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Summary of Major Terms 
Power Purchase and Sale Agreement ("Agreement") 

Buyer: 

Seller: 

Agreement Start Date: 

Generation Facilities: 

Term: 

Operating Committee: 

Delivery Points: 

Ohio Power Company ("OPCo" or "Buyer") 

AEP Generation Resources Inc. or a subsidiary thereof ("AEPGR" 
or "Seller") 

October 1,2015 

OPCo will receive entitlement to all of the power output (capacity, 
energy and ancillary services) associated with Seller's ownership 
interest in the generation facilities listed in Attachment A 
(collectively, the "PPA Units" or individually a "Unit"). 

Agreement term is through the entire commercial operational life 
of all of the PPA Units, including any post-retirement period 
necessary to fulfill all asset retirement obligations and complete 
any other removal projects. The currently planned retirement dates 
are set forth in Attachment A. Alternative Agreement end dates 
will be by mutual agreement between the Buyer and Seller. 

The Agreement will provide for establishment of an Operating 
Committee and representatives of OPCo, Seller and American 
Electric Power Service Corporation ("AEPSC") shall each name 
one representative to act for it in matters pertaining to the 
Agreement and to develop, as necessary, arrangements for the 
generation, delivery and receipt of energy hereunder, including the 
items designated below and such other mutually agreed upon 
contract administration procedures. With respect to the 
Agreement, the Operatiiig Committee, or its designees, shall 
review and approve: (a) capital budgets and any major Operations 
and Maintenance ("O&M") expenditures for tiie PPA Units, (b) 
operating parameters or capability of a Unit or changes thereto (c) 
Fuel and consumable procurement practices, including fuel 
specifications, and any new substantive supply contracts, and (d) 
Unit retirement decisions. The representative for AEPSC shall not 
vote except in the case of a tie betv̂ êen OPCo and Seller. The 
Operating Committee shall meet at least armually. For co-owned 
PPA Units, the Operating Committee determinations will be 
utilized in voting actions in co-owner meetings. 

The PJM nodes located at each of the PPA Units. 



Fuel: 

Offers and Scheduling: 

Capacity Entitlement: 
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Seller will arrange, provide, procure, supply, transport, manage, 
transact and deliver Fuel to Units, and at jointly owned Facilities, 
Buyer will have the right to monitor the fuel transaction and 
logistics process and provide input on this activity to Seller at 
Operating Committee meetings. Seller agrees to conduct Fuel 
purchases using competitive methods, and Buyer will have the 
right to monitor and approve the results of such competitive 
methods, but Fuel agreements in place as of the Start Date will 
continue to be utilized for the Units. Any other fuel transaction 
that is not obtained through competitive methods must be approved 
by Buyer, including extensions or renewals of Fuel agreements in 
place as of the Start Date. 

Buyer or its agent will dispatch the generation associated with the 
Facilities by reviewing and determining the parameters associated 
with PJM generation offers, including how such generation will be 
offered to PJM, for the Energy and Ancillary Services associated 
with Buyer's Contractual Capacity and Seller will, subject to the 
requirements of PJM and the operating parameters of the Facilities, 
as determined by the Facility operator, operate and control the 
Facilities and schedule with PJM pursuant to Buyer's dispatch 
criteria and PJM's requirements and instructions. 

OPCo will receive all of the net capacity revenues of the PPA 
Units. 

Energy Entitlement: 

Ancillary Services 
Entitlement: 

OPCo will receive all of the net energy revenues of the PPA Units. 

OPCo will receive all of the net ancillary services revenues from 
the PPA Units. 

Buyer Payments: In exchange for the above entitlements, OPCo will reimburse 
Seller for ail costs associated with the PPA units. OPCo will make 
monthly payments to Seller equal to the sum of the following: (a) 
Fuel Payment, (b) O&M Payment, (c) Depreciation Payment, (d) 
Capital Payment, (e) Tax Reimbursement Payment, and (f) Otiier 
Miscellaneous Payment. 

Fuel and O&M: OPCo will reimburse Seller monthly for the total 
actual monthly fuel and O&M costs incurred by Seller at the PPA 
Units. Fuel costs include, without limitation, fiiel, fuel handling, 
fuel storage, transportation, transloading, fuel hedging, sales, 
consumables/chemicals and emission costs. O&M costs include, 
without limitation, O&M costs plus Administrative and General 
costs, accretion expense and overheads. 
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Depreciation: OPCo will make a monthly depreciation payment 
equal to actual depreciation and amortization expense on the PPA 
Units. The deprecation rates expected to be in effect at the 
Agreement Start Date are presented in Attachment B. These rates 
will remain the same for the first 15 months of the Agreement and 
will be updated thereafter no less frequently than every five years. 

Any remaining net book value that exceeds zero at the end 
of life of a given unit will be depreciated at an adjusted rate of 
other units at the same plant. If the final Unit or Units of a plant 
is/are retired, any remaining net book value of that plant v̂ dll be 
payable by OPCo at that time unless other payment arrangements 
are made between OPCo and Seller. 

Capital: OPCo will make a monthly Capital payment 
consisting of the net book value of the PPA Units times a cost of 
capital. Net book value will include plant in service, construction 
work-in-progress, accumulated depreciation, fuel and materials and 
supplies inventory, other working capital, asset retirement 
obligations, and accumulated deferred income taxes. For purposes 
of computing the cost of capital, the capital structure will be Isased 
on a fixed "50/50" capital structure that includes 50% equity and 
50% debt The cost of debt will be the actual debt cost of the 
Seller begirming with 2017. Until then, debt cost will be based on 
Moody's Baa corporate bond index average for the month of 
December of the previous year. The cost of equity shall be equal 
to the Moody's Long-term Baa corporate bond index interest rate 
(averaged for each day in December and adjusted annually) plus a 
fixed 650 basis point adder. The cost of equity will not be less than 
8.9% or greater than 15.9%. 

Tax Reimbursement: For each calendar month, OPCo shall pay 
Seller an amount equal to all taxes for that month applicable to the 
PPA Units and the Agreement. Any tax based upon income, gross 
receipts, commercial activity or any similar tax for which the 
inclusion of such tax in the monthly payment increases Seller's tax 
liability shall be grossed-up at the applicable statutory rate. All 
other taxes (e.g., propert>' tax) will be billed as incurred. 
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Other Miscellaneous: Other miscellaneous payment shall include 
any other costs and credits as described w'ithin the Agreement not 
already included in the other payment components or any other 
costs or credits reasonably associated with the Facilities which 
may be billed monthly or if incurred less frequently, on either a 
quarterly or as incurred basis. Beginning five (5) years prior to the 
Planned Retirement Year of each Unit as shown in Attachment A, 
Other Miscellaneous payments will also include a component for 
recovery of forecasted retirement-related costs associated with the 
Unit. 

Cost Computation: The FERC Uniform System of Accounts will be utilized by Seller 
and coststo-be- paid by^ OPCo will be-formulaically computed-
based on the actual costs as recorded in Seller's books and records. 

Billing and Payment: The calendar month shall be the standard period for all payments 
under the Agreement. As soon as practicable after the end of each 
month. Seller will render to Buyer an invoice for the payment 
obligations incurred during the preceding month. Each component 
of the invoice will be described in reasonable detail. All invoices 
under the Agreement shall be due and payable on or before the 
twentieth (20^) day of each montli. Buyer will make payments by 
electronic funds transfer to the account designated by Seller, or by 
other mutually agreeable method(s). 

