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Dear Mr. Peck: 

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

This filing contains confidential information and is made UNDER SEAL pursuant to 
Rule 5 VAC 5-20-170 of the Commission's Rules of Practice and Procedure and 
section (E) (third paragraph) of the IRP Guidelines. As required by the Commission's 
Rules, the Company is filing separately today a motion for protective treatment of the 
confidential information and is providing, by copy of this letter, an original and one 
copy of a public version of the filing (with confidential information redacted) for the 
use of the public. Also enclosed as part of the filing, pursuant to IRP Guidelines 
section (E), are a proposed public notice (attached to this letter) and electronic media 
of the required schedules. 
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Counsel, Office of the Attorney General and to the legislative officials specified in the 
amendments to § 5 99 of the Code. 

cc: William H. Chambliss, Esq. (Confidential version) 
C. Meade Browder, Jr., Esq. (Public version)
James R. Bacha, Esq.
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NOTICE TO THE PUBLIC OF 
A FILING BY APPALACHIAN POWER COMPANY OF ITS 

INTEGRATED RESOURCE PLAN 
CASE NO. PUR-2018-00051 

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

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

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

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

The Commission entered an Order for Notice and Hearing 
in this case that, among other things, scheduled a public hearing at 

________ _, 
in the Commission's second floor 

courtroom located in the Tyler Building, 1300 East Main Street, 
Richmond, Virginia 23219, to receive the testimony of public 
witnesses and the evidence of the Company, any respondents, and 
the Commission's Staff. Any person desiring to testify as a public 
witness should appear at this hearing location fifteen (15) minutes 
before the starting time of the hearing and contact the 
Commission's Bailiff. 

Copies of the public version of all documents filed in this 
case are available for interested persons to review in the 



Commission's Document Control Center, located on the first floor 
of the Tyler Building, 1300 East Main Street, Richmond, Virginia 
23219, between the hours of 8:15 a.m. and 5 p.m., Monday 
through Friday, excluding holidays. Interested persons also may 
download unofficial copies from the Commission's website: 
http://www.scc.virginia.gov/case. 

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

On or before 2018, any interested person may 
file written comments on the IRP with Joel H. Peck, Clerk, State 
Corporation Commission, c/o Document Control Center, P.O. Box 
2118, Richmond, Virginia 23218-2118. Interested persons desiring 
to file comments electronically may do so on or before 

----

2018, by following the instructions found on the Commission's 
website: http://www.scc.virginia.gov/case. Compact discs or any 
other form of electronic storage medium may not be filed with the 
comments. All such comments shall refer to Case No. PUR 2018-
00051. 

Any person or entity may participate as a respondent in this 
proceeding by filing a notice of participation on or before 

----

, 2018. If not filed electronically, an original and fifteen 
(15) copies of the notice of participation shall be filed with the
Clerk of the Commission at the address set forth above. A copy of
the notice of participation as a respondent also must be sent to
counsel for the Company at the address set forth above. Pursuant
to Rule 5 V AC 5-20-80 B, Participation as a respondent, of the
Commission's Rules of Practice and Procedure ("Rules of
Practice"), any notice of participation shall set forth: (i) a precise
statement of the interest of the respondent; (ii) a statement of the
specific action sought to the extent then known; and (iii) the
factual and legal basis for the action. Any organization,
corporation, or government body participating as a respondent
must be represented by counsel as required by Rule 5 V AC 5-20-
30, Counsel, of the Rules of Practice. All filings shall refer to Case
No. PUR-2018-00051. For additional information about
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participation as a respondent, any person or entity should obtain a 
copy of the Commission's Order for Notice and Hearing. 

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

This Integrated Resource Plan (IRP, Plan, or Report) is submitted by Appalachian Power 

Company (APCo or Company) based upon the best information available at the time of 

preparation. However, changes that afFect this Plan can occur without notice. Therefore, this Plan 

is not a commitment to specific resource additions or other courses of action, as the future is 

highly uncertain. 

Much has changed since the Company filed its last Plan, including the following: 

• the federal Tax Cut and Jobs Act of 2017 (2017 Tax Act) was signed into law; 

• Virginia enacted legislation earlier this year that contained specific directions 

regarding various matters that are addressed in IRPs; and, 

• on April 2, 2018, the Virginia State Corporation Commission (Commission or 

SCC) issued an Order denying APCo's request to acquire the Beech Ridge II and 

Hardin wind facilities (Wind Facilities)1, on the grounds that those facilities are 

"not needed" by APCo to serve its Virginia customers. 

The Commission's denial of APCo's request to acquire the Wind Facilities also raised 

concerns about the Company's forecasts of natural gas and energy prices, and called into 

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

1 On page 6 of its Order Denying Reconsideration, the Commission stated as follows: "Because this proceeding is 

legislative in nature and our determination is without prejudice, APCo may present new evidence in support of a 

new application to acquire these resources, with the Grid Transformation and Security Act (the 2018 Virginia Act) 

applicable to such application filed on or after July 1, 2018." APCo is exploring its options in this regard, as the 

modeling performed for this IRP confirms that the opportunity to take advantage of the full 100% federal Production 

Tax Credit (PTC) available to the Wind Facilities is quickly slipping away. 

ES-1 
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These events and others discussed throughout this Report, resulted in a number of differences 

between this Report and previous APCo 1RP filings. 

The Commission's March 12, 2018 Order in APCo's 2017 TRP case (2017 IRP Final 

Order) specifically directed APCo beginning with this IRP, to include plans to implement the 

mandates contained in Virginia's recently enacted Grid Transformation and Security Act, which 

becomes effective July 1, 2018 (the 2018 Virginia Act), as well as plans that comply with all 

other legal requirements. The specific locations within this IRP filing, which respond to each 

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

In addition to the events described above, APCo faced a number of other circumstances 

as it developed this IRP, which are discussed throughout this Report. Accordingly this IRP and 

the action items described herein are subject to change as new information becomes available or 

as circumstances warrant. 

An IRP explains how a utility company plans to meet the projected capacity (i.e., peak 

demand) and energy requirements of its customers. APCo is required to provide an IRP that 

encompasses a 15-year forecast planning period (in this filing, 2018-2032). This IRP has been 

developed using the Company's current long-term assumptions for: 

• Customer load requirements - peak demand and energy; 

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

and emission prices; 

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

storage resources; and 

• demand-side program costs and impacts. 

In addition, APCo considered the effect of environmental rules and guidelines, which 

have the potential to add significant costs and present significant challenges to operations. This 

IRP appropriately considers the potential cost associated with some form of future regulation of 

carbon emissions, during the planning period, even though there is considerable uncertainty 

ES-2 
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surrounding the future of the Clean Power Plan (CPP). Per the Commission's directive, the 

Company analyzed plans that are potentially compliant with the CPP as part of this IRP. 
<§§ 
6ft 

This 2018 IRP also considers the requirements included in the 2018 Virginia Act which 

includes the construction, purchasing, or leasing of 5,000TVlWs of new utility-owned and utility-

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

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

owned solar located in Virginia over the next 10 years; 

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

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

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

APCo may invest in up to lOM Ws of new battery storage installations. 

To meet its customers' future capacity and energy requirements, APCo will continue the 

operation of, and ongoing investment in, its existing fleet of generation resources including the 

base-load coal units at Amos and Mountaineer, the natural gas combined-cycle (Dresden) 

facility, combustion turbine (Ceredo) units, and its two gas-steam units at Clinch River. The 

Company will also continue to operate its hydroelectric generators, including Smith Mountain 

Lake. The Company has a current portfolio of 575MW of renewable purchase power 

agreements; during the planning period, contracts covering 455MW of that amount will expire. 

Another consideration in this IRP is the increased adoption of distributed rooftop solar resources 

by APCo's customers. While APCo does not have control over where, and to what extent, such 

resources are deployed, it recognizes that distributed rooftop solar will reduce APCo's growth in 

capacity and energy requirements to some degree. From a capacity viewpoint, the 2020/2021 

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

hydro, wind, solar, future battery storage as well as pumped storage2. 

The Commission's April 2, 2018 Order denying APCo's request to acquire the Wind 

Facilities has called into question a central underpinning of past Company IRPs. The Company 

has consistently modeled resource additions with an eye towards minimizing both capacity and 

energy costs for its customers over the respective planning periods. The Commission's Wind 

Facilities Order, by focusing only on capacity "need", suggests that, given the availability of 

energy from the PJM market, unless APCo has a need for capacity under PJM requirements, 

APCo's I RPs should not propose adding resources solely on the basis of reducing overall costs to 

customers. The Company requests that, in its order in this case, the Commission clarify the 

purpose and scope of future IRP filings in this regard. The Company notes that this Report 

indicates that APCo does not have a capacity need until 2030, and that its then-need for capacity 

can be met with the addition of solar and EE resources consistent with the mandates of the 2018 

Virginia Act. 

Keeping all of the various considerations discussed above in mind, APCo has analyzed 

various scenarios that would provide adequate supply and demand resources to meet its peak 

load obligations, and reduce or minimize costs to its customers, including energy costs, for the 

next fifteen years. The key components of APCo's Hybrid Plan, which is presented herein based 

upon these various analyses, are as follows: 

• Adds more than 200M W of large-scale solar resources, consistent with directives 

in the 2018 Virginia Act. 

• Continues to diversify APCo's mix of supply-side resources through the addition 

of battery storage and the replacement of cost-effective wind and large-scale 

solar; 

2The 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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• Incorporates demand-side resources, including but not limited to additional EE @ 
<§§ 

programs and Volt VAR Optimization (VVO) installations; and 

• Recognizes that residential and commercial customers will add distributed 

resources, primarily in the form of residential and commercial rooftop solar (i.e. 

Distributed Generation [DG]). 

Key Changes from 2017 IRP 

This IRP includes the following changes from the Company's 2017 IRP: 

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

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

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

PTCs associated with certain wind energy projects. 

• Incorporates updated renewable cost information primarily based upon Bloomberg New 

Energy Finance's (BNEF) H2 2017 U.S. Renewable Energy Market Outlook. 

• Discusses APCo's electric distribution grid transformation (EDGT), as designed by the 

2018 Virginia Act, planning and implementation initiatives. 

Summary of APCo Resource Plan 

APCo's retail sales are projected to grow at 0.1% per year with stronger growth expected 

from the industrial class (+0.4% per year) while the residential class experiences a slight decline 

over the forecast horizon. APCo's internal energy needs are expected to remain relatively flat 

and peak demand is expected to change at an average rate of -0.1% per year, through 2032. 

Figure ES-I below shows APCo's "going-in" (i.e. before resource additions) capacity position 

over the planning period, which uses the PJM summer peak to determine resource requirements. 

Through 2029, APCo has capacity resources to meet its forecasted internal demand. In 2030, 

APCo anticipates experiencing a slight capacity shortfall, based upon its assumption regarding 

the retirement of Clinch River Units 1 and 2 in 2026, and the expiration of wind and hydro 

contracts totaling 455MWs (nameplate) of renewable generation, during the 2027-2030 
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timeframe. This expected capacity deficiency is smaller, and occurs later, than in APCo's 2017 ® 

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

Recognizing its modest capacity deficit position in 2030, APCo considered the impact of 

the resource additions required by the 2018 Virginia Act. These additions, which include solar, 

energy storage and energy efficiency, are expected to eliminate the capacity deficit through the 

planning period. The solar resources are assumed to provide PJM capacity equal to 38% of their 

nameplate rating (or 76MW for 200MW of nameplate solar). Energy storage will provide 50% of 

its nameplate rating, or 5MW for 10MW of storage, and DSM will provide approximately 

200MW of capacity. In addition, APCo considered the resource requirements necessary to satisfy 

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

the 2018 Virginia Act and would provide adequate capacity through the planning period. 
m 
6> 

The resource additions required by the 2018 Virginia Act, and needed to meet Virginia's 

voluntary RPS goals, allow APCo to satisfy its PJM load obligations over the planning period. In 

addition, customer owned generation such as rooftop solar, will also improve APCo's capacity 

position. However, APCo's energy requirements vary over the year with APCo customers using 

more energy in the winter months than APCo can supply with its own resources. Therefore, 

absent a directive from the Commission to the contrary, APCo will continue to consider the 

addition of cost-effective energy resources including wind resources, to reduce its reliance on the 

volatile PJM energy market. 

To determine the appropriate timing of new resources including solar, EE, storage and 

wind additions, APCo used the Plexos® model to calculate the lowest cost resource addition 

portfolio under three pricing scenarios, (i.e. Base, Low and High Band) also referred to as the 

Optimal Plan for a given commodity pricing scenario. APCo also considered the resource 

additions required to comply with Virginia's voluntary RPS goals. To arrive at the Hybrid Plan, 

APCo considered a resource mix that included attributes of the various Optimal Plans and the 

RPS goals, taking into account the mandates of the 2018 Virginia Act. For example, rather than 

adding large blocks of renewable resources each year, the Company staggered the 

implementation of those resource additions to reflect the time it takes to bid, evaluate, negotiate 

terms, and obtain necessary regulatory approvals. APCo then calculated the cost of this Hybrid 

Plan under the three long-term commodity price forecasts to ensure it was reasonable. The 

Hybrid Plan is presented as an option that balances cost, including energy costs, and other 

factors, while meeting the 2018 Virginia Act mandates. 
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In summary, the Hybrid Plan: © 
© 
© • Assumes 15MW (nameplate) of solar energy resources are added by 2021, with subsequent 

additions throughout the planning period, for a total of 1,065IV1 W (nameplate) by 2032; 

• Assumes 150MW (nameplate) of wind energy resources are added by 2022, with an additional 

150M W (nameplate) of wind energy resources in 2025, and again in 2027, for a total of 450M W 

(nameplate) of incremental wind energy resources by 2032; 

• Implements customer and grid EE programs reducing energy requirements by 546GWh annually 

and summer capacity requirements, including WO, by 206M W by 2032; 

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

• Assumes APCo's customers add distributed generation (DC) (i.e. rooftop solar) capacity totaling 

over 90M W (nameplate) by 2032; 

• Adds 10M W (nameplate) of battery storage resources in 2021; 

• Addresses PJM Capacity Performance rule impacts on APCo's capacity position beginning with 

the 2020/2021 PJM planning year. Among other things, it assumes that the rule may result in 

APCo: 

o reducing wind resources from prior PJM-recognized capacity levels (i.e. from 13% to 5% 

• Continues operation throughout the planning period of APCo's facilities including the Amos 

Units 1-3 and Mountaineer Unit 1 coal-fired facilities, the Ceredo and Dresden natural gas 

facilities and operating hydro facilities. Maintains APCo's share of Ohio Valley Electric 

Company (OVEC) coal-fired facilities: Clifty Creek Units 1-6 and Kyger Creek Units 1-5; 

• Retires the natural gas-steam Clinch River Units 1 and 2 in 2026; and 

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

the 2027-2030 timeframe. 

of nameplate capacity); and 

o reducing run-of-river hydro contributions to 50% of nameplate rating; 
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Specific APCo capacity changes over the 15-year planning period associated with the @ 
© 

Hybrid Plan are shown in Figure ES-2 and Figure ES-3, and their relative impacts to APCo's @j) 
H) 

annual energy position are shown in Figure ES-4 and Figure ES-5. 

Figure ES-2. 2018 APCo Nameplate Capacity Mix (Excludes Market Purchases & Sales) 

Figure ES-3. 2032 APCo Nameplate Capacity Mix (Excludes Market Purchases & Sales) 
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Figure ES-4. 2018 APCo Energy Mix (Excludes Market Purchases 81 Sales) 
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Figure ES-5. 2032 APCo Energy Mix (Excludes Market Purchases & Sales) 

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

reliance on coal-based generation and increase reliance on demand-side and renewable resources, 

ES-10 



@s 
© 

20J8 Integrated Resource Plan ^ 

further diversifying its resource portfolio. Specifically, over the 15-year planning horizon, the ® 
© 

Company's nameplate capacity mix attributable to coal-fired assets would decline from 60.2% to © 

55.0%. Wind and solar assets climb from 6.5% to 19.8%, and demand-side resources (including 

EE, WO, DG, and Demand Response [DR]) increase from 2.2% to 3.1% over the planning 

period. 

APCo's energy output attributable to coal-fired generation shows a decrease from 83.4% 

to 73.5% over the period. The Hybrid Plan shows an increase in renewable energy (wind and 

solar), from 4.4% to 11.8%. Energy from these renewable resources, combined with EE and 

WO energy savings reduce APCo's exposure to energy, fuel and potential carbon emission 

prices. 

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

respectively, that result from the Hybrid Plan, relative to capacity and energy requirements. The 

capacity contribution from renewable resources is fairly modest due to the implications of PJM's 

Capacity Performance rule reducing the amount of capacity credit for intermittent resources; 

however, those resources (particularly wind) provide a significant volume of energy. Wind 

resources were selected in all of the scenarios because they were a low cost energy resource. 

When comparing the capacity values in Figure ES-6 with those in Figure ES-2 and Figure ES-3, 

it is important to note that Figure ES-6 provides an analysis of PJM-recognized capacity, while 

Figure ES-2 and Figure ES-3 depict nameplate capacity. 
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Figure ES-6. APCo Annual PJM Capacity Position (MW) According to Hybrid Plan 
(Excludes Market Purchases & Sales) 
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Table ES-1 below provides a summary of the Hybrid Plan, which resulted from analyses that 

gave consideration to optimization modeling under various load and commodity pricing 

scenarios, APCo's modeling of carbon emission regulations, the mandates of the 2018 Virginia 

Act, and Virginia's voluntary RPS goals. 

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

Hybrid Plan 

tow Commodity, Base toad Bjse/lmermrdtjto 
EHiim Striarjffrm) 

Solar (Momrpiote) 
Wlna jfirnrt 

windftonrtdirtoi 
BOQcry Storapa ' 

En erry Efficiency 
^ CHP 

WO 
Dcmami fttapomc 

OHfr.  C -cn .  

Capacity Reserves Above PJM 

Requirement without New Additions 

Capacity Reserves Above PJM 

Requirement with New Additions 
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150 ; 150 • 300 300 

279 263 559 537 i 529 

171 !J85 
450 i 750 
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J99 
1,050 

2032 Net Energy 

Position (GWh) 

2,856 

Avg Net Energy 

Position (GWh) 

(2018-2032) 

Buo/tntormedlatocNGCC; PeaklngsNGCT, AD; CHP*Comblned Heat & Power; WOeVolt VAR Optimization; DGaDlstributed Generation 

yrj 

Conclusion 

This JRP presents various plans, including the Hybrid Plan that would provide adequate 

capacity resources at reasonable cost, through a combination of supply-side resources (including 

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

It also presents plans that would improve APCo's winter energy shortfall position, and 

reduce or minimize energy costs, over the planning period. The Hybrid Plan includes 

incremental resources that will provide—in addition to the needed PJM installed capacity to 

achieve mandatory PJM (summer) peak demand requirements—modest amounts of additional 

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

Recognizing PJM's Capacity Performance construct, the portfolios discussed in this 

Report attribute limited capacity value for certain intermittent resources (solar, wind, energy 

storage, and run-of-river hydro). It is possible that intermittent resources can be combined, or 

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

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

This IRP also addresses the 2018 Virginia Act mandates regarding solar, energy storage 

and energy efficiency; APCo's plans to satisfy Virginia's voluntary RPS goals throughout the 

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

The IRP process is a continuous activity; assumptions and plans are reviewed as new 

information becomes available and modified as appropriate. Indeed, the resource portfolios 

developed herein reflect, to a large extent, assumptions that are subject to change; an IRP is 

simply a snapshot of the future at a given time. As noted previously, this IRP is not a 

commitment to specific resource additions or other courses of action, as the future is highly 

uncertain. The resource planning process continues to be complex, especially with regard to such 

things as pending regulatory restrictions, technology advancement, changing energy supply 

pricing fundamentals, uncertainty of demand and end-use efficiency improvements. These 

complexities exacerbate the need for flexibility and adaptability in any ongoing planning activity 

and resource planning process. 

To that end, APCo intends to pursue the following five-year action plan: 

1. Consider re-filing to acquire the Wind Facilities under the new 2018 Virginia Act. 

2. Purchase the output of the 15MW Coronal Depot solar facility beginning in 2021. 

3. Implement a battery pilot program with up to I0MW of energy storage. 

4. Continue the planning and regulatory actions necessary to implement additional 

economic EE programs in Virginia and West Virginia, as well as programs that target 

low-income customers provided for in the 2018 Virginia Act. 

5. Plan to meet Virginia's Voluntary Renewable Portfolio Standard goals. 

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

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

acquisition options. 

© 
© 

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

8. Monitor developments associated with PJM's Capacity Performance rule; continue to 

investigate opportunities to couple/hedge traditional hydro and renewable resources 

(wind and solar) as reasonable Capacity Performance products. 

9. Monitor the status of, and participate in formulating any proposed carbon emissions 

regulations. Once established, perform specific assessments as to the implications of 

such regulations on APCo's resource profile. 

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

circumstances. 
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1.0 Introduction 

& 
1.1 Overview 

This Report presents the 2018 Integrated Resource Plan (1RP, 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, timins and type of resources required to 

ensure a reliable supply of capacity and energy to customers at the least reasonable cost3. 

In addition to developing a long-term strategy for achieving reliability/reserve margin 

requirements as set forth by PJM, resource planning is critical to APCo due to its impact on such 

things as determining capital expenditure requirements, regulatory planning, environmental 

compliance, and other planning processes. 

1.2 Integrated Resource Plan (IRP) Process 

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

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

• Description of the Company, the resource planning process in general, and the 

implications of current issues as they relate to resource planning; 

• provide projected growth in demand and energy which serves as the 

underpinning of the Plan; 

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

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

3 The Company is unsure, given the Commission's April 2, 2018 Order on the Hardin and Beech Ridge II Wind 

Projects, if the Commission would like APCo to continue to evaluate resource additions that seek to lower customer 

costs and limit exposure to volatile energy markets absent an immediate capacity need in future IRP filings. 
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• identify current supply-side resources, including projected changes to those © 
iS 

resources (e.g., de-rates or retirements), and transmission system integration 

issues; 

• identify and evaluate supply-side resource options; and 

• perform resource modeling, including modeling for various portfolios and 

possible Clean Power Plan (CPP) effects, as a surrogate for potential future 

carbon emission regulation. 

1.3 Introduction to APCo 

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

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

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

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

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

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

8,708MW, which occurred in February 2015; and the highest recorded summer peak was 

6,755IVIW, which occurred in August 2007. The most recent (summer 2016 and winter 2017/18) 

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

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

Figure 1. APCo Service Territory 
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This IRP is based upon the best available information at the time of preparation. "S 
© 

However, changes that may impact this Plan can, and do, occur without notice. Therefore, this 
P 

Plan is not a commitment to a specific course of action since the future is uncertain, particularly 

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

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

The resource actions described herein are subject to change as new infonnation becomes 

available or as circumstances warrant. This IRP report is being filed by May 1, 2018 in 

compliance with Section 56-599 of the Code of Virginia, which also requires electric utilities to 

consider six factors in each IRP. 

The first four factors to be considered relate to options for maintaining and enhancing 

rate stability; energy independence; economic development, including the retention and 

expansion of energy intensive industries; and, service reliability. The fifth and sixth factors relate 

to environmental regulations and require consideration of the effect of current and pending state 

and federal environmental regulations upon the continued operations of existing electric 

generation facilities or options for constructing new electric generation facilities; and, the most 

cost-effective means of complying with current and pending state and federal environmental 

regulations, including compliance options to minimize effects on customer rates of such 

regulations. As indicated throughout this Report, APCo's IRP process takes these requirements 

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

Additionally, regarding the 2018 Virginia Act, the Commission in its final order in the 

Company's 2017 IRP case ordered the following: "The Commission therefore directs that 

APCo's future IRPs, beginning with the IRP due to be filed on May 1, 2018, shall include 

detailed plans to implement the mandates contained in that legislation, as well as plans that 

comply with all other legal requirements." 

The 2018 Virginia Act requires that energy efficiency programs pass at least three of the 

four standard cost-effectiveness tests; that customers over 500kW are not eligible, nor required to 

pay for new energy efficiency programs; and APCo must construct or acquire at least 200M W of 

solar power located in the Commonwealth by 2028. Further, the IRP must systematically 
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evaluate and may propose long-term electric distribution grid planning and proposed electric ® 

distribution grid transformation projects. Finally, APCo is required to develop a long-term plan @ 

for energy efficiency measures to accomplish policy goals of reduction in customer bills, 

particularly for low-income, elderly, and disabled customers; reduction in emissions; and 

reduction in carbon intensity. 
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2.0 Load Forecast and Forecasting Methodology 

2.1 Summary of APCo Load Forecast 

The APCo load forecast was developed by the American Electric Power Service 

Corporation (AEPSC) Economic Forecasting organization and completed in June 2017.4 The 

final load forecast is the culmination of a series of underlying forecasts that build upon each 

other. In other words, the economic forecast provided by Moody's Analytics is used to develop 

the customer forecast which is then used to develop the sales forecast which is ultimately used to 

develop the peak load and internal energy requirements forecast. 

Over the next 15 year period (2018-2032)5, APCo's service territory is expected to see 

population remain relatively flat and non-farm employment growth of 0.4% per year. APCo is 

projected to see customer count growth remain relatively flat over this period. Over the same 

forecast period, APCo's retail sales are projected to grow at 0.1% per year with stronger growth 

expected from the industrial class (+0.4% per year) while the residential class experiences a 

slight decline over the forecast horizon. Finally, APCo's internal energy is expected to remain 

relatively flat and peak demand is expected to change at an average rate of -0.1% per year 

through 2032. 

4 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. 

5 15 year forecast periods begin with the first full forecast year, 2018. 
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2.2 Forecast Assumptions <@ 

& 
2.2.1 Economic Assumptions 

The load forecasts for APCo and the other operating companies in the AEP System 

incorporate a forecast of U.S. and regional economic growth provided by Moody's Analytics. 

The load forecasts utilized Moody's Analytics economic forecast issued in November 2016. 

Moody's Analytics projects moderate growth in the U.S. economy during the 2018-2032 forecast 

period, characterized by a 2.1% annual rise in real Gross Domestic Product (GDP), and moderate 

inflation, with the implicit GDP price deflator expected to rise by 2.1% per year. Industrial 

output, as measured by the Federal Reserve Board's (FRB) index of industrial production, is 

expected to grow at 1.6% per year during the same period. Moody's projects employment growth 

of 0.4% per year during the forecast period and real regional income per-capita annual growth of 

1.6% for the APCo service area. 

2.2.2 Price Assumptions 

The Company utilizes an internally developed service area electricity price forecast. This 

forecast incorporates information from the Company's financial plan for the near term and the 

U.S. Department of Energy (DOE) Energy Information Administration (E1A) outlook for the 

East North Central Census Region for the longer term. These price forecasts are incorporated 

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

2.2.3 Specific Large Customer Assumptions 

APCo's customer service engineers are in frequent touch with industrial and commercial 

customers about their needs and activities. From these discussions, expected load additions or 

deletions are relayed to the Company. 

Some customers have opted to purchase generation resources from an alternative 

supplier. The load for these customers is included in the peak and energy forecasts within this 

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

Where appropriate, the Company includes weather as an explanatory variable in its p 

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 tenn load forecast models account for trends in EE both in the 

historical data as well as the forecasted trends in appliance saturations as the result of various 

legislated appliance efficiency standards (Energy Policy Act of 2005 [EPAct], Energy 

Independence and Security Act [EISA] of 2007, etc.) modeled by the EI A. In addition to general 

trends in appliance efficiencies, the Company also administers multiple Demand-Side 

Management (DSM) programs that the Commissions approve as part of its DSM portfolio. The 

load forecast utilizes the most current Commission-approved programs at the time the load 

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

2.3 Overview of Forecast Methodology 

APCo's load forecasts are based mostly on econometric, statistically adjusted end-use and 

analyses of time-series data. This is helpful when analyzing future scenarios and developing 

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

APCo utilizes two sets of econometric models: 1) a set of monthly short-term models 

which extends for approximately 24 months and 2) a set of monthly long-term models which 

extends for approximately 30 years. The forecast methodology leverages the relative analytical 

strengths of both the short- and long-term methods to produce a reasonable and reliable forecast 

that is used for various planning purposes. 

For the first full year of the forecast, the forecast values are generally governed by the 

short-term models. The short-term models are regression models with time series errors which 

analyze the latest sales and weather data to better capture the monthly variation in energy sales 

for short-term applications like capital budgeting and resource allocation. While these models 
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produce extremely accurate forecasts in the short run, without logical ties to economic factors, 

they are less capable of capturing structural trends in electricity consumption that are more 

important for longer-term resource planning applications. 

The long-term models are econometric, and statistically adjusted end-use models which 

are specifically equipped to account for structural changes in the economy as well as changes in 

customer consumption due to increased energy efficiency. The long-term forecast models 

incorporate regional economic forecast data for income, employment, households, output, and 

population. 

The short-term and long-term forecasts are then blended to ensure a smooth transition 

from the short-term to the long-term forecast horizon for each major revenue class. There are 

some instances when the short-term and long-term forecasts diverge, especially when the long-

term models are incorporating a structural shift in the underlying economy that is expected to 

occur within the first 24 months of the forecast horizon. In these instances, professional 

judgment is used to ensure that the final forecast that will be used in the peak models is 

reasonable. The class level sales are then summed and adjusted for losses to produce monthly net 

internal energy sales for the system. The demand forecast model utilizes a series of algorithms to 

allocate the monthly net internal energy to hourly demand. The inputs into forecasting hourly 

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

A flow chart depicting the sequence of models used in projecting APCo's electric load 

requirements as well as the major inputs and assumptions that are used in the development of the 

load forecast is shown in Figure 2 below. 

8 



APPALACHIAN 
POWER 

ornmotm CKt io r  2018 Integrated Resource Plan ya 

Figure 2. APCo Internal Energy Requirements and Peak Demand Forecasting Method 

2.4 Detailed Explanation of Load Forecast 

2.4.1 General 

This section provides a more detailed description of the short-term and long-term models 

employed in producing the forecasts of APCo's energy consumption, by customer class. 

Conceptually, the difference between short- and long-term energy consumption relates to 

changes in the stock of electricity-using equipment and economic influences, rather than the 

passage of time. In the short term, electric energy consumption is considered to be a function of 

an essentially fixed stock of equipment. For residential and commercial customers, the most 

significant factor influencing the short term is weather. For industrial customers, economic 

forces that determine inventory levels and factory orders also influence short-term utilization 

rates. The short-term models recognize these relationships and use weather and recent load 

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

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

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

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

Relative energy prices also have an impact on electricity consumption. One important 

difference between the short-term and long-term forecasting models is their treatment of energy 

prices, which are only included in long-term forecasts. This approach makes sense because 

although consumers may suffer sticker shock from energy price fluctuations, there is little they 

can do to impact them in the short-term. They already own a refrigerator, furnace or industrial 

equipment that may not be the most energy-efficient model available. In the long term, however, 

these constraints are lessened as durable equipment is replaced and as price expectations come to 

fully reflect price changes. 

2.4.2 Customer Forecast Models 

The Company also utilizes both short-term and long-term models to develop the final 

customer count forecast. The short-term customer forecast models are time series models with 

intervention (when needed) using Autoregressive Integrated Moving Average (ARIMA) methods 

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

The long-term residential customer forecasting models are also monthly but extend for 30 

years. The explanatory jurisdictional economic and demographic variables include gross regional 

product, employment, mortgage rate, population, real personal income and households are used 

in various combinations. In addition to the economic explanatory variables, the long-term 

customer models employ a lagged dependent variable to capture the adjustment of customer 

growth to changes in the economy. There are also binary variables to capture monthly variations 

in customers, unusual data points and special occurrences. 

The short-term and long-term customer forecasts are blended as was described earlier to 

arrive at the final customer forecast that will be used as a primary input into both short-term and 

long-term usage forecast models. 
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2.4.3 Short-term Forecasting Models <© 

The goal of APCo's short-term forecasting models is to produce an accurate load forecast 

for the first full year into the future. To that end, the short-term forecasting models generally 

employ a combination of monthly and seasonal binaries, time trends, and monthly heating 

cooling degree-days in their formulation. The heating and cooling degree-days are measured at 

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

There are separate models for the Virginia and West Virginia jurisdictions of the 

Company. The estimation period for the short-term models was January 2007 through January 

2017. There are models for residential, commercial, industrial, other retail, and wholesale 

sectors. The industrial models are comprised of 20 large industrial models and models for the 

remainder of the industrial sector. The wholesale forecast is developed using models for the 

cities of Radford and Salem, Craig-Botetourt Electric Cooperative, Old Dominion Electric 

Cooperative, Virginia Tech and a private system customer in West Virginia. Kingsport Power 

Company, an affiliated company in Tennessee, is also a wholesale requirements customer of 

APCo, whose forecast is developed similar to those for the Company's Virginia and West 

Virginia jurisdictions. 

Off-system sales and/or sales of opportunity are not relevant to the net energy 

requirements forecast as they are not requirements load or relevant to determining capacity and 

energy requirements in the IRP process. 

