incudes purchases fram Grand Ridge, Beech Ridge, Fowler Ridge and Camp Grove wind faxflites
(3) Exchudes Hydro Pumped Storage since the net of pump load enesgy and generation is accownted for In the toad foreeast

(4) Indudes purchases from OVEC 2014-2031.

(5) Indludes net sales or puachases with other efectric utilities 2014-2031.

(6) Includes Embesdrded EE,

| €E. and DG

§LOBTGTRLT



COMPANY NAME: APPALACHIAN POWER COMPANY (ARCo){Stand Alone View)

GENERATION

fiL SYSTEM OUTPUT MiX {%)*
A. Nudear
B. Coa!
€. Heavy fud Gil
D. Ught Fuel Oil
E. Natral Gas
F. Hydro-Canventional
G. Hydro-Pumped Storage
H. Renewahle Resources
1. Total Generation (sum of A through H)
1. Purchased and ch. ceived
1. Am

2. Total OSM*
3. Other

K. Energy for Pumping
L Other Sales

V. SYSTEM LOAD FACTOR (%) *

(1) Expressed as a percent of Total System Frm Energy Requirements (Schedute 2, Une M).

(2) Based on Total Systemn Rrm Energy Requirements {internat load) and annual peak demand.

(3) tndudes Embedded EE, tnorememtal EE, and DG

(4) Exctudes Hydro Pumped Sturags since the net of pump load energy and generation Is accounted for in the load forecast

(acrual) {PROSECTED)

[_201a 2015 wis | [ 20w 2018 2019 2020 0 172 2083 2024 2026 2m5 2027 2028 2029 2030 w0m_ |
68 67 65 a5 81 87 87 84 78 80 » 75 5 n n n 75 n
u 12 13 10 6 3 7 7 B 8 8 8 8 9 9 9 9 1

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
3 E) 3 3 ) 6 9 12 15 17 17 1?2 17 18 17 18 20 20
84 85 83 61 93 102 106 105 104 107 107 102 101 100 100 100 106 104
- - - 0 0 1 1 2 2 3 3 2 2 2 2 2 2 1
5 4 - E) s 6 6 6 6 6 6 6 6 6 s s H s
1n 12 13 36 2 (9) (13) (13) (12} (1) (15) (10} 9 (@) m (7 (13) (1)
60 47 as s3 52 s2 52 52 2 s2 52 s2 52 s1 51 52 51 s1

BLEOTSOLT



COMPANY NAME: APPALADHIAN POWER COMPANY (APCo)(Stand Alone View) Schedute 4

POWER SUPRY DATA’

(acruay) ? (PROJECTED)
L CAPABILITY (MW} 2014 2015 2016 | {2017 2018 2019 2020 2001 fiir?) 2023 2024 2008 2026 200 2028 2029 2030 2031 |
1. Summer PJM Capacity (ICAP) *
A. Installed Oependabje
Capability * 8,185 6,984 6,998 6,958 6,966 7,023 7.022 7.022 7,022 7,022 2,022 7.022 6,582 6,490 6,477 6,460 6,445 6,445
B. Total Posltive Interchange
Comymitments * [ 25 26 24 2 2 22 4 4 s s ) a 4 a 4 a a
C. Capabifity In Cold
Reserve Status - - - - - - - . - . - - - - - . - .
D. Tota) tnstafled Capacity (ICAP) 8,189 7.005 7,024 6,982 6.988 7,045 7.024 7,026 7026 7,026 7,026 7,026 6,586 6,494 6,481 6,464 6,449 6,449
E. Total Unforced Capadity UCAP * 1,544 6,365 6,573 6,619 6,584 6,638 6348 6,391 6,399 6399 6,392 6,389 5986 5,960 5,953 5,947 5,941 5.940
2. Winter PIM Capadity {ICAP}™
A. tnstalled Net Dependable
Capabitity * 8,185 6984 6,998 6,958 6,966 7,023 7.022 1022 2,022 7,022 7,022 7,022 6,582 6,490 6,477 6.460 6,445 6,445
B. Total Positive tnterchange
Commiprents 3 4 25 26 24 22 22 22 4 4 4 4 4 4 4 4 4 4 4
C. Capablfity in Cotd
Reserve Status - - - - - - - . - - - - - . . - - -
0. Total Installed Capacity (ICAP) 8,189 7,009 7,024 6,982 6,988 7,045 7,044 2.026 7,026 7.026 7,026 7.026 6,586 6,498 6,481 6,464 6,449 6,449
£. Total Unforced Capadity UCAP * 7,544 6365 6,573 6,619 6,580 6,638 6348 6,391 6,359 6,399 6,392 6,389 5,986 5,960 5,953 5,947 5,941 5,940

(1) PIM tnstalled Capadity (fCAP) Rating
{2) Changes In unit capability are reflected on schedute 13

(3) Capaclty sales/gurchases, postive values are sales, negative values are purchases
(8) UCAP vatue; Indudes EE, VWO, and DR; Indudes the Impacts of EFOR,

(S} Value represent PJM planning year 2000¢/2Q00(+1

(6) Diference in Summer and Winter capadity ratings is negligible

{7) values shown are exclusive of resource additons

BLOBTSOLT



COMPANY RAME: APPALACHIAN POWER COMPANY (APCo)(Stand Atone View) Schedule S

POWER SUPPLY DATA (continued)*

(acrua) (PROJECTED)

1. LOAD (MW) 2014 2018 2016 L2017 2018 2019 2020 2021 7022 2023 2024 2025 2026 2027 2028 2029 2030 2011)
1. Summer
A Adjusted Sconmer Peak ! 5,649 5,748 5,885 5,686 5,692 5,703 5,696 5,717 5,730 5,748 5,750 s,780 5,791 5,806 5,810 5,845 5,859 5,875
8. Total Negative Power
Comemitments * 0 0 0 [} o 0 0 0 0 0 [} 0 0 0 0 0 0 0
C. Total Summer Peak 5,649 5,744 5,885 S,685 5,692 5,703 5,696 5,717 5,730 5,748 5,750 5,780 5,791 5,806 5,810 5,845 5,859 5875
D. Percent increase (n Tatal
Summey Peak (a) 2 2 (3) [} 0 (0) 0 0 0 0 1 0 0 0 1 0 [

1 ]
2. Winter
A Adjusted Winter Peak * 8,460 8,708 2,379 7,158 72171 7,152 7,110 7121 7,116 7,117 7,095 7,118 7,108 7,105 7079 7,108 7.102 7,098
8. Total Negative Powes
Commitments ! 0 0 0 o 1} 0 0 [} 0 [} 0 (] 0 (] ] 0 ] 0
C Total Winter Peak 8,460 8,708 7,379 7,158 FAYS 7,152 7110 7121 7,116 7117 7,095 7,118 7,108 2,108 7,079 7,108 7,102 7,098
D. Percent Increase In Total
Winter Peak 6 3 (18) 3) 0 (0) 1) 0 () 0 0) 0 0 (0) ) 0 (0) (0)
{1) Peak after energy effi y and d d-slde programs, see L