Books, Records and 
Audit Rights: Seller shall keep, or shall cause to be kept, all necessary books of 

record, books of account, and memoranda of all transactions 
involving the PPA units, in conformance, where required, with the 
FERC's Uniform System of Accounts. Seller shall make, or shall 
cause to be made, all computations relating to the PPA Units and 
all allocations of the costs and expenses of these Units. Buyer has 
the right to examine the records of Seller to the extent reasonably 
necessary to verify the accuracy of any statement, charge or 
computation made pursuant to the Agreement (including any 
statements evidencing the energy quantities delivered to Buyer at 
the Delivery Points) within twelve (12) months of receipt of the 
statement, charge or computation. If any such examination reveals 
any inaccuracy in any statement, the necessary adjustments in such 
statement and the payments thereof will be made promptly, along 
with interest, provided, however, that any claim by a Party for 
overpayment or underpayment with respect to an invoice is waived 
unless the other Party is notified of the claim within twelve (12) 
months after the invoice is rendered or any specific adjustment to 
the invoice is made. 

4 I P a g e 



Unit Contingent: 

Early Termination 

Unit Dispositions: 

Buckeye: 
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Failure to deliver power, including capacity, energy and/or 
ancillary services is excused to the extent any of the PPA Units are 
unavailable as a result of (a) an outage, (b) force majeure or (c) 
Bu3^er's failure to perfonn. 

Buyer can terminate the Agreement upon notice to the Seller if 
retail cost recovery for Buyer's Agreement costs is discontinued or 
substantially diminished, including through a one-time significant 
disallowance for retail rate recovery of costs, provided Buyer must 
pay Seller an amount equal to the sum of the net book value and 
retirement-related costs associated with the PPA Units at that time. 

Decisions regarding retirement or pre-retirement divesture of any 
of the PPA Units shall be by mutual agreement of the Buyer and 
Seller. 

Seller shall extend, and Buyer shall accept extension of, the 
entitlements and obligations under the Cardinal Station Agreement 
related to unit dispatch, capacity, energy and ancillary service 
entitlements and back-up obligations related to Buckeye Power 
Inc.'s Cardinal Units 2 and 3. 

Other Agreement 
Terms & Conditions: The foregoing provides a summary of the Major Terms of the 

Agreement. The Agreement contains such other terms and 
conditions as are customarily set forth in such agreements, 
including, but not limited to events of default, assignment, 
limitation of liabilities and a Mobile Sierra provision. The 
summary is provided for convenience and any conflicts between 
the summary' and the Agreement will be governed by the terms of 
the Asreement. 
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} Additional Items 

Attachments | Attachment A: PPA Units 
Attachment B: Initial Depreciation Rates 
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Attachment A 

PPA Units 

Plant 

Cardinal 

Conesville 

Conesvilie 

Conesville 

Stuart 

Stuart 

Stuart 

Stuart 

Zimmer 

Total 

Unit 

1 

4 

5 

6 

1 

2 

3 

4 

1 

Average 
Annual 

Capacity 
(MW) 

592 

779 

405 

405 

577 

577 

577 

577 

1,300 

. 5,789 

AEPGR 
Ownership 

(%) 

100.0% 

43.5% 

100.0% 

100.0% 

26.0% 

26.0% 

26.0% 

26.0% 

25.4% 

AEPGR 
Ownership 

(MW) 

592 

339 

405 

405 

150 

150 

150 

150 

330 

2,671 

Currently 
Planned 

Retirement 
Year 

2033 

2033 

2036 

2038 

2033 

2033 

2033 

2033 

2051 
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Attachment B 
mmAL PLANT DEPRECIATION RATES 

Plant 

Cardinal 

Conesvilie 

Stuart 

Zimmer 

Annual 
Depreciation Rate 

(%) 

3.55% 

3.01% 

3.27% 

1.42% 
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POWER PURCHASE AND SALE AGREEMENT 

by and between 

[GENCO] 

and 

OHIO POWER COMPANY 

dated as of 

,2014 
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POWER PURCHASE AND SALE AGREEMENT 

THIS POWER PURCHASE AND SALE AGREEMENT (this "Agreement"), dated 
as of , 2014, is by and between [GenCo], a Delaware corporation ("Seller"), and OHIO 
POWER COMPANY, an Ohio corporation ("Buyer"). Buyer and Seller are sometimes referred 
to herein individually as a "Party" and collectively as the "Parties." 

RECITALS 

A. Seller, an indirect subsidiary of American Electric Power Company, Inc., with its 
principal place of business in the State of Ohio, owns or will have an ownership interest in the 
Ohio based generation facilities shown in Schedule A entitled Ohio Generation Facilities. 

B. The Parties desire to enter into a transaction in which Seller sells and Buyer 
purchases the Capacity, and associated Unit Contingent Energy and Ancillary Services, as 
delivered or made available from Seller's ownership interest in the generation facilities in 
Schedule A for a term through the remaining commercial operational life of each of the Schedule 
A Generation Facilities. 

C. The Parties desire to set forth certain terms and conditions applicable to such 
transaction. 

In consideration of mutual covenants and agreements contained herein, the Parties agree 
as follows: 

ARTICLE I 

DEFINITIONS 

1.1 Defined Terms. Unless otherwise defmed herein, the following terms, when used 
herein, shall have the meaning set forth below: 

"Affected Party" has the meaning set forth in Section 3.7. 

"Affiliate" means, with respect to any Person, any other Person (other than an individual) 
that, directly or indirectly, through one or more intermediaries, controls, or is controlled by, or is 
under common control with, such Person. For this purpose, "control" means the direct or 
indirect ownership of fifty percent (50%) or more of the outstanding capital stock or other equity 
interests having ordinary voting power. 

"Agreement" means this Power Purchase and Sale Agreement entered into pursuant to 
Seller's market based rate authority. 

"Allowance Transfer Deadline" means the date by which Allowances must be 
submitted for recordation with the EPA or other relevant Governmental Authority in order to 
meet the applicable Allowance obligation for the control period immediately preceding that 
deadline. 
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"Allowances" mejans emission allowances, emission credits, and any similar rights 
related to emissions of N(I)x, SO2, CO2, mercury, particulates or any other substance under any 
relevant federal, state or Iqcal law or recognized by any Governmental Authority or other entity, 
and all other environmentdl attributes. 

i 

"Ancillary Servicies" means regulation and frequency response services; energy 
imbalance services; autom&tic generating control services; spinning, non-spinning, supplemental 
and replacement reserve services, reactive power and voltage support services, black start 
services and all other services or products ancillary to the operation of the Facility that are 
defmed as ancillary services in the Transmission Operator's relevant transmission tariff or are 
commonly sold or saleable, to the extent that the assets comprising the Facilities provide those 
services or products. 

"Approvals" meajns all approvals, permits, licenses, consents, waivers or other 
authorizations from, notifications to, or filings or registrations with, third parties, including 
without limitation, Governhiental Approvals. 

"Business Day" micans any day except a Saturday, Sunday, or a United States Federal 
Reserve Bank holiday. A Business Day shall open at 8:00 a.m. and close at 5:00 p.m. local time 
at the relevant Party's principal place of business. The relevant Party, in each instance unless 
otherwise specified, shall be the Party from whom the notice, payment or delivery is being sent 
and by whom the notice orl payment or delivery is to be received. 

"Buyer" has the meaning set forth in the preamble hereto. 