2.4.4 Long-term Forecasting Models 

The goal of the long-term forecasting models is to produce a reasonable load outlook for 

up to 30 years in the future. Given that goal, the long-term forecasting models employ a full 

range of structural economic and demographic variables, electricity and natural gas prices, 

weather as measured by annual heating and cooling degree-days, and binary variables to produce 

load forecasts conditioned on the outlook for the U.S. economy, for the APCo service-area 

economy, and for relative energy prices. 
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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 1995-2016 

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

long-term forecast. The energy sales forecast is developed by making a billed/unbilled 

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

2.4.4.1 Supporting Models 

In order to produce forecasts of certain independent variables used in the internal energy 

requirements forecasting models, several supporting models are used, including natural gas price 

and coal production models for APCo's Virginia and West Virginia service areas. These models 

are discussed below. 

2.4.4.1.1 Consumed Natural Gas Pricing Model 

The forecast price of natural gas used in the Company's energy models comes from a 

model of natural gas prices for each state's three primary consuming sectors: residential, 

commercial, and industrial. In the state natural gas price models, sectoral prices are related to 

East North Central Census region's sectoral prices, with the forecast being obtained from ElA's 
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"2017 Annual Energy Outlook." The natural gas price model is based upon 1980-2016 historical 

data. 

(§1 
© 

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 ElA's "2017 Annual Energy Outlook." The estimation 

period for the model was 1998-2016. 

2.4.4.2 Residential Energy Sales 

Residential energy sales for APCo are forecasted using two models, the first of which 

projects the number of residential customers, and the second of which projects kWh usage per 

customer. The residential energy sales forecast is calculated as the product of the corresponding 

customer and usage forecasts. 

The residential usage model is estimated using a Statistically Adjusted End-Use model 

(SAE), which was developed by Itron, a consulting firm with expertise in energy modeling. This 

model assumes that use will fall into one of three categories: heat, cool, and other. The SAE 

model constructs variables to be used in an econometric equation where residential usage is a 

function of Xheat, Xcool, and Xother variables. 

The Xheat variable is derived by multiplying a heating index variable by a heating use 

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

equipment efficiency standards and trends; and thermal integrity and size of homes. The heating 

use variable is derived from information related to billing days, heating degree-days, household 

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

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

variable. The cooling index incorporates information about cooling equipment saturation; 
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cooling equipment efficiency standards and trends; and thermal integrity and size of homes. The 

cooling use variable is derived from information related to billing days, heating degree-days, 

© 
© 
m 

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 EJA forecasts and analysis by Itron. The 

efficiency trends are based on DOE forecasts and Itron analysis. The thermal integrity and size of 

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

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

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

The SAE residential models are estimated using linear regression models. These monthly 

models are typically for the period January 1995 through January 2017. It is important to note, as 

will be discussed later, that this modeling has incorporated the reductive effects of the EPAct, 

EISA, American Recovery and Reinvestment Act of 2009 (ARRA) and Energy Improvement 

and Extension Act of 2008 (ELEA2008) 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 
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equipment saturations for the East North Central Region, along with electric prices, economic 

drivers from Moody's Analytics, heating and cooling degree-days, and billing cycle days. As 

with the residential models, there are Xheat, Xcool and Xother variables derived within the 

model framework. The commercial SAE models are estimated similarly to the residential SAE 

models. 

2.4.4.4 Industrial Energy Sales 

Based on the size and importance of the Mine Power sector to the overall APCo 

Industrial base as well as the unique outlook for the mining sector in the long run, the Company 

models the Mine Power sales separately from the rest of the Industrial manufacturing sales in the 

long-term forecast models. 

2.4.4.4.1 Manufacturing Energy Sales 

The Company uses some combination of the following economic and pricing explanatory 

variables: service area gross regional product manufacturing, FRB industrial production indexes, 

service area industrial electricity prices and state industrial natural gas price. In addition binary 

variables for months are special occurrences and are incorporated into the models. Based on 

information from customer service engineers there may be load added or subtracted from the 

model results to reflect plant openings, closures or load adjustments. Separate models are 

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

for the industrial energy sales models is January 2017. 

2.4.4.4.2 Mine Power Energy Sales 

For its mine power energy sales models, the Company uses some combination of the 

following economic and pricing explanatory variables: service area gross regional 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 
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estimated for the Company's Virginia and West Virginia jurisdictions. The last actual data point 

for the industrial energy sales models is January 2017. 
© 
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2.4.4.5 All Other Energy Sales 

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

service area population and binary variables. 

Wholesale energy sales are modeled relating energy sales to economic variables such as 

service area employment, energy prices, heating and cooling degree-days and binary variables. 

Binary variables are necessary to account for discrete changes in energy sales that result from 

events such as the addition of new customers. Kingsport Power's load is modeled similarly to 

APCo's retail sales, with the exception that Kingsport Power does not have mine power energy 

sales. 

2.4.5 Internal Energy Forecast 

2.4.5.1 Blending Short and Long-Term Sales 

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

for 2019 are obtained by blending the results from the short-term and long-term models. The 

blending process combines the results of the short-term and long-term models by assigning 

weights to each result and systematically changing the weights so that by July 2019 the entire 

forecast is from the long-term models. The goal of the blending process is to leverage the relative 

strengths of the short-term and long-term models to produce the most reliable forecast 

possible. However, at times the short-term models may not capture structural changes in the 

economy as well as the long-term models, which may result in the long-term forecast being used 

for the entire forecast horizon. 

2.4.5.2 Losses and Unaccounted-For Energy 

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

from the source of production to consumption at the premise is measured as the average ratio of 
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all Federal Energy Regulatory Commission (FERC) revenue class energy sales measured at the © 
® 

premise meter to the net internal energy requirements metered at the source. In modeling, @) 
Ir0 

Company loss study results are applied to the final blended sales forecast by revenue class and 

summed to arrive at the final internal energy requirements forecast. 

2.4.6 Forecast Methodology for Seasonal Peak Internal Demand 

The demand forecast model is a series of algorithms for allocating the monthly internal 

energy sales forecast to hourly demands. The inputs into forecasting hourly demand are blended 

revenue class sales, energy loss multipliers, weather, 24-hour load profiles and calendar 

information. 

The weather profiles are developed from representative weather stations in the service 

area. Twelve monthly profiles of average daily temperature that best represent the cooling and 

heating degree-days of the specific geography are taken from the last 30 years of historical 

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

The 24-hour load profiles are developed from historical hourly Company or jurisdictional 

load and end-use or revenue class hourly load profiles. The load profiles were developed from 

segregating, indexing and averaging hourly profiles by season, day types (weekend, midweek 

and Monday/Friday) and average daily temperature ranges. 

In the end, the profiles are benchmarked to the aggregate energy and seasonal peaks 

through the adjustments to the hourly load duration curves of the annual 8,760 hourly values. 

These 8,760 hourly values per year are the forecast load of APCo and the individual companies 

of AEP that can be aggregated by hour to represent load across the spectrum from end-use or 

revenue classes to total AEP-East, AEP-West, or total AEP System. Net internal energy 

requirements are the sum of these hourly values to a total company energy need basis. Company 

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

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

Exhibit A. 

2.5.1 Load Forecast 

Exhibit A-l presents APCo's annual internal energy requirements, disaggregated by 

major category (residential, commercial, industrial, other internal sales and losses) on an actual 

basis for the years 2014-2017 and on a forecast basis for the years 2018-2032. The exhibit also 

shows annual growth rates for both the historical and forecast periods. Corresponding 

information for the Company's Virginia and West Virginia service areas are given in Exhibits A-

2A and A-2B. 

2.5.2 Peak Demand and Load Factor 

Exhibit A-3 provides APCo's seasonal peak demands, annual peak demand, internal 

energy requirements and annual load factor on an actual basis for the years 2014-2017 and on a 

forecast basis for the years 2018-2032. The table also shows annual growth rates for both the 

historical and forecast periods. 

2.5.3 Weather Normalization 

The load forecast presented in this Report assumes normal weather. To the extent that 

weather is included as an explanatory variable in various short- and long-term models, the 

weather drivers are assumed to be normal for the forecast period. 

2.6 Load Forecast Trends & Issues 

2.6.1 Changing Usage Patterns 

Over the past decade, there has been a significant change in the trend for electricity usage 

from prior decades. Figure 3 below presents APCo's historical and forecasted residential and 

commercial usage per customer between 1991 and 2023. During the first decade shown (1991-

2000), residential usage per customer grew at an average rate of 1.3% per year while the 
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commercial usage grew by 0.6% per year. Over the next decade (2001-2010), growth in @ 
(5§ 

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

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

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

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

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

commercial sectors, respectively, over that period. 

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 E1A which includes the projected impacts from various enacted federal 

policies mentioned earlier. 
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The result of this is a base load forecast that already includes some significant reductions © 
<§3 

in usage as a result of projected EE. For example, Figure 4 below shows the assumed cooling 

efficiencies embedded in the statistically adjusted end-use models for cooling loads. It shows that 

the average Seasonal Energy Efficiency Ratio (SEER.) for central air conditioning is projected to 

increase from 11.6 in 2010 to nearly 13.6 by 2030. The chart shows a similar trend in projected 

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

similar improvements in the efficiencies of lighting and clothes washers over the same period. 

Figure 4. Projected Changes in Cooling Efficiencies, 2010-2030 

Figure 5. Projected Changes in Lighting and Clothes Washer Efficiencies, 2010-2030 
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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 

actively engaged in administering various commission approved DSM and EE programs which 

would further accelerate the adoption of energy efficient technology within its service territory. 

As a result, the base load forecast is adjusted to account for the impact of these programs that is 

not already embedded in the forecast. 

For the near term horizon (through 2021), the load forecast uses assumptions from the 

latest commission approved DSM programs, which may differ from the levels currently being 

implemented based on projections of future market conditions. The initial base load forecast 

accounts for the evolution of market and industry efficiency standards. As a result, energy 

savings for a specific EE program are degraded over the expected life of the program. Exhibit A-

9 details the impacts of the approved EE programs included in the load forecast, which represent 

the cumulative degraded value of EE program impacts throughout the forecast period. The IRP 

process then adds the selected optimal economic EE, resulting in the total IRP EE program 

savings. 

Exhibit A-4 provides the DSM/EE impacts incorporated in APCo's load forecast 

provided in this Report. Annual energy and seasonal peak demand impacts are provided for the 

Company and its Virginia and West Virginia jurisdictions. 

2.6.3 Interruptible Load 

The Company has seven customers with interruptible provisions in their contracts. These 

customers have interruptible contract capacity of 306MW. However, these customers are 

expected to have I35MW and 170MW available for interruption at the time of the winter and 

summer peaks, respectively. An additional customer has 14MW available for interruption in 

emergency situations in DR agreements. The load forecast does not reflect any load reductions 

for these customers. Rather, the interruptible load is seen as a resource when the Company's load 

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

determination of DR is included in Section 3.4.3.1. 

2.6.4 Blended Load Forecast 

As noted above, at times the short-term models may not capture structural changes in the 

economy as well as the long-term models, which may result in the long-term forecast being used 

for the entire forecast horizon. Exhibit A-5 provides an indication of which retail models are 

blended and which strictly use the long-term model results. In addition, all of the wholesale 

forecasts utilize the long-term model results. 

In general, forecast values for the year 2018 were typically taken from the short-term 

process. Forecast values for 2019 are obtained by blending the results from the short-term and 

long-term models. The blending process combines the results of the short-term and long-term 

models by assigning weights to each result and systematically changing the weights so that by 

the end of 2019 the entire forecast is from the long-term models. This blending allows for a 

smooth transition between the two separate processes, minimizing the impact of any differences 

in the results. Figure 6 illustrates a hypothetical example of the blending process (details of this 

illustration are shown in Exhibit A-6). However, in the final review of the blended forecast, there 

may be instances where the short-term and long-term forecasts diverge especially when the long-

term forecast incorporates a structural shift in the economy that is not included in the short-term 

models. In these instances, professional judgment is used to develop the most reasonable 

forecast. 

I=a 

1 2 3 4 5 6 7 6 9 10 11 12 

Tim® Period (month#) 

Figure 6. Load Forecast Blending Illustration 
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2.6.5 Large Customer Changes 
© 

The Company's customer service engineers are in continual contact with the Company's 

large commercial and industrial customers about their needs for electric service. These customers 

will relay information about load additions and reductions. This information will be compared 

with the load forecast to determine if the industrial or commercial models are adequately 

reflecting these changes. If the changes are different from the model results, then additional 

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

2.6.6 Wholesale Customer Contracts 

Company representatives are in continual contact with wholesale customer 

representatives about their contractual needs. 

2.7 Load Forecast Scenarios 

The base case load forecast is the expected path for load growth that the Company uses 

for planning. There are a number of known and unknown potentials that could drive load growth 

different from the base case. While potential scenarios could be quantified at varying levels of 

assumptions and preciseness, the Company has chosen to frame the possible outcomes around 

the base case. The Company recognizes the potential desire for a more exact quantification of 

outcomes, but the reality is if all possible outcomes were known with a degree of certainty, then 

they would become part of the base case. 

Forecast sensitivity scenarios have been established which are tied to respective high and 

low economic growth cases. The high and low economic growth scenarios are consistent with 

scenarios laid out in the ElA's 2017 Annual Outlook. While other factors may affect load 

growth, this analysis only considered high and low economic growth. The economy is seen as a 

crucial factor affecting future load growth. 

The low-case, base-case and high-case forecasts of summer and winter peak demands and 

total internal energy requirements for APCo are tabulated in Exhibit A-7. Graphical displays of 

the range of forecasts of internal energy requirements and summer peak demand for APCo are 
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shown in Exhibit A-8. © 
© 

For APCo, the low-case and high-case energy and peak demand forecasts for the last ® 

forecast year, 2032, represent deviations of about 10.8% below and 8.0% above, respectively, the 

base-case forecast. 

2.8 Economic Development 

Section 56-599 of the Code of Virginia requires that each 1RP consider options for 

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

This IRP sets forth portfolios to meet these and other goals in a reasonable cost manner. 

The improvement in fuel diversity, including the addition of zero variable cost renewable 

resources, helps to mitigate the volatility inherent in fuel and purchase power costs. 

Predictability in retail rates is an important determinant in an energy-intensive company's 

decision whether to expand within a utility's service territory. Predictability around one of the 

larger input costs reduces the risk associated with any expansion or relocation investment, in turn 

reducing capital costs, which engenders more investment. 

It is worth noting that pricing is only one of many considerations for a firm's decision in 

locating or retaining plants. Other variables, such as power reliability, taxes, site availability and 

socio-economic considerations have varying degrees of importance. The Company endeavors to 

maintain its transmission and distribution systems to assure acceptable power quality and 

reliability. The Company does not promote economic development alone, rather it works in 

concert with local and state economic development teams. 

Additionally, some large customers have corporate requirements to supply their energy 

solely from renewable sources. To accommodate these customers, the Company may have to 

procure and dedicate specific renewable resources to serve that load. APCo has asked for the 

Commission's approval to offer both residential and large retail customers the ability to source 

their entire energy consumption from renewable energy offerings through Rider WWS. The 

Company recently received approval for Rider REC which enables customers to purchase RECs 

to offset their consumption, in addition to its currently available Rider RPR. 
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2.8.1 Economic Development Programs © 
© 
& The Company has economic development programs designed to attract new businesses 

and expand and retain existing businesses in its service territory. These programs benefit not 

only APCo through increased electricity sales, but have direct and indirect impacts on jobs for 

the region. The spillover effects associated with these jobs include the increased income 

associated with job creation, which in turn results in increased activity for local businesses and 

the creation of additional jobs, and increased tax revenues for local governments. The increased 

activity will not be confined to the APCo service area but rather further increases economic 

activity in other parts of the Commonwealth, as well. An equally important economic 

development activity is in the retention of existing jobs. Just as there is a positive ripple effect of 

adding new jobs to a region, there are negative economic ripple effects associated with losing 

jobs for the region and the Commonwealth as a whole. 

The Company has implemented a number of new initiatives that intend to encourage job 

growth and retention in its Virginia service area. One of these initiatives is APCo's Economic 

Development Growth Enhancement (EDGE) program, which offers grants to nonprofit city, 

county, or regional economic development organizations for marketing and promotion, business 

retention and expansion, and programs that support site and building development. In 2017, 

EDGE awarded the Martinsville-Henry County Economic Development Corporation a grant for 

the development of marketing materials for the Commonwealth Center for Advanced Training. 

The Company also promotes the development of new industrial properties through its Quality 

Sites Program. Through this program, the Company performs due diligence studies to assist 

growing businesses reduce overall site location risk and reduce costs associated with site 

development. 

The Company can further encourage potential business expansions or new customer 

additions by employing its Economic Development Rider (EDR). The EDR assists both the 

Company's existing customers and potential new customers. The EDR provides an incentive for 

customers with 1,000 kW or larger demand who may be associated with new investment and job 
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growth. The EDR assists existing plants that may be in competition with a firm's other plants, in @ 
<§3 

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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3.1 Current Resources [=)» 

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

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

• Existing capacity resources—current levels and anticipated changes; 

• anticipated changes in capability due to efficiency and/or environmental 

considerations; 

• changes resulting from decisions surrounding unit disposition evaluations; 

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

• load and peak demand; 

• current DR/EE; and 

• 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 PJM Installed Reserve Margin (IRM) of 15.8 percent.6 

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 (EFORD).7 The PJM FPR is 9.05% for the 2018/2019 PJM planning year, and decreases to 

8.98% for the remainder of the planning period, which ends with the 2032/2033 PJM planning 

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

I APPALACHIAN J POWER' 

o t>uwf>ms  F t tepo r  

3.0 Resource Evaluation 

6 Per Section 2.1.1 of PJM Manual 18: PJM Capacity Market (Effective: July 27, 2017). PJM Planning Parameters 

are updated each year prior to the upcoming Base Residual Auction. These values can be obtained from 

http://pim.com/markets-and-operations/rpm.asDX. This IRP uses the PJM Planning Parameters published on October 

26,2015, which reflect PJM's Capacity Performance proposal, as currently interpreted by APCo. 

7 Per Section 2.1.4 of PJM Manual 18: PJM Capacity Market (Effective: July 27, 2017). 

FPR = (1 + IRM) * (1 - EFORD). Reserve Margin = FPR - 1. 

27 

http://pim.com/markets-and-operations/rpm.asDX


1 
APPALACHIAN 
POWER 

I 

OOONDltJS c m n o v  2018 Integrated Resource Plan 

Table 1. Current Supply-Side Resources, as of April 1, 2018 

Unit Name Location Unitlflype Primaryfiuel Type C.O.D.1 
PJM Installed 

Capacity (MW.).3 

Amos 1 

Amos 2 

Amos 3 

Ceredo 1 

Ceredo 2 

Ceredo 3 

Ceredo 4 

Ceredo 5 

Ceredo 6 

Clinch River 1 

Clinch River 2 

Dresden 

Mountaineer 1 

Buck 1 - 3 

B y l l e s b y  1 - 4  

C l a y t o r  1 - 4  

Leesviilei-2 

London 1 - 3 

Marmet 1 - 3 

N i a g a r a  1 - 2  

W i n f i e l d  1 - 3  

Smith Mountain 1 

Smith Mountain 2 

Smith Mountain 3 

Smith Mountain 4 

Smith Mountains 

Clifty Creek 1-6 

Kyger Creek 

Beech Ridge 1 

Camp Grove 

Fowler Ridge 

Grand Ridge 2-3 

Sunnmersvillel-2 

Bluff Point 

Balls Gap Battery 

St. Albans, WV 

St Albans, WV 

St. Albans, WV 

Ceredo, WV 

Ceredo, WV 

Ceredo, WV 

Ceredo, WV 

Ceredo, WV 

Ceredo, WV 

Carbo, VA 

Carbo, VA 

Dresden, OH 

New Haven, WV 

Ivanhoe, VA 

Byllesby, VA 

Radford, VA 

Leesville, VA 

Montgomery, WV 

Marmet, WV 

Roanoke, VA 

Winfield, WV 

Penhook, VA 

Penhook, VA 

Penhook, VA 

Penhook, VA 

Penhook, VA 

Madison, IN 

Cheshire, OH 

Greenbriar County, WV 

Marshall County, IL 

Benton County, IN 

Marseilles, IL 

Summersville, WV 

Jay & Randolph Counties, IN 

Milton, WV 

Steam 

Steam 

Steam 

Combustion Turbine 

Combustion Turbine 

Combustion Turbine 

Combustion Turbine 

Combustion Turbine 

Combustion Turbine 

Steam 

Steam 

Combined Cycle 

Steam 

Hydro 

Hydro 

Hydro 

Hydro 

Hydro 

Hydro 

Hydro 

Hydro 

Pump. Stor. 

Pump. Stor. 

Pump. Stor. 

Pump. Stor. 

Pump. Stor. 

Steam 

Steam 

Wind 

Wind 

Wind 

Wind 

Hydro 

Wind 

Battery 

Coal 

Coal 

Coal 

Gas 

Gas 

Gas 

Gas 

Gas 

Gas 

Gas 

Gas 

Gas 

Coal 

1971 

1972 

1973 

2001 

2001 

2001 

2001 

2001 

2001 

1958 

1958 

2012 

1980 

1912 

1912 

1939 

1964 

1935 

1935 

1924 

1938 

1965 

1965 

1980 

1966 

1966 

1956 

1955 

2009 

2008 

2009 

2009 

2001 

2018 

2008 

800 

800 

1,330 

75 

75 

75 

75 

75 

75 

225 

230 

555 

1,305 

9 

22 

75 

50 

14 

14 

2 

15 

65 

175 

105 

175 

65 

179 

147 

14 

13 

13 

18 
80 

24 

_ 3 

6,970 

(A) 

(A) 

(A) 

(A) 

(A) 

(B) 
(B) 
(C) 
(C) 
(C) 
(C) 
(C) 
(C) 

(1) Commercial operation date. 

(2) Peak net capability as of filing. 

(3) Battery used for frequency regulation 

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

(B) Represents APCO's share of these units 

(C) Represents capacity from Power Purchase Agreements (PPAs) 

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

capacity planning purposes in this 1RP. Figure 7 below depicts APCo's current generation 

resources along with their current age. Unit ratings displayed in this figure are nameplate ratings. 
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Years in Service 
40 60 80 

Amos 1 - St Atbans, WV (800 MW) 

Amos 2 - St Albans, WV (800 M W) 

Amos 3 - St Albans WV (1330 M W) 

Mountaineer- New Haven, WV (1305 M W) 

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 M W) 

Ceredo 3 - Ceredo, WV (75 MW) 

Ceredo 4 - Ceredo, WV (75 M W) 

Ceredo 5 - Ceredo, WV (75MW) 

Ceredo 6 - Ceredo, WV (75 M W) 

Dresden - Dresden, OH (555 MW) 

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

Byltesby 1-4 - ByOesby. VA (21.6 MW) 

CJaytor 1-4 - Radford, VA (75.5 MW) 

leesvfiJe 1-2 - LeesvUle, VA (50.0 MW) 

London 1-3- Montjomery, WV (14.4 MW) 

Marmet 1-3 - Marmet, WV (14.4 MW) 

Niagara 1-2 - Roanoke, VA (2.4 MW) 

Wlnfleld 1-3-Wtnfleld, WV (140 MW) 

Smith Mountain 1- Penhook, VA (70MW) 

Smith Mountain 2- Penhook, VA (185 MW) 

Smith Mountains- Penhook. VA (105 MW) 

Smith Mountain 4- Penhook. VA (185 MW) 

Smith Mountain 5- ftnhook, VA (70MW) 

SummersviDe l-Summetsvffle, WV(40MW) 

Summersville 2- Summersvtlle, WV (40 MW) 

Grand RUge 2 - Marseilles It (51 MW) 

Grand RUge 3- Marseilles IL(SO MW) 

Fowler RWge 3 - Fowler, IN (100 MW) 

Camp Grove - Marshall County, IL (75 MW) 

Beech Ridge - Rupert, WV (101 MW) 

Bluff Point - Jay & Randolph Counties IN (120 MW) 

BaQs Gap - Milton, WV (2 MW) 

• Represents APCo Share of Ohio Valley Electric Corporation (OVEC) units at Clifty Creek and Kyger Creek Plants 

120 

Hydro 

Figure 7. Current Resource Fleet (Owned and Contracted) with Years in Service, as of April 1, 2018 

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

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

and wind Power Purchase Agreements (PPAs). The "Going-ln" position also includes a I51VIW 

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

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 1RP 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: 

• Gas generation resources may require a firm natural gas supply or dual-fuel (gas/oil) 

capability to hedge against non-performance due to lack of firm gas supply; 

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

• full nameplate capacity of Smith Mountain when determining the Capacity Performance 

• solar resources will be valued at 38% of nameplate capacity rating, consistent with 

current PJM rating for new solar sources; 

• wind resources will be valued at 5% of nameplate capacity rating, a reduction from 

current PJM rating of 13.5% for new wind sources; and 

• DR resources will be reduced to approximately 50% of currently planned levels. This 

reduction is in anticipation of current DR customers electing not to renew DR contracts 

due to uncertainty associated with penalties for non-performance. This assumption will 

be revisited in future IRP's as participation in the Company's proposed DR tariffs is 

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 

rating; 

realized. 
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these resources being coupled from a capacity performance perspective. The Company will @ 

© 
continue to investigate methods to maximize the utilization of its current (and future) intermittent q, 

resource portfolio within that construct. An example could be the coupling of run-of-river hydro, ^ 

pumped storage, battery storage, wind and potential solar resources in a manner that would 

mitigate non-performance risk. For instance, if that were to occur, then there is a reasonable 

prospect that the need for incremental capacity resources set forth in the various portfolios in this 

Report could be deferred further into the future. 

3.3 Environmental Issues and Implications 

It should be noted that the following discussion of environmental regulations is based on 

the assumptions made by the Company and incorporated into its analysis within this IRP. 

Activity including but not limited to Presidential Executive Orders, litigation, petitions for 

review, and EPA proposals may delay the implementation of these rules, or eventually affect the 

requirements set forth by these regulations. While such activities have the potential to materially 

change the regulatory requirements the Company will face in the future, all potential outcomes 

cannot be reasonably foreseen or estimated and the assumptions made within the IRP represent 

the Company's best estimation of outcomes as of the filing date. The Company is committed to 

closely following developments related to environmental regulations, and will update its analysis 

of compliance options and timelines when sufficient information becomes available to make 

such judgments. 

3.3.1 Mercury and Air Toxics Standards (MATS) 

The final Mercury and Air Toxics Standard (MATS) Rule became effective on April 16, 

2012 and required compliance by April 16, 2015.8 This rule regulates emissions of hazardous air 

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

8 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 I&2. 

31 



? t=a 
APPALACHIAN rn 
POWER @8) 

I iffl 

© 
& 
fe3 

RGUHOIFSS erifUQf _2018 Integrated Resource Plan ^ 

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 (SO2) (alternate to HCI) for generating 

units that have operating Flue Gas Desulfurization (FGD) systems. The rule regulates organic 

hazardous air pollutants through work practice standards. 

In April 2014, the U.S. Court of Appeals for the District of Columbia Circuit denied all 

of the petitions for review of the April 2012 final rule. Industry trade groups and several states 

filed petitions for further review in the U.S. Supreme Court and the court granted those petitions 

in November 2014. 

In June 2015, the U.S. Supreme Court reversed the decision of the U.S. Court of Appeals 

for the District of Columbia Circuit. The U.S. Court of Appeals for the District of Columbia 

Circuit remanded the Mercury and Air Toxics Standards (MATS) rule for further proceedings 

consistent with the U.S. Supreme Court's decision that the Federal EPA was unreasonable in 

refusing to consider costs in its determination whether to regulate emissions of Hazardous Air 

Pollutants (HAPs) from power plants. The Federal EPA issued notice of a supplemental finding 

concluding that it is appropriate and necessary to regulate HAP emissions from coal-fired and 

oil-fired units. Management submitted comments on the proposal. In April 2016, the Federal 

EPA affirmed its determination that regulation of HAPs from electric generating units is 

necessary and appropriate. Petitions for review of the Federal EPA's April 2016 determination 

have been filed in the U.S. Court of Appeals for the District of Columbia Circuit. Oral argument 

was scheduled in May 2017, but in April 2017 Federal EPA requested that oral argument be 

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

APCo's supercritical units (Amos Units 1-3, Mountaineer Unit 1) are able to meet the 

MATS Rule requirements as a result of previously installed control equipment including 

Selective Catalytic Reduction (SCR) for mitigation of nitrogen oxide (NOx) emissions and FGD 

32 



7 p 
APPALACHIAN 
POWER 

I 

OQUNDIFPS PWffPfir 201 SJntegrated Resource Plan ^ 

systems for mitigation of SO2 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 I & 3). 

3.3.2 Cross-State Air Pollution Rule (CSAPR) 

In 2011, the Federal EPA issued CSAPR as a replacement for the Clean Air Interstate 

Rule (CAIR), a regional trading program designed to address interstate transport of emissions 

that contributed significantly to downwind nonattainment with the 1997 ozone and PM 

NAAQS. Certain revisions to the rule were finalized in 2012. CSAPR relies on newly-created 

SO2 and NOx allowances and individual state budgets to compel further emission reductions from 

electric utility generating units. Interstate trading of allowances is allowed on a restricted sub-

regional basis. 

Numerous affected entities, states and other parties filed petitions to review the CSAPR 

in the U.S. Court of Appeals for the District of Columbia Circuit. In 2012, the court issued a 

decision vacating and remanding CSAPR to the Federal EPA with instructions to continue 

implementing CAIR until a replacement rule is finalized. Federal EPA and other parties filed a 

petition for review in the U.S. Supreme Court, which was granted in June 2013. In April 2014, 

the U.S. Supreme Court issued a decision reversing in part the decision of the U.S. Court of 

Appeals for the District of Columbia Circuit and remanding the case for further proceedings 

consistent with the opinion. The Federal EPA filed a motion to lift the stay and allow Phase J of 

CSAPR to take effect on January 1, 2015 and Phase II to take effect on January 1, 2017. The 

court granted the Federal EPA's motion. The parties filed briefs and presented oral arguments. 

In July 2015, the U.S. Court of Appeals for the District of Columbia Circuit found that the 

Federal EPA over-controlled the SO2 and/or NOx budgets of 14 states. The U.S. Court of 

Appeals for the District of Columbia Circuit remanded the rule to the Federal EPA to timely 

revise the rule consistent with the court's opinion while CSAPR remains in place. 
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In October 2016, a final CSAPR update rule was issued to address the remand and to © 

incorporate additional changes necessary to address the 2008 ozone standard. The final rule 

significantly reduced ozone season budgets in many states and discounted the value of banked 

CSAPR ozone season allowances beginning with the 2017 ozone season. The rule has been 

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

APCO will rely on the installed SCR and FGD systems' respective emission reductions 

ofNOxand SO2, the use of allocated NOxand SO2 emission allowances in conjunction with 

adjusted banked allowances, and the purchase of additional allowances as needed through the 

open market to comply with CSAPR Phase 2 and the CSAPR Update. 

3.3.3 National Ambient Air Quality Standards (NAAQS) 

The Clean Air Act (CAA) requires the EPA to establish and periodically review NAAQS 

designed to protect public health and welfare. The Federal EPA issued new, more stringent 

national ambient air quality standards (NAAQS) for PM in 2012, SO2 in 2010 and ozone in 

2015. Reviews of the PM, NO2 and SO2 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 SO2 NAAQS and may develop additional requirements for our facilities as a 

result of those evaluations. In April 2017, Federal EPA requested a stay of proceedings in the 

U.S. Circuit Court for the District of Columbia Circuit where challenges to the 2015 ozone 

standard are pending, to allow reconsideration of that standard by the new administration. 

Management cannot currently predict the nature, stringency or timing of additional requirements 

for our facilities based on the outcome of these activities. 

3.3.4 Coal Combustion Residuals (CCR) Rule 

In April 2015, the Federal EPA published a final rule to regulate the disposal and 

beneficial re-use of coal combustion residuals (CCR), including fly ash and bottom ash generated 

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

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

non-hazardous solid waste by its issuance of new minimum federal solid waste management 
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standards. The rule applies to new and existing active CCR landfills and CCR surface 
<© 

iinpoundments at operating electric utility or independent power production facilities. The rule 0 

imposes new and additional construction and operating obligations, including location ^ 

restrictions, liner criteria, structural integrity requirements for impoundments, operating criteria 

and additional groundwater monitoring requirements to be implemented on a schedule spanning 

an approximate four year implementation period. Challenges to the rule by industry associations 

of which AEP is a member are proceeding. 

In December 2016, the U.S. Congress passed legislation authorizing states to submit 

programs to regulate CCR facilities, and the Federal EPA to approve such programs if they are 

no less stringent than the minimum federal standards. The Federal EPA may also enforce 

compliance with the minimum standards until a state program is approved or if states fail to 

adopt their own programs. 

Because AEP currently uses surface impoundments and landfills to manage CCR 

materials at generating facilities, significant costs will be incurred to upgrade or close and 

replace these existing facilities at some point in the future as the new rule is implemented. 

Management recorded a $95 million increase in asset retirement obligations in the second quarter 

of 2015 primarily due to the publication of the final rule. Management will continue to evaluate 

the rule's impact on operations. 

While the necessary site-specific analyses to determine the requirements under the final 

CCR Rule are ongoing, initial estimates of anticipated plant modifications and capital 

expenditures are factored into this FRP. It should be noted that APCo's Amos and Mountaineer 

Plants are already equipped with dry fly ash handling systems and dry ash landfills to meet 

current permit requirements, and that these projects also position the plants well for future 

compliance with the CCR rulemaking. 