{2) Includes firm commitments for the delivery of specified blacks of power (i.e., unit power, diversity exchange).
(3) 2013 data refers to winter of 2012/2013, 2014 data refers to wimey of 2013/2014, etc.
(4) Vatues shown are exrtusive of resource additians

BLBBTSQLTE



COMPANY NAME: APPALACHIAN POWER COMPANY (APCo)(Stand Alane View)

Schredute 6

POWER SUPPLY DATA (contimued)’
I. Reterve Ma e (i3 o T3 ¥ mn‘m‘ 2025 2026 2037 2 —]
. Rese: m’:;aw . \ Elﬂ!"— 2015 ﬂl’!__l 2018 2019 2020 2021 2022 _2024 28 2029 2030 203T
1. Summer Reserve Margin
A MW 2,540 1,265 1,139 1,296 1,296 1382 1,348 1,309 1,29 1,278 1,276 1,246 795 688 671 619 580 574
B. Percent of Load a5 2 19 23 23 24 24 23 23 22 n 22 14 12 12 11 10 10
2. Winter Reserve Margin ?
A MW 271) (1,699) (3s5) {176) (183) {107) (66) (95) {s0) (91) (69) (92) (s22) (611) (598) (644) (653) (649)
8. Percent of Load 3) 20 (5) ) (3) (1) (¢4} (1) {1) (1) ) 1) n (s (8) 9) (9) (9
il. Reserve Margin

Cold Reserve Cap ) ?
1. Summer Reserve Margin
A MW . 2,540 1,265 1,139 1,296 1,296 1,342 1,348 1,309 1,296 1,278 1,276 1,246 795 688 671 619 590 574
8. Percent of Load 45 22 19 23 23 24 2 23 23 ) 22 22 22 14 12 12 11 10 10
2. Winter Resarve Margin *
A MW (271) (1,699) (358) (176) {183) {107) {56) (95) (90) {91) (69) (32) {522) (611) (598) {644) (653) {649)
B. Percent of Load 3) (20) (5) (2) B) (1) (1) [¢Y] (1) (1) (1) (1) [g] (9 (8) » 9 (9) (9)

. Annuat toss-of-Load Hours ¢

(1) Calkculated based on Tata! Net Capability for summer and winter.

(2) 2013 data refers to winter of 2012/2013, 2014 data refers to winter of 2013/2014, etc.

(3) Same as foatnote 1 above tess capahllity in cold reserve.

(4) The loss of load calculation bs carvted out by PIM and reserve QUEED are set with the intention of maintatning a loss of load expeciation of no more than 1 day in 10 years.
(5) Vatues shown are exrtudve of resowrts additions

= not avallable
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COMPANY NAME: APPALACHIAN POWER COMPANY (APCol{Stand Alone View) Schedule 7

CAPACITY DATA
(AcTUAL) (PRQJECTED)
L tamephits Gapacty (VW) - 14 2015 2016 (T 2018 019 2020 20211 022 2023 2024 2025 2026 2027 2028 2029 2020 2031 ] ~
A Nuclear - - - . . - - . - . . . - - - . . .
8. Coal 6264 5027 4573 4,567 4,563 4599 4,599 4599 4599 4,599 4,599 4,599 4599 4599~ 4599 4599 4,599 4,599
C. Heavy Fuel OHf - - - - - - . - - - - - . - - - - -
©. Ught Fuel OB . - - - - - . - - - - - . . . - . .
E. Natural Gas 1,008 1,005 1,479 1,485 1,445 1,445 1,445 1443 1,445 1445 1,845 1,445 1,005 1,005 1,005 1,005 1,005 1,005
f. Hydr>-Conventional m 281 8 281 281 281 281 281 281 281 281 281 281 201 201 201 201 201
G. Pumped Starege 586 615 615 615 615 615 615 615 615 615 618 615 615 615 615 615 615 615
M. Wind 376 £ 376 376 496 m Lo 1321 1621 1,m m L7 1, 1,7 1,596 1747 1695 1,695
L Solar - - - . - 25 a5 65 [ 105 125 145 165 25 285 s 485 525
1. Demand-Side * 138 219 147 152 158 193 314 329 E7) 357 367 347 328 313 329 330 320 316
K. Purchases 4 25 26 24 22 2 2 4 q 4 4 ] 4 4 4 4 ] 4
L Total {sum of A through H) 7337 8,186 6,984 7,460 2,588 7,901 8,342 8,659 8995 9,177 9,207 9,207 8768 8,753 8634 8,846 8,904 8,960
IL nstalled Capacity Mix (%) >*
A Nudear 0.00 0.00 0.00 c.00 0.00 0.00 0.00 a.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8. Coal 8537 6141 65.48 61.22 60.20 5821 s5.13 53.11 [3RE] 50.11 49.95 49.95 52.45 5254 5327 51.99 51.65 5133
C. Heavy Fuel O} 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ao0o0
0. Ught Fael 0D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Q.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
E. Natwal Gas 13.70 1228 18 1937 19.06 11829 1732 16.69 16.06 15.75 15.69 15.69 1146 1148 1184 1136 11.29 11.22
F. Hydro-Conventicnal 378 3.43 am . wn 356 337 325 112 3.06 s 3.05 3.20 230 233 2.27 226 224
G. Pumped Storage 2.99 751 8.81 824 11 7.78 7.37 7.10 684 6.70 6.68 6.68 7.01 7.03 212 6.95 691 636
H. Wind 5.12 459 538 5.04 654 9.13 1224 15.26 18.02 1930 19.24 19.24 20.20 2023 18.49 19.75 19.04 18.92
t Salar 0.00 0.00 0.00 oo am 032 as4 ers 034 114 136 15 188 257 330 3.50 5.2 5.86
J.Demand.side * 256 268 210 204 208 248 3.76 3.80 184 389 359 n 374 180 181 73 359 353
K. Purchases 0.05 031 037 032 a29 028 026 0.05 0.04 0.04 04 0.08 0.05 0.05 05 0.05 a4 ane

{1) Nameplate capadties by fuef types for supply-side resouores

(2) Each tem in Gnes A-l of Sectian (L a3 3 percent of (e § ahowe in Sextioa L
(3) Reflects of the Man

(4) thcudes EE, WO, DR, and OG Resuoces
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Clinch River 1 Gis Canvevion
Clinch River 2 Gas Corwenion
14 MW CHP

(1) Does not inicode renewable ganer atkon, or powes pusthates

- v nut avallable
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Chiach Aver 1 Gas Conmeriion
Conch fver 2 Gas Conversion
14 MW OP