"Buyer's Contractual Capacity" means Seller's Capacity of the Facilities identified in 
Schedule A subject to the applicable Facility Operating Agreement, which entitlement is 
approximately 2,671 MW as of the date set forth in the preamble to this Agreement. 

"Capacity" means the output level, expressed in MW, that a Facility, or the components 
of equipment thereof, is capable, as of a given moment, of continuously producing and making 
available at the Delivery Point, taking into account the operating condition of the equipment at 
that time, the auxiliary loads, the Facility Operating Agreement and other relevant factors. 

"Capital Improvements Work" shall mean (i) for wholly owned Seller Facilities, the 
modeling, studying, engijieering, design, procurement, purchasing, construction, inspection, 
start-up and testing of (a) [minor or non-material capital improvements, replacements, repairs or 
additions to the Facility (li) mutually agreed to costs by both Buyer and Seller for any major or 
material capital improvements, replacements, repairs or additions to the Facility or (ii) for Seller 
Facilities that are jointly owned, capital improvements, replacements, repairs or additions to the 
Facility. 

"Capacity Payment" has the meaning set forth in Section 5.5. 

"Cardinal Station; Agreement" means the agreement, dated as of January 1, 1968, by 
and between the Seller, ^uckeye Power, Inc. and Cardinal Operating Company, including all 
amendments and any futurfe amendments thereto. 
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"Change-in-Law" means, after the date set forth in the preamble to this Agreement, the 
adoption, imposition, promulgation, change in interpretation or modification by a Governmental 
Autiiority of any law, regulation or Govemmental Approval, or the issuance of a final and non­
appealable order, judgment, award or decree of a Governmental Authority having the effect of 
the foregoing. 

"Change-in-Law Taxes" means, after the date set forth in the preamble to this 
Agreement, any change (increase or decrease) in Taxes imposed on Seller on (a) the sale or use 
of fuel for generation of electricity, (b) the sale of Capacity or (c) the production or sale of 
Energy or Ancillary Services, in any case, resuhing from a Change-in-Law. 

"Claims" means all claims or actions, threatened or filed and, whether groundless, false, 
fraudulent or otherwise, that directly or indirectly relate to the subject matter of an indemnity, 
and the resulting losses, damages, expenses (including reasonable attorneys' fees and 
disbursements) and court costs, whether incurred by settlement or otherwise, and whether such 
claims or actions are threatened or filed prior to or after the termination of this Agreement. 

"Closing" and "Closing Date" means the date upon which the Parties obtain all 
regulatory approvals for this Agreement. 

"Contract Price" means the price to be paid by Buyer to Seller for the purchase of the 
Buyer's Contractual Capacity and associated Energy and Ancillary Services, as determined in 
accordance with the provisions of Article V. 

"Contract Year" means the period beginning at 12:01 a.m. EPT on the Start Date and 
ending on December 31^' of the same year, and each succeeding calendar year thereafter during 
the Delivery Period. If the first or last Contract Year consists of a shorter period than a full 
calendar year, including by reason of the termination of this Agreement prior to the expiration of 
the Delivery Period, then that Contract Year may consist of a shorter period than a full calendar 
year, in which case with respect to that Contract Year, all terms and provisions of this Agreement 
that refer to or are based on a Contract Year shall be adjusted ratably downward to reflect such 
shorter period. 

"Delivery Period" has the meaning set forth in Section 2.2. 

"Delivery Point" has the meaning set forth in Section 3.4. 

"Depreciation Paymenf has the meaning set forth in Section 5.4. 

"Effective Date" means the date on which all of the conditions precedent set forth in 
Section 11.1 have been satisfied or waived, which date shall not be earlier than the Closing 
Date. 

"End Date" has the meaning set forth in Section 2.2. 

"Energy" means three-phase, 60-cycle alternating current electric energy, expressed in 
MWh. 
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"EPA" means the! United States Environmental Protection Agency or any successor 
agency with similar jurisdijction. 

"EPT" or "Easter^ Prevailing Time" means the local time at the geographical location 
of the Delivery Point. 

"Equitable Defenses" means any bankruptcy, insolvency, reorganization and other laws 
affecting creditors' rights generally, and with regard to equitable remedies, the discretion of the 
court before which proceedings to obtain same may be pending. 

"Facility" means any unit identified on Schedule A entitled Ohio Generation Facilities. 

"Facility Operatiiig Agreemenf means the applicable operating agreement(s) by and 
among Seller and the othejr co-owners thereto, as amended or supplemented from time to time, 
and shall include all exhibjits, schedules and annexes thereto, and, for purposes of Section 10.5. 
such term shall be deertied to include all other agreements, documents, certificates and 
instruments to which Seller is a party with respect to or in connection with a Facility, as the same 
may be supplemented or jamended from time to time. Upon execution and delivery of this 
Agreement, Seller will, to:the extent not already in the possession of Buyer, deliver to Buyer a 
true and correct copy of the operating agreement(s) as of that date, including any amendments 
thereto. I 

"Facilities" means the generation facilities or units on Schedule A entitled Ohio 
Generation Facilities. 

"Facility LMP P(>int" means the location at each Facility recognized by the PJM's 
scheduling and settlement systems. 

"FERC" means the Federal Energy Regulatory Commission or any successor entity with 
similar jurisdiction. , 

"Force Majeure" means an event or circumstance which prevents one Party from 
performing its obligations under this Agreement, which event or circumstance was not 
reasonably anticipated as of the date set forth in the preamble to this Agreement, which is not 
within the reasonable control of, or the result of the negligence of, the Affected Party, and which, 
by the exercise of due diligence, the Affected Party is, by using reasonable efforts, unable to 
overcome or avoid or cause to be avoided. Force Majeure shall not be based on (a) Seller's 
ability to sell Seller's Capacity Entitlement or associated Energy or Ancillary Services at a price 
greater than the Contract Price; (b) the loss of Buyer's markets; or (c) a Party's inability 
economically to purchase,!use, sell or resell fuel, equipment or services or the Capacity, Energy 
or Ancillary Services purdhased hereunder. Force Majeure includes events of "Force Majeure" 
as defined in a Facility (Operating Agreement, to the extent excusing the performance of the 
Facility operator or the other joint owners thereto from their obligations under that agreement, 
but only to the extent affeating the Parties' performance under this Agreement. 

"Fuel Costs" meabs without limitation, all fixed or variable costs, expenses, losses, 
gains, liabilities, fuel hedging, claims and charges related to the acquisition, sale, storage, 
inventory, transloading, handling, balancing and transportation and delivery of fuel and all 
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expenses recorded to FERC accounts 501 and 502 including, without limitation, coal, natural 
gas, diesel fuel, oil, consumables, chemicals, trona, urea, limestone, lime hydrated lime, 
ammonium carbonate, activated carbon, ash, scrubber waste, plant waste and gypsum disposal 
expense and sales credits, emission Allowance expenses (including all Allowance expenses 
recorded in Account 509, along with gains/losses in Accounts 411.8 and 411.9), for the Schedule 
A Generation Facilities, including related costs of credit, 

"Fuel Payment" has the meaning set forth in Section 5.2. 

"Governmental Approval" means any permit, authorization, registration, consent, 
action, waiver, exception, variance, order, judgment, decree, license, exemption, publication, 
filing, notice to, or declaration of or with, or required by any Govemmental Authority or 
applicable law. 

"Governmental Authority" means any federal, state, tribal, local, or municipal 
govemment body; and any govemmental, regulatory, or administrative agency, commission, 
body, agency, instrumentality, or other authority exercising or entitled to exercise any executive, 
judicial, legislative, administrative, regulatory, or taxing authority or power, including any court 
or other tribunal. 