Based on the timing of the gas conversion for Units 1 and 2 at the Clinch River Plant, that 

landfill is not subject to the requirements of the final CCR Rule. However, the ash pond la/lb 

is, as an inactive surface impoundment captured by the rule. 
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3.3.5 Effluent Limitations Guidelines <© 
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In November 2015, EPA issued a final rule revising effluent limitation guidelines for ® 

electricity generating facilities. The final rule established limits on flue gas desulfurization 

(FGD) wastewater, fly ash and bottom ash transport water (BATW) and flue gas mercury control 

wastewater as soon as possible after November 2018 and no later than December 2023. These 

new requirements were to be implemented through each facility's wastewater discharge permit. 

The rule has been challenged in the U.S. Court of Appeals for the Fifth Circuit. In March 2017, 

industry associations, of which AEP is a member, filed a petition for reconsideration of the rule 

with the EPA. In April 2017, the EPA announced its intent to grant reconsideration of the rule 

and in September 2017, issued a stay of the FGD wastewater and BATW compliance deadlines. 

The Federal EPA also filed a motion seeking a stay of the litigation in the U.S. Court of Appeals 

for the Fifth Circuit for 120 days, which was granted by the Court on April 24, 2017. 

Management continues to assess technology additions and retrofits to comply with the rule and 

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

To ensure compliance with the ELG Rule, APCo has determined that wastewater 

treatment projects may be necessary at its supercritical coal-fired units and these have been 

considered as part of the respective long-term unit evaluations. Both the Amos and Mountaineer 

Plants utilize wet bottom ash handling systems, while the Amos Plant operates a FGD 

wastewater treatment system without biological treatment. Initial estimates of the potential plant 

modifications and capital expenditures to comply with the ELG Rule are not expected to impact 

APCo's future resource decisions. Similar to the effect on CCR compliance mentioned above 

the existing dry fly ash handling systems and dry ash landfills, along with existing wastewater 

treatment plants for FGD blowdown at both the Amos and Mountaineer Plants position them 

well for compliance with the final ELG rulemaking. 

3.3.6 Clean Water Act 316(b) Rule 

A final rule under Section 316(b) of the Clean Water Act was issued by EPA on August 

15, 2014, with an effective date of October 14, 2014, and affects all existing power plants 
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withdrawing more than two million gallons of cooling water per day. The rule offers seven @1 
© 

technology options to comply with a standard that addresses impingement of aquatic organisms S 

on cooling water intake screens and requires site-specific studies to determine appropriate 

compliance measures to address entrainment of organisms in cooling water systems for those 

facilities withdrawing more than 125 million gallons per day. The overall goal of the rule is to 

decrease impacts on fish and other aquatic organisms from operation of cooling water intake 

systems. Additional requirements may be imposed as a result of consultation with other federal 

agencies to protect threatened and endangered species and their habitats. 

Facilities with existing closed cycle recirculating cooling systems, including the Amos, 

Clinch River, Dresden, and Mountaineer Plants, may not be required to make any technology 

changes. This determination would be made by the applicable state environmental agency 

during the plants' next National Pollutant Discharge Elimination System (NPDES) permit 

renewal cycle. If additional capital investment is required, the magnitude is expected to be 

relatively small compared to the investment that could be needed if the plants were not equipped 

with cooling towers. Given that all of APCo's active units are already equipped with either 

natural draft, hyperbolic or forced draft mechanical cooling towers, and these units withdraw less 

than 125 million gallons of water per day, the anticipated impact of the 316(b) rule is assumed to 

be limited to the installation of flow monitoring equipment. 

3.3.7 New Source Review Consent Decree 

In December 2007, AEP companies entered into a settlement of outstanding litigation 

(Consent Decree) around New Source Review compliance. Pursuant to the terms of the 

settlement, those companies have completed environmental retrofit projects on their Eastern 

units, are operating the units under a declining cap on total SO2 and NO* emissions, and will 

install additional control technologies at certain units. For APCo, the most significant control 

projects under the Consent Decree involved continuing the installation of previously planned 

SCR and FGD systems at Amos Units 1-3 and Mountaineer Unit 1. Additionally, the Consent 

Decree called for APCo's Clinch River units (1-3) to install Selective Non-Catalytic Reduction 

(SNCR) for NO* reduction. The retrofits to the APCo plants have been completed. 

I APPALACHIAN 
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Two minor modifications to the Consent Decree were made in 2009 and 2010 to adjust 

the FGD retrofit dates for APCo's Amos Units 1 and 2. In May 2013, a third modification to the 

Consent Decree was approved that contains specific retrofit requirements for APCo's affiliates, 

as well as reductions to the caps for SO2 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 SO2 caps contained within the Modified New Source Review Consent 

Decree for the coal units owned by AEP-East operating companies, including APCo, are 

displayed in Table 2 and Table 3. Additional modifications to the specific retrofit requirements at 

an APCo affiliate's facility in Indiana, which would include reductions in the AEP-East system 

caps for NOx and SO2 are being sought. These changes are not anticipated to affect APCo's 

operations at Amos or Mountaineer. 

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

Calendar Year 

2009 

2010 

2011 
2012 
2013 
2014 

2015 
2016, and each year 

thereafter 

Annual Tonnage 

Limitations for NOx 

96,000 

92,500 

92,500 

85,000 

85,000 

85,000 

75,000 

72,000 

Table 3. Modified Consent Decree Annual S02 Cap for AEP-East 

CalendarYear 

2016 

2017 

2018 

2019-2021 

2022-2025 

2026-2028 

2029, and each year 

thereafter 

Annual Tonnage 

Limitations forS02 

145,000 

145,000 

145,000 

113,000 

110,000 
102,000 

94,000 

IIR 
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3.3.8 Carbon Dioxide (C02) Regulations, Including the Clean Power Plan (CPP) © 

On October 23, 2015, EPA published two final rules to regulate carbon dioxide (CO2) ®JJJ 

emissions from fossil fuel-based electric generating units. EPA finalized New Source 

Performance Standards (NSPS) under Section 111(b) of the CAA that apply to new fossil units, 

as well as separate standards for modified or reconstructed existing fossil steam units. 

Separately, EPA finalized a rule referred to as the CPP, which establishes CO2 emission 

guidelines for existing fossil generation sources under Section 111(d) of the CAA. EPA also 

issued for public comment a proposed federal plan to implement the CPP if states fail to submit 

or do not develop an approvable state plan for compliance. 

EPA finalized CO2 NSPS for neM> sources at 1,400 pounds CO2 per megawatt-hour gross 

(Ib/M Wh-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 Ib/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 CO2 emission 

performance rates for fossil steam units (coal-, oil-, and gas-steam based units) and for stationary 

combustion turbines (which EPA defines as natural gas combined cycle units). The rates were 

established based on EPA's application of three building blocks as the Best System of Emission 

Reduction (BSER) for existing fossil generating units. Block 1 assumes efficiency improvements 

at existing coal units. Building Block 2 assumes the increased use of NGCC units that would 

displace coal based generation. Building Block 3 entails the expansion of renewable energy 

sources that would displace generation from both coal and NGCC units. Excluded from the 

BSER process was consideration of nuclear energy, simple cycle gas turbines, and energy 

efficiency measures (originally proposed by EPA as Building Block 4), all of which had been 

included in the 2014 proposed rule. 
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From the national emission performance rates, EPA also developed equivalent state- <@ 

specific emission rate goals and equivalent state-specific mass-based goals as alternatives for the ^ 

interim period (2022-2029) and the final period (2030 and beyond). States may use the national 

emission performance rate, the interim and final emission rate goals, or the interim and final 

mass-based goals to develop their state plans, or demonstrate that alternative goals are justified 

based on state-specific circumstances and seek EPA approval through the state plan. For the 

states in which APCo-owned or purchased fossil generation reside, EPA's state-specific 

equivalent mass-based goals for the interim and final compliance periods are included in Table 4. 

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

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

Short Tons of CO 

Annual Average 

Interim Goal -

Step 1 

Annual Average 

Interim Goal -

Step 2 

Annual Average 

Interim Goal -

Step 3 

Annual Average 

Interim Goal 

Annual Average 

Final Goal 

State 2022 - 2024 2025 - 2027 2028 - 2029 2022 - 2029 2030+ 

Indiana 

Ohio 

Virginia 

West Virginia 

92,010,787 

88,512,313 

31,290,209 

62,557,024 

83,700,336 

80,704,944 

28,990,999 

56,762,771 

78,901,574 

76,280,168 

27,898,475 

53,352,666 

85,617,065 

82,526,513 

29,580,072 

58,083,089 

76,113,835 

73,769,806 

27,433,111 

51,325,342 

Table 5. APCo State Rate-Based Clean Power Plan Goals 

Annual Average 

Interim Goal -

Step 1 

Ib/MWh C02 Emission Rate 

Annual Average 

Interim Goal -

Step 2 

Annual Average 

Interim Goal-

Step 3 

Annual Average 

Interim Goal 

Annual Average 

Final Goal 

State 

Indiana 

Ohio 

Virginia 

West Virginia 

2022 - 2024 

1,578 

1,501 

1,120 

1,671 

2025-2027 

1,419 

1,353 

1,026 

1,500 

2028-2029 

1,309 

1,252 

966 

1,380 

2022-2029 

1,451 

1,383 

1,047 

1,534 

2030+ 

1,242 

1,190 

934 

1,305 

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

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

generation sources. For example, when determining the impacts of a (intensity) rate-based 
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implementation approach, it was assumed that all resources, regardless of location, would utilize 

a rate-based approach. This was done for both consistency and to simplify the overall 

implications to the whole of APCo. 

EPA delayed the start of the initial compliance period from 2020 in the proposed rule to 

2022 in the final. States that decide to develop a state plan to implement the CPP have the option 

of developing a single state plan, a multi-state plan, or a "trading ready" plan that satisfies EPA's 

requirements for linking state plans to facilitate multi-state trading of emissions allowances 

among states that use a mass-based approach, or emission rate credits among states that use a 

rate-based approach. A final state plan or request for extension must be submitted to EPA by 

September 6, 2016. A two-year extension for submitting a final state plan is available if certain 

criteria are met by the state. 

The final rules are being challenged in the courts. In February 2016, the U.S. Supreme 

Court issued a stay on the final Clean Power Plan, including all of the deadlines for submission 

of initial or final state plans. The stay will remain in effect until a final decision is issued by the 

U.S. Court of Appeals for the District of Columbia Circuit and the U.S. Supreme Court considers 

any petition for review. 

In March 2017, the Federal EPA filed in the U.S. Court of Appeals for the District of 

Columbia Circuit notice of 1) an Executive Order from the President of the United States titled 

"Promoting Energy Independence and Economic Growth" directing the Federal EPA to review 

the Clean Power Plan and related rules; 2) the Federal EPA's initiation of a review of the Clean 

Power Plan and 3) if the Federal EPA determines appropriate, a forthcoming rulemaking related 

to the Clean Power Plan consistent with the Executive Order. In this same filing, the Federal 

EPA also presented a motion to hold the litigation in abeyance until 30 days after the conclusion 

of review and any resulting rulemaking. On April 28, 2017, the Court stayed the Clean Power 

Plan litigation for 60 days and directed parties to the case to file briefs addressing the future of 

the litigation. 

On October 16, 2017, EPA issued a proposed rule to repeal the CPP. Comments on this 

proposal are due by April 26, 2018, two (2) days prior to the due date of this Report. The 
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Company is preparing comments on the October 2017 proposed rule. On December 18, 2017, c® 

© 
EPA released an advance notice of proposed rulemaking (ANPR), seeking information that EPA <g), 

should consider as it develops new proposed guidelines to reduce emissions of greenhouse gases ^ 

from existing electric generating units. APCo will closely monitor EPA's final rule on the CPP 

as well as any information submitted in response to the ANPR and any subsequent guidelines 

proposed by EPA. 

3.3.9 The Proposed Federal Plan and Model Rules 

On the same day that the CPP was published, EPA proposed model rules that states can 

use to develop "trading ready" plans based on either the state rate or mass goals, and that will 

provide a framework for the development of a federal plan if a state plan is either not submitted 

or is disapproved by EPA. These proposed rules can also be used as a backstop regulatory 

measure for a "state measures" plan that includes programs or activities beyond those that were 

included in the "BSER" EPA developed as a basis for the state plans and model rules. As 

proposed rules, which are subject to public notice and comment, there is the potential that key 

elements of the model rules or EPA's proposed approach to developing a federal plan could 

change significantly before they are finalized and implemented. 

EPA initially intended to finalize model rules for both the rate-based state planning 

option and the mass-based state planning option. EPA has proposed the same two options for a 

federal plan, but EPA has indicated that it would prefer to finalize only one approach that would 

be applied to all states that become subject to a federal plan. This would allow interstate trading 

among all states that become subject to a federal plan, and other states that have adopted a 

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

However, there are several key distinctions between the proposed federal plan and state 

plan options which could potentially affect compliance decisions and customer costs. Under the 

rate-based federal plan, EPA would not allow for the use of EE measures to generate Emission 

Reduction Credits (ERCs). This could significantly reduce the supply of ERCs for a state subject 

to a federal plan. Also, under the mass-based federal plan, EPA would use an allowance 
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allocation methodology based on historic generation that includes allowance set-asides to 

address leakage, including providing allowances to new renewable energy sources and natural 

© 
© 

gas combined cycle units that achieve utilization rates above 50 percent. While APCo has 

attempted to approximate the effect of such measures within this filing, many elements of the 

federal plan will remain uncertain and speculative until finalized. 

Following the President's Executive Orders directing the EPA to review the CPP, the 

EPA announced on April 3, 2017, that it is withdrawing both the Model Trading Rules and the 

Clean Energy Incentive Program Design Details. 

The following Sections of this 1RP, from 3.3.10 through 3.3.17 are based on requirements 

set by the Commission in the SCC's Final Order on APCo's 2015 IRP, and continue to be 

included in the Company's IRP for information purposes. While there has been much activity 

regarding the CPP in recent months, none of that activity has yet resulted in substantial changes 

to the rule or its implementation. For that reason the Company continues to include a CPP 

analysis in its IRP. 

3.3.10 Virginia-Specific Target Rates Versus Subcategory-Specific Rates 

If Virginia elects to pursue a state plan approach that is based on a carbon intensity rate 

(i.e., pounds of CO2 per MWh of electricity produced (Ib./MWh)), there are several options for 

program design. As noted above, EPA has established uniform national emission rates for two 

sub-categories: (1) existing fossil steam units (any unit that fires coal, oil, or natural gas alone or 

in combination with other fuels to produce steam in a boiler which is then used to produce 

electricity); and (2) existing natural gas-fired combined cycle units. The interim rates for steam 

units must average 1,534 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 lb./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 
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become enforceable obligations for each affected unit located within Virginia, then the owners 

and operators of each affected unit must collect a sufficient number of ERCs to demonstrate 

compliance on a unit-specific basis through the calculations provided in EPA's emission 

guidelines. Virginia can choose to participate in multi-state trading schemes for ERCs with 

states also utilizing a subcategory rate approach in order to allow unit owners and operators to 

take advantage of the benefits of a broader trading market. 

Alternatively, EPA has calculated an emission rate target for Virginia, based upon the 

characteristics of the fleet of affected units operating in Virginia in 2012, and their contribution 

to the total amount of electricity generated by affected units in that year. During the interim 

period, Virginia's state-specific target begins at 1,120 Ib./MWh and ends at 934 Ib./MWh in 

2030 and beyond. If the state-specific target rates are used as the basis for the CPP, owners and 

operators of affected units must still assure that in the aggregate, they possess sufficient ERCs to 

demonstrate compliance on a state-wide basis. However, use of a Virginia specific rate approach 

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

APCo would expect that, given the multi-state operations of the utilities serving the 

majority of Virginia electricity customers, and the advantages of participating in a multi-state 

trading program, choosing a program design based on the subcategory-specific rates and 

allowing interstate trading of ERCs would provide the greatest benefits for Virginia customers. 

However, further analysis of these options and their impacts should be undertaken using a 

production cost model capable of analyzing multiple states and their potential plan structures 

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

3.3.11 Leakage and Treatment of New Units 

EPA requires states that elect to adopt a mass-based emission allowance program instead 

of the unit-specific emission rates or equivalent state-specific rate goals described in the 

emission guidelines to include measures to address what it terms "leakage." EPA describes the 

concept of "leakage" as follows: 
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"Where shifts in generation to unaffected fossil-fuel sources result in increased 

emissions, relative to what would have happened had generation shifts consistent with the BSER 

occurred." 

© 

In general, EPA's modeling projects that if states adopt a mass-based allowance program 

instead of a rate-based program, new NGCC units will displace a larger portion of the generation 

from existing sources, and total sector emissions (that is, emissions from both new and existing 

sources) will be greater. 

EPA provides two methods to address the "leakage" issue in a mass-based state plan. 

First, states can elect to include new units in the mass-based compliance program, and EPA has 

calculated a "new source complement" that provides additional allowances to accommodate the 

new sources. Alternatively, EPA has designed two allowance set-asides that would be withheld 

from general distribution, and instead awarded to new renewable resources or existing NGCC 

units that operate at capacity factors above 50 percent. While the new source complement does 

permanently restrain growth in emissions from electric generating units, the set-asides may not 

have the same effect in individual states, particularly if the state participates in a broader regional 

or national trading system. 

EPA's authority to regulate total sector emissions under a program developed under 

Section 111(d), which is particularly targeted at existing units, is questionable, and the 

methodology used by EPA to calculate the new source complement may not be sound and 

provides no flexibility for unanticipated changes. States are afforded an opportunity to 

demonstrate that "leakage" does not need to be addressed in their plans. AEP continues to work 

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

3.3.12 Potential for Early Action ERCs/Allowances 

As part of the final emission guidelines, EPA proposed to include a Clean Energy 

Incentive Program (CE1P) as a mechanism to award up to an additional 300 million ERCs or 

allowances to certain types of projects that commence construction after the date for submittal of 

a final plan and operate during 2020 and 2021. For purposes of the federal plan that EPA would 
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administer, only wind and solar renewable energy projects that produce revenue-quality metered 

electricity would be eligible. States can include broader categories of renewable resources in the 

plans they submit for EPA approval. EPA has also proposed to award ERCs or allowances to 

certain energy efficiency projects in low income communities, but the details of the program 

have not been fully developed. 

The CEIP provides credit for a very narrow range of activities, and requires states to 

"match" the federal credits or allowances with ERCs or allowances that are "borrowed" from 

their state budgets. EPA has solicited comments on all aspects of the CEIP and may 

substantially change the program in its final model rules. Until there is some certainly regarding 

eligibility and the mechanics of applying for and receiving credit for early actions, it is not 

possible to quantify its impact. 

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

of Renewable Resources 

APCo currently owns two existing natural gas-fired steam generating units in Virginia, 

four existing coal-fired steam generating units in West Virginia, an existing NGCC facility in 

Ohio, and purchases energy from an existing coal-fired generating station in Ohio and an 

existing coal-fired generating facility in Indiana. APCo also owns existing hydroelectric 

facilities in Virginia and West Virginia, and purchases power from renewable energy facilities in 

West Virginia, Indiana and 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 

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 stafes that choose the same fundamental program design (rate- or mass-based) 

and whose "currency" (allowances or ERCs) are generated and tracked through an EPA-

administered or EPA-approved program as outlined in the model trading rules. 

t=fl 
© 
© 
<S92> 

46 



APPALACHIAN  ̂
POWER (§3 

oeuwnifjj wear 2018 Integrated Resource Plan W 

The benefits gained by participation in a broader market-based system result from the <© 

market's greater liquidity which allows for more efficient use of available compliance 

instruments. Interstate trading would also enable affected sources to take advantage of the best 

geographic locations available to generate renewable energy to either provide supplemental 

energy for Virginia customers under a mass-based program or generate ERCs to assist in 

compliance with a rate-based program. It is not possible to reach a firm conclusion about the 

most cost-effective approach for Virginia without more detailed information and better insight 

into the final framework of the CPP, and the approaches that other states are likely to take. 

However, prior analyses by various regional transmission organizations, including PJM 

Interconnection, LLC, the Midwest Independent System Operator (MISO), and the Southwest 

Power Pool, suggest that a multi-state trading program would be more cost-effective. Further 

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

It seems unlikely that a state-specific program with limited in-state trading would be the 

most cost-effective option for APCo customers under either a rate-based or mass-based 

approach. Broader markets generally produce more cost-effective reductions, and several of 

Virginia's utilities have operations in multiple states, so compliance planning and optimization 

of the most cost-effective compliance strategies across multiple jurisdictions would be facilitated 

by a more robust interstate trading program. 

3.3.14 Other States' Compliance Planning Approaches 

As of the date of this filing, Indiana, Ohio, and West Virginia have not determined 

specific compliance planning approaches. As a result of the stay issued by the U.S. Supreme 

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

judicial review or additional EPA action is completed. 

3.3.15 Virginia Greenhouse Gas Cap and Trade Program 

In 2017, the Virginia State Air Pollution Control Board (Board) proposed a regulation 

that would regulate greenhouse gas emissions from electric generation facilities within the 

Commonwealth of Virginia (Proposed Virginia Greenhouse Gas Regulation) and would set an 
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initial electric sector emissions budget for Virginia of 33 or 34 million tons of COj beginning in 

2020 and decline by three percent each year thereafter. Allowances equal to the tonnage cap 

© 
© 
& 

would be allocated for each year of the program to affected facilities and for other purposes. 

Affected facilities would then be required to submit allowances equal to their emission tonnage 

to demonstrate compliance with the regulation. APCo has not yet considered the potential effect 

of the Proposed Virginia Greenhouse Gas Regulation upon its facilities covered by the proposed 

rule (specifically its natural gas fired units, Clinch River 1&2), although annual emissions at 

Clinch River represent less than 1% of the overall Virginia emission budget proposed in the 

regulation. 

3.3.16 Long-Term Recommendations 

Given the significant issues regarding EPA's authority to adopt and implement the CPP, 

the changes that might be made to the proposed federal plan and model rules based on comments 

received, and the limited state planning that has occurred, it is not possible to provide any long-

term recommendations at this time. However, as discussed later in this Report, the Company 

believes that the resource plan being proposed in this IRP should preserve reasonable CPP 

implementation optionality regardless of the rule's ultimate outcome and, with that, any 

attendant future cost exposures to its customers. 

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

In the 2016 IRP Order, the Commission ordered the Company to identify whether any 

aspect of its plans to comply with the CPP or the proposed or final CPP itself would require 

changes to existing Virginia law. Because no specific information about the potential structure 

of a state or federal plan to implement the CPP is available, it is difficult to provide any 

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

Currently, the Board has authority to develop and adopt regulations governing air 

pollutant emissions from stationary sources like power plants. For example, the Office of the 

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

broad authority to issue regulations. 
y 

Although the General Assembly has given the Board limited authority to develop 

emissions trading programs in Code § 10.1-1322.3 solely for the purpose of achieving and 

maintaining the national ambient air quality standards (NAAQS) under Section 108 of the CAA, 

this grant of authority would not permit it to implement the CPP, which EPA proposed pursuant 

to Section 111 (d) of the CAA. 

Moreover, the Board has no regulatory authority over the operation of existing electric 

generating units, nor any authority to require the construction or use of specific types of new 

generation, particularly non-emitting forms, which could be part of the final CPP or CPP 

compliance plans. 

Certain aspects of the CPP may also conflict with Virginia's integrated resource planning 

structure or other aspects of Virginia utility law and regulations. For example, Virginia's IRP 

authorizing statutes and Guidelines direct electric utilities to formulate a plan that "is most likely 

to provide the electric generation supply needed to meet the forecasted demand ... so that the 

utility will continue to provide reliable service at reasonable prices over the long term.," 

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

Moreover, recently enacted the 2018 Virginia Act requires the Company to apply for the 

Commission's approval of, among other things, the acquisition or construction of 200MW of 

solar in the Commonwealth and the investment of $140 million in energy efficiency programs 

over a period of years. These requirements could impact how the Company would comply with 

the CPP. 

Finally, because APCo operates in two jurisdictions, its least-cost compliant plan will 

depend not only on the choices made by Virginia regulators, but also on the choices made by 

regulators in West Virginia, and potentially in other states where its generation units are located. 

Thus, Virginia legislators may need to provide utilities with greater flexibility in formulating 

such plans, and to allow the Commission greater discretion in their evaluation. 

49 



1 
APPALACHIAN 
POWER 

( 

COOHOitSO tMBHOt' 2018 Integrated Resource Plan yi1) 
__ - ^ . .  • • • W 

Based on all of the foregoing considerations, the existing authorities granted to the Board © 
© 

and/or the Commission may not be sufficient to create an optimal state plan, or facilitate the 

implementation of a federal plan as envisioned by the CPP. As obligations related to the ^ 

development of a state plan have been stayed, and the federal plan has not yet been finalized, it is 

not possible at this time to describe any necessary state law changes with specificity. 

3.4 APCo Current Demand-Side Programs 

3.4.1 Background 

DSM refers to, for the purposes of this IRP, utility programs, including tariffs, which 

encourage reduced energy consumption, either at times of peak consumption or throughout the 

day/year. Programs or tariffs that reduce consumption primarily at periods of peak consumption 

are DR programs, while around-the-clock measures are typically categorized as EE programs. 

The distinction between DR and EE is important, as the solutions for accomplishing each 

objective are typically different, but not necessarily mutually exclusive. 

Included in the load forecast discussed in Section 2.0 of this Report are the demand and 

energy impacts associated with APCo's DSM programs that have been approved in Virginia and 

West Virginia prior to preparation of this IRP. As will be discussed later, within the IRP process, 

the potential for additional or "incremental" demand-side resources, including EE activity—over 

and above the levels embedded in the load forecast—as well as other grid related projects such as 

Volt VAR Optimization (WO), are modeled on the same economic basis as supply-side 

resources. However, because customer-based EE programs are limited by factors such as 

customer acceptance and saturation, an estimate as to their costs, timing and maximum impacts 

must be formulated. For the year 2018, the Company anticipates 168MW of peak DSM reduction 

(total company basis); consisting of 13MW and 155MW of "passive" EE and "active" DR 
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activity, respectively.9 In 2020, when Capacity Performance is in effect, the Company anticipates 

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

3.4.2 Impacts of Existing and Future Codes and Standards 

The EISA requires, among other things, a phase-in of heightened lighting efficiency 

standards, appliance standards, and building codes. The increased standards will have a 

pronounced effect on energy consumption as explained in Section 2.6. Many of the standards 

already in place impact lighting. For instance, since 2013 and 2014 common residential 

incandescent lighting options have been phased out as have common commercial lighting 

fixtures. Given that "lighting" measures have comprised a large portion of utility-sponsored EE 

programs prior to the phase-out, this pre-established transition is already incorporated into the 

SAE long-term load forecast modeling previously described in Section 2.4.4 and may greatly 

affect the market potential of utility EE programs in the near and intennediate term. Table 6 and 

Table 7 depict the current schedule for the implementation of new EISA codes and standards. 
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Table 6. Forecasted View of Relevant Residential Energy Efficiency Code Improvements 

Technology 2015 2016 2017 2018 2018 2020 2021 2022 2023 2024 2025 

Central AC SEER 13; SEER 14 in South 

Room AC EER 11.0 

Heat Pump SEER 14.0/HSPF 8.0 

Wate r Heater (<=55 gallons) EF0.95 

Water Heater (>55gallons) Heat Pump Water Heater 

Advanced incandescent (20lumens/watt)| Advanced Incandescent (45lumens/watt) Screw-in/Pin Lamps 

Li near Fluorescent T8 (89 lumens/watt) "TO (92.5 lumens/watt) 

Refrigerator 25% more efficient 

Freezer 25% more efficient 

Clothes Washer 1.29 IMEF top loader 1.57 IMEF top loader 

Clothes Dryer 3.73 Combined EF 

Furnace Fans Conventional 40%more efficient 

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

Technology 

Chillers 
Rooftop Units 
PTAC 
Heat Pump 

PTHP 
Ventilation 

Screw-in/Pin Lamps 
Unear Fluorescent 

High intensity Discharge 

Water Heater 

Walk-in Refrigerator/Freezer 

Reach-in Refrigerator/Freezer 

Glass Door Display 
Open Display Case 
ice maker 
Pre-rlnse Spray Valve 

Motors 

2015 2016 | 2017 2018 2019 2020 2021 I 2022 1 2023 1 2024 2025 

2007 ASHRAE 90.1 
EER ll.tyil.2 

EER 11.7 EER 119 
EER 11.0/COP 3.3 
EER 11.9/COP 3.3 

Constant Air Volume/Variable Air Volume 

Advanced Incandescent (20 Advanced Incandescent {4$ lumens/watt 
T8 (89 lumens/watt) T 

EPACT 2005 f 

T8{92.5TlJTOeH$Av3tt} 
Metal Haltde Ballast Improvement 

EF 0.97 

EISA 2007 

EPACT 2005 

EPACT 2006 

EPACT 2005 

10-3896 more efficient 

4096 more efficient 

12-2896 more effident 
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The impact of energy efficiency, including codes and standards, is expected to reduce 

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

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

Peak demand, measured in MW, can be thought of as the amount of power used at the © 
& 

time of maximum customer usage. APCo's maximum (system peak) demand is likely to occur 

on the coldest winter weekday of the year, in the morning. This happens as a result of the near-

simultaneous use of electric heating by the majority of customers, as well as the normal use of 

other appliances and, 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: 

• 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. 

• 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. 

• 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. 

• 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. 

I APPALACHIAN J POWER 
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• Voltage Regulation (Passive DR). Certain technologies can be deployed that 

allow for improved monitoring of voltage throughout the distribution system. 

The ability to deliver electricity at design voltages improves the efficiency of 

many end use devices, resulting in less energy consumption. 

What may not be apparent is that, with the exception of EE and voltage regulation 

measures, the remaining DR programs do not significantly reduce the amount of energy 

consumed by customers. Less energy may be consumed at the time of peak load, but that energy 

will be consumed at some point during the day. For example, if rates encourage customers to 

avoid running their clothes dryer at 4:00 P.M., then they will run it at some other point in the 

day. This is often referred to as load shifting. 

3.4.3.1 Existing Levels of Active Demand Response (DR) 

APCo currently has active DR programs totaling 155MW of peak DR capability. The 

majority of this DR is achieved through interruptible load agreements. A smaller portion is 

achieved through direct load control. In 2015 APCo launched a DR program for residential 

customers. Demand reduction is achieved by cycling customer air conditioning units on and off 

during periods of high demand in the summer. Each participating resident is compensated for 

this service with an end-of-season incentive payment. The current Virginia program is designed 

to allow approximately 2,300 residential customers to sign up each year, on average, through 

2020. Each block of 2,300 customers is estimated to provide up to 2.9MW in demand savings. 

APCo's West Virginia jurisdiction has a similar program. 

3.4.4 Energy Efficiency (EE) 

EE measures reduce bills and save money for customers billed on a per kilowatt-hour 

usage basis. The trade-off is the up-ffont investment in a building/appliance/equipment 

modification, upgrade, or new technology. If consumers conclude that the new technology is a 

viable substitute and will pay them back in the form of reduced bills over an acceptable period, 

they will adopt it. 
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EE measures most commonly include efficient lighting, weatherization, efficient pumps © 
© 

and motors, efficient Heating, Ventilation and Air Conditioning (HVAC) infrastructure, and ^ 

efficient appliances. Often, multiple measures are bundled into a single program that might be 

offered to either residential or commercial/industrial customers. 

EE measures will reduce the amount of energy consumed but may have limited 

effectiveness at the time of peak demand. EE is viewed as a readily deployable, relatively low 

cost, and clean energy resource that provides many benefits. However, market barriers to EE 

may exist for the potential participant. To overcome participant barriers, a portfolio of EE 

programs may often include several of the following elements: 

• Consumer education 

• Technical training 

• Energy audits 

• Rebates and discounts for efficient appliances, equipment and buildings 

• Industrial process improvements 

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

determinant in the pace of EE measure adoption. 

Additionally, the speed with which programs can be rolled out also varies with the 

jurisdictional differences in stakeholder and regulatory review processes. The lead time can 

easily exceed a year for getting programs implemented or modified. This IRP begins adding new 

demand-side resources in 2022 that are incremental to programs that are currently approved or 

pending approval. 

3.4.4.1 Existing Levels of Energy Efficiency (EE) 

APCo currently has EE programs in place in its Virginia and West Virginia service 

territories. Both states have approved EE programs. APCo forecasts EE measures will reduce 

peak demand in 2018 by 7.8MW and reduce 2018 energy consumption by 51GWh. 

y 
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3.4.5 Distributed Generation (DG) ® 

DG typically refers to small-scale customer-sited generation behind the customer meter. © 
fesl 

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 A.EP market 

intelligence and the Bloomberg New Energy Finance's (BNEF) U.S. Renewable Energy Market 

Outlook forecast. The following installed cost forecast as well as the breakeven values calculated 

and shown in Figures 10 and 11 do not include an estimate of the impact of the solar tariffs that 

went into effect earlier this year. 

f N 

Source: AEP Based on Bloomberg New Energy Finance H2 2017 US Renewable Energy Market Outlook 

Figure 9. Residential and Commercial Forecasted Solar Installed Costs (Nominal $/WAC) for APCo States 
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Prior to 2022, during the ITC phase out for residential systems, costs for residential 

customers are expected to decline rapidly. This decline, which is forecasted to bring residential 

costs down to commercial cost levels, is attributed to a shift from value-based pricing to cost-

plus-margin pricing. Installers are expected to spend less on customer acquisition and less on 

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

While the cost to install residential solar continues to decline, the economics of such an 

investment are not favorable for the customer for a number of years. Figure 10 below illustrates, 

by APCo state jurisdictional residential sector, the equivalent value a customer would need to 

achieve, on a dollars per watt-AC ($/WAC) basis, in order to breakeven on their investment, 

assuming a 25 year life of the installed solar panels based on the customer's avoided retail rate. 