{1) Does a0t inkude ranewable prreration, of power purchases
aeatiatle

4

018

I

w7

a9
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COMPANY MAME: AEP STSTEM - EAST ZONE - ‘Schwdcte 10
RUTY PERFORMANCE DATA AL
Assrage Hext Rats - (Bt Why®

Uit Reme mae

F=IT I || 207 s s 2020 Fre) 2 o0 e 25 2028 277 2008 07 2000

Tk Rjver 2

Chnch River 1 Gas Convanion
Clinch Kiver 2 Gas Conwersica

{1) Bown pot nfcuese renewable grteration, of power purchaes
- » Dot svalable
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COMPAIY RAME: APPALACHIAN POWER COMPANY (AMCoNStand Alore View) Schedede 11
RENEWABLE RESOURCES (MWh)

l;_:.— U [T AT~ ex (W) [PROTLTED)
: ewcon con’ Purchuse®  Durstion* xoc® 014 2018 s [z 2018 e 2020 2on wn 2 2024 2075 2028 7 2ms )
Wind Comp Geowe layZ008  Purchae  20yews s B W man mss 00800 09843 25,843 218570 30 29343 3G  asm maa 2980 209343 2,540 - - -
Fowler Bidge 3 FeyZX09 Pwchne  Dwan 10 e} Wm0 1IN U540 U 248,403 245065 2640 pLLY wn  Mems 15 245,003 265403 HMEDES 51961 - -
Graod Ridge 2 Owc/08  Pwchie  yean st ] US43 N6d 1 10655 120655 130,535 Lo 13555 130555 10655 un 1mEss L7 130,655 1mem 102,744 - -
Grand Ridgs 3 Oec/2003  Puchas  Dyears 0 . w67 1 125812 126812 12682 17233 125312 126412 P L] 2.2 126812 126012 15812 122.83 nm - -
Baech Ridgs R/2010  Pechne  Dyean m 1s W4T TROM AN 1045 13L045 wWos e BLMS 106 BnWS DL BLoes 331448 231045 1558 31,045 156508
2018 Wird Projec ho/W13  Pwthme  Vyun 120 - - . - »5m 295273 196419 9573 %652n IUND BUN wm 5,203 3573 5419 5373 95273 50N
015Wind Profect Pt /N9 Owned - [ - - - - - - 157,761 154552 157.76 157278 157,761 15852 157,781 152761 15776 158562 157.761 152081 157761
WISWind Project Part2 /2019 Owoed - 175 - - - - - - s:9812  Saaw 212 79412 29812 Sl sEAR ssn2 9a12 sSue snan 29817 9812
New Vartes - 2 yean Varles Vorles - - - x 997 T8¢ %55 3,495, 502,041 5 9 : 4 - & 4491880 44918H
Wind Subtotsl m S8 1002555 102192 966,563 AT 4339031 2WE604 303N AG23AM4 50054 SS1AM 5334751  SS20844  SSLM44  S5ULAM4 534710 SSEAT 573101 SS1677
Sotar Distribuced - . - - - . - - 20254 a9 @93 TIASe 75261 nie 7543 n 10,788 137493 145,581 154775 163,374 173050 112,728
2019 Sotx Project - - - » - - . - - - sa 28 - sa52 sasa sasm S8z sa5e8 X s284 sasz
Morw Large Scale Variey - 25 yoary Varles Varkey - - - - - - 47, 83,741 ! 197, 2525 L4 s 458 G11767 749532 1031156 171768
Sotar ubtotal - B N - B
Toal 71 S8 53 9% 563

{1) Per dfinition of 56-576 of the code of Virginta,

{2) Comumarcial operation date,

{3) Dexcrhe a3 Company buik o perthaze.

{4} S1ave sxpectad Qe of faclity or duration of purcheve comtrace.
{5} 1 depandable cagactty (surmmeris of 6-1-2016,

« & not aveltable
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COMPANY NAME: APPALACHIAN POWER COMPANY (APCoNSmand Aknae View) Schedue 12

Energy Effidency{ Contarvatioa/Demand Ske Managrmera/Qemrand Respoms (MWH)

Progran  Program Date (3) Ufe/ Size {ACTUAY) (5} ____(VROSECTED) (6)

Type Naroe Oaration (4) (Mw)(s) [ 2014 2015 0] [ 201 2013 2019 2020 2021 2022 2023 2024 2025 2026 27 2028 029 2030 2031]
EE(1) Carrent Progons 06/12/2016 10 195 49,227 39,19 34,566 53,038 125011 125311 87318 69923 4934 42,085 3230 23,869 16,838 1517 2,651 4,664 2472 1050
EE(2) Residential Ughting 01/01/2019 30 27 - - 95,000 183535  23L645 TSAID 314435 340522 291827 241578 195,772 170,338 158411 122,358 93,251
EE(2) Residertiat Water Heating 01/01/2019 10 12 - - 13000 24700 23034 20,134 16,964 12,043 9,125 6,693 15,178 280 24202 18,075 17.920
EEQ) Residential Applcaress 0102019 16 3 - - 13000 1212 11271 10,600 9,529 7,579 8516 6,491 8,487 718 6,171 11,770 19,340
€€ (2) Commerdal/ind, Lighting - Screw-in oyoU219 3 o - . 37000 71521 1B,920 139,709 183921 233408 193471 153083 114,963 55,068 25,835 61,387 43,843
EE(2) Comme—dal/trd. Lighting - 01/01/2019 10 45 - - 37000 71,521 104,853 140576 149521 133,720 106,18 79403 68541 £9,772 77308 55.920 38,535
EE(2) Cammerdal/tnd. Lighting - Qutdoor 01/01/2019 1 30 - - 30000 57,990 67,995 79,483 93,190 108382 85,252 62,028 46865 40324 37,118 25,010 17,147
EE(1) WO Pilot 12/14/2015 15 06 2171 2161 2,149 2,143 2,139 2138 2,141 2,143 2,187 2,152 2,158 2,164 2172 2181 2,180
EE(2) wo : 0/01/2016 15 167 - - - - - - - - - - 66,329 66329 66,329 66,329 66,329
Suirtotal 3 49,227 39,19 34,566 85206 127,202 352,460 510,956 614,779 JR850 811,786 870580 720491 568425 519814 480,728 462208 365501 299,595
DR PSEDR 06/12/2015 15 18 - . - - - . - . . . . - - . . . - -

OR butestuptible 06/12/201S 15 1 - - - - - - - . . - - - - - - - - -

DR ATOD 06/12/2015 15 89 - - - - . . - . . - - . . . . . - .
Suttotal 119 [ [} [ [ 0 o 0 o o [ 0 [ [ 0 [ 0 0 0
Total Demand Side Manageraent 342 49227 39,196 34,566 85,206 127,202 352,460 S10956 614,779 72285  B1L78S 870,580 720491 568425 529814  4S0,728 462,208 365501  299.595
Notes;

1) Current Program Cesariptons

CA! Rebates - Program bndudes lighting, motor, and refrigeration measures

Redddentist Low & Moderate tncome - Program indudes instation, thesraostat, duct sealing, CFL, low flow fixtures, and water heater blanket measures
Residentlal Rebates - Primarfly CFL, also Eneryy Star sppilance measures

Residential Whale House - Program primarily includes CFY, low flow, with some Insulatlon, thermostat, duct sealing, and A/C measurer

PSEDR - Peak Shaving and Emergency Demand Response

interruptiie - Spedal contracts

ATOD Pricirg - TartfY, tirved pricing

2) 1 Proxy EE Progr tn the IRP.