"Imbalance Charges" means any penalties, fees or charges assessed by a Transmission 
Operator or Transmission Provider for failure to satisfy requirements for balancing of electric 
energy receipts and deliveries or loads and generation, or payable to any other Person in 
connection with the delivery of electrical energy in an amount(s) different from the amount(s) 
scheduled. 

"Income Tax" means any Tax imposed by any Taxing Authority (i) based upon, 
measured by or calculated with respect to gross or net income, profits, commercial activity, or 
receipts (including municipal gross receipt Taxes, capital gains Taxes and minimum Taxes) or 
(ji) based upon, measured by or calculated with respect to multiple bases (including corporate 
franchise Taxes) if one or more of such bases is described in clause (i), in each case together 
with any interest, penalties or additions attributable to such Tax. 

"Indemnified Parties" has the meaning set forth in Section 13.2. 

"Letter(s) of Credit" means one or more irrevocable, unconditional, transferable 
standby letters of credit issued by a major U.S. commercial bank or the U.S. branch office of a 
foreign bank with, in either case, a Credit Rating of at least (a) "A-" by S&P and "A3" by 
Moody's, if such entity is rated by both S&P and Moody's or (b) "A-" by S&P or "A3" by 
Moody's, if such entity is rated by either S&P or Moody's but not both, in a form acceptable to 
the Party in whose favor the Letter of Credit is issued. Costs of a Letter of Credit shall be borne 
by the applicant for such Letter of Credit. 

"Mobile-Sierra Doctrine" has the meaning set forth in Section 13.13. 

"Monthly Payment" has the meaning set forth in Section 5.1. 

"Moody's" means Moody's Investors Services, Inc. or its successor. 
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"MW" means megawatt. 

"MWh" means megawatt-hour. 
I 

"NERC" means the North American Electric Reliability Corporation or any successor 
entity with similar jurisdiction. 

"0«&M Payment" has the meaning set forth in Section 5.3. 

"Operation and Maintenance Costs" means all fixed or variable costs, expenses, losses, 
liabilities, claims, charges and associated credits incurred directly or indirectly in the 
performance of Operating Work, including a ratable portion of retirement costs, but not 
including Fuel Costs. 

"Operating Work" means the operation, maintenance, use, repair or retirement of a 
Facility on or after the Stajrt Date, including but not limited to labor; parts; supplies; insurance; 
permits; related taxes; community relations; procurement of ancillary services, fuel and other 
consumables; fuel acquisition or sales, transportation balancing and storage; waste handling and 
disposal; filing, defense and settlement of claims, suits and causes of action; procurement (or 
sale) of Allowances and settlement of all other environmental charges (or credits) pertaining to 
the operation of a Facility; ibut excluding any Capital Improvements Work. 

"Outage" shall mean any unavailability, in whole or in part, of the Facility whereby it is 
not capable of fully opera(:ing at its rated capability due to (i) a forced derating. Forced outage 
maintenance derating, maintenance outage, plarmed derating, planned outage, (all as defined in 
the NERC Generating Unit Availability Data System ("GADS") Data Reporting Instructions); 
(ii) the actual or anticipated failure of component(s); (iii) extemal restrictions; (iv) testing; (v) 
work being performed; (vi) maintenance; (vii) construction, or (viii) any other condition or 
circumstance that reduces lelectrical generating output from time to time from the Facility so as 
to prevent Seller from performing its obligations in whole or in part. 

"Party" has the meaning set forth on the preamble hereto. 

"Performance Assurance" means collateral in the form of Cash, Letter(s) of Credit, or 
other security or assurancds acceptable to the Requesting Party. 

I 
"Person" means any individual, corporation, partnership, limited liability company, other 

business organization of| any kind, association, trust, or govemmental entity, agency or 
instrumentality. 

"PJM" means th$ PJM Interconnection, LLC or any successor entity with similar 
responsibilities. 

"Property Tax" means any Tax resulting from and relating to the assessment of real or 
personal property by any Taxing Authority. 

"Seller" has the meaning set forth in the preamble hereto. 
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"Seller's Debt Percentage" or "DP" means for purposes of this Agreement the 
percentage of 50%. 

"Seller's Equity Percentage" or "EP" means for purposes of this Agreement the 
percentage of 50%. 

"Seller's Facilities Net Book Value" or "FNBV" means the net book value of the 
Facilities as reflected on the books and records of Seller immediately prior to the Contract Year, 
and including all electric plant in service and capital lease assets net of accumulated depreciation 
and other investment (e.g. fuel and materials and supplies inventories, prepayments, plant held 
for future use, working capital, construction work in progress ("CWIP"), asset retirement 
obligations including ash pond closure costs, other deferred credits and accumulated deferred 
taxes). 

"Seller's Long Term Debt Rate" or "LTDR" means from June 1, 2015 through 
December 31, 2016 an initial rate of 4.73%. Thereafter, starting on January 1, 2017, it will be 
Seller's average annual cost of long-term debt (i.e., debt having maturities of greater than twelve 
calendar months) as reflected on Seller's books and records as of the relevant determination date, 
updated as of January 1̂* of each calendar year thereafter, or updated at more frequent intervals 
as reasonably determined by Seller. 

"Seller's Return on Equity" or "ROE" means Seller's post-tax rate of return on equity, 
which amount will equal, for each Contract Year, the average of the daily Moody's Long-Term 
Baa Corporate Bond Index for the month of December of the preceding calendar year, plus 650 
basis points; provided, however, such amount not to be less than 8.90% or greater than 15.90%. 

"Seller's Weighted Average Cost of Capital" or "WACOC" has the meaning set forth 
in Section 5.5. 

"Start Date" has the meaning set forth in Section 2.2. 

"Straddle Period" means, as appropriate, either any Tax Period beginning before the 
beginning of the first Contract Year and ending either during or as of the end of the first Contract 
Year or any Tax Period that is longer than one month. For example, pursuant to Section 8.5. the 
Tax Period for Property Taxes is each calendar year. Hence, the Tax Period for Property Taxes 
is a Straddle Period. 

"Tax" or "Taxes" means any federal, state, local, or foreign income, commercial 
activity, gross receipts, value added, windfall or other profits, altemative or add-on minimum, 
estimated, franchise, profits, sales, use, real property, personal property, ad valorem, vehicle, 
airplane, boat, license, payroll, employment, workers' compensation, unemployment 
compensation, withholding, social security, disability, excise, severance, stamp, occupation, 
premium, environmental (including taxes under Code section 59A or any cost, charge or other 
financial burden on emissions), carbon dioxide, other greenhouse gases, charges on 
consumption, transportation or use of energy from such sources, customs duties, import fees, 
capital stock transfer, title, documentary, or registration, or other tax, duty, or impost of any kind 
whatsoever, whether disputed or not, and on either side of the Delivery Point. "Taxes" includes 
(i) any liability for the payment of any amounts described in the preceding sentence as a result of 
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being a member of an affiHated, consolidated, combined, or unitary group for any taxable period, 
(ii) any liability for the payment of any amount described in clause (i) above as a result of being 
a Person required to withhold or collect Taxes imposed on another Person, (iii) any liability for 
the payment of any amouint described in the preceding sentence or in clause (i) or (ii) of this 
sentence as a result of being a transferee of, or successor in interest to, any Person or as a result 
of an express or implied I obligation to indemnify any Person, and (iv) any and ail interest, 
penalties, additions to taxj or additional amounts imposed in connection with or with respect to 
any amount described aboVe in this definition. 