Also included is the average cost of solar residential installations in PJM. Figure 10 below shows 

that the current cost of residential solar exceeds the cost which would allow a customer to 

breakeven on an investment over a 25 year period. 
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Figure 10. Distributed Solar Customer Breakeven Costs for Residential Customers ($/WAc) 
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A challenge of determining the value of a residential solar system is assigning an ® 

appropriate cost of capital or discount rate. Discount rates for residential investments vary 
[y3 

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. 

Figure 11. Range of Residential Distributed Solar Breakeven Values Based on Discount Rate 

3.4.5.1 Existing Levels of Distributed Generation (DG) 

At the end of 2017 APCo and its Tennessee affiliate have a total of 8.2IV1W of customer-

installed DG consisting of 0.4MW in Tennessee, 6.9MW in Virginia, and 0.9MW in West 

Virginia. 

3.4.5.2 Load Characteristics of Net-Metered Customers 

APCo's net-metered customers are able to realize energy "credits" during the times when 

generation from their rooftop solar system is greater than their own demand. This is particularly 

58 



1 p 
APPALACHIAN 
powm 

A. A£>0—^ 

o o u N B i m  cMtar 2018 Integrated Resource Plan 

true for solar generators during summer months when rooftop panels are able to generate close to @ 
<9 

their rated capacity for more hours of the day. Figure 12 below illustrates the average summer gj 

load profile for a representative customer with rooftop solar (blue line) and without rooftop solar ^ 

(red line). 

Unitized Average Summer (May - September) Load 

Soin- Simptf (UnUJird) RaWmlbU Oini O StsnWnr Minuto 

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

Figure 12 indicates that on average, during summer months, from approximately 9:30am 

until 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). 

Figure 13. Average Winter (December - March) Load Profile for Representative Net-Metered Customer with Rooftop 
Solar Installation 

59 



T & 
APPALACHIAN 
POWER 

/ 

r n u H B i n s  iHiier ^ 201 B Integrated Resource Plan 

Figure 13 indicates that on average, during winter months, from approximately 11am 

until 3:30pm, a customer with rooftop solar would be supplying electricity to the grid, as evident 

by the negative load requirement. During periods when DG systems are generating they are 

offsetting the Company's total generation requirement, however the total offset is both difficult 

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

3.4.5.3 Impacts of Increased Levels of Distributed Generation (DG) 

As mentioned previously, rooftop solar installations allow customers to reduce their 

energy consumption from the utility and potentially reduce their peak demand. While the latter 

benefit could lead to a lower overall PJM peak demand for APCo it does not reduce APCo's true 

peak demand. As discussed in Section 2.0, APCo's overall peak demand generally occurs in the 

early morning on a winter day. As shown above in Figure 13, during these times of peak demand 

rooftop solar installations are providing little to no demand savings. 

Increasing levels of DG present challenges for the Company from a distribution planning 

perspective. Higher penetration of DG can potentially mask the true load on distribution circuits 

and stations if the instantaneous output of connected DG is not known, which can lead to under-

planning for the load that must be served should DG become unavailable. Increased levels of DG 

could lead to a requirement that DG installations include smart inverters so that voltage and other 

circuit parameters can be controlled within required levels. Additional performance monitoring 

capabilities for DG systems will facilitate accurate tracking and integration of DG generators 

into the existing resource mix. 

Currently, DG applicants in APCo's Virginia and West Virginia jurisdictions are required 

to fund any improvements needed to mitigate impacts to the operation and power quality of 

affected distribution stations and circuits. As DG penetration grows there is potential that the 

"next" applicant would be required to fund improvements that are a result of the aggregate 

impacts of previous DG customers because the incremental impact of the "next" customer now 

drives a need for improvements. This could lead to inequities among DG customers if necessary 

improvements are not planned appropriately. 

© 
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3.4.6 Volt VAR Optimization (WO) 

An emerging technology known as WO represents a form of voltage control that allows 

the grid to operate more efficiently. Depicted at a high-level in Figure 14, with WO 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. WO enables Conservation 

Voltage Reduction (CVR) on a utility's system. CVR is a process by which the utility 

systematically reduces voltages in its distribution network, resulting in a proportional reduction 

of load on the network. Voltage optimization can allow a reduction of system voltage that still 

maintains minimum levels needed by customers, thereby allowing customers to use less energy 

without any changes in behavior or appliance efficiencies. Early results from limited rollouts in 

APCo's West Virginia service territory and other AEP operating companies indicate a range of 

0.7% to 1.2% of energy demand reduction for each 1% voltage reduction is possible. 

Furthermore, in late 2016 APCo placed in service a WO pilot on 3 circuits in West Virginia 

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

Substation LTC or 
Voltago Regulator 

Line Voltage 
Regulator 

Capacitor Bank 
Control 

Line Voltage 
Regulator 

Single Phase 
XMFR 

Figure 14. Volt VAR Optimization Schematic 

While there is no "embedded" incremental WO load reduction impacts implicit in the base load 

forecast case, WO has been modeled as a unique EE resource. 

m 
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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 [l&M], Kentucky Power Company [KPCo], Wheeling Power 

Company [WPCo], Kingsport Power Company [KgPCo], AEP Indiana Michigan Transmission 

Company, AEP Kentucky Transmission Company, AEP Ohio Transmission Company, and AEP 

West Virginia Transmission Company). This portion of the transmission system is composed of 

approximately 14,600 miles of circuitry operating at or above lOOkV. The eastern zone includes 

over 2,100 miles of 765kV transmission lines overlaying 3,500 miles of 345kV lines and over 

8,700 miles of I38kV circuitry. This expansive system allows the economical and reliable 

delivery of electric power to approximately 21,660MW of customer demand connected to the 

AEP eastern transmission system that takes transmission service under the PJM open access 

transmission tariff. 

The AEP eastern transmission system is part of the Eastern Interconnection, the most 

integrated transmission system in North America. The entire AEP eastern transmission system is 

located within the ReliabilityTTVs/ Corporation (RFC) geographic area. On October 1, 2004, 

AEP's eastern zone joined the PJM Regional Transmission Organization (RTO) and now 

participates in the PJM markets. 

As a result of the AEP eastern transmission system's geographical location and expanse 

as well as its numerous interconnections, the eastern transmission system can be influenced by 

both internal and external factors. Facility outages, load changes, or generation re-dispatch on 

neighboring companies' systems, in combination with power transactions across the 

interconnected network, can affect power flows on AEP's transmission facilities. As a result, the 

AEP eastern transmission system is designed and operated to perform adequately even with the 

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

and performance criteria. 

Despite the robust nature of the eastern transmission system, certain outages coupled with 

extreme weather conditions and/or power-transfer conditions can potentially stress the system 

beyond acceptable limits. The most significant 765kV transmission line enhancement to the AEP 

eastern transmission system over the last several years was completed in 2006. This was the 

construction of a 90-mile 765kV transmission line from Wyoming Station in West Virginia to 

Jacksons Ferry Station in Virginia. In addition, Extra High Voltage (EHV) transformer capacity 

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

AEP's eastern transmission system assets are aging. Figure 15 below demonstrates the 

development of that Transmission Bulk Electric System. In order to maintain reliability, 

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

decade. 

y 

Figure 15. AEP Eastern Transmission System Development Milestones 

Over the years, AEP, and now PJM, entered into numerous study agreements to assess 

the impact of the connection of potential merchant generation to the eastern transmission system. 

AEP companies, in conjunction with PJM, have interconnection agreements in their service 

territories with several merchant plant developers. Several generation additions are planned to be 

connected to the eastern transmission system over the next several years (including upgrades to 

existing facilities, once studied and approved through the PJM Generation Interconnection queue 
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process10, and based on executed agreements as of December 31st, 2017). There are also 

significant amounts of merchant generation under study for potential interconnection. 

l=a 
@1 

m 

The integration of the merchant generation now connected to the eastern transmission 

system required incremental transmission system upgrades, such as installation of larger capacity 

transformers and circuit breaker replacements. None of these merchant facilities required major 

transmission upgrades that significantly increased the capacity of the transmission network. 

Other transmission system enhancements will be required to match general load growth and 

allow the connection of large load customers and any other generation facilities. In addition, 

transmission modifications may be required to address changes in power flow patterns and 

changes in local voltage profiles resulting from operation of the PJM and adjacent markets, such 

as MISO and NYISO. 

The transmission line circuit miles in APCo's Virginia service territory include 

approximately 349 miles of 765kV, 96 miles of 500kV, 69 miles of 345kV, 15 miles of 230kV, 

1,615 miles of l38kV, 632 miles of 69kV, 48 miles of 46kV and 98 miles of 34.5kV lines. 

APCo's West Virginia service territory includes approximately 382 miles of 765kV, 16 miles of 

500kV, 329 miles of 345kV, 1,509 miles of 138kV, 18 miles of 88kV, 431 miles of 69kV, 670 

miles of 46kV, and 58 miles of 34.5kV lines. 

The retirement of 13,000IV1W of generation in PJM, including 325M W 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 

10 PJM Generation Interconnection queue is located at: https://www.pim.com/planning/services-

reauests/interconnection-aueues.aspx 
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sustainable reliable operation of the transmission network in the area encompassing APCo's 

Virginia and West Virginia service areas: 

© 
© 

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

availability, winter loading conditions, peak and off-peak load levels, will require 

transmission enhancements, additions of reactive support - both static and dynamic. The 

Cloverdale Station Improvements and re-conductor of the Cloverdale-Lexington 500kV 

line will address a majority of these issues in the near term. Additional 765/138kV 

improvements like the Wythe Area Improvements will also address the need for voltage 

improvements which have been previously identified. 

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

however, generation resource retirements in the Gavin/Mountaineer/Flatlick area and 

NERC standard changes continue to influence area stability constraints. Transmission 

enhancements are required, possibly including the construction of EHV lines and/or the 

addition of multiple large transfonners, to more fully integrate the transmission facilities 

in this generation-rich area. 

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

have changed the way electric power flows on the electric transmission grid. To 

accommodate those changes and address additional needs identified by PJM, upgrades 

are needed to the grid in West Virginia, with most of the work slated for the Kanawha 

Valley. The Kanawha Valley Area Transmission Reinforcement project along with the 

Kammer Area Improvements will address these issues. 

3.5.2 Transmission Planning Process 

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

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

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

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

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

Expansion Plan (RTEP) process. The PJM assessment will ensure consistent and coordinated 
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expansion of the overall bulk transmission system within its footprint. In accordance with this <@ 
© 

process3 AEP will continue to take the lead for the planning of its local transmission system 

under the provisions of Schedule 6 of the PJM Operating Agreement. By way of the RTEP, PJM ^ 

will ensure that transmission expansion is developed for the entire RTO footprint via a single 

regional planning process, ensuring a consistent view of needs and expansion timing while 

minimizing expenditures. When the RTEP identifies system upgrade requirements, PJM 

determines the individual member's responsibility as related to construction and costs to 

implement the expansion. This process identifies the most appropriate, reliable and economical 

integrated transmission reinforcement plan for the entire region, while blending the local 

expertise of the transmission owners such as APCo with a regional view and formalized open 

stakeholder input. 

AEP's transmission planning criteria are consistent with North American Electric 

Reliability Corporation (NERC) and RFC reliability standards. The AEP planning criteria are 

filed with FERC annually as part of AEP's FERC Form 715 and these planning criteria are 

posted on the AEP website". Using these criteria, limitations, constraints and future potential 

deficiencies on the AEP transmission system are identified. Remedies are identified and 

budgeted as appropriate to ensure that system enhancements will be timed to address anticipated 

deficiencies. 

PJM also coordinates its regional expansion plan on behalf of the member utilities with 

the neighboring utilities and/or RTOs, including the MISO, to ensure inter-regional reliability. 

The Joint Operating Agreement between PJM and the MISO provides for joint transmission 

planning. 

1  ' hUPsy/www.acD.com/about/codeorconduct/OASIS/TransmissionStudies/docs/^O 18/4%20AEP Easl%20FERC%2 
0715 2018 Final Pait%204.pdf 
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3.5.3 System-Wide Reliability Measures 
© 
© Transmission reliability studies are conducted routinely for seasonal, near-term, and long-

term horizons to assess the anticipated performance of the transmission system. The reliability 

impact of resource adequacy (either supply or demand side) would be evaluated as an inherent 

part of these overall reliability assessments. If reliability studies indicate the potential for 

inadequate transmission reliability, transmission expansion alternatives and/or operational 

remedial measures would be identified. 

3.5.4 Evaluation of Adequacy for Load Growth 

As part of the on-going near-term/long-term planning process, AEP and PJM use the 

latest load forecasts along with information on system configuration, generation dispatch, and 

system transactions to develop models of the AEP transmission system. These models are the 

foundation for conducting performance appraisal studies based on established criteria to 

determine the potential for overloads, voltage problems, or other unacceptable operating 

problems under adverse system conditions. Whenever a potential problem is identified, PJM and 

AEP seek solutions to avoid the occurrence of the problem. Solutions may include operating 

procedures or capital transmission project reinforcements. Through this on-going process, AEP 

works diligently to maintain an adequate transmission system able to meet forecasted loads with 

a high degree of reliability. 

In addition, PJM performs a Load Deliverability assessment on an annual basis using a 

90/1012 load forecast for areas that may need to rely on external resources to meet their demands 

during an emergency condition. 

12 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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3.5.5 Evaluation of Other Factors © 
© 

As a member of PJM, and in compliance with FERC Orders 888 and 889, AEP is 

obligated to provide sufficient transmission capacity to support the wholesale electric energy 

market. In this regard, any committed generator interconnections and firm transmission services 

are taken into consideration under AEP's and PJM's planning processes. In addition to providing 

reliable electric service to AEP's retail and wholesale customers, PJM will continue to use any 

available transmission capacity in AEP's eastern transmission system to support the power 

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

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

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

and construct the transmission interconnection facilities and system upgrades required to connect 

any projects that sign an interconnection agreement. The amount of this planned generation that 

will actually come to fruition is unknown at this time. 

3.5.6 Transmission Expansion Plans 

The transmission system expansion plans for the AEP eastern system are developed and 

reviewed through the PJM stakeholder process to meet projected future requirements. AEP and 

PJM use power flow analyses to simulate normal conditions, and credible single and double 

contingencies to determine the potential thermal and voltage impact on the transmission system 

in meeting the future requirements. 

As discussed earlier, AEP will continue to develop transmission reinforcements to serve 

its own load areas, in coordination with PJM, to ensure compatibility, reliability and cost 

efficiency. 

3.5.7 FERC Form 715 Information 

A discussion of the eastern AEP System reliability criteria for transmission planning, as 

well as the assessment practice used, is provided in AEP's 2018 FERC Form 715 Annual 

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

assessment of AEP's eastern transmission system. 

As the transmission planner for AEP and AEP subsidiaries in the east, PJM performs all 

required studies to assess the robustness of the Bulk Electric System. All the models used for 

these studies are created by and maintained by PJM with input from all transmission owners, 

including AEP and its subsidiaries. Information about current cases, models, or results can be 

requested from PJM directly. PJM is responsible for ensuring that AEP meets all NERC 

transmission planning requirements, including stability of the system. 

Performance standards establish the basis for determining whether system response to 

credible events is acceptable. Depending on the nature of the study, one or more of the following 

performance standards will be assessed: thermal, voltage, relay, stability, and short circuit. In 

general, system response to events evolves over a period of several seconds or more. Steady state 

conditions can be simulated using a power flow computer program. A short circuit program can 

provide an estimate of the large magnitude currents, due to a disturbance, that must be detected 

by protective relays and interrupted by devices such as circuit breakers. A stability program 

simulates the power and voltage swings that occur as a result of a disturbance, which could lead 

to undesirable generator/relay tripping or cascading outages. Finally, a post contingency power 

flow study can be used to determine the voltages and line loading conditions following the 

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

The planning process for AEP's transmission network embraces two major sets of 

contingency tests to ensure reliability. The first set, which applies to both bulk and local area 

transmission assessment and planning, includes all significant single contingencies. The second 

set, which is applicable only to the Bulk Electric System, includes multiple and more extreme 

contingencies. For the eastern AEP transmission system, thermal and voltage performance 

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

Sufficient modeling of neighboring systems is essential in any study of the Bulk Electric 

System. Neighboring company information is obtained from the latest regional or interregional 

study group models, the RFC base cases, the Eastern Interconnection Reliability Assessment 
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Group (ERAG) Multiregional Modeling Working Group (MMWG) power flow library, the PJM 

base cases, and neighboring companies themselves. In general, sufficient detail is obtained to 

adequately assess all events, outages and changes in generation dispatch, which are contemplated 

in any given study. 

3.5.8 Transmission Project Details 

A detailed list and discussion of certain transmission projects undertaken by APCo, or its 

affiliates AEP West Virginia Transmission Company, Inc. (WV Transco) and Transource West 

Virginia, that have recently been completed or are presently underway in Virginia and West 

Virginia can be found below. In addition, several other projects outside of Virginia and West 

Virginia area have also been completed or are underway across the AEP System-East Zone. 

These projects contribute to the robust health and capacity of the overall transmission grid, 

which benefits all customers. 

AEP's eastern transmission system is anticipated to continue to perform reliably for the 

upcoming peak load seasons. AEP will continue to assess the need to expand its system to ensure 

adequate reliability for APCo's customers. 

A brief summary of the major transmission projects in APCo's Virginia and West 

Virginia service territories for the 2017-2022 timeframe is provided below. Project information 

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

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

added to increase operational flexibility and reliability; six existing 138 kV circuit 

breakers will be replaced to address safety performance; and three new 138 kV 

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

Jacksons Ferry Station Improvements: Recently, various operational procedures 

had to be initiated to mitigate both high and low voltage conditions in the area 

around the Jacksons Ferry Station. APCo is installing a -450/+450 MVAR Static 

Var Compensator (SVC). This is a PJM mandated/baseline project. In addition, 
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an existing 765/500 kV transformer will be replaced; a new 765 kV circuit 

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

Kanawha River Station Improvements: Replacement of the following assets at 

Kanawha Station will improve reliability, mitigate safety concerns, and/or allow 

for operational flexibility: three existing 345 kV circuit breakers; the existing 

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

Joshua Falls 138 kV Station Improvements: The Joshua Falls Improvement 

project includes building a new l38kV yard adjacent to the existing Joshua Falls 

765 kV Station in Lynchburg, VA, which has been retired. This project will also 

establish a new connection from the 138 kV yard to the 765 kV yard and upgrade 

some line relays. 

Reusens Station Improvements: The Reusens Station Improvement Project will 

replace three 138 kV circuit breakers, four 69 kV breakers, and two 138/34.5 kV 

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

138 kV sectional izing devices to improve overall reliability of the area. 

Cloverdale Area Improvement Project: The Cloverdale Area Improvement 

Project will address reliability by replacing a 765/345 kV transformer, a 765 kV 

circuit breaker and two 345 kV current breakers; and adding two new 765 kV 

circuit breakers. In the 138 kV yard, the 138/69 kV transformer will be replaced 

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

Opossum Synchronous Condenser Project: Two new smaller synchronous 

condensers at Opossum Creek Station will be installed and the existing single unit 

will be retired. Seven 138 kV breakers will be replaced and five new 138 kV 

breakers will be installed to add sectionalizing capability and thus improve overall 

reliability. 

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

new double 138 kV circuit to a newly constructed 138 kV Cliffview Station. 
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Upon completion of the work, the existing Wythe - Cliffview and Wythe - @ 
© 

Byllesby 69 kV lines will be retired. gj, 
y 

Sheridan Area Improvements: The Sheridan Area Improvements addresses 

necessary infrastructure improvements in Lincoln and Logan Counties in West 

Virginia as well as improvements related to looping long radial lines serving 

substantial load. The major scope of work includes constructing a new double 

circuit 138 kV line from the Midkiff 138 kV Station to a newly constructed 

Sheridan 138 kV Station. The Darrah - Sheridan 69 kV line will then be retired. 

Also, a new 138 kV line will be constructed from the Midkiff 138 kV Station to 

the Stone Branch 138 kV Station in order to provide a second feed to the 

approximately 40 MVA of load served out of Stone Branch. A new station at 

Chapmanville will be constructed in order to retire the Trace Fork Switching 

Station currently on the Hopkins - Logan 138 kV circuit. This new 138 kV 

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

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

addresses thermal violations for the loss of the Gavin - Meigs 69 kV line in 

conjunction with the Ripley - Ravenswood 69 kV line. In addition, this project 

will resolve voltage violations for the loss of the Leon - Ripley 69 kV line and the 

loss of the Gavin - Meigs 69 kV line. The major scope of work includes 

rebuilding the existing Leon - Ripley line and converting it to 138 kV, as well as 

building a new 138 kV Ripley Station. 

Abingdon Area Improvements: The Abingdon Area Improvements addresses an 

overload on the Abingdon-Hillman Highway 69kV line and the Abingdon 

138/69kV transformer. The major scope of work includes construction of a new 

138/69/12kV South Abingdon Station connected to the Broadford-Wolf Hills 

138kV circuit via a new double circuit l38kV line and a new 69kV line between 

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

approximately 5,600 customers in the Huntington, West Virginia area with a 

projected load of approximately 34 MVA. The major scope of work, which will 

improve reliability, includes the replacement of two existing 345/138 kV 

transformers and a 345 kV circuit breaker, as well as the installation of four new 

345 kV circuit breakers. 

Huntington Area Improvements: The Huntington Area Improvement project 

addresses thermal violations on the 34.5 kV subtransmission network that 

supports the city of Huntington, WV. The major scope of work entails the 

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

McDowell Area Improvement Project: The McDowell Area Improvement Project 

will address thermal and voltage violations on a 1920s 88 kV line. The line will 

be converted to 138 kV to match the surrounding system. The project includes 

the removal of approximately 35 miles of existing 88kV transmission line, 

rebuilding and upgrading approximately 17 miles of an existing transmission line 

to 138kV, retirement of two substations, construction of three new substations, 

and upgrades at various existing substations. 

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

rebuild and replace the existing 500/138 kV GIS station yard as a conventional 

Air Insulated Station (AJS). In addition, a second 500/138 kV transformer will be 

installed at Nagel station in order to mitigate identified thermal criteria violations 

on the 34.5 kV subtransmission network. 

Fieldale Synchronous Condenser 138kV: The Fieldale Synchronous Condenser 

was originally installed in 1974 and is one of only two facilities that provide 

dynamic voltage regulation and reactive compensation to the 138kV system 

around Roanoke. This project consists of installing two new -50/100 MVAr units 

at Fieldale Station that will replace the existing single -100/250 MVAr unit. In 

addition, several 138 kV and 69 kV breakers will be replaced. Five new 138 kV 
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breakers will be installed to add sectionalizing capability and improve overall 

reliability. 
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Bland Area Improvements: The Bland Area Improvements addresses thermal 

criteria improvements on the Tazewell-Buckhorn line in addition to voltage 

magnitude improvements in the South Princeton area for the outage combination 

of Glen Lyn-Hinton 138kV and Jim Branch-Switchback 138kV lines. The major 

scope of work includes rebuilding the Wythe-South Bluefleld 69kV line to 

l38kV; re-routing the new line into the Progress Park 138kV Station, and 

replacing the Bland 69kV Station with the Town Creek 138kV Station. 

Favette County Area Transmission Improvements: To improve voltage, thermal, 

and reliability performance, the Fayette County Project entails constructing 

certain transmission facilities in the vicinity of Beckley and elsewhere in Fayette, 

Greenbrier and Raleigh Counties. Specifically the Fayette County Project 

includes: constructing new Beury Mountain and Brackens Creek Stations, 

constructing approximately twelve miles of 138kV transmission line between the 

new Beury Mountain and Brackens Creek Stations, constructing approximately 

two miles of new 138kV transmission line, rebuilding and upgrading 

approximately thirteen miles of existing 69kV transmission line to 138kV 

between the McClung and Brackens Creek Stations, and installing equipment at 

three existing stations. 

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

mitigate operational high voltage constraints identified on the APCo 765kV 

system during off peak time periods. The major scope of work includes the 

addition of a new 300 MVAR shunt reactor connected via a new 765kV circuit 

breaker at Wyoming station. 

Thorofare Project: This Transource West Virginia project addresses a 

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

area northeast of Charleston, West Virginia. The major scope of work includes the 

74 



[ APPALACHIAN 
POWER @9 

© 
2018 Integrated Resource Plan 

addition of a new 138kV switching station (Linden Road Station) off First 

Energy's Powell Mountain - Goff Run 138kV transmission line and the 
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construction of a new 138kV transmission line to connect the new Linden Road 

Station to APCo's existing Thorofare Creek switching station. 

3.6 Electric Distribution Grid Transformation Overview 

Section 56-599.B. 10 of the Virginia Code, which was added by the 2018 Virginia Act 

and will be effective for APCo's next IRP, requires utilities as part of their IRPs to 

"systematically evaluate" and consider proposing "[l]ong-term electric distribution grid planning 

and proposed electric distribution grid transformation projects." In addition, the 2018 Virginia 

Act creates special regulatory ratemaking treatment for "electric distribution grid transformation 

projects" (EDGT projects). 

In the 2017 IRP Order, the Commission directed APCo to provide plans to implement the 

mandates contained in the 2018 Virginia Act. Given that the implementation of EDGT projects 

is not a mandate, and that the timing of the Act, the 2017 IRP Order and the filing of this IRP did 

not afford APCo sufficient time for a detailed and systematic analysis of EDGT, APCo was not 

able to systematically evaluate EDGT projects and provides instead the following overview of 

some projects that meet the broad definition of EDGT projects13 in the 2018 Virginia Act. A PCo 

13 Projects "associated with electric distribution infrastructure, including related data 
analytics equipment, that is designed to accommodate or facilitate the integration of utility-
owned or customer-owned renewable electric generation resources with the utility's electric 
distribution grid or to otherwise enhance electric distribution grid reliability, electric distribution 
grid security, customer service, or energy efficiency and conservation, including advanced 
metering infrastructure; intelligent grid devices for real time system and asset information; 
automated control systems for electric distribution circuits and substations; communications 
networks for service meters; intelligent grid devices and other distribution equipment; 
distribution system hardening projects for circuits, other than the conversion of overhead tap 
lines to underground service, and substations designed to reduce service outages or service 
restoration times; physical security measures at key distribution substations; cyber security 
measures; energy storage systems and microgrids that support circuit-level grid stability, power 
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has already begun to implement these projects as it works to develop the groundwork for a smart @ 

grid, and APCo will continue to evaluate other such projects in the coming years. Note that the ^ 

evaluation of these types of projects is, for the large part and due to their nature, different than ^ 

the evaluation of supply- and demand-side generation resources that is traditionally part of the 

IRP process. 

3.6.1 Projects that "Enhance Electric Distribution Grid Reliability" 

Managing vegetation on APCo's rights-of-way underpins its strategy for maintaining 

distribution system reliability, as vegetation-related momentary or sustained outages are among 

the biggest challenges to reliability. Indeed, the impact of other EDGT projects could be 

diminished by vegetation contact with these reconfigured facilities. 

3.6.2 "Advanced Metering Infrastructure" and "Expanded Access to Energy Usage" 

Projects 

In 2017, APCo began to deploy the first phase of two-way communicating AMI meters 

along with the supporting infrastructure. The initial rollout was targeted at urban and suburban 

areas, including locations with high customer turnover such as apartment complexes and college 

and university communities. 

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

about their energy use, and will provide data to help APCo more efficiently operate the system as 
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quality, reliability, or resiliency or provide temporary backup energy supply; electrical facilities 
and infrastructure necessary to support electric vehicle charging systems; LED street light 
conversions; and new customer information platforms designed to provide improved customer 
access, greater service options, and expanded access to energy usage information." 
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levels of DG and EV continue to increase. It allows for quick and safe connects, disconnects and 

reconnects, benefitting both Company employees and customers. Importantly, AMI will provide 

increased customer education and control by allowing customers access to their data through 

web portals and mobile applications. 

3.6.3 "Energy Storage" Projects 

APCo is testing new ways of combining already available hydroelectric power with 

energy storage to support the grid. In 2017, APCo partnered with Greensmith Energy to integrate 

a 4 MW energy storage system with the Buck and Byllesby hydroelectric power plants in 

southwest Virginia. The hybrid system combines advanced energy storage and software with 

hydroelectric generation to provide ancillary services to the grid. The system is commissioned 

and currently awaiting PJM approval for market operations. In 2008, APCo installed a 2 MW 

NaS battery at the Balls Gap station, just south of Milton, West Virginia, which helped defer the 

construction of a new substation until 2017. During this period, the Balls Gap installation 

provided islanding functionality that allowed for service to up to 700 customers to be maintained 

for up to seven hours during an interruption in service. This battery also recently has been placed 

in the PJM market for frequency regulation. 

3.6.4 "Distribution System Hardening" Projects 

In 2018, a multi-year initiative to modernize and reinforce APCo's underground electrical 

network including the one located in Roanoke will be complete. The project gives APCo the 

capability to monitor the networks in real time using fiber optics and cutting-edge sensor 

technology to capture data in five-second intervals. This gives APCo a real-time view of the 

distribution grid, a capability that will be needed as the distribution system becomes a more 

diverse, flexible system, allowing all resources to connect and manage demand at the same time. 
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4.1 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 Hybrid Plan. Sensitivity analyses were 

performed to understand the impact of addressing factors which may increase costs. 
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The 1RP process aims to address the long-term "gap" between resource needs14 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®\s the primary modeling application, used by 

APCo and AEP for identifying and ranking portfolios that address the gap between needs and 

current available resources.15 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 CO2, as well as projections of energy usage and peak demand, Plexos® 

will return the optimal suite of proxy resources (portfolio) that meet the resource need. Portfolios 

created under similar pricing scenarios may be ranked on the basis of cost, or the Cumulative 

Present Worth (CPW), of the resulting stream of revenue requirements. The least cost option is 

considered the "optimum" portfolio for that unique input parameter scenario. 

4.3 Fundamental Modeling Input Parameters 

The AEP Fundamental Analysis group prepares the Long-Term North American Energy 

Market Forecast ("Fundamentals Forecast") with support from the proprietary AURORA Energy 

Market Model ("AURORA"). Similar to Plexos®, AURORA is a long-term fundamental 

production cost-based energy and capacity price forecasting tool developed by EPIS, Inc., that is 

driven by comprehensive, user-defined commodity input parameters. For example, nearer-term 

unit-specific delivered fuel and emission allowance price forecasts, based upon actual 

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

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

15 Plexos® is a production cost-based resource optimization model, which was developed and supported by Energy 
Exemplar, LLC. The Plexos® model is currently licensed for use in 37 countries throughout the world. 
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Logistics, are input into AURORA. Estimates of longer-term natural gas and coal pricing are 

projected by AEP Fundamental Analysis informed by research received from consultants, 

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

performance parameters for various new-build generating options, by duty-type, are vetted 

through AEP Engineering Services and incorporated into the tool. Other information specific to 

the thousands of generating units being modeled is researched from Velocity Suite, an on-line 

information database maintained by ABB's Energy Velocity. This includes data such as unit 

capacity, heat rates, retirement dates and emission controls status. Finally, the model maintains 

and determines region-specific resource adequacy based on regional load estimates provided by 

AEP Economic Forecasting, as well as current regional reserve margin criterion. AEP uses 

AURORA to model long-term (market) energy and capacity prices for the entire U.S. eastern 

interconnect as well as Electric Reliability Council of Texas (ERCOT). The projection of a CO2 

pricing proxy is based on assumptions developed in conjunction with the AEP Strategic Policy 

Analysis organization. Figure 16 shows the Fundamentals process flow for solution of the long-

term commodity forecast. The input assumptions are initially used to generate the output report. 

The output is used as feedback to change the base input assumptions. This iterative process is 

repeated until an equilibrium state is reached (e.g., level of natural gas consumption is suitable 

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

Input Output 

yn 

y 

Figure 16. Long-term Power Price Forecast Process Row 
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The Company used its most recent (2016) commodity price forecast to optimize and <@j) 
16 ® 

evaluate resource portfolios for this IRP . While the Company's forecast used in previous ^ 

filings represents the best information available at the time, given concerns raised about its Base 

Case forecast in recent SCC Orders, this JRP gave more consideration to the Low Band forecast 

in developing APCo's Hybrid Plan. 

4.3.1 Commodity Pricing Scenarios 

Four commodity pricing scenarios were developed by AEP Fundamental Analysis that 

enabled Plexos® to construct resource plans for APCo under various long-term pricing 

conditions. In this Report, the four distinct long-term commodity pricing scenarios that were 

developed for Plexos® are the Mid, Low Band, High Band, and No Carbon scenarios. The 

overall fundamental forecasting effort was most recently completed in October of 2016. The 

Mid, Low Band, and High Band scenarios each consider the potential impact of carbon 

regulations. The modeling associated with these scenarios determined the appropriate 

combination of COa and energy prices which would provide for nationwide compliance with the 

CPP on a mass basis, considering compliance beginning in 2024. These CO2 allowance values 

vary across the three scenarios and support the premise that CO2 values are highly dependent 

upon fuel price assumptions - particularly natural gas. 