3) Date Indicates year program starts.

4) Average fife of that progr

S) Demand impacts for £€ programs refiect 2031 yndegraded yatue. Vatues are aincrmtent pesk impacts. Demand lmpacts for DR programs are for PIM (summer) peak.

6) Energy values shown are degraded.

8LBBTSOLTE



COMPANY NAME: AEP SYSTEM - APCo
UNIT PERFORMANCE DATA®
Unlt Size (MW) Uprate and Derate”

Unit Name

Amos 1

Amos 2

Amos 3

Ceredo 1-6
Clinch River 1 °
Clinch River 2 *
Qlinch River3*
Glenlyns*
Glenlyn 6 ‘
Kanawha River 1 *
Kanawha River 2
Mountaineer 1
Spom 1 ‘

Spon 3 ‘
Buck1-3
Byllesby 1-4
Claytor1-4
Leesville1-2
London1-3
Marmet1-3
Niagaral-2
Winfield 1-3
Smith Mountain 1
Smith Mountain 2
Smith Mountain 3
Smith Mountain 4
Smith Mountain 5
Dresden

Schedule 13
CONFIDENTIAL

2029 2030 2031 |

(1) Reflects owned, active units. Comb

(4) Reflects unit retirement

d cycles and hydro plants reported as composite facilities.
(2) PIM capability as of filing. Incremental Uprates shown as positive + and decremental Derates shown as negative (-).
(3) Inlcudes conversion from coal to natursl gas fuel In 2016, unit retirement in 2026
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COMPANY NAME: AEP SYSTEM - APCo
UNIT PERFORMANCE DATA

Existing Owned Supply-Side Resources (MW) as of April 1, 2017*

Schedule 14

Net Capability - MW °

Unit Name Company Location UnitType PrimaryFuel Type co.p.? Winter Summer
Amos 1 APCo St. Albans, WV Steam Coal - Bit. 1971 800 800
Amos 2 APCo St. Albans, WV Steam Coal - Bit. 1972 800 800
Amos 3 APCo St. Albans, WV Steam Coal - Bit. 1973 1,330 1,330

Ceredo 1 APCo Ceredo, WV Combustion Turbine Gas 2001 86 75
Ceredo 2 APCo Ceredo, WV Combustion Turbine Gas 2001 86 75
Ceredo3 APCo Ceredo, WV Combustion Turbine Gas 2001 86 75
Ceredo 4 APCo Ceredo, WV Combustion Turbine Gas 2001 86 75
Ceredo 5 APCo Ceredo, WV Combustion Turbine Gas 2001 86 75
Ceredo 6 APCo Ceredo, WV Combustion Turbine Gas 2001 86 75
Clinch River 1 APCo Carbo, VA Steam Gas 1958 237 237
Clinch River 2 APCo Carbo, VA Steam Gas 1958 237 237
Dresden APCo Dresden, OH Combined Cycle Gas 2012 613 555
Mountaineer 1 APCo New Haven, WV Steam Coal - Bit. 1980 1,320 1,305
Buck1-3 APCo lvanhoe, VA Hydro - 1912 S 3
Byllesby 1-4 APCo Byllesby, VA Hydro - 1912 8 4
Claytor1-4 APCo Radford, VA Hydro - 1939 28 15
Leesville1-2 APCo Leesville, VA Hydro - 1964 9 S
Ltondon1-3 APCo Montgomery, WV Hydro - 1935 12 7
Marmet1-3 APCo Marmet, WV Hydro - 1935 11 6
Niagara1-2 APCO Roanoke, VA Hydro - 1924 1 1
Reusens1-5 APCo Lynchburg, VA Hydro - 1903 0 0
Winfield1 -3 APCo Winfield, WV Hydro - 1938 15 9
Smith Mountain 1 APCo Penhook, VA Pump. Stor. - 1965 70 (8) 70
Smith Mountain 2 APCo Penhook, VA Pump. Stor. - 1965 185 [(:}} 185
Smith Mountaln 3 APCo Penhook, VA Pump. Stor. - 1980 105 (8) 105
Smith Mountain 4 APCo Penhook, VA Pump. Stor. - 1966 185 (8) 185
Smith Mountain S APCo Penhook, VA Pump. Stor. - 1966 70 (8) 70
6,558 6,379

Notes:

(1) Power Purchase Agreements (PPAs) are not included
(2) Commercial operation date.

(3) Peak net dependable capability as of filing.

(A) Estimated summer net capability.

(B) Units 1, 3 & 5 have pump-back capability, units 2 & 4 are generation only,

(A)
(A)
(A)
(A)
(A)
(A)
(A)
(A)
(A)
(8)
(8)
(8)
(8)
(8)
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COMPANY NAME: AEP SYSTEM - APCo
UNIT PERFORMANCE DATA

Planned Supply Side Resources (MW) !

Schedule 15

Nameplate Installed

Unit Name Company Location UnitType PrimaryFuel Type €.0.0.2 Capacity 3 Capacity ¢
2021 APCO CHP APCO TBD Combined Heat and Power Gas Jan/2020 15 14
2019 Solar Project APCo TBD Solar Solar Jan/2019 25 10
2018 Wind Project APCo Indiana Wind wind Jan/2018 120 6
2019 Wind Project Part 1 APCo TBD Wind Wind lan/2019 50 3
2019 Wind Project Part 2 APCo TBD Wind Wind Jan/2019 175 9
2020 APCo Solar APCo T8D Solar Solar Jan/2020 20 8
2021 APCo Solar APCo T8D Solar Solar Jan/2021 20 8
'2022 APCo Solar APCo T8D Solar Solar Jan/2022 20 8
2023 APCo Solar APCo TBD Solar Solar Jan/2023 20 8
2024 APCo Solar APCo TBD Solar Solar Jan/2024 20 8
2025 APCo Solar APCo TBD Solar Solar Jan/2025 20 8
2026 APCo Solar APCo TBD Solar Solar Jan/2026 , 20 8
2027 APCo Solar APCo TBD Solar Solar Jan/2027 60 23
2028 APCo Solar APCo T8BD Solar Solar Jan/2028 60 23
2029 APCo Solar APCo TBD Solar Solar Jan/2029 60 23
2030 APCo Solar APCo TBD Solar Solar Jan/2030 120 46
2031 APCo Solar APCo TBD Solar Solar Jan/2031 60 23
2020 APCo Wind APCo TBD Wind Wind Jan/2020 300 15
2021 APCo Wind APCo TBD wind Wwind Jan/2021 300 15
2022 APCo Wind APCo T8D wind Wind Jan/2022 300 15
2023 APCo Wind APCo TBD wind wind Jan/2023 300 15
2029 APCo Wind APCo T8D Wind wind Jan/2029 150 8
2030 APCo Wind APCo TBD wind wind Jan/2030 150 8