"Taxing Authoritiy" shall mean, with respect to any Tax, the govemmental entity 
(national, local, municipal' or otherwise) or political subdivision thereof that imposes such Tax, 
the agency (if any) charged with the collection of such Taxes for such entity or subdivision, 
including any govemmental or quasi-govemmental entity, a council (if any) or agency that 
imposes, grants or monitors Taxes or the abatements thereof, or is charged with collecting social 
security or similar chargesjor premiums. 

"Tax Period" meahs the time period for which or during which a Tax is imposed by any 
Taxing Authority. i 

"Tax Reimbursement Payment" has the meaning set forth in Section 5.6. 

"Term" has the meaning set forth in Section 2.1. 

"Transmission Operator" means PJM or any Transmission Provider, independent 
system operator, regional transmission operator or other transmission operator from time to time 
having authority to control! the transmission control area to which the Facility is intercormected. 

"Transmission Provider" means any Person or Persons that owns, operates or controls 
facilities used for the transmission of electrical energy in interstate commerce. 

"Unit Contingent'' or reference to "Unit Contingency" means, with respect to Energy or 
Ancillary Services associated with Buyer's Contractual Capacity, that such Energy or Ancillary 
Services are intended to b$ supplied fi-om the Facility and Seller's failure to deliver such Energy 
or Ancillary Services is ê ĉused to the extent the Facility (including all facilities on Seller's side 
of the Delivery Point) is iunavailable as a result of (i) an Outage, (ii) Force Majeure or (iii) 
Buyer's failure to perform. 

1.2 Interpretati(j)n. Unless the context otherwise requires: 

(a) Words lingular and plural in number will be deemed to include the other and 
pronouns havinjg masculine or feminine gender will be deemed to include the other. 

(b) Any reference herein to any Person includes its successors and permitted 
assigns and, iri the case of any Govemment Authority or Taxing Authority, any 
Person succeeding to its functions and capacities. 

(c) Any reference herein to any Article, Section, clause, or schedule means and 
refers to the appropriate Article, Section or clause or schedule in this Agreement. 
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(d) Other grammatical forms of defined words or phrases have corresponding 
meanings, 

(e) The term "including" when used in this Agreement means "including without 
limitation." 

(f) Unless otherwise specified, a reference to a specific time for the performance 
of an obligation is a reference to that time in the place where that obligation is to be 
performed. 

(g) A reference to a document or agreement, including this Agreement, includes 
all appendices and schedules thereto. 

(h) A reference to a document or agreement, including this Agreement, includes a 
reference to that document or agreement as amended, supplemented, amended and 
restated or otherwise modified from time to time. 

(i) If any payment, act, matter or thing hereunder would occur on a day that is not 
a Business Day, then such payment, act, matter or thing shall, unless otherwise 
expressly provided for herein, occur on the next succeeding Business Day. 

C) The words "hereof," "hereunder," "herein," "herewith," and "hereto," and 
similar words refer to this Agreement as a whole and not to any particular Article, 
Section or clause in this Agreement. 

1.3 Technical Meanings. Words not otherwise defined herein that have well-known 
and generally accepted technical or trade meanings are used herein in accordance with such 
recognized meanings, as of the date set forth in the preamble to this Agreement. 

ARTICLE II 

TERM 

2.1 Term. The term of this Agreement ("Term") shall commence on the date set 
forth in the preamble to this Agreement and shall continue, unless earlier terminated in 
accordance with the provisions of this Agreement, until the End Date. 

2.2 Deliverv Period. Subject to Section 2.3 or Section 2.4, the period during which 
the Parties will be obligated to purchase and sell Capacity, Energy and Ancillary Services as set 
forth in this Agreement ("Delivery Period") will commence on June 1, 2015, or such other 
earlier date as may be jointly specified by the Parties ("Start Date"), and run through the 
conclusion of the commercial operational life of the generation facilities listed on Schedule A, 
including any post-retirement period to complete all asset retirement obligations and any other 
removal projects ("End Date"), unless the Parties otherwise mutually agree in writing upon an 
altemative End Date. 

2.3 Early Termination Right. Subject to Buyer complying with its obligations under 
Article V and provided Buyer is not a Defaulting Party, Buyer will have on or after the first 
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anniversary of the Start Date, the right, but not the obligation, upon no less than three hundred 
and sixty five (365) days notice to Seller to terminate, in whole, this Agreement prior to the End 
Date if retail cost recovery for Buyer's costs hereunder is discontinued or substantially 
diminished, including through a one-time significant disallowance for retail rate recovery of 
costs. 

2.4 Other Earlv Termination Rights. In the event the Parties are unable to reach 
agreement upon the retirement date of a Unit or Facility, the Parties may mutually agree to 
remove such Unit or Facility from this Agreement, subject to Buyer complying vvith its 
obligations under Article V. 

ARTICLE HI 

; PURCHASE AND SALE OBLIGATION 

3.1 Seller's and Buver's Obligations. Subject to, and in accordance with, the terms 
and conditions of this Agijeement, Seller agrees to sell and deliver, and Buyer agrees to purchase, 
receive, and pay for, BUyer's Contractual Capacity and the Energy and Ancillary Services 
associated with Buyer's Contractual Capacity delivered by Seller to the Delivery Point during 
each hour of the Delivery Period. 

3.2 Unit Contiyigent. All Energy and Ancillary Services associated with Buyer's 
Contractual Capacity andiall of Seller's obligations to sell and deliver the Energy and Ancillary 
Services associated with the Buyer's Contractual Capacity are Unit Contingent. 

3.3 Fuel. During the Delivery Period, Seller will arrange, provide, procure, supply, 
manage, transact, transport and deliver Fuel to Facilities where Seller performs this function, and 
at all remaining Facilities^ Seller will provide input to the plant operator on Fuel purchases and 
Fuel related matters for such Facility. Buyer will have the rights to monitor the Fuel procurement 
and logistics process and [provide reasonable direction on the activity to the Seller at Operating 
Committee Meetings. When Seller needs to acquire Fuel on behalf of Buyer, Seller agrees to 
conduct such purchases of Fuel, whenever reasonably possible, using competitive methods, 
including, without limitation, requests for proposals, and Buyer will have the right, but not the 
obligation, to observe, monitor, and approve the results of such competitive methods. Excluding 
emergency situations. Fuel procurements not purchased through competitive methods must first 
be approved by Buyer. Any fuel purchase contracts used to supply fuel to the Facilities that are 
in effect prior to and extend beyond the Start Date will continue to be utilized for the Facilities. 
Buyer acknowledges and [agrees that existing contracts entered into prior to the Start Date will 
continue to be utilized to Supply fuel to Seller's generation covered by this Agreement and if any 
such fiiel is also utilized to supply fiiel to Seller's generation that is not part of this Agreement 
the allocation of such fuel! between the Facilities and the Seller's other units will be performed in 
an equitable maimer approved by both the Seller and the Buyer. Any such pre-existing contracts 
will not be renewed or lextended to serve the Facilities covered by this Agreement unless 
approved by the Buyer. 

3.4 Deliverv Pbint. The Delivery Point for Energy and Ancillary Services associated 
with Buyer's Contractual Capacity will be the location of the PJM node at each facility, typically 
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located at the high side of the transformers located at each of the generating facilities identified 
in Schedule A, at which point the quantities of such Energy or Ancillary Services delivered by 
Seller to Buyer will be recorded and measured by the relevant revenue meters. 