4.3.1.1 Emission Reduction Credit (ERC) Pricing 

As indicated, for purpose of the CPP modeling performed by the Company, AEP 

Fundamental Analysis created a set of CO2 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 

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

developing a new Fundamentals Forecast. 
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surrounding wide implementation approaches for an Emission Reduction Credit (ERC) or rate- © 

based pricing scheme. This action, however, neither introduces nor presumes any bias toward a q , 

fundamental pricing basis for one CPP pricing approach (mass-based 'allowance') versus the ^ 

other (rate-based 'ERC'). 

In fact, based on mass-based versus rate-based pricing approaches from other observed 

projections, overall mass versus rate pricing profiles were generally consistent. For this reason 

the Company assumed that, for the purpose of the Plexos® optimization modeling exercise, a 

reasonable proxy for such a forecast of ERC pricing would be equal to the pricing point 

established for the mass-based approach. For example, a $10 per ton allowance price in a given 

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

4.3.1.2 Renewable Energy Credit (REC) Pricing 

There are a number of factors that will determine supply and demand for renewable 

energy credits (RECs) during the IRP forecasting period, including new renewable projects, 

retiring fossil generation, new transmission projects bringing mid-western wind into eastern 

demand centers, and state level renewable regulation. As more renewable generation is added, 

the supply of RECs is expected to outstrip demand, resulting in a long-term price of zero for PJM 

Tier I RECs. However, uncertainty exists with each of these variables, with the potential of both 

upward and downward pressure on REC pricing. 

PJM Tier 1 RECs will serve as a proxy for modeling REC prices associated with 

incremental solar and wind additions in the IRP process. Given the uncertainty and general 

tendency towards lower values, portfolios were optimized with a zero REC value. To capture 

the range of possible outcomes, two sensitivities were included: REC prices of $5 and $10. 

These values were selected based on current pricing, published market intelligence, and known 

developments in the industry. 

4.3.1.3 Mid Band or Base Scenario 

This scenario recognizes the following major assumptions: 

<B9 
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• MATS Rule implementation beginning in 2015; <@ 

• relatively lower natural gas price due to the emergence of shale gas plays; and 

• CO2 emission pricing beginning in 2024 

As mentioned above, the Mid, Low Band, and High Band scenarios include CO2 pricing 

as a result of the assumed implementation of CO2 reduction regulation. Also, the specific effects 

of the MATS Rule are modeled in the development of the long-term commodity forecast by 

retiring the smaller, older solid-fuel (i.e., coal and lignite) units which would not be economic to 

retrofit with emission control equipment. The retirement time frame modeled runs through 2017. 

Those remaining solid-fuel generating units will have some combination of controls necessary to 

comply with EPA rules. Incremental regional capacity and reserve requirements will largely be 

addressed with new natural gas plants. One effect of the expected retirements on the emission 

control retrofit scenario is an over-compliance of the CSAPR emission limits. This IRP models 

emission allowance prices for S02and NOx at zero. 

4.3.1.4 Low Band Scenario 

This scenario is best viewed as a plausible lower natural gas/sol id-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 tenn, 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 (-l.Oo) from the Mid scenario and 

illustrates the effects of coal-to-gas substitution at plausibly lower gas prices. Like the Mid 

scenario, CO2 pricing is assumed to start in 2024. 

4.3.1.5 High Band Scenario 

Alternatively, the High Band scenario offers a plausible, higher natural gas/solid-

fuel/energy price profile compared to the Mid scenario. High Band natural gas prices reflect 

certain impediments to shale gas developments including stalled technological advances (drilling 

and completion techniques) and as yet unseen exploration and development environmental costs. 

The pace of environmental regulation implementation is in line with the Mid and Low Band 

83 



[ APPALACHIAN 
POWER 

P 

w 
p 
<© 

@1 

2018 Integrated Resource Plan 

scenarios. Analogous to the Low Band scenario, this High Band view, from a statistical 

perspective, is approximately, one (positive) standard deviation (+1.0a) from the Mid. Also, like 

the Mid and Low Band scenarios, CO2 pricing is assumed to begin in 2024. 

4.3.1.6 No Carbon Emission Regulation (No Carbon) Scenario 

While a 2016 No Carbon scenario was evaluated in APCo's 2017 1RP, it is not being 

used to evaluate potential portfolios in this 2018 1RP. The 2016 No Carbon scenario, which did 

not incorporate a price for CO2 emissions, was designed to gauge the impact of a CO2 emissions' 

price on unit dispatch, and to serve as a baseline when compared to the Mid Band scenario. 

Consequently, the 2016 No Carbon scenario reflected a generation fleet that is unaffected by the 

cost of CO2 mitigation regulations, which results in greater coal consumption and relatively 

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

As stated earlier, this IRP utilizes the Low Band scenario as one of the primary bases for 

developing the Hybrid Plan. It also uses the Low Band scenario to develop CPP compliant plans 

and calculate the cost of those plans. Comparing the Hybrid Plan or CPP compliant plans to the 

2016 No Carbon scenario would not be meaningful because the 2016 No Carbon scenario is 

intended as a baseline against the Mid Band scenario rather than the Low Band scenario. 

Therefore, the 2016 No Carbon scenario was not used to evaluate potential portfolios for this 

4.3.1.7 Forecasted Fundamental Parameters 

Figure 17 through Figure 23 below illustrate the forecasted fundamental parameters (fuel, 

energy, capacity and CO2 emission prices) that were used in the long-term optimization 

modeling for this IRP. The Low Band fundamental parameters were also used to develop CPP 

compliant portfolios. 

IRP. 
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Figure 17. Dominion South Natural Gas Prices (Nominal $/mmBTU) 

Figure 18. Dominion South Natural Gas Prices (2018 Real $/mmBTU) 
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Figure 19. NAPP High Sulfur Coal Prices (Nominal $/ton, FOB origin) 

Figure 20. CO2 Prices (Nominal $/short ton) 

86 



APPALACHIAN 
POWER 

A MPLtr&i 
OOUNDID3& BUBftOr 2018 Integrated Resource Plan 

100.00 

0.00 t 1 1 r-
2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 

Figure 21. PJM On-Peak Energy Prices (Nominal $/MWh) 
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Figure 22. PJM Off-Peak Energy Prices (Nominal $/MWh) 
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4.4 Demand-Side Management (DSM) Program Screening & Evaluation Process 

4.4.1 Overview 

The process for evaluating DSM impacts for APCo is divided into two spheres: "existing 

DSM programs" and "incremental DSM programs." Existing DSM programs are those that are 

known or are reasonably well-defined, and follow a pre-existing process for screening and 

determining ultimate regulatory approval. The impacts of APCo's existing DSM programs are 

propagated throughout the long-term load forecast. Incremental DSM program impacts which 

are, naturally, less-defined, are developed with a dynamic modeling process using more generic 

cost and performance parameter data. 

For APCo, the potential incremental DSM programs were developed and ultimately 

modeled based on APCo's DSM team input and the Electric Power Research Institute's (EPRI) 

"2014 U.S. Energy Efficiency Potential Through 2035" report. This report served as the basic 

underpinning for the establishment of potential EE "bundles", developed for residential and 

commercial customers that were then introduced as a resource option in the Plexos® optimization 
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© model. In order to reflect potential energy savings available in the industrial sector, the end-

usage associated with lighting was combined for both the commercial and industrial sectors. The 
© 

indoor and outdoor lighting bundles shown below in Table 11 reflect the potential energy savings 

for both sectors. 

4.4.2 Achievable Potential (AP) 

The amount of available EE is typically described in three sets: technical potential, 

economic potential, and achievable potential. The previously-cited EPRl report breaks down the 

achievable potential into a High Achievable Potential (HAP) and an Achievable Potential (AP), 

with the HAP having a higher utility cost than the AP. Briefly, the technical potential 

encompasses all known efficiency improvements that are possible, regardless of cost, and thus, 

whether or not it is cost-effective (i.e., all EE measures would be adopted if technically feasible). 

The logical subset of this pool is the economic potential. Most commonly, the total resource cost 

test is used to define economic potential. This compares the avoided cost savings achieved over 

the life of a measure/program with the cost to implement it, regardless of who paid for it and 

regardless of the age and remaining economic life of any system/equipment that would be 

replaced (i.e., all EE measures would be adopted if economic). The third set of efficiency assets 

is that which is achievable. As highlighted above, the HAP is the economic potential discounted 

for market barriers such as customer preferences and supply chain maturity; the AP is 

additionally discounted for programmatic barriers such as program budgets and execution 

proficiency. 

Of the total technical potential, typically only a fraction is ultimately achievable and only 

then over time due to the existence of market barriers. The question of how much effort and 

money is to be deployed towards removing or lowering the barriers is a decision made by state 

governing bodies (legislatures, regulators or both). 

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

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

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

4.4.3 Evaluating Incremental Demand-Side Resources 

The Plexos® model allows the user to input incremental CHP, EE, DG, DR and WO as 

resources, thereby considering such alternatives in the model on equal-footing with more 

traditional "supply-side" generation resource options. 

4.4.3.1 Incremental Energy Efficiency (EE) Modeled 

To determine the economic demand-side EE activity to be modeled that would be over-

and-above existing EE program offerings in the load forecast, a determination was made as to the 

potential level and cost of such incremental EE activity as well as the ability to expand current 

programs. It was assumed that the incremental programs modeled would be effective in 2022. As 

a result of the 2018 Virginia Act, which provides that customers above 500kW of demand are 

not eligible for new EE programs going forward, these Virginia customers were removed from 

the available EE potential and thus not modeled. Figure 24 and Figure 25 show the "going-in" 

make-up of projected end-usage in 2022 for APCo's residential and commercial sectors with 

lighting end-use also included for the industrial sector. Future incremental EE activity can further 

target these areas or address other end-uses. 

The 2018 Virginia Act further requires that APCo propose $140 million of EE programs 

by 2028, and develop a long-term plan for EE measures in IRPs to accomplish the policy goals 

of reduction in customer bills, particularly for low-income, elderly, and disabled customers; 

reduction in emissions; and reduction in carbon intensity. To the extent that the Company's 

Hybrid Plan does not approach this level of spending, it is the Company's plan to continue to 

seek cost-effective energy efficiency programs to propose, and, to the extent reasonable, target 

low-income, elderly, and disabled customers. These programs may consist of an expansion of 

the Company's current Low Income Weatherization program, additional low income-type 

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

year, incremental to the EE spending in the Hybrid Plan, to meet these policy goals. 

• Heating 

• Cooling 

e Water Heating 

• Appliances 

• Television 

D Lighting 

• Miscellaneous 

Total = 11,000 GWh 

Figure 24. 2022 APCo Residential End-Use (GWh) 

177 
• Heating 

• Cooling 

• Water Heating 

• Refrigeration 

a Indoor Lighting 

• Outdoor Lighting 

• Office Equipment 

• Ventilation 

[. Miscellaneous 

Total = 4,669 GWh 

Figure 25. 2022 APCo Commercial End-use & Industrial Lighting End-use (GWh) 
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To determine which end-uses are targeted, and in what amounts, APCo looked at the 

previously-cited 2014 EPR1 report and consulted its DSM team. The EPRI report and the APCo 

DSM team provided information on a multitude of current and anticipated end-use measures 

including measure costs, energy savings, market acceptance ratios and program implementation 

factors. APCo utilized this data to develop "bundles" of future EE activity for the demographics 

and weather-related impacts of its service territory. Table 8 and Table 9, from the EPRI report, 

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

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

Central Air Conditioning 

Air-Source Heat Pumps 

Ground-Source Heat 

Pumps 

Room Air Conditioning 

Air Conditioning 

Maintenance 

Heat Pump Maintenance 

Attic Fan 

Furnace Fans 

Ceiling Fan 

Whole-House Fan 

Programmable 

Thermostat 

Water Heating 

Faucet Aerators 

Pipe Insulation 

Low-Flow Showerheads 

Duct Repair 

Dehumidifier 

Lighting-U near 

Fluorescent 

Ughting-Screw-in 

Enhanced Customer Bill 

Presentment 

Storm Doors 

External Shades 

Celling Insulation 

Foundation Insulation 

Duct Insulation 

Wall Insulation 

Windows 

Reflective Roof 

Infiltration Control 

Dishwashers 

Clothes Washers 

Clothes Dryers 

Refrigerators 

Freezers 

Cooking 

Tel evisions 

Personal Computers 

Smart Plug Strips, Reduce 

Standby Wattage 

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

Heat Pumps 

Central Air Conditioning 

Chiller 

Cool Roof 

Economizer 

Energy Management 

System 

Roof Insulation 

Duct Insulation 

Water Heater 

Water Temperature Reset 

Computers 

Servers 

Displays 

Copiers Printers 

Other Electronics 

Energy-Effi ci ent Motors 

Variable Speed Controls 

Programmable 

Thermostat 

Duct Testing and Sealing 

HVAC Retro-

commissionine 

Efficient Windows 

Lighting-Linear 

Fluorescent 

Lighting-HID to LED 

Ughting-Screw-in 

Lighting-LED Street 

liRhting 

Anti-Sweat Heater 

Controls 

Floating Head Pressure 

Controls 

Installation of Glass 

Doors 

High-Efficiency Vending 

Machine 

Icemakers 

Reach-in Coolers and 

Freezers 

<® 
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What can be derived from the tables is that the 2014 EPRI report has taken a 

comprehensive approach to identifying available EE measures. From this information and recent 

APCo DSM activity, APCo has developed proxy EE bundles for residential, commercial and 

industrial customer classes to be modeled within Plexos®. These bundles are based on measure 

characteristics identified within the EPRI report, recent APCo DSM planning, and APCo 

customer usage. 

Table 10 and Table 11 list the energy and cost profiles of EE resource "bundles" for the 

residential and commercial sectors, respectively. In order to reflect the potential EE savings 

available in the industrial sector, each of the lighting bundles shown in Table 11 includes 

potential savings for both commercial and industrial customers. 

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

Bundle 

Thermal Shell - AP 

Thermal Shell - HAP 

Heat Pump-AP 

Heat Pump-HAP 

Water Heating-AP 

Water Heating-HAP 

Appliances-AP 

Appliances - HAP 

Lighting-AP 

Lighting - HAP 

Enhanced Customer Bill 

Installed Cost 

($/kWh) 

$0.22 

$0.34 
$1.29 
$1.93 
$0.03 
$0.05 
$0.27 
$0.48 
$0.03 
$0.05 
$0.75 

Yearly Potential 

Savings (MWh) 

2022-2024 

10,148 
47,262 
28,707 
33,773 
6,158 
28,508 
17,914 
36,087 
27,723 
48,808 
79,695 

Yearly Potential 

Savings (MWh) 

2025-2029 

3,545 
24,274 
5,266 
577 

1,205 
12,231 
2,463 
8,012 

0 
2,108 

0 

Yearly Potential 

Savings (MWh) 

2030-2040 

4,607 
11,586 

327 
0 

1,245 
4,419 
1,335 
4,078 

0 
338 
0 

Bundle 

Life 

10 
10 
18 
18 
10 
10 
16 

16 

30 
30 
10 

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

Bundle 
Installed Cost 

($/kWh) 

Yearly Potential 

Savings (MWh) 

2022-2024 

Yearly Potential 

Savings (MWh) 

20252029 

Yearly Potential 

Savings (MWh) 

2030-2040 

Bundle 

Life 

Heat Pump-AP 

Heat Pump-HAP 

HVAC Equipment-AP 

HVAC Equipment - HAP 

Indoor Screw-In Lighting-AP 

Indoor Screw-In Lighting - HAP 

Indoor HID/Fluorescent Lighting - AP 

Indoor HID/Fluorescent Lighting - HAP 

Outdoor Lighting-AP 

Outdoor Lighting-HAP 

$10.02 

$15.03 
$0.89 
$1.31 
$0.01 

$0.02 
$0.21 

$0.32 
$0.14 
$0.22 

10,921 
12,849 
7,249 
13,212 
9,481 
13,983 
114,320 
134,494 
18,023 
21,203 

1,699 
212 

1,143 
2,341 

0 
0 

15,790 
2,164 
2,706 
347 

0 
0 

953 
69 
0 
0 

1,734 
0 
23 
0 

15 
15 
15 
15 
6 

6 

13 
13 
15 
15 
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As can be seen from the tables, each program has both AP and HAP characteristics. The 

development of these characteristics is based on the 2014 EPR1 EE Potential report that has been 

previously referenced. This report further identifies Market Acceptance Ratios (MAR) and 

Program Implementation Factors (PIF) to apply to primary measure savings, as well as 

Application Factors for secondary measures. Secondary measures are not consumers of energy, 

but do influence the system that is consuming energy. The Residential Thermal Shell, 

Residential Water Heating and Commercial Cooling bundles—in both AP and HAP—include 

secondary measures. The MAR and PIF are utilized to develop the incremental AP program 

characteristics and the MAR only is used to develop the incremental HAP program 

characteristics. 

Figure 26 below shows the Levelized Cost of Electricity (LCOE) and potential energy 

savings in 2022 for each of the bundles offered into the model as a potential resource. To 

preserve a reasonable scale for illustrative purposes, the two bundles with the highest LCOE, 

Commercial Heat Pump AP and Commercial Heat Pump HAP, were omitted from Figure 26. 

The total potential energy savings for EE programs that begin in 2022 is 72lGWh, 2% of 

APCo's total load. 

$250 

$200 

^ $150 

$100 

•CSHndoor Screw-In Ughtlns - AP 

• R-Ughtins-AP 

• CfiMndoorScrewtn Ughilng-HAP 

• R*UghUn8'KAP 

• R-Wster Hentlng-AP 

BR<WatcrHcotlng'HAP 

•CSl-Outdoor UgfUlng-AP 

• C&POutdow Lighttng-HAP 

aC&Mrtdoar Fhior. Ughttng-AP 

• R-Appltence*-AP 

HR-Thermal SteB-AP 

•CftMndoor Fluor. Ughllng-KftP 

DR-Thermal Shell-HAP 

• R-Appllances-HAP 

nCWACEqulpmcnt-AP 
• R-Enl unced CuiUim^r Bill 

cR-HeaiPump-AP 

CC-HVAC Equlpment-HAP 

cfrHmPump-HAP 

M 
<© 

& 

Figure 26. EE Bundle Levelized Cost vs. Potential Energy Savings for 2022 
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Each EE bundle is offered into the model as a stand-alone resource with its own unique 

cost and potential energy and demand savings. Should the model determine that a bundle is 

economical, that bundle will be included in the portfolio of optimized resources. APCo will 

consider the details of which EE bundles were selected by the Plexos model, and included in the 

Hybrid Plan, to develop appropriate EE offerings to propose for APCo's customers in Virginia 

and West Virginia. Efforts to determine program attributes such as participant costs, penetration 

rates, and bill savings, prior to that point in time would be highly speculative and potentially 

inaccurate. 

{rfl 

4.4.3.2 Volt VAR Optimization (WO) Modeled 

Potential future WO circuits considered for modeling varied in relative cost and energy-

reduction effectiveness. The circuits were grouped into 15 "tranches" based on the relative 

potential peak demand and energy reduction of each tranche of circuits. The Plexos® model was 

able to pick the most cost-effective tranches first and add subsequent tranches as merited. Each 

WO 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. Volt VAR Optimization (WO) Tranche Profiles 

Tranche 

1 

2 
3 
4 

5 
6 
7 
8 
9 
10 
11 

12 
13 
14 
15 

No. of Circuits 

37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 
37 

Capital 

Investment 

$12,358,000 
$12,358,000 
$12,358,000 
$12,358,000 
$12,358,000 
$12,358,000 
$12,358,000 
$12,358,000 
$12,358,000 
$12,358,000 
$12,358,000 
$12,358,000 
$12,358,000 
$12,358,000 
$12,358,000 

Annual 

O&M 

$370,740 
$370,740 
$370,740 
$370,740 
$370,740 
$370,740 
$370,740 
$370,740 
$370,740 
$370,740 
$370,740 
$370,740 
$370,740 
$370,740 
$370,740 

Demand 

Reduction 

(kW) 

15,602 
12,170 

10,656 
9,579 

8,856 
8,272 
7,847 
7,513 
7,283 
6,985 
6,764 

6,469 
6,143 
5,839 
5,562 

Energy 

Reduction 

(MWh) 

64,234 
50,106 
43,872 
39,440 
36,463 
34,058 
32,306 
30,931 
29,986 
28,759 
27,849 
26,633 
25,292 
24,039 
22,901 
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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 either cycling the 

customer's air conditioner(s) or setting back the thermostat temperature. In the BYOT program, 

customers would own and self-install Wi-Fi enabled thermostats, which will communicate with 

APCo. Table 13, below, shows the DR resource offered into the model for residential and 

commercial customers. The model may select up to four units, each comprised of 3,000 

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

Table 13. Incremental Demand Response (DR) Resource 

Sector Participants Demand 

Savings 

(kW) 

Energy 

Savings 

(kWh) 

Installation 

Cost 

Annual 

Cost 

Total First 

Year Cost 

Service Life 

(Years) 

Residential / 

Commercial 

3,000 2,810 60,000 $151,000 $888,000 $1,039,000 

4.4.3.4 Distributed Generation (DG) Modeled 

DC resources were evaluated assuming a residential rooftop solar resource, as this is the 

primary distributed resource. To detennine the level of customer penetration APCo referenced a 

forecast conducted by IHS Inc. on behalf of PJM17. This forecast considered the level of solar 

photovoltaic (PV) installations over the period of 2018-2033. The updated forecast utilized by 

PJM included the Net Energy Metering Reform scenario18. 

17 Solar PV Capacity Additions Forecast for PJM States: 2018-33, October 31, 2017. Available at 

htln:/Av\vvv.pirn.com/~/mcdia/committces-grour>s/subcommittees/l as/20171115/20171115-itein-03-ihs-solar-

forecast-2017.ashx 

18 Distributed Solar Generation Update, November 15, 2017. Available at httor/Avww.pjm.com/~/media/committees-

eroups/subcommiltees/las/20171115/20171 i 15-item-03-oim-distributcd-solar-aeneration-forecast-2018.ashx and 
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Figure 27 below depicts the forecast of DG resources in APCo over the planning period. To © 

determine the level of DG penetration APCo created a forecast using existing levels of DG, as ^ 
fl-l 

well as the incremental additions from PJM's forecast. This forecast is shown as the red line in 

Figure 27 below. The green line in Figure 27 utilizes the same forecast method but incorporates 

Virginia's state cap on net-metering, which is expected to affect the forecast beginning in 2022. 

The capped forecast (green line, or PJM Forecast w/VA Cap in Figure 27), is the level of DG 

resources included in this IRP. 

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

— — -Existing PJM Forecast -PJM Forecast w/VA Cap 

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

Distributed Solar Generation Forecast by Zone and State. Available at http://w\Yw.nim.com/~/media/committees-

oroLins/subcommittees/las/20171115/20171115-item-03-distributed-solar-eeneration-data.ashx 

97 



[ APMLACIUAN 
POWER 

© 
2018 Integrated Resource Plan 

PJM's forecast issued in November 2017 represents a lower level of DG penetration from 

the same forecast issued one year prior. APCo intends to closely monitor the levels of DG 

© 
<© 

m 
installed throughout its service territory to observe any potential divergence from the forecast 

shown above. 

It is significant to note that rooftop solar does not represent the most economic means for 

APCo to add renewable generation as the cost of rooftop solar remains considerably higher than 

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

4.4.3.5 Optimizing Incremental Demand-side Resources 

The Plexos® software views demand-side resources as non-dispatchable "generators" that 

produce energy similar to non-dispatchable supply-side generators such as wind or solar. Thus, 

the value of each resource is impacted by the hours of the day and time of the year that it 

"generates" energy. 

4.4.3.6 Combined Heat and Power (CHP) 

CHP (also known as Cogeneration) is a process where electricity is generated and the waste 

heat by-product is used for heating or other processes, raising the net thermal efficiency of the 

facility. To take advantage of the increased efficiency associated with CHP, the host must have a 

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

APCo worked with AEP Generation Engineering to develop a generic CHP option. The 

CHP option developed is a 15MW facility utilizing a natural gas fired combustion turbine, Heat 

Recovery Steam Generator (HRSG) and SCR to control 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 

$2,100/kW and the assumed modeled full load heat rate is approximately 4,800 Btu/kWh. 

Additionally, the assumed capacity factor was 90%. 
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4.5 Identify and Screen Supply-side Resource Options © 
© 
m 
m 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 

However, it is important to note that alternative technologies with comparable cost and 

performance characteristics may ultimately be substituted should technological or market-based 

profile changes warrant. 

When applicable, APCo may take advantage of economical market capacity and energy 

opportunities. Prospectively, these opportunities could take the place of currently planned 

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

4.5.2 New Supply-side Capacity Alternatives 

Natural gas base/intermediate and peaking generating technologies were considered in 

this IRP as well as large-scale solar and wind. Further details on these technologies are available 

in Exhibit B of the Appendix. To reduce the computational problem size within Plexos®, the 

number of alternatives explicitly modeled was reduced through an economic screening process 

which analyzed various supply options and developed a quantitative comparison for each duty-

cycle type of capacity (i.e., base-load, intermediate, and peaking) on a forty-year, levelized basis. 

The options were screened by comparing levelized annual busbar costs over a range of capacity 

factors. 

In this evaluation, each type of technology is represented by a line showing the 

relationship between its total levelized annual cost per kW and an assumed annual capacity 

factor. The value at a capacity factor of zero represents the fixed costs, including carrying 

charges and fixed Operations and Maintenance (O&M) costs, which would be incurred even if 

the unit produced no energy. The slope of the line reflects variable costs, including fuel, 

emissions, and variable O&M, which increase in proportion to the energy produced. 

Plexos®, the available technology options were limited to certain representative unit types. 
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The best of class technology, for each duty cycle, determined by this screening process 

was explicitly modeled in Plexos®. These generation technologies were intended to represent 

reasonable proxies for each capacity type (base-load, intermediate, peaking). Subsequent 

substitution of specific technologies could occur in any later plan, based on emerging economic 

or non-economic factors not yet identified. 

& 

tjrt 
& 
© 
© 

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 EPR1 and the Edison Electric Institute, AEP's association with architect 

and engineering firms and original equipment manufacturers, as well as its own experience and 

market intelligence, provides AEP with current estimates for the planning process. Table 14, 

below, offers a summary of the most recent technology performance parameter data developed. 

Additional parameters such as the quantities and rates of solid waste production, hazardous 

material consumption, and water consumption are significant; however the options which passed 

the screening phase and were included in Plexos® were natural gas facilities which generally 

have limited impacts on these areas of concern. 

Table 14. New Generation Technology Options with Key Assumptions 

Type 
Capability 

Emission Rates 

S02 
(Lb/mmBtu) 

NOx 
ILMmmBlu) 

C02 
(Lb/mmPu) 

Capacity 

Factor 

_i%L 

Overall 

Availability 

_1%L 
Base Load 

Nuclear 1610 0.00 0.00 0.00 90 94 
Base Load {90%C02 Capture New Unit) 

Pulv. Coal (Ultra-Supercritical) (PRB) 
Base / Intermediate (b) 

Combined Cycle (1X1 "J" Class) 

Combined Cycle (2X1 "J" Class) 

Combined Cycle (2X1 "H" Class) 

540 0.07 0.05 21.3 85 90 

540 

1080 

1150 

0.0007 

0.0007 

0.0007 

0.007 

0.007 

0.007 

117.1 

117.1 

117.1 

60 
60 
60 

89 

89 

89 
Peaking 

Combustion Turbine (2 - "E" Class) (b) 

Combustion Turbine (2 - "F" Class, w/evap coolers) (b) 

Aero-Derivative (2 - Small Machines) (b,c) 

Recip Engines (12 - w/SCR, Natural Gas Only) 

Storage Battery (4 Hour-Lithium Ion) 

180 
490 

120 
220 
10 

0.0007 

0.0007 

0.0007 

0.0007 

0.008 
0.008 
0.008 
0.008 

117.1 

117.1 

117.1 

117.1 

25 
25 
25 
25 
25 

93 
93 

97 

98 

99 
Notes: (a) Capability at Standard ISO Conditions at 1,000 feet above sea level. 

(b) Includes Dual Fuel Capability & SCR Environmental Controls. 

(c) Includes Black-Start Capability. 
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4.5.3 Base/Intermediate Alternatives @ 

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

Plexos resource optimization modeling analyses. The forecasted difference between APCo's 

load forecast and existing resources is such that a large, central generating station would not be 

required. In addition, for coal generation resources, environmental regulation (see Section 3.3) 

makes the construction of new coal plants economically impractical. New nuclear construction is 

also economically impractical since it would potentially require an investment of $7,100/kW or 

more. 

Intermediate generating sources are typically expected to serve a load-following and 

cycling duty and effectively shield base-load units from that obligation. Historically, many 

generators relied on older, smaller, less-efficient/higher dispatch cost, subcritical coal-fired or 

gas-steam units to serve such load-following roles. Over the last several years, these units have 

improved ramp rates and regulation capability, and reduced downturn (minimum load 

capabilities). With the retirement of APCo's subcritical units, other generation dispatch 

alternatives and new generation will need to be considered to cost effectively meet this duty 

cycle's operating characteristics. 

4.5.3.1 Natural Gas Combined Cycle (NGCC) 

An NGCC plant combines a steam cycle and a combustion gas turbine cycle to produce 

power. Waste heat (~l,100oF) 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 

101 



1 
APPALACHIAN 
POWER @5] 

DtlOMOIfiTS IHetWY* 2018 Integrated Resource Plan 

associated diesel generator, to perform system restoration (Black Start) services. Although © 
© 

cycling duty is typically not a concern, an issue faced by NGCC when load-following is the 

erosion of efficiency due to an inability to maintain optimum air-to-fuel pressure and turbine 

exhaust and steam temperatures. Methods to address these include: 

• Installation of advanced automated controls. 

• Supplemental firing while at full load with a reduction in firing when load 

decreases. When supplemental firing reaches zero, fuel to the gas turbine is 

cutback. This approach would reduce efficiency at full load, but would 

likewise greatly reduce efficiency degradation in lower-load ranges. 

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

the widest load range with minimum efficiency penalty. 

4.5.4 Peaking Alternatives 

Peaking generating sources provide needed capacity during extreme high-use peaking 

periods and/or periods in which significant shifts in the load (or supply) curve dictate the need 

for "quick-response" capability. The peaks occur for only a few hours each year and the installed 

reserve requirement is predicated on a one day in ten year loss of load expectation, so the 

capacity dedicated to serving this reliability function can be expected to provide relatively little 

energy over an annual load cycle. As a result, fuel efficiency and other variable costs applicable 

to these resources are of lesser concern. Rather, this capacity should be obtained at the lowest 

practical installed/fixed cost, despite the fact that such capacity often has very high energy costs. 

Ultimately, such "peaking" resource requirements are manifested in the system load duration 

curve. 

In addition, in certain situations, peaking capacity such as combustion turbines can 

provide backup and some have the ability to provide emergency, Black Start, capability to the 

grid. 
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4.5.4.1 Simple Cycle Combustion Turbines (NGCT) 

In "industrial" or "frame-type" Combustion Turbine (CT) systems, air compressed by an 

<© 
© 
6» 

axial compressor is mixed with fuel and burned in a combustion chamber. The resulting hot gas 

then expands and cools while passing through a turbine. The rotating rear turbine not only runs 

the axial compressor in the front section but also provides rotating shaft power to drive an 

electric generator. The exhaust from a combustion turbine can range in temperature between 800 

and 1,150 degrees Fahrenheit and contains substantial thermal energy. A CT system is one in 

which the exhaust from the gas turbine is vented to the atmosphere and its energy lost, i.e., not 

recovered as in a combined-cycle design. While not as efficient (at 30-35% Lower Heating 

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

4.5.4.2 Aeroderivatives (AD) 

Aeroderivatives (AD) are aircraft jet engines used in ground installations for power 

generation. They are smaller in size, lighter weight, and can start and stop quicker than their 

larger industrial or "frame" counterparts. For example, the GE 7E frame machine requires 20 to 

30 minutes to ramp up to full load while the smaller LM6000 aeroderivative only needs 10 

minutes from start to full load. However, the cost per kW of an aeroderivative is considerably 

higher than a frame machine. 

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

aeroderivatives well suited to peaking generation needs. AOs can operate at full load for a small 

percentage of the time allowing for multiple daily startups to meet peak demands, compared to 

frame machines which are more commonly expected to start up once per day and operate at 

continuous full load for 10 to 16 hours per day. The cycling capabilities provide ADs the ability 

to backup variable renewables such as solar and wind. This operating characteristic is expected 

to become more valuable over time as: A) the penetration of variable renewables increase; B) 

base-load generation processes become more complex limiting their ability to load-follow and; 

C) more intermediate coal-fueled generating units are retired from commercial service. 
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AD units weigh less than their industrial counterparts allowing for skid or modular 

installations. Efficiency is also a consideration in choosing an AD over an industrial turbine. AD 

m 

& 
us 

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 

natural gas-fired spark ignition engines and post 2000 sales of natural gas-fired generators have 

remained above 10% of total units sold worldwide. 