Notes:

(1) In view of the current economic conditions, potential federal and state requirement for renewable energy and energy efficiency, and
the potential for federal CO, legislation the timing of future generation resource additions are highly uncertain.
(2) Commercial operation date.
(3) Standard ISO rating at 1000’ elevation
_(4) Net Dependable Rating of unit as determined in accordance with PJM's Rules and Procedures.
Wind Resources are assumed to have a installed capacity rating of 5% of nameplate and solar is assumed to have 38%.
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COMPANY NAME: APPALACHIAN POWER COMPANY (APCo)(Stand Alone View)

UTIITY CAPACITY POSIMON (MW) *

Exbting Capadity (ICAP)
Conventional
Renewable’

Sales
Purchases
Tota! Existing @apadity

Planned Cagarity Changes (ICAP)
Conventional
Renewable

Total Ptarmed Copacity Changes

@apacity Performere Oanges (UCAP)

Expected New Brpadty (UCAP)
Conventiona!
Renewable
Battery Storage

Total Expected New Capadty

Urdarced AvellabilRy (Fector)

Net Genaration Capacity (UCAP)

Extsting DSM Recurtians (ICAP)
Demand response
Conservation/Efficiency

Tota) Exixting DSM Reuctions

Expected New DSM Redurtions (ICAP)
Demand Response
Conservation/t flidency/WO
Distributed Generation
Cambined Heat and Power

Total © d New OSM Ret

Total Demand-side Reductions (ICAP)

Net Generation & Dermand-side (UCAP)

PIM Caparity Obiigation (UCAP) *
Additiona) Obligation

Tatal Ohiigatian

Net Utility Capacity Positian *

(1) Net dependable Instaled capability durtng peak season (summer); unit capatdlities are classified by prmary fue! type.

(2) Not Appiicahte - APCo is not an by

does not have actuzi PIM specific data.

(3) The impact of new Conservatton/Efficlency Is delayed three years to represent its impact on actual load feeding through the PIM load farerast process

(A]Thlwghmn, the values shown represent an estimate of APCo's share of the final and farecasted PIM load that is the basks for AEP’s capacity obfigation.
of APCo's share of the internal AEP fo!

The an

that has been

"y

d to the PIM peak

(S) Through 2017, r!ﬂn:ls APCo's contribution as part of a 4-Company (through 2015) or 3-Company (through 2017) FRR entitly.

(6) Tables reflect DSM levels cansistent with tuly 2015 forecast and DSM incremental to the forecast assoclated with Plexns partfolis.
N& ble repr c | hydro,

d storage, solar and wind

(acruan (PROJECTED)

o255 2016 ] 2017 2018 2019020 2001 202 2023 38 2025 W26 2027 2028 7029 7630 3051
- - 6,006 6,006 6,042 6,042 6,042 6,042 6,042 6,042 6,042 5,602 5,602 5,602 5,602 5,602 5,602
- - 952 960 981 980 980 380 380 980 980 380 888 875 858 843 843
- - 24 2 2 22 4 4 4 4 4 4 4 4 4 4 4
- - 6,982 6,988 7,045 7.044 7,026 7,026 7,026 7,026 7.026 6,586 6,434 6,481 6,464 6,449 6,449
- - 0 0 3% 36 36 38 E E 36 (a04)  (408)  (a04)  (404)  (a03)  (403)
- - o 8 29 28 8 28 28 28 28 28 {64) (77) (39) (109) (209)
- - 0 8 65 64 & 64 6 64 64 (376)  (468)  (aB1)  (498)  (513)  (513)
- . [ 0 0 (200  (334)  (330)  (334)  (334)  (334)  (334) (274)  {267)  (258)  (289)  (244)
- - 1] 1] 1] 1] 0 1] 1] 0 1] o 0 o 1] o [

- - 0 '] 0 23 a5 68 83 91 98 106 129 151 182 235 258
- - o '] o '] o o 1] 0 s 5 5 S S S S
- - 1] '] '] 23 45 68 83 91 103 111 134 156 187 2430 263
- - 7.25% 7.93% 7.90% 7.90% 7.90% 7.90% 7.90% 7.90% 7.90% 7.82% 7.80% 7.82% 7.84% 7.86% 7.86%
- - 6,476 6,434 6,483 6,221 6,182 6,205 6,220 6,228 6,240 5,848 5,847 5,863 5,890 5,938 5,961
- - 137 137 137 137 219 219 219 219 219 219 219 29 219 29 219
- - 1] 1] 0 1] 13 20 20 14 11 8 6 S 4 3 2
- - 137 137 137 137 : 239 229 23 20 27 225 24 23 22 21
- . 1] 1] 1] 1] 1] 1] 1] 1] 1] '] 1] 1] 1] 1] 1]
- - 0 0 30 52 7 s 17 138 142 145 173 184 197 199 203
- 6 12 17 18 20 2 2% n 33 35 37 39 a2 a a7
- - o '] 1] o 14 14 14 14 14 14 14 14 14 14 14
- - 7 13 48 73 106 125 141 159 141 122 128 124 126 115 11
- - 144 150 185 210 338 368 380 392 N 349 3s3 348 349 337 332
. - 6525 6,59 6685 6443 6541 6530 6621 6641 6631 6217 620 6231 6259 6295 6313
- - 6,264 6,330 6,317 6321 5,922 5,934 5,951 5,951 5,83 5,996 6,013 6,019 6,057 6,076 5,095
- - 0 1] 1] o 0 o 0 1] 1] 0 1] 0 1] o 1]
- . 6,264 6330 6317 6321 532 5934 5851 5951 5983  599% 6013 6019 6057 6076  GO%S
365 264 122 618 65 670 688 548 2 205 214 200 219 26
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Schedute 17
CONFIDENTIAL

COMPANY NAME: APPALACHIAN POWER COMPANY (APCo)

CONSTRUCTION FORECAST (Million Dollars)

ACTUAL EXPENDITURES

PROJECTED EXPENDITURES

| 2014

2015

2016

|

(

2017

2018

2019

I. New Traditional Generating Facilities
a. Capital Investment (Exclusive of AFUDC)
b. AFUDC
c. Annual Total
d. Cumulative Total