3.5 Scheduling and Dispatch. Buyer or its agent will dispatch the generation 
associated with the Facilities by reviewing and determining the parameters associated with PJM 
generation offers, including how such generation will be offered to PJM, for the Energy and 
Ancillary Services associated with Buyer's Contractual Capacity and Seller will, subject to the 
requirements of PJM and the operating parameters of the Facilities, as determined by the Facility 
operator, operate and control the Facilities and schedule with PJM pursuant to Buyer's dispatch 
criteria and PJM's requirements and instructions. Buyer acknowledges and agrees that it will be 
obligated at all times to receive Seller's allocation of minimum output of a Facility, consistent 
with unit operation limitations and any Facility Operating Agreement. Schedules will be 
adjusted to the extent necessary to allow Seller or the Facility operator to start-up, operate, 
curtail or shut-down any of the Facilities as required to comply with instructions from the 
Transmission Operator. Seller will cooperate and provide any assistance to Buyer so that Buyer 
can determine how such generation will be offered to PJM. Buyer will be allocated any excess 
(or deficit) amount of Energy or Ancillary Services made available by Seller at the Delivery 
Point over (or under) the amount of Energy or Ancillary Services Scheduled by the Buyer. 
Buyer will be responsible for all Imbalance Charges associated with the Energy made available 
to it by Seller at the Delivery Point, provided, however, that any such Imbalance Charges 
resulting from Seller's unexcused failure to dispatch, or to cause the Facility operator to dispatch, 
the Energy associated with the Seller's Capacity Entitlement that are designated by Buyer will be 
the responsibility of the Seller. The Energy and Ancillary Services associated with Buyer's 
Contractual Capacity will be recorded by the Parties in PJM's scheduling and settlement systems 
at the Facility LMP Point. 

3.6 Transmission And Related Costs. Seller shall make all Energy and Ancillary 
Services associated with Seller's Capacity Entitlement available to Buyer at the Delivery Point. 
Buyer shall be responsible for transmission service at and from the Delivery Point and shall 
coordinate, as necessary, for scheduling services with the Transmission Operator to receive all 
Energy and Ancillary Services associated with the Seller's Capacity Entitlement at the Delivery 
Point. Buyer shall have the right to designate an agent for coordinating, as needed, with PJM 
related to the Capacity, Energy and Ancillary Services received under this Agreement Buyer 
shall be responsible (i) for all costs or charges imposed on or associated with the Seller's 
Capacity Entitlement and associated Energy and Ancillary Services and the delivery of all 
Energy and Ancillary Services associated with the Seller's Capacity Entitlement at and after the 
Delivery Point, and (ii) for any and all Imbalance Charges consistent with Section 3.5. Subject 
to reimbursement as set forth in Article IV, Seller shall be responsible for all costs or charges 
imposed on or associated with the Seller's Capacity Entitlement and associated Energy and 
Ancillary Services and the delivery of all Energy and Ancillary Services associated with the 
Seller's Capacity Entitlement up to the Delivery Point. 

3.7 Force Majeure. To the extent either Party is prevented by Force Majeure from 
carrying out, in whole or part, its obligations under this Agreement, (other than an obligation to 
pay money), and such Party (the "Affected Party") gives notice and details of the Force Majeure 
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to the other Party as soon as practicable (but not later than thirty (30) days thereafter to the extent 
such details are then availible) then the Affected Party shall be excused from the performance of 
its obligations under this Agreement (other than the obligation to make payments) so long as the 
Affected Party shall be uging all reasonable efforts to overcome the Force Majeure and resume 
performance as soon as plossible. The non-Affected Party shall not be required to perform or 
resume performance of itjs obligations (excluding payment obligations) to the Affected Party 
corresponding to the obli^tions of the Affected Party excused by Force Majeure, until such time 
and to the extent the Affedted Party resumes its performance. 

3.8 Allowances. Seller shall separate the Allowance inventories associated with the 
Facilities and maintain th6m in a separate subaccount for Buyer's benefit. To the extent Seller 
has any Allowances prior to the Start Date that are not associated with the Facilities or any of the 
Seller's other generation ujiits, such Allowances will be allocated to Buyer's separate subaccount 
and the Seller's other Allolwance subaccounts based on the emissions of the applicable units over 
the 5 prior calendar years. The applicable units will be all the units required to provide 
Allowances for its emissions, excluding any units retired prior to the Start Date. Following the 
Start Date, the subaccount established for Buyer shall be used to record all Allowances arising 
from or associated with a Facility that Seller is granted or to which it is entitled for the Delivery 
Period, within thirty (30) days of such grant or other effective date, whether such grant or 
entitlement is made on a dine-time, annual or other periodic basis. Allowances will be removed 
from the subaccount established for Buyer as needed to comply with surrender requirements 
associated with any appilicable emissions fi-om the Facilities by the Allowance Transfer 
Deadline, and the associated Allowance expense will be borne by the Buyer. Buyer shall 
manage all Allowances in the subaccount established for Buyer, including the purchasing, selling 
or other disposition of the! Allowances and will receive any gains or any losses associated with 
such management. 

3.9 Failure to Ipeliver Energv/Ancillarv Services. If Seller fails to or Seller fails to 
cause the Facility operator under the Facility Operating Agreement to Schedule, Dispatch and/or 
deliver all or any part of the Energy and/or Ancillary Services that are Scheduled and Dispatched 
by Buyer pursuant to this I Agreement and it is not the result of an Outage or a Force Majeure, 
Seller shall pay Buyer an amount equal to the sum of (a) the positive difference, if any between 
the Contract Price of the Energy and/or Ancillary Services to be supplied by Seller and (b) the 
price for a corresponding amount of replacement Energy and/or Ancillary Services. 

3.10 Consent Decree. Due to certain of the Facilities being subject to the Consent 
Decree between U.S. EP.^ and Ohio Power Company entered on December 10, 2007 and as 
issued in Civil Acfion No. C2-99-1182 and consolidated cases by the United States District 
Court for the Southern pistrict of Ohio, Eastern Division, as modified from time to time 
("Consent Decree"), Sellef will constrain the dispatch of impacted Facilities if or when needed to 
ensure compliance with |any emission limitations required by the Consent Decree. Such 
limitations will be reasonably economically imposed and applied on a consistent basis between 
the Agreement Facilities: and other generating units of the Seller that are not part of this 
Agreement. Buyer shall bear the full cost of any fines or penalties resulting from non­
compliance with any resulting emission limitations of the Agreement Facilities associated with 
Buyer's rights to dispatchjthe Facilities hereunder. Seller shall bear the ftall cost of any fines or 
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penalties resulting from Seller's failure to constrain the use of impacted Facilities needed to 
ensure compliance with any emission limitations required by the Consent Decree. 

3.11 Cardinal Station Agreement. Buyer acknowledges and agrees that Buyer's 
entitlements and obligations under this Agreement shall be subject to, conditioned upon, and net 
of all the entitlements and obligations of Buckeye under the Cardinal Station Agreement related 
to capacity, energy and ancillary service entitlements and back-up obligations. Accordingly, 
Buyer shall provide for Buckeye's use and bear all of the net cost of providing all such 
entitlements directly to Buckeye or to Seller for Buckeye's benefit. Consistent with Section 3.5, 
the Buckeye's Units shall be dispatched and the Buyer shall receive the corresponding capacity, 
energy and ancillary service revenues, net of any applicable costs, as described under and subject 
to the Cardinal Station Agreement. During the Delivery Period, Seller shall not agree to any 
amendment, waiver or other modification of the Cardinal Station Agreement without obtaining 
the prior written consent of Buyer. During the 2015/2016 Planning Year, Seller will credit to 
Buyer Capacity revenues associated with Buckeye's Units in an amount equal to the Capacity 
revenues of the Facilities that have been provided to Buckeye for that Planning Year. 