Improvements in emission control systems and thermal efficiency have led to the 

increased utilization of natural gas-fired RE generators incorporated into multi-unit power 

generation stations for main grid applications. RE generators' high efficiency, flat heat rate 

curves and rapid response make this technology very well suited for peaking and intermediate 

load service and as back up to intermittent generating resources. Additionally, the fuel supply 

pressure required is in the range of 40 to 70 psig; this lower gas pressure gives this technology 

more flexibility when identifying locations. A further advantage of RE generators is that power 

output is less affected by increasing elevation and ambient temperature as compared to gas 

turbine technology. Also, a RE plant generally would consist of multiple units, which will be 

more efficient at part load operation than a single gas turbine unit of equivalent size because of 

the ability to shut down units and to operate the remaining units at higher load. Common RE unit 

sizes have generally ranged from 8MW to 18MW per machine with heat rates in the range of 

8,100 -to- 8,600 Btu/kWh (Higher Heating Value). 

Regarding operating cost, RE generators have a somewhat greater variable O&M than a 

comparable gas turbine; however, over the long term, maintenance costs of RE are generally 

lower because the operating hours between major maintenance can be twice as long as gas 

turbines of similar size. 
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4.5.4.4 Battery Storage m 
<§ 
& 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 FRP is a Lithium-ion storage technology and it has a nameplate rating of 

10MW and 40MWh! with a round trip efficiency of 87%. For Capacity Performance 

considerations the assumed PJM capacity rating that was modeled was 5MW. To develop this 

resource, AEP's Generation Engineering Services considered a wide range of sources including: 

the DOE/EPRI 2015 Electricity Storage Handbook in Collaboration with the National Rural 

Electric Cooperative Association (NRECA), EPRI TAGWEB, BNEF and battery storage 

equipment suppliers. 

4.5.5 Renewable Alternatives 

Renewable generation alternatives use energy sources that are either naturally occurring 

(wind, solar, hydro or geothermal), or are sourced from a by-product or waste-product of another 

process (biomass or landfill gas). In the past, development of these resources has been driven 

primarily as the result of renewable portfolio requirements. That is not universally true now as 

advancements in both solar photovoltaics and wind turbine manufacturing have reduced both 

installed and ongoing costs. 

At this time within the industry, renewable energy resources, because of their intermittent 

nature, provide more energy value than capacity value. For this IRP, the overall threshold for 

intermittent resource 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 and capacity planning values. 

4.5.5.1 Solar 

4.5.5.1.1 Large-Scale Solar 
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Solar power comes in two forms to produce electricity: concentrating and photovoltaics. @ 

Concentrating solar — which heats a working fluid to temperatures sufficient to generate steam ® 

to power a turbine — produces electricity on a large scale and is similar to traditional centralized ^ 

supply assets in that respect. Photovoltaics can be distributed throughout the grid and are a 

scalable resource that, for example, can be as small as a few kilowatts or as large as 5001V1W. 

The cost of large-, or utility-scale, solar projects has declined in recent years and is 

expected to continue to decline (see Figure 28 below). This has been mostly a result of reduced 

panel prices that have resulted from manufacturing efficiencies spurred by accelerating 

penetration of solar energy in Europe, Japan, and California. With the trend firmly established, 

forecasts generally foresee declining nominal prices in the next decade as well, notwithstanding 

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

Large-scale solar plants require less lead time to build than fossil plants. There is no 

defined limit for how much utility solar can be built in a given time. However, in practice, solar 

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

Solar resources were made available in the Plexos model with some limits on the rate 

with which they could be chosen. In the 1RP modeling, the assumption was made that large-scale 

solar resources were available in yearly quantities up to SOOMWac19 of nameplate capacity 

starting in June 2021. A limit on solar capacity additions is needed because as solar costs 

continue to decrease relative to the market price of energy, there will come a point where the 

optimization model will theoretically pick an unlimited amount of solar resources. Additionally, 

this SOOMWac 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 1M W solar plant is estimated to be 7 acres, implying 

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

19 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. 

© 
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period the maximum threshold for solar resource additions was limited to approximately 15% of 

APCo's load obligation or 2,180MW20. Certainly, as APCo gains experience with solar 

installations, this limit would likely be modified (for example, it may be lower earlier and greater 

later). 

Solar resources were available in two tiers. Referred to as tier 2 in this IRP, the overall 

pricing trend over the planning period is based on the BNEF utility scale solar pricing forecast. 

An additional pricing tier was developed, tier 1, which is 10% lower than the base BNEF 

forecast. The tier I pricing is considered a "Best-ln-Class" solar resource. The 10% discount 

from the tier 2 product is based on the concept that during an RFP process the "Best Bids" would 

be approximately 10% less than the average bids. Both tiers of solar resources were available in 

blocks of 150MW, which is comprised of three 50MW installations and totals 300MW annually. 

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

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

The large-scale solar pricing used in this FRP reflects a normalized treatment of the 1TC, 

as well as a two-year safe harbor factor in ITC pricing. This safe harbor factor allows projects to 

lock in 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. 

20 PJM's Evolving Resource Mix and System Reliability, March 30, 2017, pages 4 and 34. 
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Figure 28. Large-Scale Solar Pricing Tiers 

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

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

4.5.5.1.2 Trends in Solar Energy Pricing 

As mentioned above, solar energy prices have declined significantly in recent years as 

shown below in Figure 29. From 2010 to 2018 installation costs have declined by more than 50% 

for residential, commercial, and large-scale solar. Further, large-scale solar has been, and is 

projected to be, substantially lower in cost compared to other sectors, with large-scale 

installations costing 50% and 29% less than residential and commercial installations, 

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

4.5.5.2 Wind 

Large-scale wind energy is generated by turbines ranging from 1.0 to 2.7M W. Typically, 

multiple wind turbines are grouped in rows or grids to develop a wind turbine power project 

which requires only a single connection to the transmission system. Location of wind turbines at 

the proper site is particularly critical as not only does the wind resource vary by geography, but 

also its proximity to a transmission system with available capacity, which will factor into the 

cost. 

A variable source of power in most non-coastal locales, with capacity factors ranging 

from 30 percent (in the eastern portion of the U.S.) to over 50 percent (largely in more westerly 

portions of the U.S., including the Plains states), wind energy's life-cycle cost ($/MWh), 

excluding subsidies, is currently higher than the marginal (avoided) cost of energy, in spite of its 

negligible operating costs. 
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Another consideration with wind power is that its most critical factors (i.e., wind speed © 
<£§ 

and sustainability) are typically highest in more remote locations, which forces the electricity to 

be transmitted longer distances to load centers necessitating the build out of EHV transmission to 

optimally integrate large additions of wind into the grid. 

For modeling purposes, wind was an option at two tranches each year with different 

performance characteristics. The wind resources are first made available to the model in 2022 

(i.e., commercial operation date 12/31/21), due to the amount of time necessary to secure 

resources and obtain any necessary regulatory approvals. Figure 30 below shows the LCOE 

prices of wind resource tranches assumed for the IRP. The first tranche of wind resources, 

Tranche A, was modeled as a 150MW resource. Tranche A has a 35% capacity factor load 

shape. The second tranche of wind resources, Tranche B, was modeled as a 150MW resource. 

Tranche B has a 32% capacity factor load shape. The pricing of both tranches reflect the value of 

Federal Production Tax Credits (PTCs). After 2020 tax credits reduce to 80%, 60% and 40% of 

their 2020 value in 2021, 2022, and 2023, respectively. These PTC values are based on 

developers talcing advantage of the safe-harbor guidelines which provide up to a four year delay 

in the effects of declining tax credits as long as adequate construction has commenced. Both 

tranches were assigned a capacity value of 5% of nameplate rating based upon APCo's current 

evaluation of the PJM Capacity Performance rule. Wind prices were developed based on the 

Bloomberg New Energy Finance H2 2017 U.S. Renewable Energy Market Outlook and market 

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

The expected magnitude of wind resources available beginning in 2022 per year was 

limited to 300MW nameplate through the remainder of the planning period. In total, wind 

resources were limited to 3,300]VIW 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 Report21 which suggests from 

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

21 Wind Vision: A New Era for Wind Power in the United States (2015). Retrieved from 

http://wwwl .eere.energy.gov/library/dcfault.aspx?Page=l 2. Figure 1-5. 
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intennittent resources in the 2020 to 2030 timeframe. The cap for APCo allows the model to 

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

4.5.5.3 Hydro 

The available sources of, particularly, larger hydroelectric potential have largely been 

exploited and those that remain must compete with the other uses, including recreation and 

navigation. The potentially lengthy time associated with environmental studies, Federal Army 

Corp of Engineer permitting, high up-front construction costs, and environmental issues (fish and 

wildlife) make new hydro prohibitive at this time. As such, no incremental hydroelectric 

resources were considered in this IRP. 

4.5.5.4 Biomass 

Biomass is a term that typically includes organic waste products (sawdust or other wood 

waste), organic crops (corn, switchgrass, poplar trees, willow trees, etc.), or biogas produced 

from organic materials, as well as select other materials. Biomass costs will vary significantly 

depending upon the feedstock. Biomass is typically used in power generation to fuel a steam 

generator (boiler) that subsequently drives a steam turbine generator; similar to the same process 

of many traditional coal fired generation units. Some biomass generation facilities use biomass 

as the primary fuel, however, there are some existing coal-fired generating stations that will use 

biomass as a blend with the coal. Given these factors, plus the typical high cost and required 

feedstock supply and attendant long-term pricing issues, no incremental biomass resources were 

considered in this IRP. 

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

Each supply-side and demand-side resource is offered into the Plexos® model on an 

equivalent basis. Each resource has specific values for capacity, energy production (or savings), 

and cost. The Plexos® model selects resources in order to reduce the overall portfolio cost, 

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

costs to customers. 

4.6.1 Optimization of Expanded DSM Programs 

As described in Section 4.4.3, EE and WO 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 external to the company to develop reasonable proxy resources to be modeled in the 

IRP. Typically, the experts will use various approaches to develop the proxy estimates. These 

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

collaboration. 

Figure 31 below prepared by IHS as part of their North American Power Update, 

published in March 2017, summarizes recent power purchase agreements by technology for the 

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

© 
© 
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Figure 31. U.S. Renewable PPA Prices 

The available data set identifies key renewable technologies that have reported pricing 

and are being deployed within the U. S. and the PJM region. The data shows there is limited 

insight to be gained for both wind and solar PPA transactions in PJM, especially related to recent 

transactions in 2016. The data shows one solar transaction in 2015 in the eastern portion of the 

U.S. and two 2015 wind transactions in PJM. Such limited data is of little value for APCo's IRP 

purposes. 

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

dataset. Table 15 below shows new generating capacity within PJM which is scheduled to be in-

service in 2018 or 2019. 

m 
m 
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Table 15. PJM Total New Generating Capacity and Cost by Type (Under 
Construction) - 2018 and 2019 In-Service Dates 

Unl 

Type of Capacity 

Combined Cyde (CC) 

Renewables 

Wind 

Solar 

Total 

Other 

Combustion Turbine 

Internal Combustion 
Storage 

Total 

Total PJM New Capacity 

Generating Capacity 

(MW) 

10,813 

366 

236 

601 

359 

22 

20 
401 

11,815 

(%) 

9LS% 

3.1% 

2.0% 

5.1% 

3.0% 

0.2% 
0.2% 
3.4% 

100.0% 

Construction Cost 

(Est. Weighted) 

($/kW) 

1,063 

1,953 

2,471 

2,156 

950 

1,200 
N/A 
964* 

Based upon a review of this market data, APCo has concluded it is reasonable to base 

IRP pricing assumptions for both wind and solar resources on the BNEF H2 2017 U.S. 

Renewable Energy Market Outlook report. A complete description of the solar resource 

assumptions is in Section 4.5.5.1 and the wind resource assumptions are in Section 4.5.5.2. For 

the combined cycle assumptions, APCo is utilizing a 25% share of an advanced gas turbine 

technology, in a 2x1 configuration, with an estimated cost of $900/kW, and a full load heat rate 

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

5.1 The Plexos Model - An Overview 

Plexos® LP long-term optimization model, also known as "LT Plan®," served as the basis 

from which the APCo-specific capacity requirement evaluations were examined and 

recommendations were made. The LT Plan® model finds the optimal portfolio of future capacity 

and energy resources, including DSM additions, which minimizes the CPW of a planning 

entity's generation-related variable and fixed costs over a long-term planning horizon. By 

minimizing CPW the model will provide optimized portfolios with the lowest and most stable 

customer rates, while adhering to the Company's constraints. Low, stable rates benefit the entire 

region by attracting new commercial and industrial customers, and retaining/expanding existing 

load. 

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: 

• 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; 

• fixed costs of any capacity purchases; 

• program costs of (incremental) DSM alternatives; 

• 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; 

• distributed, or customer-domiciled, resources which were effectively valued 

at the equivalent of a full-retail "net metering" credit to those customers; and 

• 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. 

§3> 
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Plexos® executes the objective function described above while abiding by the following 

possible constraints: 

• Minimum and maximum reserve margins; 

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

• age and lifetime of power generation facilities; 

• retrofit dependencies (SCR and FGD combinations); 

• operation constraints such as ramp rates, minimum up/down times, capacity, 

heat rates, etc.; 

• fuel burn minimum and maximums; 

• emission limits on effluents such as SO2 and NOx; and 

• 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 thai changes from olan-lo-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 1RP 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, CCVcarbon. Both forecasts were 

created internally within AEP. The load forecast was created by the AEP Economic Forecasting 

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

& 
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Fundamental Analysis group. These groups have many years of experience forecasting APCo "S 
© 

and AEP system-wide demand and energy requirements and fundamental pricing for both © 
fe3 

internal operational and regulatory purposes. Moreover, the Fundamental Analysis group 

constantly performs peer review by way of comparing and contrasting its commodity pricing 

projections versus "consensus" pricing on the part of outside forecasting entities such as IHS-

Cambridge Energy Research Associates (CERA), Petroleum Industry Research Associates 

(PIRA) and the EIA. 

Another input parameter of note is the PJM capacity reserve margin. The PJM capacity 

reserve margin, combined with APCo's forecasted demand, set the limit for the minimum 

capacity required to maintain service reliability within the region. Each of the scenarios modeled 

below are optimized while adhering to this constraint. This ensures that each of the scenarios 

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

With regard to environmental regulations, the estimated, potential impact of current and 

pending regulations was factored into the analyses of potential resource plans by adding 

incremental costs to comply. As a proxy for modeling the effect of, and a cost-effective means of 

complying with the CPP proposal this 1RP 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 ^ 
(?a5 

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: 

• 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 500MW total at 
summer conditions. 

o AD units consisting of 2 aeroderivative turbines at I30MW total at 
summer conditions. 

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

o Battery Storage units available in 10MW blocks per year. 

• Jnlermeciiate-Baseload capacity was modeled, effective in 2022 due to 

anticipated period required to approve, site, engineer and construct, from: 

o A 25% share of a NGCC (2x1 "H" class turbines with duct firing and 
evaporative inlet air cooling) facility, rated at 1,500MW at summer 
conditions. The 25% interest assumes APCo coordinates the addition 
of this resource with other parties. 

• Wind resources were made available up to 300MW annually beginning in 

2022 (commercial operation date 12/31/21). One 150MW unit of each 
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Tranche A and B was available each year. Tranche A had a LCOE of 

$46.24/MWh, in 2021 with the PTC. Tranche B had a LCOE of $52.31/MWh, 

<0 
<0 
©> 

in 2021 with the PTC. Wind resources were assumed to have a PJM capacity 

value equal to 5% of nameplate rating. 

• Large-scale solar resources were made available in two tiers, with up to 

1501V1W of each tier available each year beginning in 2021, for a total of up to 

300MW annually. Initial costs for Tier 1 were approximately $l,250/kW in 

2021 with the JTC. Tier 2 has an initial cost of approximately $l,390/kW in 

2021 with the ITC. Solar resources were assumed to have a PJM capacity 

value equal to 38% of nameplate rating. 

• DC, in the form of distributed solar resources, was embedded in amounts 

equal to a Compound Annual Growth Rate (CAGR) of 16.5% over the 

planning period. 

• CHP resources were made available in 15MW (nameplate) blocks, with an 

overnight installed cost of $2,100/kW and assuming full host compensation 

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

• EE resources—incremental to those already incorporated into the Company's 

long-term load and peak demand forecast in up to 21 unique "bundles" of 

Residential, Commercial, and Industrial measures considering cost and 

performance parameters for both HAP and AP categories. Industrial measures 

were limited to lighting. The Commercial and Industrial potential was reduced 

based on the 2018 Virginia Act. 

• WO was available in 15 tranches of varying installed costs and number of 

circuits/sizes ranging from a low of 5.6MW up to 15.6M W of demand savings 

potential. 
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5.2.2 Traditional Optimized Portfolios 
© 

The key decision to be made by APCo during the planning period is how to fill the ® 

resource need identified. Portfolios with various options addressing APCo's capacity and energy 

resource needs over time were optimized under various conditions. Five of the six traditional 

scenarios were initially analyzed for this IRP, resulting in five unique portfolios (see Table 16 

below). Please see Section 4.3.1.6 for further discussion on the decision to not model the 

traditional No Carbon scenario for this 2018 LRP. The portfolios discussed below represent 

incremental resources which are in addition to those currently in-service. The portfolios do not 

include APCo's planned additions of a 15 MW solar resource discussed in Section 3.2, which is 

assumed to be in-service in 2021. 
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Table 16. Traditional Scenarios/Portfolios 

Type Name 
Commodity 

Pricing 
Conditions 

Load 
Conditions 

Commodity 
Pricing 

Scenarios 

Mid Mid 
Low Band Low Band 

High Band High Band 

Base 
Base 

Base 

Load 
Scenarios 

Low Load Low Band 

High Load Low Band 

Low 

High 

5.2.2.1 Mid, Low Band, High Band Commodity Pricing Portfolios 

Table 17 below shows the capacity additions associated with the Mid, Low Band, and 

High Band commodity pricing scenarios. Recall from Section 4.3.1 that each of these scenarios 

includes a unique set of prices for CO2 emission allowances. 
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Table 17. Cumulative PJM Capacity Additions (MW) and Energy Positions (GWh) for Mid, Low Band and 
High Band Commodity Pricing Scenarios 

Basc/lntcrmediate^GCC; PeakingsNGCT, AD; VVOaVolt VAR Optimization; DG=Distributed Generation 

All three portfolios include similar resource additions, such as: 

• Wind resources of 150M W (nameplate) or more beginning in 2022; 

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

2023;and 

• EE programs including WO totaling 206MW or more by 2032. 

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

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

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

Load sensitivity scenarios, using Low commodity prices. 

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

[=D 

Load Sensitivities 2011 2019 2020 2021 2022 2023 2024 202S 2026 2027 2028 2029 2030 2031 7037 
2032 Net Energy 

Position (GWh) 

Avg Net Energy 

Position (GWh) 

(2018-2032) 
Basp/lrternwdlate 

J'raliinp 
_ Solar (Firm) 

Solar (N.i mrplate) 

__ VJdid Jft/jTi) 

Wind (K.imtpl.itrf 
ButtrryStofono _ 
Cnnry tlfieicncy 
" CHP " 

Demand Rr.gonso 

S7 j 

300 

J5_UL 

1^50 
300 

1^50 
300 

^,500 

300 
7,035 3,109 

High Load Byeflntcrmcdiotn 373 
Pcaklnn 

Solar (firm! 
Solar jHomrplaioL 

Wind (Htm) 
Wind (K.)mrploip) 

SanaryStorarra 
Encrnv Efflclcney 

Demand Rmponsa 

iZL m. 

uoa 
JM 2.691 

30 
Base/lmermedlate-NGCC; PcakingcNGCT, AD; CHP=Comblned Heat & Power; WO-Volt VAR Optimization; DG=Dlstribuled Generation 

As expected, the overall capacity additions in the High Load scenario are naturally 

greater than those in the Low Load scenario. The High Load scenario calls for NGCC capacity 

(25% of a 2x1 facility) in 2025 whereas in the Low Load scenario NGCC capacity is not needed 

during the planning period. 

5.2.3 Clean Power Plan (CPP) Scenarios 

In December of 2016 the Commission issued its Final Order in APCo's 2016 IRP. In its 

Order the Commission required, among other things, that APCo model and present, at a 

minimum, the following scenarios: 

• "Least-cost base plan (non-compliant with the CPP); 

• Least-cost CPP-compliant intensity-based plan (regional and island 

approaches); 
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• Least-cost CPP-compliant mass-based plan (regional and island <© 
© 
Qt approaches); 

• Federal implementation plan, and 

• Company-preferred plan, if any. " 

Modeling compliance with the CPP presents challenges. CPP compliance plans could be 

implemented at various levels (e.g. state-specific, regional, national, etc.) and currently the four 

states in which APCo owns (or purchases) fossil generation - Virginia, West Virginia, Ohio and 

Indiana - have not provided guidance on preference for a type of plan or design elements. 

Furthermore, the stay issued by the U.S. Supreme Court in February 2016 and the EPA's 

proposed rule in October 2017 to repeal the CPP will likely delay the development of 

compliance plans and strategies. Without knowing the specific details of each state's compliance 

strategy, any modeling results should be viewed as indicative only, based on the need to 

incorporate numerous assumptions for what today are large unknowns in both policy choices and 

market outcomes. With this in mind, the following portfolios should be reviewed with careful 

understanding of the parameters under which they were modeled. Furthermore, given the 

speculative nature of the assumptions used and the scope of the study, it is premature to make 

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

For this LRP, 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 CO2 emission 

allowances each year (i.e. an amount of CO2 mass) for each applicable state. APCo's generation 

is then monitored throughout the year to determine the total mass of CO2 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 CO2 emissions per MWh of generation. The ERCs are used to 

help demonstrate compliance by providing emission free MWhs in the rate calculation, which 

help to lower APCo's CO2 emission rate. More details on the four compliance methods 

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

APCo is constrained to comply with a total company total mass limit of 

CO2 emissions absent access to additional emissions allowances from an external 

market. APCo's limit is determined by APCo's pro rata share of historical (2012), 

state-specific emissions in each state which APCo has generating assets (Indiana, 

Ohio, Virginia, and West Virginia). The assumed emission limit, which would 

correspond to an allocation of allowances, is speculative in that states ultimately 

have authority over the allocation of allowances and could utilize a different 

methodology. Additionally, this scenario assumes that allowances would be 

fungible across the four states in which APCo has affected generation and that 

allocations are received in perpetuity. Table 19 below displays the assumed 

allowance allocations for APCo. 

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

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

Indiana 

Ohio 

Virginia 

West Virginia 

1,019,000 

1,895,000 

1,016,000 

23,354,000 

848,000 

1,638,000 

890,000 

20,202,000 

772,000 

1,493,000 

825,000 

18,331,000 

727,000 

1,411,000 

794,000 

17,230,000 

702,000 

1,365,000 

780,000 

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 CO2 

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 CO2 pricing and dispatch constraints 

were the same as those included in the Mid, Low Band, and High Band 

commodity pricing scenarios discussed above in Section 5.2.2.11, no additional 

scenarios were modeled. 
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• Rate-based - Island @ 
© 

APCo is constrained to comply with a total company rate-based limit of 

CO2 emissions (Ib./MWh), absent of access to ERC's from an external market. It 

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

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

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

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

'(Existing) NGCC resources, shown in Table 21. 

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

1 
APPALACHIAN 
power 

I 

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

Total-APCo 1,961 1,567 1,421 1,314 1,251 

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

Sub-Category 

Fossil-Steam 

NGCC 

2024-2026 

1,671 

877 

2027-2029 

1,500 

817 

2030-2031 

1,380 

784 

2032+ 

1,305 

770 

• Rate-based - Market: 

APCo is constrained to comply with a total company rate-based limit of CO2 

emissions (Ib./MWh), and is able to procure additional ERCs from an external market. 

Rate-based limits were determined in the same manner as the island approach discussed 

above. 

The Mass and Rate emission targets shown above in Table 19 and Table 20 represent a 

two year delay in the implementation of the CPP. In other words, when compared to the EPA's 

emission goals discussed in Section 3.3.8 the targets above take effect two years later. 

In order to provide flexibility to meet CPP-related constraints, additional supply-side 

resource options were made available to the model during the optimization of the CPP scenarios 

described above. The options only affected APCo's large coal-fired units at the Amos and 

Mountaineer plants, and consisted of the following: 
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o Unit curtailments were considered as alternatives for Amos Units 1, 2 and <§! 
© 

3 and Mountaineer Unit 1; 

o co-firing on natural gas was considered for Amos Units 2 and 3; and 

o the retirement of Amos Unit 1. 

5.2.3.1 Clean Power Plan Mass-Based Scenario Portfolios 

5.2.3.1.1 Mass-Based- Island 

Table 22 below shows the capacity additions associated with the Mass-Based - Island 

CPP scenario. In order to meet APCo's CO2 limits without an external market the optimized 

portfolio includes the retirement of Amos Unit 1 in 2030, as well as unit curtailments. During the 

planning period Amos Units 2 and 3 were each curtailed to run at capacity factors as low as 32%. 

Mountaineer Unit 1 was curtailed to run at a capacity factor as low as 63%. 

Table 22. Cumulative PJM Capacity Additions (MW) and Energy Positions (GWh) for Mass-based - Island 
CPP Scenario 

CPP Analyses 2011 201» 2020 2021 2022 2023 2024 2023 2026 2027 20U 2029 2030 2031 2032 
2032 Net Energy 

Position (GWh) 

Avg Net Energy 

Position (GWh) 

(2018-2032) 

Mass Based-Island Bocc/imprmcdlatg 
praklnp 

Solar JOrm) 
Solar (Namrplate) 

Aird (tirtr) 

_ Wiml (fjifPfplatrl 
Battery StotOflQ 

Enrrpy tlfielency 
CHP 
WO 

Dc mo mTflw pons n 
Olstf.Gm. 

AL 

700 ; uooc 
300 j 300 

128 t mo 

™ j 27 

*608 t 66S" 
1300 1,600 i 1.750 

300 300 t 300 

iso jisa i is7 

jTXJL 

722 
'1,900 

JPO, 
"*165 

(3,504) {^9/6) 

Bosa/lntermedlateeNGCCi Peaklng=NGCT, AD; CHP«Combined Heat & Power; WOWolt VAR Optlmliatlon; DG=Dl5trlbuted Generation 

5.2.3.1.2 Mass-Based - Market 

As mentioned above, the Mid, Low Band, and High Band commodity pricing portfolios 

represent compliance plans under a Mass-Based approach with access to allowances in an 

external market. Capacity additions associated with these portfolios are shown above in Table 

17. 

5.2.3.1.3 Clean Power Plan Mass-Based Portfolio CO2 Emissions 
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Figure 32 below illustrates the emissions of CO2 for each of the Mass-Based CP? <© 

scenario portfolios. The island approach forces the model to optimize the portfolio of resources 
Erf 

such that CO2 emissions stay below the Company limit. In the Mass-Based - Market scenarios 

each portfolio may emit more CO2 than the initial limit due to the availability of additional 

allowances in an external market. The quantity of the additional allowances needed in each 

market plan is represented in Figure 32 as the distance between each market scenario trend line 

and the dashed black target line. 
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Figure 32. Mass-Based CPP Scenario Emissions (Million Tons of CO2) vs. Target 

5.2.3.2 Clean Power Plan Rate-Based Scenario Portfolios 

5.2.3.2.1 Rate-Based - Island 

Table 23 below shows the capacity additions associated with the Rate-Based - Island 

CPP scenario. The Rate-Based - Island plan calls for the addition of large-scale solar beginning 

in 2023 and wind generation beginning in 2022. This portfolio further seeks to add additional 

carbon-free capacity resources with increased amounts of WO (80MW). In order to meet 

APCo's CO2 limits without an external market the optimized portfolio includes unit curtailments. 

128 



APPALACHIAN 
POWER-

OOUWOICJC rwfffor* 2018 Integrated Resource Plan 

During the planning period Amos Units 1, 2, and 3 were each curtailed to run at capacity factors 

as low as 30%. Mountaineer Unit 1 was curtailed to run at a capacity factor as low as 63%. 

Table 23. Cumulative PJM Capacity Additions (MW) and Energy Positions (GWh) for Rate-based - Island 
CPP Scenario 

CPP Analyses 1 0 2 0 1 9  2 0 2 0  2 0 2 1  1 0 2 2  2 0 2 3  2 0 2 4  2 0 2 5  2 0 2 6  2 0 2 7  2 0 2 8  2 0 2 9  2 0 3 0  2 0 3 1  
2032 Net Energy 

Position (GWh) 

Avg Net Energy 

Position (GWh) 

(2010-2032) 

Rate Based - Island Bwy^ntcrmtidtuto 
PfMklnp 

SotanFlrw) 
Solar (Namcphito) 

WiruHfirmJ 
Wind 
Buttrry SloroHf 

|nfrjny Effidoncv 
CHP 
vyo. 

Ofrrdml Rrsponse 
Pl^tr. Srn 

_53_ 
1.050 

U50 
' 83 

m 

231. 
im 

ia 

2,100 
836 

2,200 

MOO 7,577 3,060 

199 

Base/lntcrmedlateoNGCC; PeakingeNGCT, AO; CHPaComblned Heat & Power; WO=Volt VAR Optimization; OGsOistrlbuted Generation 

5.2.3.2.2 Rate-Based - Market 

Table 24 below shows the capacity additions associated with the Rate-Based - Market 

CPP scenario. 

Table 24. Cumulative PJM Capacity Additions (MW) and Energy Positions (GWh) for Rate-based - Market 
CPP Scenario 

CPP Analyses 2016 2019 2020 2021 2022 2023 2024 2025 2026 2027 2021 2029 2030 2031 2012 
2032 Net Energy 

Position (GWh) 

Avg Net Energy 

Position (GWh) 

(2018-2032) 

Rate Based-Market Basc/inicrmndi'tta 
Pc.iVinp _ 

Solar (firm) 
Solar (Namoplatp) 

Wind(firm) 
Wind [Xjmrpl.:t, ) 
_ Battery Storare 
EncrpyEfnclmty 

CHP 
WO 

Demand ftrsponso _L 22 } 23 .iL 

U50 

UOO 
379_ 
TJOO 
_03 _ 
1,650 

JH. 

JL 

684 
1,800' 

1400 

741 
1,950 

jvl. 
1.950 

9,623 3,231 

170 

Bose/lntermedlatenNGCC; PeaklngoNGCT, AO; CHP=Comblned Heat & Power; VVO=Volt VAR Optimization; OG=Distrlbuted Generation 

The Rate-Based Market plan includes unit curtailments. During the planning period 

Amos Units 1, 2, and 3 were each curtailed to run at capacity factors as low as 42%. 

Mountaineer Unit 1 was curtailed to run at a capacity factor as low as 63%. 

Substantial amounts of carbon-free energy and capacity are included with the addition of 

large-scale solar and wind resources. 
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5.2.3.2.3 Clean Power Plan Rate-Based Portfolio CO2 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 COj emissions stay below the Company limit. In the Rate-Based Market 

scenarios each portfolio may emit CO2 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. 

ta 

Figure 33. Rate-Based CPP Scenario Emissions (lbs. COj/MWh) vs. Target 

5.2.3.3 Comparing Clean Power Plan Scenario Costs 

The cost of the CPP compliant plans may be compared, to the extent that they were 

developed, using the same commodity pricing scenario, as shown below in Table 25. As the table 

shows, the Rate-Based Market compliance strategy is the least costly (i.e., has a lower CPW of 

costs) of the CPP compliant portfolios. 
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Table 25. Clean Power Plan Compliance Scenario Cost Comparison ($000) 

CPP Scenario 

Rate-Based Market Plan 

Rate-Based Island Plan 

Mass-Based Market Plan 

Mass-Based Island Plan 

Plan CPW 

($000) 

$21,070,904 

$21,180,417 

$21,339,824 

$21,752,625 

Cost Above Lowest Cost 

CPP Compliant Plan 

($000) 

Lowest Cost 

$109,513 

$268,920 

$681,721 

1=5 

5.2.3.4 Assessing the Cost of CPP Compliance 

Determining the cost of CPP compliance is challenging due to the overall impact the CPP 

could have on the energy and energy-related markets. A reasonable way to assess the cost of 

complying with the CPP would be to take the lowest cost CPP-compliant plan, determine the 

cost of the plan if it did not comply with the CPP, and compare the difference between the two 

values. The difference is considered to be the cost of CPP-compliance. Table 26 below shows 

this comparison for the Rate-Based Market view, which is the lowest cost CPP-compliant plan. 

Table 26. Lowest Cost of Compliance with Clean Power Plan ($000) 

Scenario 

Compliant Rate-Based Market Plan 

Non-Compliant Rate-Based Market Plan 

Plan CPW 

($000) 

$21,070,904 

$20,985,134 

Cost of CPP Compliance $85,770 

5.2.3.5 Federal Implementation Plan Analyses 

The proposed federal plans are market-based plans where either allowances (if mass-

based) or ERCs (if rate-based) can be purchased on an open market. The federal plans are 

assumed to be more restrictive than what was assumed for the state market plans. For example, 

in the assumed mass-based federal plan, APCo's emission allowances will be reduced over time 

as EPA has proposed that retired units would not receive an allocation in perpetuity. For the 

federal rate-based plan, it is assumed that EE projects would not be eligible for generating ERCs. 