Il. New Renewable Generating Facilities®

Hl. Other Facilities
a. Existing Generation
b. Transmission
c. Distribution
d. Energy conservation/efficiency & demand response
e. gridSMART
f. Other
g. AFUDC

h. Annual Tota!

i. Cumulative Total

IV. Total Construction Expenditures
a. Annual Total
b. Cumulative Total

V. Percent of Funds for Tota! Canstruction
Provided from External Financing

1 APCo has signed contracts to purchase renewable energy under power purchase agreements with third parties.
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COMPANY NAME: APPALACHIAN POWER COMPANY (APCo)(Stand Alone View) Schedule 18
FUEL DATA CONFIDENTIAL

(PROIECTED} *

(acruary
(2014 2015 2016 ][ 2027 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

I Oelivered Fuel Price (cents/MBtu)
a. Nuclear
b. Coa!
¢. Heavy Fuel Oil
d. Light Fuel Oil
e. Natural Gas

{. Renewable

Il.  Primary fFuel Expernes (cents/kWh)
a. Nuclear
b. Coal
c. Heavy Fuel Ol
d. Light Fuel Ofl
e. Natural Gas
f. Renewable ’

8. Purchases
Energy Charges only

h. Purchases
Energy and Capacity Charges

* Per definition of 56-576 of the Code of Virginia.
{1) As consumed.

=nat available
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EXHIBITD

Appalachian Power Company
For the 15 Year Forecast Period Beginning 2017

- lntegrated Resource Plann| Idelines Cross Referepce ]

Sectlon/Page Reference_

|A, Purpose The purpose of these guldelines is to Implement the provisions of §§ 56-597, 56-598 and 56-599 of the Code
of Virginia with respect to integrated resource planning ("IRP") by the electric utilities in the Commonwealth. In order to
understand the basis for the utility’s plan, the IRP filing shall include a narrative summary detailing the undertying
assumptions reflected In its forecast as further described in the guidelines. To better follow the utility’s planning process, the
narrative shallinclude a description of the utility's rationale for the selection of any particular generation addition or demand-
slde management program to fuffill its forecasted need. Such description should include the utility's evaluation of its
purchase options and cost/benefit analyses for each resource option to confirm and justify each resource option it has
chosen.

Such narrative shall also describe the planning process including timelines and appropriate reviews and/or approvals of the
utility's plan. For members of PJM Interconnection, LLC ("PJM"), the narrative should describe how the IRP incorporates the
PJM planning and implementation processes and how it wiil satisfy PJM load obligations.

These guidelines also Include sample schedules to supplement this narrative discussion and assist the utitities in
developing a tabulation of the utility's forecast for at least a 15-year period and identify the projected supply-side or demand-
side resource additions and solutions to adequately and reliably meet the electricity needs of the Commonwealth. This
tabulation shall also indicate the projected effects of demand response and energy efficiency programs and activities on
forecasted annual energy and peak loads for the same period. These guidelines also direct that all IRP filings include
information to comparably evaluate various supply-side technologies and demand-side programs and technologies on an
equivalent basis as more fully described below in Section F (7). The Commission may revise or supplement the sample
Ischedules as needed or warranted.

B, Applicabllity These guidelines are applicabte to all Investor-owned utllities responsible for procurement of any or all of
its individual power supply resources.

C._Integated Regource Plan Each utility shall develop and keep current an Integrated resource plan, which incorporates,
at a minimum, the following:

|€.1. Forecast A three-year historical record and a 15-year forecast of the utility's native load requirements, the utility's
PJM load obligations if appropriate, and other system capacity or firm energy obligations for each peak season along with

Schedule 1, Exhibits A-1, A-2A, A-2B,

chosen by the utility for satisfaction of native load requirements and other system obligations necessary to provide reliable
electric utility service, at the lowest reasonable cost, over the planning period.

the supply-side (including owned/ieased generation capacity and firm purchased power arrangements) and demand-side A-3, Section 6.3
resources expected to satisfy those loads, and the reserve margin thus produced.

C.2. Option Analyses A comprehensive analysis of all existing and new resource options (supply- and demand-side),

Including costs, benefits, risks, uncertainties, reliabiltiy, and customer acceptance where appropriate, considered and Sectlons 5.3

C.2.8. Purchased Powar Assess the potential costs and benefits of purchasing power from wholesale power suppliers and
power marketers to supply it with needed capacity and describe in detall any decision to purchase electricity from the
wholesale power market.

Sections 4.7, 5.3

C.2,b, Supply-side Energy Resources Assess the potential costs and benefits of reasonably avallable traditional and
alternative supply-side energy resource options, including, but not limited to technologles such as, nuclear, pulverized coal,
clean coal, circulating fluldized bed, wood, combined cycle, integrated gasification combined cycle, and combustion turbine,
as well es renewable energy resources such as those derived from sunlight, wind, falling water, sustainable blomass, energy|
from waste, municipal solid waste, wave motion, tides, and geothermai power.

Section 4.5, Exhibit 8

G.2.c. Demand-gide Optlong Assess the potential costs and benefits of programs that promote demand-side management.
For purposes of these guidelines, peak reduction and demand response programs and energy efficiency and conservation
programs will collectively be referred to as demand-side options.

Section 4.4

C.2.d, Evaluation of Resource Options Analyze potential resource options and combinations of resource options to serve

- Isystem needs, taking into account the sensitivity of its analysis to variations in future estimates of peak load, energy
requirements, and other significant assumptions, including, but not limited to, the risks associated with wholesale markets,
fuel costs, construction or implementation costs, transmisslon and distribution costs, environmental impacts and compliance
costs.

Sections 5.2, 5.3

C.3._Data Avajlabilty To the extent the information requested Is not currently available or is not appticable, the utility will
clearly note and explain this in the appropriate location in the plan, narrative, or schedule.
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EXHIBIT D

v ia - Integrated Resource Guldelines Cross Reference Table ectio, e Refe ;]
D, Narrative Summary Each utility shall provide a narrative summary detailing the major trends, events, and/or conditions

reflected in the forecasted data submitted in response to these guidelines. Examples of items which should be highlighted in Sections 1. 2. 3

the summary include; '

D.1. Discussion regarding the forecasted peak load obligation and energy requirements. PJM members should also discuss Section 2.5

the relationship of the utiity's expected non-coincident peak and its expected PJM related load obligations.

D.2. Discussion regarding company goals and plans in response to directives of Chapters 23 and 24 of Title 56 of the Code

of Virginia, including compliance with energy efficiency, energy conservation, demand-side and response programs, and the Sections 3.4

rovision of electricity from renewable energy resources.

D.3. Discussion regarding the complete planning process, including timelines, assumptions, reviews, approvals, etc., of the
company's plans. For PJM members, the discussion should also describe how the IRP integrates Into the complete planning
process of PJM.