ARTICLE IV 

FACILITY OPERATIONS 

4.1 Operation and Maintenance. At all times during the Delivery Period, Seller shall 
perform the Operating Work, or cause the Operating Work to be performed, in accordance with 
good commercial and prudent utility practice consistent with the procedures employed by Seller 
at similar generating stations or the procedures followed by the operator of units that are not 
wholly owned by Seller. Subject to reimbursement as set forth in Article V. Seller shall be 
responsible for all costs, expenses, losses, liabilities and charges incurred by it, or on its behalf, 
in the performance of Operating Work, including the procurement of Ancillary Services 
sufficient to satisfy Ancillary Service obligations to the Transmission Operator related to the 
Facility. 

4.2 Capital Improvements. From time to fime during the Term, Seller shall perform, 
or cause to be performed, Capital Improvements Work related to a Facility. For major or 
material projects at a wholly owned Seller Facility, Buyer's prior written approval and agreement 
must first be obtained before proceeding with such Capital Improvements Work. For a unit at a 
Facility that is jointly owned, Seller will obtain and communicate to the third party operator 
Buyer's input on any Capital Improvements Work proposed. Subject to reimbursement as set 
forth in Article V. Seller shall be responsible for all costs, expenses, losses, liabilities and 
charges incurred by it, or on its behalf, in the performance of Capital Improvements Work. 
Annually, Seller will provide Buyer with a confidential three year forecast of projected Capital 
Improvements Work. 

4.3 Planned Outage Schedule. Seller will develop and implement, or cause to be 
developed and implemented, a planned outage and maintenance schedule for Facilities that Seller 
operates that is coordinated with American Electric Power Service Corporation. For Facilities 
that are not operated by Seller, Seller will communicate Buyer's input on planned outages and 
maintenance schedules for such Facilities to the Facility operator. 

13 



Ohio Power Company Case No. 14-1693-EL-RDR 
IEU RPD-1-002 Supplemental Attachment 1 

Page 18 of 32 

4.4 Auxiliary Power. During any hour that the Facility is out of service, Seller or the 
applicable Facility operatoi" will procure the energy used by Facility auxiliaries during that hour, 
the cost of which will be home by the Buyer. 

ARTICLE V 

PRICING 

5.1 Monthly Payments. For each calendar month during the Delivery Period, Buyer 
shall pay Seller an amount j(the "Monthly Payment") equal to the sum of (i) a Fuel Payment, (ii) 
an O&M Payment, (iii) i a Depreciation Payment, (iv) a Capacity Payment, (v) a Tax 
Reimbursement Payment, and (vi) Other Miscellaneous Payment. The Monthly Payment will be 
Seller's sole compensation for Seller's sale and delivery to Buyer of Buyer's Contractual 
Capacity and the Energy ar̂ d Ancillary Services associated with Buyer's Contractual Capacity. 

5.2 Fuel Payment. For each calendar month during each Contract Year, Buyer shall 
pay Seller an amount (the l"Fuel Payment") equal to the Fuel Costs incurred by or invoiced to 
Seller at the Facilities for that month. 

5.3 O&M Pavrrjent. For each calendar month during each Contract Year, Buyer shall 
pay Seller an amount (the '̂O&M Payment") equal to the Operation and Maintenance Costs at 
the Facilities for that month. 

5.4 Depreciatioh Payment. For each calendar month during each Contract Year, 
Buyer shall pay Seller aA amount (the "Depreciation Paymenf) equal to the sum of the 
depreciation expenses incvirred by Seller for each Facility in Schedule A at the actual rate of 
depreciation during the relevant month and, in the case of jointly owned units, those expenses 
directly related to its ownei*ship interest in the applicable Facility. The depreciation rates will be 
updated periodically at intervals that will not exceed five (5) years and the new rates will become 
effective on the subsequent January 1̂^ during the Term of this Agreement. Any positive net 
book value at the end of the commercial life of a given Facility will be included in the net book 
value of the other units at! the same Facility and depreciated at an adjusted rate of those other 
units. If the final Facility 6r Facilities at a plant are retired, any remaining net book value will be 
payable by Buyer at that time, unless the Parties mutually agree upon an altemative payment 
arrangement. ' 

5.5 Capacity Payment. For each calendar month during each Contract Year, Buyer 
shall pay Seller an amountj(the "Capacity Payment") equal to the following: 

^ ^ „ FNBVxWACOC 
CapacityPayment = 

where, 

FNBV ; = Seller's Net Book Value of the Facilities. 

WACOC ' = (DP%x LTDR)+ (EP%x ROE) 
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LTDR = Seller's Long Term Debt Rate 

ROE = Seller's Retum on Equity 

DP% = Seller's Debt Percentage 

EP% = Seller's Equity Percentage 

Each component of the Capacity Payment that is subject to change under the terms of this 
Agreement will be updated as of January 1̂* of each calendar year during the Term of this 
Agreement, or at more frequent intervals as elected by Seller. 

5.6 Tax Reimbursement Payment. For each calendar month during each Contract 
Year, Buyer shall pay Seller an amount (the "Tax Reimbursement Payment") equal to all 
Taxes (other than taxes included in Sections 5.2 through 5.5, above, such that there will be no 
duplication of Tax reimbursement to Seller) for that month applicable to Buyer's Contractual 
Capacity and the Energy and Ancillary Services associated with Buyer's Contractual Capacity, 
as more fially set forth in Article IX. Any Tax based upon income, gross receipts, commercial 
activity, or any similar Tax for which the inclusion of such Tax in the Monthly Payment would 
increase Seller's liability for any Tax including WACOC shall be grossed-up so as to make the 
receipt of any such Tax neutral to the Seller. Any Tax for any Straddle Period shall be included 
in the Monthly Payment based upon the ratio of the days in the month for the Monthly Payment 
over the total number of days in the Tax Period. Taxes included in the Monthly Payment may be 
estimated by Seller. The difference between estimated Taxes and the actual Taxes for which 
Buyer is responsible will be billed or credited to Buyer, as appropriate, in one or more 
installments following the end of the relevant Tax Period. For purposes of Taxes subject to the 
provisions of this Section 5.6, all Taxes shall be based upon the amount accmed for the relevant 
calendar month billing period, including any deferred tax amount. 

5.7 Other Miscellaneous Payment. 

For each calendar month during each Contract Year, Buyer shall pay Seller an amount 
(the "Other Miscellaneous Payment") which shall include: 

(A) Any other costs and credits as described within this Agreement not already included 
in the other payment components or any other costs or credits reasonably associated with the 
Facilities which may be billed monthly or if incurred less frequently, on either a quarterly or as 
incurred basis. For example, the Parties understand and agree that the cost of Ancillary Services 
associated with the Facility Capacity that are requested and delivered in accordance with regular 
dispatch of a Facility in accordance with this Agreement is included in and compensated for by 
the Monthly Payment. The Other Miscellaneous Payment shall also include, but not necessarily 
be limited to, any PJM charges and credits associated with the Facilities. 