As a result of these differences between the assumed federal and state plans, additional 
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allowances or ERCs would need to be purchased. To determine the cost of a plan that complies <@ 
<0 

with the draft federal rules, APCo used the market-based portfolios described above as starting ^ 

points, then adjusted the APCo target (mass or rate) in accordance with the proposed federal plan 

rules to determine the incremental allowances or ERCs that would need to be procured. The cost 

(i.e., CPW) of the state and federal mass-based and rate-based plans are shown below in Table 

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

Table 27. Clean Power Plan Federal Implementation Plan Cost Comparison ($000) 

Scenario 
Plan CPW 

($000) 
Cost Above State Plan 

($000) 
Rate-Based Market - Federal 

Rate-Based Market - State 

Mass-Based Market - Federal 

Mass-Based Market - State 

$21,084,429 

$21,070,904 

$21,592,955 

$21,339,824 

$13,525 

$253,131 

5.2.3.6 Rate Impacts of Clean Power Plan Scenarios 

The Company evaluated the rate impacts of the various presumptive CPP compliant 

portfolios, which were requested by the Commission and are discussed in this Report, relative to 

a least-cost scenario. Incremental rate impacts were calculated from the CPW of each plan as 

well as the Company's forecasted load. Figure 34 below illustrates the incremental rate impacts 

of the CPP-compliant scenarios. These rate impacts are in comparison to the lowest-cost non-

compliant Rate-Based Market plan shown in Table 26. 

132 



APPALACHIAN 
POWER 

cohndius jncuoi- 2018 Integrated Resource Plan 

0.60 

0.50 

0.40 

i 
2, 0.30 

tJ 

ra cc 

0.20 

0.10 

0.00 

2021 2022 2023 2024 

^—Rate-Based Market 

^—Mass-Based Market FIP 

2025 2026 2027 

^—Rate-Based Island 

— Mass-Based Allowance 

2028 2029 2030 2031 

=Rate-Based Market FIP 

=Mass-Based Island 

2032 

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

It is important to remember that these increases are over and above any incremental costs 

to implement the Non-Compliant Rate-Based Market Approach (i.e. are not representative 

increases from current rates), and are highly dependent upon both the assumptions used in the 

Company's modeling and the uncertainties surrounding the CPP, as discussed throughout this 

Report. These projected increases are likely to change as better information becomes available. 

5.3 Hybrid Plan 

Each of the scenarios analyzed provides insight into APCo's potential mix of resources 

for the future. APCo's Hybrid Plan was developed based on certain considerations such as 

minimizing revenue requirement exposure (i.e., cost to customers) over the planning period 

while meeting capacity obligations, minimizing the Company's dependency on external energy 

yfj 
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and its corresponding risk of energy market price volatility, and meeting Virginia's voluntary @ 
© 

RPS goals in a reasonably cost effective manner. To arrive at the Hybrid Plan, APCo considered @ 

a resource mix that included attributes of the various Optimal Plans and the RPS goals, taking 

into account the mandates of the 2018 Virginia Act. As a practical consideration, the Company 

staggered the implementation of renewable resource additions to reflect the time it takes to bid, 

evaluate, negotiate terms, and obtain necessary regulatory approvals. APCo then calculated the 

cost of this Hybrid Plan under the three long-term commodity price forecasts to ensure it was 

reasonable. The Hybrid Plan is presented as an option that balances cost, including energy costs, 

and other factors, while meeting the 2018 Virginia Act mandates. 

The incremental capacity additions associated with the Hybrid Plan are shown below in 

Table 28. Specifically, the Hybrid Plan incorporates the following changes from the optimized 

Low Band portfolio: 

• Advancement of solar resources from 2026 to 2024; 

• an additional 150MW of wind added in 2027; and 

• the addition of battery storage in 2021. Pursuant to provisions in the Virginia 

Act which allows the utility to participate in a battery storage pilot, the 

Company has included a 10M W (nameplate) battery resource. 

Table 28. Yearly Cumulative PJM Capacity Additions (MW) and Energy Positions (GWh) for Hybrid Plan 

Hybrid Plan 2011 20J9 2020 2021 2022 2023 2024 202S 202C 7027 2021 2029 2020 2031 2032 
2032 Net Energy 

Position (GWh) 

Avg Net Energy 

Position (GWh) 

(2018-2032) 

low Commodity, Bflia 
LMd 

Bo'.c/lntPrmcdldto 

Pcaklnp. 

Solir tKamcplatc) 

Wind (firm) 

Wind (Kamcplato) 

Battery Storago 

Enemy Efficiency 

CKP 

WO 
Demand Rreponsc 

PUtr. Oon 

-i u 
114 1 114 S 171 
300 j 300 • 450 

-i-
300 i 450 i 450 
-S .1. 5. 
HB | 128 • 139 

-i-

" I 2S : 27 ~ 

171 j 285 | 285 
450 • 750 I 750 
23 

Jit 

73 

JtL 

23 

J56 

399 
1JS0 

23 
450 
5 

164 

2,856 

Base/lmermediatecNGCC; PeakingcNGCT, AD; CHP=Combined Heat & Power; VVO=Volt VAR Optimization; DGsDistrfbuted Generation 

The 2018 IRP Hybrid Plan includes less wind resources compared to the 2017 IRP. This 

is predominately due to the utilization of the Company's Low Case commodity pricing scenario, 

the phase out of the PTC, the reduction in the value of the PTC resulting from the 2017 Tax Act, 
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and the projected cost differential among wind, solar and EE resources. The modeling results © 
© 

continue to indicate the energy costs and production profile of wind resources make near-term ig} 

addition of those resources uniquely suited to mitigate energy market risk associated with 

APCo's energy short winter position. 

The Hybrid Plan reduces APCo's need to purchase energy from the PJM market. APCo 

experiences its greatest demand during the winter, and hence is a winter-peaking entity. PJM as a 

whole operates as a summer-peaking RTO. Therefore, when APCo meets its summer demand 

obligations—per PJM rules—it is not meeting its winter peak demand obligations and ultimately 

the Company is short on energy during the winter months. The Hybrid Plan has the potential to 

minimize the consequences of APCo's energy position by adding renewable resources that 

provide significant energy in both the summer and winter months. Similarly, the Plan also calls 

for DSM programs—EE and WO—which also reduce both demand and energy on a year-round 

basis. 

The near-term actions contained in the Hybrid Plan, as identified in the Company's five-

year action plan (see Section 6.0), offer APCo significant flexibility should future conditions 

differ considerably from its assumptions. Changes to APCo's existing portfolio associated with 

this Hybrid Plan are also described in greater detail in Section 6.0 of this Report. 

5.3.1 Future CO2 Emissions Trending-Hybrid Plan 

The Hybrid Plan could be a CPP compliant plan under a Mass-Based Market approach. 

Figure 35 below shows how the Hybrid Plan's CO2 emissions compare with the CPP targets on a 

mass basis. Again, the distance between the Hybrid Plan emission and the target emission lines 

represent CO2 allowances which would need to be purchased from the market. 
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Figure 35. Mass-Based CO2 Emissions (Million Tons of CO2) of Hybrid 
Plan vs. Target 

5.3.2 Demand-Side Resources 

In the Hybrid Plan, incremental EE resources were selected beginning in 2022 and 

throughout the remainder of the planning period. Economic savings are attributable to both 

Commercial/Industrial and Residential programs, with the majority coming from 

Commercial/Industrial Lighting programs. By 2032, overall EE savings - consisting of Other 

Energy Efficiency, Existing DSM Programs, and Incremental DSM Programs - provide a 

decrease in residential and commercial energy usage of over 7% (see Figure 36 below). 

15,000 -• 

^ ̂  ̂  ̂  J? ^ ̂  ̂  ̂  ^ ̂  ̂  ̂  ̂  

Figure 36. APCo Energy Efficiency Savings According to Hybrid Plan 
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As part of the Hybrid Plan, the model selected three of the 15 available WO tranches. © 
© 

When coupled with APCo's existing pilot installation, this results in a cumulative capacity ® 

reduction of 42MW by 2032. The three tranches of circuits (in addition to the pilot program) are 

added in 2023, 2024, and 2025. The WO 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. 

DC (i.e. rooftop solar) resources were not modeled during the planning period. DC 

resources were added incrementally at a CAGR of 16.5% (based on nameplate capacity), 

resulting in a total of 34MW of PJM capacity credit (89MW nameplate) by 2032. 

5.3.3 Comparing the Cost of the Hybrid Plan 

When comparing plan costs it is important to remember that there are distinct differences 

between how the rate-based market and mass plan targets and subsequent optimized portfolios 

were developed, and the inherent assumptions in each. For the mass plans, the introduction of 

incremental carbon free energy into the portfolio, whether through EE or additional renewable 

resources, does not allow APCo to achieve its mass goal on its own. The way APCo meets its 

goal in the mass-based strategy is through the reduction of CO2 output from its affected sources -

its existing fossil units, followed by the purchase of an allowance for each ton of CO2 emitted in 

excess of its target. In a rate-based strategy, adding non-carbon energy sources in concert with 

reduced fossil unit output will contribute to APCo's rate reduction goals. As a result, carbon free 

resources have more value (and subsequently less net costs) in a rate-based strategy than in a 

mass-based strategy. 

It is appropriate, therefore, to compare the Hybrid Plan, which was developed under the 

assumption of a mass-market strategy, to other mass-market plans. Table 29 below compares the 

CPW cost of the Hybrid plan to the optimized plans under the Low, Mid, and High pricing 

scenarios. It also includes a calculation of the levelized annual bill impact for a customer using 

1,000 kWh of energy per month, assuming that cost would apply over the entire study period. 

Note that the resource selection under the Hybrid Plan in the near term is similar to the optimized 
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and CPP plans, and therefore could be easily adjusted if the states in which APCo has affected ® 
© 

units follow a rate-based strategy, or if the CPP is further delayed. © 

Table 29. Comparison of Hybrid Plan vs. Optimized Plan based on Cumulative Present Worth ($000), 
Incremental Cost ($000), and Levelized Annual Bill Impact ($) 

Scenario 
Low Band 

CPW ($000) 

Mid Band 

CPW ($000) 

High Band 

CPW ($000) 

Optimized Scenarios 

Hybrid Plan 

$21,339,824 

$21,408,306 

$22,538,884 

$22,836,328 

$23,256,396 

$24,245,258 

Incremental Cost $68,481 $297,444 $988,862 

Levelized Annual Bill Impact ($) $0.42 $1.84 $6.12 

Furthermore, the Company considered two sensitivities to the Hybrid Plan based on the 

forecasted value of Renewable Energy Credits (RECs). One sensitivity valued RECs at $5 each 

and the other valued RECs at $10 each. The Hybrid Plan generates RECs over and above the 

Virginia voluntary RPS, and APCo could monetize (i.e., sell) those excess RECs to lower costs 

for customers. At the $5 REC price, the Hybrid Plan cost, which currently does not include REC 

values, would be reduced by approximately $25 million and, correspondingly, a $10 REC price 

would reduce the Plan cost by approximately $50 million. See Table 30, for the details 

associated with these two sensitivities. 

Table 30. Renewable Energy Credit Sensitivities 

Renewable 

Energy Credit-
Sensitivities 

Assumed 

Annual 
RECs Sold 

(000) 
$5/REC 
(S000) 

$10/REC 
(SOOO) 

2018 

2019 

2020 

2021 
2022 

2023 

2024 

2025 

2026 
2027 

2028 

2029 

2030 
2031 

2032 

Total 

950 

200 

190 

220 

ISO 

600 

790 

1,100 
800 

1,400 
1,500 
2,100 

10,000 

4,750 

1,000 
950 

1,100 

750 

3,000 

3,950 

5,500 

4,000 

7,000 

7,500 

10,500 

50,000 

9,500 
2,000 
1,900 

2,200 
1,500 
6,000 
7,900 

11,000 
8,000 

14,000 

15,000 

21,000 
100,000 

Net Present Value $ 25,210 50,419 
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The Hybrid Plan presented in this FRP is expected to provide adequate reliability over the <9 
© 

planning period. By minimizing CPW, the Company's model produced optimized portfolios with gfo 
lOJ 

the lowest and most stable rates for customers. Low stable rates benefit customers by attracting 

new commercial and industrial customers, and retaining and/or expanding existing load. A key 

aspect of the Hybrid Portfolio presented in this 1RP is that it would reduce APCo's need to 

purchase energy from the PJM market, which enhances energy independence. Also, by including 

renewable resources, the Hybrid Portfolio reduces volatility in future fuel and purchase power 

costs. 

5.4 Risk Analysis 

In addition to comparing the Hybrid Plan to the optimized portfolios under a variety of 

pricing assumptions, the Hybrid Plan and an alternative portfolio were also evaluated using a 

stochastic, or "Monte Carlo" modeling technique where input variables are randomly selected 

from a universe of possible values, given certain standard deviation constraints and correlative 

relationships. This offers an additional approach by which to "test" the Hybrid Plan over a 

distributed range of certain key variables. The output is, in turn, a distribution of possible 

outcomes, providing insight as to the risk or probability of a higher cost (revenue requirement) 

relative to the expected outcome. 

This study included multiple risk iteration runs performed over the study period with four 

key price variables (risk factors) being subjected to this stochastic-based risk analysis. The 

results take the form of a distribution of possible revenue requirement outcomes for each plan. 

Table 31 and Table 32 below show the input variables or risk factors within this IRP stochastic 

analysis and the historical correlative relationships to each other. Table 31 shows the risk factor 

details before carbon regulation (2017-2023) and Table 32 shows the risk factor details after 

carbon regulation. 
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Table 31. Risk Analysis Factors and Relationships Prior to Carbon Regulation, 2018-2023 

Coal 

Gas 

Power 

Standard Deviation 

Coal 

11.1% 

Gas 

0.89 

9.0% 

Power 

0.87 

0.9 

7.4% 

Table 32. Risk Analysis Factors and Relationships After Carbon Regulation, 2024-2036 

Coal 

Gas 

Power 

COj 

Standard Deviation 

Coal 

13.9% 

Gas 

-0.3 

11.0% 

Power 

0.48 

0.43 

12.6% 

CO, 

0.53 

0.48 

0.82 

26.7% 

Comparing the Hybrid Plan to an alternative portfolio which is both plausible yet 

significantly different, provides a data point that may be used to evaluate the risk associated with 

the Hybrid Plan. The Hybrid Plan has a similar resource profile to other optimized plans, so there 

would be little difference in the risk profiles between such portfolios and the Hybrid Plan, and 

therefore those portfolios were not included in the stochastic analysis. Instead, a portfolio that 

minimally complies with the voluntary Virginia RPS goals was used for comparison. This allows 

APCo to determine if the renewable resources in the Hybrid Plan introduce more risk than 

relying on minimal renewable additions. The range of values associated with the variable inputs 

is shown in Figure 37. 
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Range of Gas Prices ($/MMBTU) 

2018 2019 2020 2021 2022 2023 2024 2025 2026 202? 2028 2029 2030 

-MJn —Mean 

Range of PJM Market Prices ($/MWh) 

«JJ0 ?flJ9 ?0?0 ?0?1 ?0?? 30?3 ?0?4 ?ffiS 2026 ?©? >C?8 2029 20M 

—kji  —-Mat • -Mccn 

Range of Coal Prices ($/MMBTU) 

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

-Wirt =» Ma* 

Range of C02 Prices ($/Short ton) 

2010 2019 2020 7021 2077 2023 7074 7025 7070 7077 7020 7029 7030 

Mta MM - -Mc.m 

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 95lh 

percentile is a level of required revenue sufficiently high that it will be exceeded, assuming the 

given plan is adopted, only five percent of the time. Thus, it is 95 percent likely that those 

higher-ends of revenue requirements would not be exceeded. The larger the RRaR, the greater 

the likelihood that customers could be subjected to higher costs relative to the portfolio's mean 

or expected cost. Conversely, there is equal likelihood costs may be lower than the median value. 

These higher or lower costs are generally the result of the difference, or spread, between fuel 

prices and resultant PJM market energy prices. The greater that spread, the more "margin" is 

enjoyed by the Company and its customers. 
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Figure 38 below illustrates the RRaR (expressed in terms of incremental cost over the 50th 

percentile). 
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-RPS Compliant Plan 

100 

-Hybrid Plan 

Figure 38. Revenue Requirement at Risk (RRaR) ($000) for Select Portfolios 

The difference in RRaR between the two portfolios that were analyzed is relatively small 

over the 100 simulations, with the Hybrid Plan being slightly less risky at the 95Ih percentile, 

which indicates that the additional renewable generation in the Hybrid portfolio does not 

introduce additional risk. 

Based on the risk modeling performed, it is reasonable to conclude that the inherent risk 

characteristics of the Hybrid Plan, which includes a significant level of renewable resources, is 

no greater than a portfolio with minimal renewable resources. This suggests that the Hybrid Plan 

represents a reasonable combination of expected costs and risk. 

H1 

@9 
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6.0 Conclusions <3 
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The optimization results and associated risk modeling of this TRP 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 WO. The Hybrid Plan attempts to balance cost, 

and the potential risk of a volatile energy market, while allowing APCo the flexibility to adapt to 

future changes. 

The following are summary highlights of the Hybrid Plan: 

• Assumes I5MW (nameplate) of solar energy resources are added by 2021, with subsequent 

additions throughout the planning period, for a total of 1,065MW (nameplate) by 2032; 

• Assumes 150MW (nameplate) of wind energy resources are added by 2022, with an 

additional 1501V1W (nameplate) of wind energy resources in 2025, and again in 2027, for a 

total of 450MW (nameplate) of incremental wind energy resources by 2032; 

• Implements customer and grid EE programs reducing energy requirements by 546GWh 

annually and summer capacity requirements, including WO, by 2061VIW by 2032; 

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

• Assumes APCo's customers add distributed generation (DG) (i.e. rooftop solar) capacity 

totaling over 90MW (nameplate) by 2032; 

• Adds 10M W (nameplate) of battery storage resources in 2021; 

• Addresses PJM Capacity Performance rule impacts on APCo's capacity position beginning 

with the 2020/2021 PJM planning year. Among other things, it assumes that the rule may 

result in APCo: 

o reducing wind resources from prior PJM-recognized capacity levels (i.e. from 13% to 5% 

of nameplate capacity); and 

o reducing run-of-river hydro contributions to 50% of nameplate rating; 

• Continues operation throughout the planning period of APCo's facilities including the Amos 

Units 1-3 and Mountaineer Unit 1 coal-fired facilities, the Ceredo and Dresden natural gas 
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facilities and operating hydro facilities. Maintains APCo's share of Ohio Valley Electric ® 

Company (OVEC) coal-fired facilities: Clifty Creek Units 1-6 and Kyger Creek Units 1-5; 

• Retires the natural gas-steam Clinch River Units 1 and 2 in 2026; and 

• Reflects the expiration of 455M Ws of wind and hydro purchase power contracts during the 

2027-2030 timeframe. 

Specific APCo capacity changes over the 15-year planning period associated with the 

Hybrid Plan are shown in Figure 39 and Figure 40, and their relative impacts on APCo's annual 

energy position are shown in Figure 41 and Figure 42. 
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DSM (EE & WO), 

Non-Market 0-2% 

Purchases, 0.3% 
rDR, 2.0% 

Pumped Storage, 

7.7% 

Wind, 6.5% 

Hydro, 3.7% 

Gas-Steam, 6.0% 

Gas-CT, 5.9%. 

Gas-CC, 7.3% 

Coal, 60.2% 

Figure 39. 2018 APCo Nameplate Capacity Mix (Excludes Market Purchases & Sales) 

Figure 40. 2032 APCo Nameplate Capacity Mix (Excludes Market Purchases & Sales) 
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DSM(EE & WO), 0.3% 

Wind, 4.4' Non-Market 

Purchases, 0.4% 

Hydro, 2.5% 

Gas, 9.0% 

[=3 

Coal, 83.4% 

Figure 41. 2018 APCo Energy Mix (Excludes Market Purchases & Sales) 

Solar, 6.9% 
DG, 0.4% 

DSM(EE & WO), 

0.8% 

Wind, 4.9%. 

Hydro, 1.8% 

Gas, 113% 

Non-Market 

Purchases, 0.4% 

Coal, 73.5% 

Figure 42. 2032 APCo Energy Mix (Excludes Market Purchases & Sales) 

Figure 39 through Figure 42 indicate that this Hybrid Plan would reduce APCo's reliance 

on coal-based generation and increase reliance on demand-side and renewable resources, further 

diversifying the portfolio. Specifically, over the 15-year planning horizon the Company's 
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nameplate capacity mix attributable to coal-fired assets would decline from 60.2% to 55.0%. 

Wind and solar assets climb from 6.5% to 19.8%, and demand-side resources (including EE, 'aft 

WO, DC, and Demand Response [DR]) increase from 2.0% to 3.1% over the planning period. 

APCo's energy output attributable to coal-fired generation shows a decrease from 83.4% 

to 73.5% over the period. The Hybrid Plan shows an increase in renewable energy (wind and 

solar), from 4.4% to 11.8%. Energy from these renewable resources, combined with EE and 

WO energy savings reduce APCo's exposure to energy, fuel and potential carbon prices. 

Figure 43 and Figure 44 show annual changes in capacity and energy mix, respectively, 

that result from the Hybrid Plan, relative to capacity and energy requirements. The capacity 

contribution from renewable resources is fairly modest due to the implications of PJM's 

Capacity Performance rule reducing the amount of capacity credit for intermittent resources; 

however, those resources (particularly wind) provide a significant volume of energy. APCo's 

model selected those wind resources because they were lower cost than alternative energy 

resources. When comparing the capacity values in Figure 43 with those in Figure 39 and Figure 

40, it is important to note that Figure 43 provides an analysis of PJM-recognized capacity, while 

Figure 39 and Figure 40 depict nameplate capacity. 
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Figure 43. APCo Annual PJM Capacity Position (MW) According to Hybrid Plan 
(Excludes Market Purchases & Sales) 
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Figure 44. APCo Annual Energy Position (GWh) According to Hybrid Plan 
(Excludes Market Purchases & Sales) 
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While the Hybrid Plan improves APCo's annual energy position, it also improves ® 

APCo's monthly energy position. Figure 45 shows APCo's monthly energy position for 2018, ® 

the first year of the planning period. In each month except December, APCo is at an energy 

deficit and its customers are vulnerable to market prices. This situation is most prominent in the 

Spring and Fall when APCo's existing fleet is dispatched less due to low power prices. 

Figure 46 shows APCo's monthly energy position for 2032, the end of the planning 

period. In 2032 APCo has an energy surplus in each month except January. While APCo's 

existing fleet is dispatched more in 2032, the energy surplus is largely due to addition of the 

renewable resources called for in the Hybrid Plan. 

5,000 

4,500 

4,000 

Figure 45. 2018 Energy Position (GWh) by Month 

Figure 46. 2032 Energy Position (GWh) by Month 
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Table 33 provides a summary of the Hybrid Plan, which resulted from analysis of 

optimization modeling under load and commodity pricing scenarios, giving consideration to 

APCo's CPP modeling: 

Table 33. Hybrid Plan Cumulative Capacity Additions throughout Planning Period (2018-2032) 
Cumulative Firm Capadty Additions (MW) 

Hybrid Plan uta zoia 2020 2021 2022 2023 2024 202s 2026 2022 201a 2020 2030 2011 2032 
2032 Net Energy 

Position (GWh) 

Avg Net Energy 

Position (GWh) 

(201B-2032) 
Low Commodity, Sase load Basc/lntrrmgdiatr 

Pooklnn 
Solar (firm) 

Solor (Nameplate) 
*Wlnd"lf>rml 

"Wind (Ninxylafa') 

B.1 awyStmace 
fnnrry tKidency 

" CHP 

ISO : ISO ; 300 

- 'K— 

TldJ 173 

Demand Res pom 0 
him On. 

_5_4 J? 4 VL 150 1 300"] 300 1 asoTAso" 

Ifl : 19 n 

-1, 

.ISL 
AL 
450 

"2851359 

450 S450 

1S6 pW 

"ail 

2,856 

Capacity Reserves Above PiM 

Requirement without New Additions 

Capacity Reserves Above PJM 

Requirement with New Additions 

279 j 263 111 56 j 35 

-i— 

(«) (27) j (40) 

703 | 310 | 354 j 303 j 335 393 j 377 j 478 

Base/lmormcdlatceNGCC; PeaktngeNGCT, AO; CHP<omb!ned Hoat & Power; VVO°VotLVAR Optimization; OG-Oistrlbuted Generation 
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Conclusion © 

This 1RP presents various plans, including the Hybrid Plan that would provide adequate 
& 
J3. 

capacity resources at reasonable cost, through a combination of supply-side resources (including 

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

It also presents plans that would improve APCo's winter energy shortfall position, and 

reduce or minimize energy costs, over the planning period. The Hybrid Plan includes 

incremental resources that will provide—in addition to the needed PJM installed capacity to 

achieve mandatory PJM (summer) peak demand requirements—modest amounts of additional 

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

Recognizing PJM's Capacity Performance construct, the portfolios discussed in this 

Report attribute limited capacity value for certain intermittent resources (solar, wind, energy 

storage, and run-of-river hydro). It is possible that intermittent resources can be combined, or 

"coupled," and offered into the PJM market as Capacity Performance resources. The Company 

continues to investigate methods to maximize the utilization of its intermittent resource portfolio 

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

This IRP also addresses the 2018 Virginia Act mandates regarding solar, energy storage 

and energy efficiency; APCo's plans to satisfy Virginia's voluntary RPS goals throughout the 

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

The IRP process is a continuous activity; assumptions and plans are reviewed as new 

information becomes available and modified as appropriate. Indeed, the resource portfolios 

developed herein reflect, to a large extent, assumptions that are subject to change; an IRP is 

simply a snapshot of the future at a given time. As noted previously, this IRP is not a 

commitment to specific resource additions or other courses of action, as the future is highly 

uncertain. The resource planning process continues to be complex, especially with regard to such 

things as pending regulatory restrictions, technology advancement, changing energy supply 

pricing fundamentals, uncertainty of demand and end-use efficiency improvements. These 
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complexities exacerbate the need for flexibility and adaptability in any ongoing planning activity 

and resource planning process. 

To that end, APCo intends to pursue the following five-year action plan: 

1. Consider re-filing to acquire the Wind Facilities under the new 2018 Virginia Act. 

2. Purchase the output of the 15M W Coronal Depot solar facility beginning in 2021. 

3. Implement a battery pilot program with up to 10M W of energy storage. 

4. Continue the planning and regulatory actions necessary to implement additional 

economic EE programs in Virginia and West Virginia, as well as programs that target 

low-income customers provided for in the 2018 Virginia Act. 

5. Plan to meet Virginia's Voluntary Renewable Portfolio Standard goals. 

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

solar, and, if economically advantageous, or, if needed to meet escalating voluntary 

RPS goals, pursue competitive solicitations that would include self-build or 

acquisition options. 

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

8. Monitor developments associated with PJM's Capacity Performance rule; continue to 

investigate opportunities to couple/hedge traditional hydro and renewable resources 

(wind and solar) as reasonable Capacity Performance products. 

9. Monitor the status of, and participate in formulating any proposed carbon emissions 

regulations. Once established, perform specific assessments as to the implications of 

such regulations on APCo's resource profile. 

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

circumstances. 
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O )  O )  O )  0 ) 0 ) 0 ) 0 ) 0 ) 0 ) 0 ) 0 )  O )  O )  O )  O )  

c r j O T r - ^ c M O o o o c o c M T r i - i - c M  o )  o  
d d d d d d d d d d o d d d d  r ^ d  

C O C M C O I D ^ C M ^ f ^ f ^  
r j p v ^ Q C M C M C M C M C M ^ . .  _  
 ̂rf  ̂̂  rf̂   ̂ «cr  ̂̂  rf 

<d co" co" to" to" ccT co" to" cd cd" td to* to* cd cd 

C O  C O  C M  C M  C O  

3 

c 

5 

s 
•o 

(O to to 

in 9 9 

co in r- i-00 oi csi o 
1- TT rf t~-
CM- -r-- 7-- ©* 

T J - in C D  

©T-Of^-O-TtcOCSjCMT-T-CMCMr-T-
" 9 V 9 9 9 9 9 9 9 9 0 ' 9 9 9  

i 
O) s c ^ T j - r ^ t o c o c D c n r ^ .  r*» CM T— CM 

s s s s  
-r-- T-- O* ©- O" O" ©- o" o" o" © o" o" o" o" 

^ ̂ s P! K s R R S S 

S CM CO 
a -T 9 

5 ^ 8  

» § §  

155 



APPALACHIAN 
POWER 

DftU«0lC5i PNffflOf 2018 Integrated Resource Plan ya 

a 

i f  © •=; 

* ̂  o >: 

£ o 

I  < o  i q  c o  
' rji ^ CT) 

in rt r* y-
O  C O  ^  C D  

C» 00 Ol 
co r»» 

r̂ . T-. O r-̂  p T-; T- Q T-, CO CO T- CNi c\j 
c v i o o p o o o o o o o o o o o  

8 3 8 S S !? 18 5 JS S » 5 P3 C; S rv r**_ « « p p p p 
fv. fC jC rC r>." r^* K K K K K rC rs" rC 

c\i o 
& 

3 
•a 
E © 
c 
te 
6 

I cn) in o) 
0 i i  

c? 5 o> CO 
eg CN T-_ o 
CO CO CO CO 

T r o r ^ c N T - p o c s j c o T - r ^ c M c ^ c v j o -
i - ^ d d d o d d d d d d o o o  

p p p p P p p p p p p P P P Tf 
CO CO CO CO CO CO CO (O CO CO CO CO CO CO CO 

CM o 

o 

r r  c o  CM 
C M  d  

S S R S  
p p p p 
irT in in in" 

r ^ O C O O - C M C O C M T - T - C M C N C O C M C M C M  
O T - ' d d d d d d d d d d d d d  

S S c S ^ S S S o i & S S c o ^ l n l o  
C M f M c o c o c o c o c o c o c o - o - ' O - ^ ^ r T r r } '  
in in in in in in tn in in in in in in in in 

C O  C O  
T ~  d  

CO 3 c 
O 

!  ̂  ̂  ̂1 o i-

c o  a»  c o  CM 

8 2 8 2 
CO CO CO CO 

p T - m c v j ^ — • — C V C M * — T f c o i n c M C M c o  
d d d d d d d d d d d d d d d  

m ^ - ' O ' f ^ . i n o s ^ ' O J c o ^ ^ T - n w ^ c o  
o ^ g g g g g g g o r - c o c o ^ i n  
co* co co co" co' co co' co* co* co co* co* <o co* co" 

CO T —  

t-: d 

3 

1 •o 

5 

i 

o  e g  p  
i n  d  i n  

y- 00 C O  i n  
Sg <2! IPS 
ID" co co" in* 

•«• in ca r» 

r ^ p p T j - C O C N j g - p - ^ i - ' i - r t O T - T -

e g d p p p p p d p d d d d d d  

e g o ) o o i n < o e g g r i n T - c D o o >T- r - o  

S S S S Si p S S S S 5 s> s s s 
co" m" m" in" m* tn* tn in" in" in" in" m" in" m" in" 

; 2 ; 2 R 5 S I S U 8 8 F 5 8 8 8 5 8  

i « ̂  
« «? 9 

I 
I  ̂Pi 
& 8 3  
s ̂  £ 

156 



1 
APMUACHfAN 
POIVER' 

I 
k'tUM-

flrttwriffSJ fwfflcv 2018 Integrated Resource Plan 

a 

II 
S 3 
z sr 
a ^ 
O ^ ° « 

I 
a 
* 

J CO Uf> CSj * a <? 