Executive Summary, Section 1.2

D.4. Discusslon of the critical input assumptions to determine the load forecast and expected changes in load growth

including factors such as energy conservation, efliciency, load management, demand response, variations in customer Section 2
class sizes, expected levels of economic activity, variations in fuel prices and appliance inventories, etc.

D.5. Discussionregarding cost/benefit analyses and the results of such factors on this plan, including the methodology

used to consider equal or comparable treatment afforded both the demand-side options and supply-side resources. Section 5

D.6. Planned changes in operating characteristics such as unit retirements, unit uprates or derates, changes in unit
avallabilities, changes in capacity resource mix, changes In fuel supplies or transport, emissions compliance, unit
|performance, etc.

Section 6; Schedules 8, 8, 10 and 13

D.7. Discussion regarding the effectiveness of the utility's IRP to meet its load obligations with supply-side and demand-
slde resources to enable the utility to provide rellable service at reasonable prices over the long term.

Section 5

E, Flilnn By September 1, 2008, and every two years thereafter, each utility shall file with the Commission its then current
integrated resource plan, which shall include all information required by these guldelines for the ensuing 15-year planning
period along with the prior three-year historical period. The process and analyses shall be described in a narrative
discussion and the results presented In tabular format using an EXCEL spreadsheet format, similar to the attached sample
schedules, and be provided in both printed and electronic media. For those utilities that operate as part of a multi-state
integrated power system, the schedules should be submitted for both the individual company and the generation planning
pool of which the utility is 8 member. The top line stating the company name should Indicate that the data reflects the
Individual utility company or the total system. For partial ownershlp of any faclility, piease provide the percent ownership and
footnote accordingly.

Each filing shal! include a five-year action plan that discusses those specific actions currently being taken by the utility to
limplement the options or activities chosen as appropriate per the IRP.

Executive Summary, Section 6

If a utility considers certain Information In its IRP to be proprietary or confidential, the utiity may 8o designate, file
separately and request such treatment in accordance with the Commission's Rules of Practice and Procedures.

Confidential Schedules will be labeled
as such and will be Included in a
separate Confidential Supplement

Additionally, by September 1 of each year in which a plan is not required, each utility shall file a narrative summary
describing any significant event necassitating a major revision to the most recently filed IRP, including adjustments to the
type and size of resources identified. If the utility provides a total system IRP In another jurisdiction by September 1 of the
year in which a plan is not required, filing the total system IRP from the other jurisdiction wili suffice for purposes of this
section,

As § 56-599 E requires the giving of notice and an opportunity to be heard, each utility shall also include a copy of its
proposed notice to be used to afford such an opportunity.

E..Contents of the Filina The IRP shall include the following data:

E.1. Forecast of Load The forecast shall include descriptions of the methods, models, and assumptions used by the utility
to prepare its forecasts of lts loads, requirements assoclated with the utility's PJM load obligation (MW) if appropriate, the
utility's peak load (MW) and energy sales (MWh) and the variables used in the models and shall include, at a8 minimum, the
following:

Section 2; Schedule 1

F.1.a. The most recent three-year history and 15-year forecast of energy sales (kWh) by each customer class,

Sectlon 2; Exhibits A-1, A-2A, A-28

F.1.b. The most recent three-year history and 15-year forecast of the utility's peak load and the expected load obligation to
satisfy PJM's coincident peak forecast If appropriate, and the utility's coincident peak load and associated non-coincident
peak loads for summer and winter seasons of each year (prior to any DSM), annual energy forecasts, and resultant reserve
margins. During the forecast period, the tabulation shall also indicate the projected effects of incremental demand-side
options on the forecasted annual energy and peak loads, and

Section 2; Schedule 1

F.1.c. Wnere future resources are required, a description and associated characteristics of the option that the utility
proposes to use to address the forecasted need.

Sections 5; Schedule 15

- The forecast shall provide data for Its existing and planned electric generating facilities
(lncludlng planned additions and retirements and rating changes, as well as firm purchase contracts, including cogeneration
and small power preduction) and a narrative description of the driver(s) underlying such anticipated changes such as
expected environmental compliance, carbon restrictions, technology enhancements, etc:

Sectlons 3; Schedules 13, 14
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EXHIBITD

- [nte, esource Pla u Cross Refere|

ectiop/Pagie Referepce_

F.2.a. Existing Generation. For existing units in service;

i. Type of fuel(s) used:; Schedule 14
ii. Type of unit (e.q., base, intermediate, or peaking): Schedule 14
1il, Location of each existing unit; Schedule 14
iv. Commercial Operation Date; Schedule 14

v. Size (nameplate, dependable operating capacity, and expected capacity value to meet load obligation (MW));

Schedules 13 and 14

vl Units to be placed in reserve shutdown or retired from service with expected date of shutdown or retirement and
an economic analysis supporting the planned retirement or shutdown dates;

Schedules 13 and 14

vil. Units with specific plans for life extension, refurbishment, fuel conversion, modification or upgrading. The
reporting utllity shall also provide the expected (or actual) date removed from service, expected retum to service date,
capaclty rating upon retum to service, a general description of work to be performed as well as an economic analysis
supporting such plans for existing units;

Schedules 13 and 14

viil. Major capital Improvements such as the addition of scrubbers, shall be evajuated through the IRP analysis to

such units,

whether such improvements are cost justified when compared to other altematives, including retirement and Section 3
replacement of such resources; and
ix. Other changes to existing generating units that are expected to increase or decrease generation capabllny of Schedule 14

i-FT) Assessment of Supply-side Resources. Include the current overall assessment of existing and potential traditional
and attemative supply-side energy resources, including a descriptive summary of each analysls performed or used by the
utility in the assessment. The utillty shall also provide general information on any changes to the methods and assumptions
used In the assessment since its most recent IRP or annuai report.

Sections 3.1, 3.2, and 4.5

F.2.b.l. For the currently operational or potential future supply-side energy resources included, provide information on the
{capaclty and energy available or projected to be available from the resource and associated costs. The utiiity shall also

since its last biennial report and the reasons for that discontinuance.

Schedules 9, 13 and 15

ﬁovidethls Information for any actual or potential supply-side energy resources that have been discontinued from fts plan
|
F

.2.b.ll. For supply-side energy resources evaluated but rejected, a description of the resource; the potential capaclity and
anergy associated with the resource; estimated costs and the reasons for the rejection of the resource.

Section §

[F-2.c. Pianned Generation Additions. A list of planned generation additions, the rationale as to why each listed generation
addition was selected, and a 15-year projection of the following for each listed addition;

Section 5.3 ; Schedule 15

|. Tvpe of conventional or alternative facliity and fuel(s) used; Schedule 15
ii._Type of unit (e.g. baseload, intermediate, peaking); Schedule 15
Wl. Location of each ptanned unit, including description of locational benefits identified by PJM and/or the uﬂmy, Schedule 15
iv. Expected Commerclal Operation Date; Schedule 15
v. Size (nameplate, dependable operating capacity, and expected capacity value to meet load obligation (MW)); Schedule 15

vi. Summaries of the analyses supporting such new generation additions, Including its type of fuel and designation as
base, Intermediate, or peaking capacity.