5 S! c5 B cd oq̂  r̂  
in tt Tf co 

o o < ^ > q > q > o < ^ < p c ^ o o o o o o  

c 3 p : S 8 3 c 8 R i g S o ? 3 c S $ 8 8 c 8  
cq. « r-. r*̂  r* 
CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO 

p 
t o 

5 

5 

§ 

o 

p  " t  ̂  
I -  c o  i n  

$ 3 8 8  T}- l/l CO CM 

C O O r r r t T - r r M ' - ' ^ C M C N j i - O T - l O  
I R ) C R I R - ' R - ' 0  0  0 R - ' 0 0 ' - T - : 0 0 D  

S 8!? « 8 3 8 8 8 s s S3 Si 8 8 

O CM 
CD d 

o 
t5 
* 

10 3 •o 
O 

CO CM IN 
CO 00 TT 

00 in CO_ 
^  ̂  ̂  ̂  

f ^ C M ^ - c D c o r ^ i n c o c M c o c o ^ c o f O c o  
C S I C S J O C I O O O D O O O O O O D  

S 3 $ 3 $ 8 $ ̂  S 8 S $ £ 5 3 
CM CO CN CO CO CO CO  ̂ TT  ̂ W 
mq-" rf V  ̂  ̂  ̂•̂ r TT TT rf TT rf  ̂

C D  m 
co d 

I 
* 

co •*— r*-
CM D •* 

CD CM CO T-

8  8 S 8  
CO CO CO CO 

C D O ^ i - C O C M ^ - t - i - C M T - C O O - ^ i -
d d d d d d d d d d d d d d d  

o c M O c o o o c o o o o i n o r r i n c D c o T -

8 8 8 8 S S 3 3 3 S S $ 3 8 8 
CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO 

•o- o 
csi d 

3 I 
a* 

 ̂1̂  00 

<9*7^ 

CM r* 00 CD cm in co in co cm oo 
in in in ^ 

m <o 

s s s s  

r ^ C M c D T - c o m ^ j ' T r T r c o c o o ^ r c o c o  

^ 9 V T 9 9 9 9 9 9 9 ° 9 9 9  

m c O C O f ^ O O C M O C M C O  CD in T- co 
''//".S 

in in m-" •m-"  ̂V  ̂ m*" M"" V  ̂rr  ̂tt 
Sr ^ Q i c o o o q c o ^ C M T - o j o r ^ c D ^  o o j o o i o o o o c o o o o o r ^ r ^ f ^ r ^ "  

8 S S Si 8 3 SI 3 8 R $ R 8 3 3 
S S 8 S S 8 S 8 S S S 8 S S S  

i « « 
ct in 9 

•a 

1 ^ 3  

in 

s s s  

157 



I APPALACHIAN 
J POWSR 

OOUNDUSS tHstar 2018 Integrated Resource Plan 

31 

OQ oo O) q 
00 LO <N V 
^  rf  i f )  i f )  

( o r ^ q q q - r ^ c ^ c o c v i ^ i n q q q r ^  
^ toinintniouotQuj 

l A i n i n t A i A t A i n u o t n t n i n i n i o t n  

o 

s 
u. I 

co co ro 
cf oi 

c O T - c v i C N i - T - o o o ^ - c g c N ^ - T - T -
-r^ d q q q d d d d o d o ' d d o  

o o 
d  

» 
p  

c 
LU 

O C M T - I O  r ^ c o c o r ^ O i T - r ^ c n o T - c s j c o T - o o r ^  

% Si q S. KS 3 3.3 3 3 3 S3SS333 
< 8 S 3 S  S S S S S S S S ? ? S S ? S ? ? 3 ? ?  

a 
•a 

s 
s 
& 

! o? e? cj 
' N in in 

cqrvj cottcoo^- r- T - O - ^ O T - O O  

0 9 9 9 9 0 9 9 9 0 0 0 0 0 0  
CM f 

99 

S S S 3  ? 5 S g 3 S 3 S ? S 5 ? ^ 8 1 P 3 3  
c o  q  q .  q  o >  q  q  q  q  q  q q q q q q q  

c o  c o  r *  t o  t > .  r > »  t o c o  c o c o c o  c o c o c o c o c o c o c o c o  

a l p  

| 
6 

£ 

5 
2 

o> q q 
10 

00 00 co 

q c s c o ^ q o - ^ T - ^ - O ^ - o ^ - O O  
o q q > < ^ > < ^ o q q ) < p o o o © d o  

O) r- < 

ss ; R ? § o ^ ^ g i g s  1  O) p )  q q o o o q p )  
j-T K co" iq d d d cd co d* to co* d co d 

99 

1 3 o s S 
S S S S  
0 0 0 0  

s 
I 

I r- LTj o 
' f- CM Mf 

| v . C ^ C * ) i - O C > J O t - t - .  C ^ C M ^ t O I C M C N j  
' - O O O  O O O O O O O O O O O  

«N ^ 
o o 

Q. 

te 
E 
E 
£ 

01 3 g co 
3 r-. So 5 
in tn 10 10 

P S S a q j a o p ,  
r»c^(0®3<ocoi^l^f~-Nj 
in in in in in in in in in in in m" in in" in 

<D 
O 
Q 

S S 5 §  
S S S S  
O O O O  

u> co r* 

§ 8 8 8  g i  
£ 

I 
d 

? 

i l l  
> 0 0  
< CM 04 

158 



£ 
c 
.u 

s 
s? 
5 

11 
C D  J 2  

X  C  

s ̂  > 
•o c 

CO 

w> S 

3 2 
2 r-o ^ 
u. C _ re 
T3 C ra c 0 w 
-J Q 
c ^ 
•O S « 0. 
1 C 
u U 
£ 2 
ET £ 
c o a> u 
"O -9 £ C u5 ro 

a M 
si 

So 
a> 

a a. < 

2 i/i 
a 
.2 c 
'ob 

S ra 
c E 
f oi Q 

w TO 
CI C  

i i b c» 

So 

> 
8 a < 

« re 
c E 
f «D o 

V TJ 
CI c 

il 3 a in " 

w 1 £ ra 
c E 
f s 

5 c 
i 1 
I« 

01 c 

re 
Oi 
> 

i / j v H r ^ c j w j m r i r ^ r s o i o i f O i H o q u )  
i ^ o o r v < r » c T > c n c ! < y > c n a ^ c n o c T > o o c o  

r H m o e o r ^ i i O L O ^ f ^ - T ^ ^ o m c o ' c y  
^ o o o K o d o o c o c d o d o d o d o d o o c o r ^ r ^  

r ^ U 5 h i O u , i O L / , ) r r j ^ - « c j - m o Q o e U 5 r r j  
i O t H d i N r H i - i o o d d d o o d o  

a 

r H ^ T i n r H r - I O O f n T - J O O ^ i n ^ r ' - H r - l r H  

^ u ^ t r j o q O r - j p ^ r r H o q u ^ r n r ^ c n c T i  
^ r o T i n r ^ o o a ^ o ^ c r i o o o o o o o o r ^ r ^  

O Q C ^ O O ^ ^ ^ ^ ^ ^ ^ P c n r H O O ^  
S 5 ; S 3 g S g § S S S « s s §  

p m r ^ p i r j r N i n f ^ i N o r v r ^ n o ^ r ^  
d n S n S d o o i m ^ ^ ^ n S c n m o J o i  
r H f M r ^ r M m p o m m m p o m f O p n m p o  

r ^ c o m f ^ r s r ^ i n o o i n p n a x p ^ T o q i r )  
t n t - i f H ^ w i d r ^ r ^ r ^ f ^ d d d i o u i  

S H t / ^ i / ) v o i o p o > r ^ p i o t £ t d o > ^ ^  
l o o i o i n K o o d c o t n r n r j d o d d o  
s s a s s s s s s s s a s i a a  

o o c ^ o ^ - i r j p r » ^ i A \ o r ^ o o d O H c M  

0 0 0 0 0 0 0 0 0 0 0 0 8 0 0  P M r J r s i P M r M r v r s r M r - J r ^ o i f S r x r M O J  

re 
E 
CI •D 

& a 

c re Q. 
E 
o o 
JZ 
.*£ 

-o c 

re 
Q 

159 



I 1 
I APPALACHIAN ' 
I POWER <39 

I 1 © 

o o u w o t p j u  r w c o o r  2018 Integrated Resource Plan 

© 
EXHIBIT A-5 © 

Appalachian Power Company db 

Short-Term Load Forecast 

Blended Forecast vs. Long-Term Model Results 

Class Virginia West Virginia 

Residential Long-Term Blend 

Commercial Long-Tenn Long-Term 

Industrial Long-Term Long-Term 

Other Retail Long-Term Long-Term 
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EXHIBIT A-6 ^ 
(5̂  

Blending Illustration ^ 

Short-term 

Month Forecast 

1 1,000 
2 1,010 
3 1,020 

4 1,030 
5 1,040 
6 1,050 

7 1,060 

8 1,070 
9 1,080 

10 1,090 

11 1,100 

12 1,110 

Long-term 

Weight Forecast 

100% 1,150 
100% 1,160 

100% 1,170 

100% 1,180 
83% 1,190 
67% 1,200 

50% 1,210 
33% 1,220 

17% 1,230 
0% 1,240 

0% 1,250 

0% 1,260 

Blended 

Weight Forecast 

0% 1,000 
0% 1,010 

0% 1,020 

0% 1,030 
17% 1,065 

33% 1,100 

50% 1,135 
67% 1,170 

83% 1,205 
100% 1,240 

100% 1,250 

100% 1,260 
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EXHIBIT A-8 
Appalachian Power Company 

Range of Forecasts 

VI 

Internal Energy Requirements 

Year 

Annual Peak Demand 

Year 
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Exhibit A-9 ® 
© 

EXHIBIT A-9 ^ 

Appalachian Power Company 
Forecasted DSM, Adjusted for IRP Modeling1 

Total APCo 
Summer Winter 

Energy Peak Peak 
Year (MWh) (MW) (MW) 

2018 106.082 15.7 16.6 
2019 149.474 21.8 23.5 
2020 140.490 21.3 23.7 
2021 145.554 24.7 29.0 
2022 175.326 23.2 27.1 
2023 110.458 15.1 18.0 
2024 82.625 11.3 13.4 
2025 58.825 8.1 9.6 
2026 38.253 5.4 6.4 
2027 22.920 3.4 4.1 
2028 15.404 2.3 2.9 
2029 9.394 1.4 1.8 
2030 4.314 0.7 0.9 
2031 908 0.2 0.3 
2032 0.0 0.0 0.0 

(1) DSM values shown here reflect the most recent information for APCo 
available at the time of the IRP. These values may differ from the DSM values 
shown in Exhibit A-4. which are the APCo DSM values at the time of the overall 
APCo load forecast. 
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EXHIBIT D © 

© 
Yimmla . Htwrafrd Rwouro Ptanninn GutdelinM Cross Rgftrence Table SectionlPane Rgfwmce  ̂

A. Puraosc Ihe purpose of these guldeltnes is ID  inplesnentBie prawblons of §§S6-607.Gd-SdS and 59-599 of the Code of 
Vtyr'A with cesped ID rteQraied resource ptmninfl ('lUif")by the electric uSHes In flie CommoaweaBi. In onteto understand 
the boss to the utit/s plan, the IRP Org shal hdude a nanuEve summary detaing the uodertyarg assumptions refiecred h 'a 
fbrecasl as further deserted in he guidetnes. To better fakw the udB/s planning process, the narratiire shaC bdude a 
descrption of the uSys radondle to the seteedon of any partiarlaT-generation addition ordemancMde management proeram to 
flrta its toecasted need. Such description should hdude the utSt/s evatuatibn of ds purchase options and oosttbenea analyses 
for each tesourteopdon to ooniitm and justify each resource option t has chosen. 
Such narmttve shal also describe the ptanniig process tncfcrding timeiines and appropriate reviews andto approvals of the 
utliy's plan. For members of PJM bpetcomecbao. LLC fPJMT. die rurrathe should desatoe hoer the IRP inoorponrtes the 
PJIrt ptanrinp and implementation processes and how i wB satsfv PJM bad oMoaSons. 

These guideSnesaho ndude sample schedules to supplement Btis narrative dsoussion and assist (he utdities in developing a 
tabulation of the utltys forecast for at least a 15-year period and identdy the projected supply-side or demand-sile resource 
additions and solutions to adequatoy ami retabty meet the efectridy neecfs ot the Commonwe^h. This tabutabon shal abo 
indxale the prajected effects of demand response and enagy efficiency pmgtams and activities on toecasted annual energy 
and peai mads to the same pehod. These gu'deCnes also drect that aB IRP flings inctude Idonnatian to oomparabty evaiiate 
various supplyside technologies and demand-side programs and tetdmobgies on an eqiaralent basis as mote My described 
below in Section .F (71. The Commission may revise or supplemenl the sample schedules as needed or warranted. 

B AnnJirjrbHitv These guidelhes are aptffioable to al investor-owned utStes responsWe to procuremejtl of any or al of Is 
individual power supctv resources. 

C. fnfeoated Resource Plan Fwih vlî y shot develnp prrH ti—p 1-11-Tont an i-ny-y ri-Kf resourpe pian, whrfl "I' a t  a  
mlnimcm. the toouaxt: 
ft 1 Frver-ast A three-year historical record and a 15-year forecast of the ut3t/s native load requiremeus. the utij/s PJM 
bad obfigadcns if approptfate, and other system capaofy or firm energy obEgations to each peak season along with the suppiy-
side (rtdudhg owned/leased generation capacdy and fnn ptatdtased power anangemstts) and demandside rescumes 
expeded to satisfy those bads, and fl» reserve margin thus pmduced. 

Schedute 1. Exhibits A-1, A-2A. A-2B, A-
3. Section 5.3 

f'-i,i (V**' Analyses A comcrehenshre analysis of ati existinQ and new resource options (sunpgy- and demandsidel. jndudirw" 
oasts, benetits, risks, uneertamtjes, refabitry, and customer aceeptanoe where appropriate, considered and chosen by fteuSty 
to satisfaction of native bad requirements and other system oblgations necessary to provide reCable eteem uflSy service, at 
the bwest reasonable cost, over the ptoming period. 

Sections 8,3 

Assess the potenta costs and benefis of pmchastitg power &om whctesaie power stqmOeis and 
power marteters to supply it with needed capacity and desobe rt detaS any deeisbn to purchase etectibiy from the wholesale 
power martret 

Sections 4.7.5S 

r.?h rhatoiesMe energy RcsoiiTres Assess the potential costs and beneffis of reasonably avalable tradffiona] and aCmmative 
supply-side energy resource options, rrckKting, but not Brrited to technologies such as. itudear, puhretzed coal, dean coil 
cmtiathg SuHted bed. wood, oombined cycle, integrated gasifcatbn combined cycle, and oombustion turb'ne. as wet as 

energy rescutces such as those denved from sunSght, wind, faing water, sustainable bkxnass, energy ftom waste, 
imrrmpal sdd nasE. wave motion, tides, and geotherma) power. 

SedjondAExMbiB 

C S.c. Demand-side Optons Assess the potential costs and benefis of progranrs that promote demand-side management. For 
(apposes ot these guidefttes. peak reduction and demand response programs and energy efflcaenery and consereation pragrams 
wBcolectively be referred to as demand-side options. 

Section 4.4 

CAd. Evaluation of Resource Options Analyze potental resource options and combinations of resource options to serve 
system needs, tabng onto acoourd tire sens£vtiy of its analysis to vanabons vr future estimates of peak bad. energy 
requirement, and other sign'tiicam assumptions, bdutting, but not limited to, the lisks associated with whoiesaLe markets, fuel 

construction or tnrplemenratjon costs, transntssm and drstrbution nnsls. environmental biŷ ucts and oompQance costs. 
Sections Si 53 

CO. labftv To the extent the intomation requested Is n 
note and explan this b the appropriate location in the plan, narrative, or schedule. 

nfly avaSabte or fe not apptbaUb. the uffity vrti deady 

187 



APPALACHIAN 
POWER 

2018 Integrated Resource Plan 

EXHIBIT D 

Vhalnla - tottnrattd Rwource Wanning GuhMines Cross Rgfwtnce Table StctjonlPaoe RrfwtncB 

D. NatTJlw* SumnwY Eadi uMty shal orovida a narrative sgimarvdetalriq tile rcapf Balds, erents. amL'trmivlimnt 
relteded in the tetecasted data submiKecIti response to these ffddSnes-BtanqiesojeemsiiiKioh should be KgHghted In the 
sunura  ̂itdude Seetjas 1.2.3 

D.I. ffiscussion resanfieg die foreeasled peat bad obtgalian and enemy reqtDreroents. PJM mamtiefs should also discuss die 
reMonsltip of the ut&v's expected rrorxniioidem peat and itseipectedPJMrebtedbadotienaains. 

Section  ̂

D.2. Dsousson regardng company goab and (tons in response to diecwes o! Chaptere 23 i>d 24 ot Ttte 58 of the Code of 
Wrgnta. hduding comptance nidi energy effldency. energy ccnsefvation. demand-side a.Td response txu ĵiiis. andlhe 
pnaraion of etearidty ftom renewafate enetpy resources. 

Sections 3.4 

D.3. Dseusston regaidne the complete planning process, indutfing trnetnes. assunptions. reviews, approvals, eta, of the 
oompan/s plans. For PJM membres. the discussion should abo describe how die IRP integrares mm the complete plannino 
process of PJM. 

Execufive Suntmaty. Section I J? 

D.4. Discussion of the critical "nput assumptions to detemtine the load forecast and eipected changes h bad growflt indudhg 
tactors such as energy consetvaticn. eBaestcy, load nvmagement, demand response, vanatxms an customer class sires. 
expected levels of economic activiY. variations in fuel prices and apdance hveniories, eta 

Section 2 

D.5. Dsarsson regarding cosfbenea analyses and die results of such faotas on fltis [dan. itcfafeig the methodology used to 
consider equal or comparable treatment afionfed both the demand-side options and supplŷ ide resou ices. Sections 

D.S. Planned changes in operalhg characteristics such as unS refirements, toa uprates or derates, changes n unit availabEbes. 
charges ri capacity resource mix, changes in fuel supplies or transport, emissions congiCanoe. uni pefonnaRee, eta Section S; Schedules S. 9. to and 13 

DJ. Dscussaonregardhg the effectiveness of the uttt/s (HP to meet Its load obligations with supply'Side and demand îde 
resources to enable die uthty to provide retatte service at reasonable prioes over the long term. 

.2009, and " 

Sections 

E- Filino BvSeatsmber1.2009.andevetvt»<ovearsthere3ha.eachutiavshaiSeiMththeCoiTimsslonmthenpmpni 
integrated resome p6an, rduoh shall indude ad Wormation reqiared Iqt these guide&res ft* the enstmg 15-year pCartrting period 
abng vdh he prior three-year hstoricai period The process and analyses shal be desci3)ed in a narrative disoAsion and the 
results presented in tabular fotmat using an EXCEL spreadsheet tomiat. s'tmlar to the attached sample schedtdes. and be 
provided h both printed and electronic meda. For those utaies that operate as part of a rauttFsiate integrated power system, the 
sthedules should be stibmSled for both die individual company and the generation ptannhg pool of whxh die utfJy s a member. 
The top Ihe stating die company name should indicate that the data rellecte the individual utiBy company or the total system. For 
partial ownership of any fadity. pieaseprwxle the perceru ownership and footnote accordingly. 

Each fing shal hdbde a Sve-year action plan that discusses those specSc actions cunentiy behg taken by the utQy to 
inptement the cpticns or activBes chosen as aporopriate per die IRP. 
11 a utitty considers certain Wormation hits iRP t̂o be proprietary or cotrtdenttil. the utility may so designate. He separately and 
request such treabnent in acoodance with the Commission's Rules of Practice and Procedures. 

Exaeutive Summaty. Section 6 

Cuntidemial Sdiedutes wtlbe labeled as 
such and nil be nduded in a separate 

Confidential Supplement 
Addttxmally. by September 1 of eadi year in whiii a pCand not reqmed. each utitty shal file a nanalive summary 

descrbing any ŝ jnBcanlevemnecesstotlng a major revtdm to the most recently fled IRP, ridudng adjustments to the type 
and size of resources identfied. tithe utility provides a total system IRP In another jrasdiction by September 1 of the year rt 
which a plan is not requred. Sing the total system IRP from the odia jurisdiction wi suSoe for purposes of ttts section. 

As §56-599 E requres the givng of notice and anoppomrrry tobe heard.eath utliry shalabortdudeacopy of its 
proposed notice to be used to afford sudi anopporturSy. 

I The IRP shal hdUde the follovrino data: 
The forecast shal hdudedescriptxxis of the methods, modete. and assumptions used by the utirty to 

prepare its forecasts of its bads, requirements associated with the uSBtys PJM load obEgation (MW) 1 appropriate, the utit/s 
peak bad (MW) and energy sates (MWh) and the variahbs used in the models and shal indude. at a mbrnusn. the fbOowing: Section 2; Schethtia 1 

P.la. The most repent three-year history and 15-yej forecast of energy sates fkWh) by each oustomer ctassT" 
F.IJ). The most recent three-year htstpry and 15-year forecast of the utU/s peak bad and the expected k 
safety PJMs ccmddent peak forecast if appropriate, and the utE/s coincident peak bad and associated norxoincident peak 
bads fbr summer and witter seasons of each year (prior to any OSM). anrroaa energy forecasts, and resultam reserve margins. 
During the forecast period, die tabulation shal also indicate the projecsed effects of incremental demand-side options on the 
forecasted annual enemy and peak loads, and 

Section 2: Exhafls A-1. A-2A. A-2B 

Section 2; Schedule t 

F.t.c. Where future resources m required, a description and associated charaoteristics of the optxm that the utiity proposes to 
use to address the forecasted need, Section 5: Stdiedute 15 

L The forecasl shal provide data for Els existing and ptareied etedrio generating focJilies fncbding 
planned additions and retirements and rating changes, as weC as firm purchase conttads, "nduding ccgeneration and Hnal 
power preducticn) and a narrative description of the diwer(s)imdertyhg such anticqrated changes such as expected 
envtionmonuf compliance, cartron restrictions, technology enhanĉ nents. ac 

Sections 3: Schedules 13,14 
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Vfrolnia • IIUKJJUKI Resouro Phmnmo Guicfefines Cross Refergnce Table Swfxy.yj'n  ̂Retww>cs 

F^a. ExisigKiGeneralan. Fbrexstinnigitshswittr" 
Stf>e<iute 14~ L Type oifueKsl used: 

5. Type tfurotfeo.. base, imennediate. or peattw): Typeoiurrtf&o.. 
LwaaDn at each «i Locmon at each ersnnq unt 

h. Ccmmacial Operatan Dae; 

Sdwhite 14 
SchMklle 14 
Schedule 14 

>. Ste (nameptate, dependable operatrtg capacity, and expected capacity value to meet bad ubtpjlion (MWR Schedules 13 and 14 

vi Una to be placed in reseive shusloum or retred fram semtce widi expected date of sbutdoum or retrement and an 
eccnonifc analyss supportxto the tdanned retrement or shutdoniin dates: ScfteduSes 13 and 14 

vn. Units with speoJiu plans for lie extensbn, refutUislunent fuel oonversion. modfcatxm or upgradng. Tbe reporting 
uiiBy shal oiso provide die expected (or actuat̂ d^e ramoued from sendee, expected retuai to setvioe date, capacity rating 
upon retum to setvioe. a genoal desaipdon of eodc to be petfotmed as nefl as an econofnic analysis supporting such pbns tor 
Bt&tngmTte^ 

Schecbdes 13 and 14 

yU Major capital btptoventents such as die addition ofscrutibe)s.shaObe evaluated through die IRP analyst to assess 
whether such bnprovements are cost justiSed when compared to other aitematives. indudinpretjetnejitand replacement of 
such lesoutoes; and 

Sections 

units. 
ix Other changes to existing genaabng units that ate expected to increase or decrease generation capafaSy of such Schedule 14 

F.Z.b. Assessment of Supplyslde Resources. Include the current enteral assessment of existing and potential tradronaland 
atematwe suppiŷ ide energy resoutoes, tndtrfng a descriptire summary of each analysis performed or used by the u£3tyin the 
assessment. The utiBy shal also provide general information on any dianges to the methods and assumptions used h the 
assessment since its most recent IRP orannaafl tepon. 

Sections 3.1.3.2. and 4.5 

FJLbi For the cunendy operatcnal or potential ftBure suppljhsaJe enetgy resources hduded, provide Woonalion on the 
capacity and energy avalabb or projected to be avaBable from the resource and associated costs. The utfiy shal also provide 
this Mormation for any actual or potential supplyside energy resources that have been r&confhoed bom Ss plan satce is last 
biertnM report and die reasons for that discortmuance. 
FJ.b.i. For suppty-side energy rescxitces evafcosed bat rejected, a descrpoon of the resource: the patertSa] capacity and 
enetgy assocaled wfh the resoicce: esfcitated costs and the reasons for the rejectim of the resource. 

Schedules 0. (3 and 15 

Sections 

Fie, Planned Generation Addaxxts. A Irst of planned generaben addSxms, the rattortale as to why each tisied generanon 
addition was seteaed. and a IS r̂earptoiecfioocf the fdlowino for each listed addfion: 

Section 5J : Schedule 15 

I T»petfconvftnlpnalofafasmatrv»tadBtyandftjeys)used: 
i. Type o? unit O.q.basfttoad.intenned t̂&.peakinfl); 

Schedule 16 
Schedule IS 

pi, location of each planned pnT.mt̂ u^H desqiptrxi offocatbnal benefits Idenrhed by PiM andipr the utiity; Schedule 19 
hi. Expected Gonmigclal Operator Dale: 
v. Ste (nameptoe, dependable operatng capaaty, and expected capacity vabe to meet bad obtgaion (MW)); 

Schedule 15 

Schedule 15 

id. Summaries of the analyses supportng such new generation addBons. nduding its type of hid and deslgnafian as 
base. Intermediate, or peatmo capacity. Secfion 53. Schedule 15 

ye, Fstmat-d Qosj of ptanned urrj additions to ocropan; with derearnPside optxurs-
F3.d. NoreUtiity Generation. A separate tst of al normtilty electric generatrtg factoes rtcbded in the RP. including customer-
owned and standby generatng facloes. This irst shal hckafe the Cacby name, location, primary fuel type, and contractual 
capacity (including any contract dispatch conditions or Imitations), and die ocmracual start and expiration dales. The uSty shal 
abo'mi&ate which facites are incfaded vi their total supptv of resources. 

Schedule 15 

Schedule 11 

F3, Caoacitv Position Provide a narrafre dscussrsnand Ldxilckri rebMng the canadrv posinn of the mMgv in retadon m 
QtisVnn PJM s toad obTtpsbcn. simTar to Schedule 19 of the attached scherfcies. 
F-l Wpigiatd peritracts fay |he Purehase pnd gale qf Power A tsl of linn wholesale punbased power and sates oontiacls 

Sectbnd 

reftecbd b the pfan. indudng the primary fud type, designation as base. intermediat& or peaking oapaedy, oonbacf capady, 
Kv 111* r t, oorimienoetnegl and expir jinn dates, arid volume. 

Schedule 11 

F.5, Demand-side Ootons FTovtde the results of its overal assessment of existiM and Dotentai detnaniFslde ootxxi oroorams. 
including a descrpdve summaty of each analysis perfonned or used by the utKy b its assessment and any changes to the 
methods and assumptions employed snoe its last IRP. Such desorptbe summary, and oonesponding schedules, sftaEctearty 
Mentilv the total impacf of each DSM program. 

Seotbn 4.4; Schedules 12 and IB 

F11 FvaVmrinn of Rasmtroe Ominns Provide a desopbon and a summaty of the results of the utilit/s analyses of potential 
resoutce options and oomtoinaldns of resouree options perbrmed by 4 putsuant to these guidefnes to detenxme its rtUv died 
resoutce plan. tRP f&igs should idengy and indude forecasted transmission rdHiuxBiection and enhancement costs 
assnoirti'd wMi spe ĉ resoumes evaluated in coijuncUxi wfe the analysis of resouree options. 

Sections 5 and fl 

F.7. ComoatatveCostsofOotons Provide delated intcxmaUin on jevebed busbar costs, annual revenue reraftemems or 
equivalent methodology for various stpply-side options and demand-side opbons to petmit comparison of such resourees on 
equitable foothg. Such data shotid be tabulated and at a mihinuim. reflect die resource's heat rare, variable and lixsd operating 
mantenance costs, expected service. Gfe.ovemjghi construction costs. Exed charged rate, and die bass of escafxbon for each 
comeonent 

Section 4. Exhibit B 

189 



1 
APPALACHIAN 
POWER' 

I 

2018 Integrated Resource Plan 

EXHIBIT D 

Vlnrtnla - hitwratwJ Besouree Ptannmo GuiiMinw Cross Refef&ncg Tabte SgctionlPaop Rftertoce 

RwuitTd Sehwlul« not SotoftaDv Addrestwl flbovg Scheduler 2.3.4.5,8.7.17 and IB 

Chapter *76 of the 200S VtrffrMa Acts of Assendlly TSenate BM] 3111 
Z. That as pan ot ds 2009 integrated resouce pCan developed pursuant to tfts act, each eteotrlc utbty that] assess govenTtentaT 
nonptnlil. and uUity piotfaim in b eavice tentory to assist bw incDme residential customers *ai energy costs and thai 
namrte. tn oooperadon wih reteirare goremmenta!. nonproa. and prirate lector stalehotders. options tor rrakrig atry needed 
chaones to such pnxpang. 

Ml5 Virginia Acts of Astemfaty rSenate BjU 1143-) • 
Provde a copy at ntestated resource plan to die Charmen of the House and S< 
to the Charmano; die Comm'sson on BeCTctiatv Reputation 

eCoramitaes on Commerce and labor and 

Intepnited resource plan shaloasideroptiorts for maintaWnp and enhancinp rata etabBy 

tnteorated resource otan shall consider options tor maintariirq and enhancinq enemy Independence-
Sections 1A 5.2-3.3. and S-3.3 

Sections 1.3. and 8.0 
Integrated resource plan shal consider options for maimaWng and enhancing ecooomiodevelopment tndrdna retenbon and 
emansion of enetnvantaiswe hdusttes Sections U and 2a 

tmegrated resource plan shal cotislderoptlcm (or tnalnlaninq and enhanonn service re&Wity 
Thee Sect o! oerenl and pendnfl state and federal envtronmemal resutatxms upon the cortHcjed opera con of existing eleanc" 
peneration taceties or options (Or construction ot new etectnc oenerabon facWes 
The most cost effeccve means of complying with current and pendng state and federal envronmental regulations, ndudng 
compfiance options to nmimfae effects on orstomB-rates otsudr regulations 

Sections 5 and 0 

Section 

Sections 

Final Order from 2015 Virninla HP (Case No. PUE-MIS-OOOW 
Qean Power Plan 

Model and provide an optinal (least-cost, base plan) tor meetng the etectrtrrty needs of as senrioe terrimy oeer the IRP 
limeffames Sections SJXt.SJ 

J and prcvidernutpte plans oompliamredr the CP? under a mass-based approach and an ntenssy-based approach 
(Inctudng a least-oost comptiant plan Tthere the nems model is aftmed to choose (he least-cost paSi ghren emosSon 
conssaints imposed by the CPP). ptouidlng a detaSed analysis oS the knpacts of each (in terms ol total cost, hduding capital, 
pnupjtiinado and Onaicittg costs) as well as the Impact on rates and Bemacatioo of whether any aspect ot the plan ntotdd 
regrre a change in cjastno VrttTta law 

Sections 33S. 3S.17 and i23 

AnjCyze Ihe final federat fmplememation plan (shouid the final Med plan be putdshed by May 1,2018 or, H not, analyzing 
any proposed federal plan), praviding a detaJed anafysis of the inpaot of a fedaai plan in terms oJ at costs, as we9 as the 
ntpaet on rates and idenlilicaiion ol wheffwr any aspect ot the federafl plan wordd requse a chanpeh etisthflVirtinla lam 

Section 5^3.4 

Provide a detailed description otlealraae and treatment of new IBIS under differrip ccmpllance repines: 
Examine die rUferingmrpactsof the VrBTia-specifictanjaswetsessoiBcesubcategoryspeoifie rales under an intensity-
based approach; 

Section 33.11 

Section 33.10 

Examine the potential for eaty action emission rate crerastoOoKHnces thai may be aeaBattie tar quatified renewable energy 
crdemandslde enenw efficiency measures; 
Examne the cost benefia of dadngentissinns allowances remissions reductions credits, maoquiringrenenable resources" 
from Inside and outside ot Vrcinia; 

Section 33.12 

Section 33.13 

Provide a detailed dsorsson of the development of state compLance plans in tndtona. Ohio, and West Vtigitia, as we) as 
the potential lor dflering oompdance approaches h each and how suth dJfeiing approaches may 'mpact APCo's abfty to 
oomplyKiihfteCPP 
Identffv a lomHerm recommendatnn that reflects EPA'sfnal version of the CPP 

Rare Dcxrgn 

Section 33.14 

Section 33.111 

Analvtie whether maimanino the extend rate stmonre Is in the best daerest o? resadeniial customers 
Evaluate options lor vahaliepncirtg models tha woMd ncemrmsnmers to shtil consumption away ftom peal times to 
reduce costs and emissions 

Commission's Order for 2016 (HP 
provHed respite of these requirements 

Market Aftematrvct 
Indbde a detalbdanalyss of market alternatives, e îeclalytttinHiaTtyiiunma 
and whteh Includes mftid and solar resources 
Examme wind and scbr purchases at prices (nduding prices aval 

that may provide lortfHenn price scabixy 
Section 4 J 

lorv-tBrm purchase power agreements) amT 
in quantities trat are seen In the market at the tine that the Company prepares Bs IRP Smps Section 4.7 

Solar PhorovotBlc Ceneradbn  ̂
Examine the Cnpaa o! hgher levels of distriKijed generation and identify any hamere to Increased trance by die Company' 
on sdarvokalc peneration Section 3.4.5 

tirciide a detaled analyss of the bad charactsristics of net metetmg customers and the generatiorMelated "mpaots of 
cuaomeroenerafion Section 3.43 

Final Order from M17 Wnpnia RP (Case Mo PUR-20f74l0045l 
Senate Bill 3661 "Grid Tramftimurton and Security Act* or The 2018 Vroino 

Inckide detailed plans a implemem the mandates contained in Senate BJ 965: 
Executive Summary, Sections 13.5.3, 

and 8 APCo is mandated to constructor aotprre at teas! 20QMW of uStyowned sotijr; 

fiPCo a required to request Commission approval of 3140 m3Bon h EE programs mer ten years, customers over SOOkW 
are not eBgMe for new EE programs, and develop a long4enn plan for energy eStienoy measures to acoompfch policy goals of 
reduction b customer bfe: 

Executire Summary, Sections 13, 
4.43,1,5.3. andO 

APCo may invest hup to tOMVYs oi new battery storage instalations as part of a tve-year battery plat program; and 

APCo may systetnaticaly evahiats and consider prcposrtg longfErmetecmdstributxm gndplannhg and proposed etecthc 
dbOhution prid Udrtsloriuation onxects 

Executive Summary. Sections 13.53, 
and 6 

Section 18 

190 


	RD247A
	RD247B
	RD247C
	RD247D