Section 5.3, Schedule 15

vil. Estimated cost of planned unit additions to compare with demand-side options.

Schedule 15

F.2.d. Non-Utility Generation. A separate list of all non-utility electric generating facllities included in the IRP, including
customer-owned and stand-by generating facilities. This list shall include the facility name, location, primary fuel type, and
contractual capacity (including any contract dispatch conditions or limitations), and the contractual start and expiration
dates. The utility shall also indicate which facliities are included in their total supply of resources.

Schedule 11

Section 6

E;_Qngm&ghm Provide a namative discussion and tabulation reflecting the capacity position of the utility in relation
to satisfying PJM‘ s load obllgatlon slmllar to Sd\edula 186 of the attached schedules.

4 plesale : er A list of firm wholesale purchased power and sales contracts
reflected In the p|an Includlng the prlmary fuel lype deslgnaﬁon as base, Intermediate, or peaking capacity, contract
capacity, location, commencement and expiration dates, and volume.

Schedule 11

E.5. Demand-side Options Provide the results of its overall assessment of existing and potential demand-side option

programs, including a descriptive summary of each analysis performed or used by the utility In its assessment and any
changes to the methods and assumptions employed since its last IRP. Such descriptive summary, and corresponding

schadules, shall clearly identify the total impact of each DSM program.

Section 4.4; Schedules 12 and 16

E.8, Evaluation of Resource Qptions Provide a description and a summary of the results of the utility's analyses of potential
resource options and combinations of resource options performed by it pursuant to these guidelines to determine its
Integrated resource plan. IRP filings should identity and include forecasted transmission interconnection and enhancement
costs assoclated with specific resources evatuated in conjunction with the analysis of resource options.

Sections 5 and 6

El_ggmmmg_s_mm, Provide detailed information on levelized busbar costs, annual revenue requirements or
lequivalent methodology for various supply-side options and demand-side options to permit comparison of such resources
on equitable footing. Such data should be tabulated and at a minimum, reflect the resource's heat rate, variable and fixed
operating maintenance costs, expected service. life, ovemight construction costs, fixed charged rate, and the basis of
escalation for each component.

Section 4, Exhibit B
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EXHIBIT D

Yirginla - integrated Resource Planping Guidelines Cross Refefence Table

Sectiop/Page e[ence

—

rEegulred Schedules not Specifcally Addressed Above

Schedules 2,3, 4,5,6,7,17 and 18

Chapter 476 of the 2008 VirgInia Acts of Assembly ("Senate Bill 311")

2. That as part of its 2009 Integrated resource plan developed pursuant to this act, each electric utility shall assess
govermental, nonprofit, and utility programs in its service territory to assist low income residential customers with energy
costs and shall examine, in cooperation with relevant governmental, nonprofit, and private sector stakeholders, options for
making any needed changes to such programs.

2018 Virginla Acts of Assembly (Senate Bili 1349") *

Provide a copy of integrated resource plan to the Chairmen of the House and Senate Committees on Commerce and Labor
and to the Chairman of the Commission on Electric Utility Regulation

Integrated resource plan shall consider options for maintaining and enhancing rate stability

Sections 1.3, 5.2.3.3,and 5.3.3

Integrated resource plan shall consider options for maintaining and enhancing energy independence

Sections 1.3, and 6.0

Integrated resource plan shall consider options for maintaining and enhancing economic development Including retention
and expansion of energy-intensive industries

Sections 1.3 and 2.8

Integrated resource plan shall consider options for maintaining and enhancing service reliability

Sections 5 and 6

The effect of current and pending state and federal environmental regulations upon the continued operation of existing
electric generation facilities or options for construction of new electric generation facilities

Section 3.3

The most cost effective means of complying with current and pending state and federal environmental regulations, including
compliance options to minimize effacts on customer rates of such regulations

Section §

Final Order from 2018 Virginla IRP (Case No. PUE-2016-00036)

Clean Power Plan

Model and provide an optimal (least-cost, base pian) for meeting the electricity needs of its service territory over the IRP
planning timeframes

Sections 5.2.2.1, 5.3

Model and provide multiple plans compliant with the CPP under a mass-based approach and an intensity-based
approach (Including a least-cost compliant plan where the Plexos mode! is allowed to choose the least-cost path given
emission constraints imposed by the CPP), providing a detailed analysis of the Impacts of each (in terms of total cost,
Including capital, programmatic and financing costs) as well as the impact on rates and identification of whether any
aspect of the plan would require a change in existing Virginia law

Sections 3.3.8, 3.3.8.8,5.2.3

Analyze the final federal implementation plan (should the finat federal plan be published by May 1, 2016 or, if not,
analyzing any proposed federa! plan), providing a detalled analysis of the impact of a federal plan in terms of all costs,

as well as the impact on rates and identification of whether any aspect of the federal plan would require a change In Section 5.2.3.4
existing Virginia law;
Provide a detalled description of leakage and treatment of new units under differing compliance regimes; Section 3.3.8.3
Examine the differing impacts of the Virginia-specific targets verses source subcategory-specific rates under an

. Section 3.3.8.2
intensity-based approach;
Examine the potential for early action emission rate credits/allowances that may be available for qualified renewable Section 3.3.8.4
energy or demand-side energy efficiency measures; T
Examine the cost benefits of trading emissions allowances or emissions reductions credits, or acquiring renewable Section 3.3.8.5
resources from inside and outside of Virginia; e
Provide a detalled discussion of the development of state compliance plans in indiana, Ohio, and West Virginia, as well
as the potentlal for differing compliance approaches in each and how such differing approaches may impact APCo's Section 3.3.8.6
ability to comply with the CPP
Identify a long-term recommendation that reflects EPA's final version of the CPP Section 3.3.8.7

Rate Design

Analyze whether maintaining the exIsting rate structure is In the best interest of residential customers

Evaluate options for variable pricing models that would incent customers to shift consumption away from peak times to
reduce costs and emissions

Commisslon's Order for 2016 IRP
provided respite of these requirements

Markat Alternatives

Include 8 detalled analysis of market altematives, especially third-party purchases, that may provide long-term price

customer generation

stability and which includes wind and solar resources Section 4.7

Examine wind and solar purchases at prices (including prices available through long-term purchase power agreements) Section 4.7

and in quantities that are seen in the market at the time that the Company prepares lts IRP filings !
Solar Photovoltalc Generation

Examine the impact of higher levels of distributed generation and identify any barriers to increased reliance by the Section 3.4.5

Company on solar voltaic generation T

Include a detailed analysis of the load characteristics of net metering customers and the generation-related impacts of Section 3.4.5
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