(B) Where Buyer exercises its right under Section 2.3 to terminate this Agreement or an 
Early Termination Date is declared due to a Buyer Event of Default, Seller will invoice Buyer, 
and Buyer shall pay Seller, an amount equal to the sum of the then undepreciated net book value 
of the Generating Facilities and the expected retirement-related costs associated with such 
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Generating Facilities at the time this Agreement is terminated as determined by the Seller in a 
commercially reasonable manner. 

(C) Where the Parties exercise their right under Section 2.4 to remove Unit(s) or 
Facilities terminate this Agreement, Seller will invoice Buyer, and Buyer shall pay Seller, an 
amount, determined by Seller in a commercially reasonable manner, equal to the sum of the then 
undepreciated net book value of the Unit(s) or Generating Facilities that are to be removed from 
this Agreement and the 'expected retirement-related costs associated with such Unit(s) or 
Generating Facilities at thf time the Unit(s) or Facilities are removed from this Agreement. At 
Buyer's request and at Biiyer's sole expense, the fair market value of the Unit(s) or Facilities, 
including all of the associated liabilities thereto will be determined by Seller, such values may be 
developed by Seller through the use of an independent appraisal or other competitive solicitation 
conducted by Seller to obtain bids to purchase the Unit(s) or Generating Facilities. To the extent 
any appraisal or competitive solicitation would result in positive revenues to Seller as a result of 
such sale. Seller will apply a credit on Buyer's invoice for such positive revenues, up to^ but not 
exceeding, the amount in\joiced by Seller hereunder. Seller retains the right of first refusal to 
match any bona fide offei; that complies with all of the terms of any competitive solicitation. 
Where there is a disagreenient over a retirement date for Unit(s) or Facilities and this Agreement 
is terminated under Sectiqn 2.4, in the event Seller intends to continue operating such Unit or 
Facility after it is removed from this Agreement in accordance with Section 2.4, Seller will also 
apply a credit to Buyer's! invoice referenced above with respect to allocating the retirement 
related costs of such Unit(s) or Facilities to account for the additional time Seller intends to 
operate the Unit(s) or Facilities after it is removed from this Agreement, in relation to the period 
of time Buyer purchased Ejnergy and Capacity from such Unit(s) or Facilities hereunder. 

ARTICLE VI 

BILLING AND PAYMENT 

6.1 Billing and; Payment. The calendar month shall be the standard period for all 
payments under this Agreement. As soon as practicable after the end of each month. Seller will 
render to Buyer an invoiqe for the payment obligations incurred during the preceding month. 
Each component of the inVoice will be described in reasonable detail. All invoices under this 
Agreement shall be due and payable on or before the twentieth (20^) day of each month, or tenth 
(10'^) day after receipt ofjthe invoice or, if such day is -not a Business Day, then on the next 
Business Day. Buyer willimake payments by electronic funds transfer to the account designated 
by Seller, or by other mutually agreeable method(s). Any amounts not paid by the duQ date will 
be deemed delinquent andiwill accrue interest at the then current short term borrowing rate of the 
Seller ("Interest Rate"), sjjch interest to be calculated from and including the due date to but 
excluding the date the delipquent amount is paid in full. 

6.2 Books and I Records: Audit. Seller shall keep, or shall cause to be kept, all 
necessary books of record, books of account, and memoranda of all transactions involving the 
Facility, in conformance, \|vhere required, with the FERC's Uniform System of Accounts. Seller 
shall make, or shall cau^e to be made, all computations relating to the Facilities and all 
allocations of the costs and expenses of the Facilities. Buyer has the right to examine the records 
of Seller to the extent reajSonably necessary to verify the accuracy of any statement, charge or 
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computation made pursuant to this Agreement (including any statements evidencing the 
quantities delivered to Buyer at the Delivery Point) within twelve (12) months of receipt of the 
statement, charge or computation. If any such examination reveals any inaccuracy in any 
statement, the necessary adjustments in such statement and the payments thereof will be made 
promptly, along with interest accrued at the Interest Rate, provided, however, that any claim by a 
Party for overpayment or underpayment with respect to an invoice is waived unless the other 
Party is notified of the claim within twelve (12) months after the invoice is rendered or any 
specific adjustment to the invoice is made. If an invoice is not rendered within twelve (12) 
months after the close of the month during which performance occurred, the.right to payment for 
such performance is waived. 

6.3 Netting of Payments. The Parties hereby agree that they shall discharge mutual 
debts and payment obligations due and owing to each other under this Agreement through 
netting, in which case all amounts owed by each Party to the other Party under this Agreement, 
including any related damages, interest, and payments or credits, shall be netted so that only the 
excess amount remaining due shall be paid by the Party who owes it. 

ARTICLE VII 

CREDIT REQUIREMENTS 

7.1 Credit Assurances. If a Party (the "Requesting Party") has reasonable grounds 
to believe that the other Party's (the "Posting Party") creditworthiness or performance under 
this Agreement has become unsatisfactory, the Requesting Party will provide the Posting Party 
with written notice requesting Performance Assurance in an amount determined by the 
Requesting Party in a commercially reasonable manner. Upon receipt of such notice, the Posting 
Party shall remedy the situation within a reasonable period (not exceeding thirty (30) days) by 
providing such Performance Assurance to the Requesting Party. 

7.2 Grant of Security Interest/Remedies. To secure its obligations under this 
Agreement and to the extent either or both Parties deliver Performance Assurance hereunder, 
each Party (a "Pledgor") hereby grants to the other Party (the "Secured Party") a present and 
continuing security interest in, and lien on (and right of setoff against), and assignment of, all 
cash collateral and cash equivalent collateral and any and all proceeds resulting therefrom or the 
liquidation thereof, whether now or hereafter held by, on behalf of, or for the benefit of, such 
Secured Party, and each Party agrees to take such action as the other Party reasonably requires in 
order to perfect the Secured Party's first-priority security interest in, and lien on (and right of 
setoff against), such collateral and any and all proceeds resulting therefrom or from the 
liquidation thereof Upon or any time after the occurrence or deemed occurrence and during the 
continuation of an Event of Default or an Early Termination Date, the Non-Defaulting Party may 
do any one or more of the following: (i) exercise any of the rights and remedies of a Secured 
Party with respect to all Performance Assurance, including any such rights and remedies under 
law then in effect; (ii) exercise its rights of setoff against any and all property of the Defaulting 
Party in the possession of the Non-Defaulting Party or its agent; (iii) draw on any outstanding 
Letter of Credit issued for its benefit; and (iv) liquidate all Performance Assurance then held by 
or for the benefit of the Secured Party free from any claim or right of any nature whatsoever of 
the Defaulting Party, including any equity or right of purchase or redemption by the Defaulting 
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Party. The Secured Party fehall apply the proceeds of the collateral realized upon the exercise of 
any such rights or remedies to reduce the Pledgor's obligations under the Agreement (the 
Pledgor remaining liable for any amounts owing to the Secured Party after such application), 
subject to the Secured Party's obligation to retum any surplus proceeds remaining after such 
obligations are satisfied in full. 

ARTICLE VIII 
i 

EVENTS OF DEFAULT, REMEDIES & LIMITATIONS 

8.1 Events of Default. An "Event of Defaulf shall mean, with respect to a Party (a 
"Defaulting Party"), the occurrence of any of the following: 

(i) the failure to make, when due, any payment required pursuant to this Agreement 
if such failure is not remedied within ten (10) Business Days after written notice; 

(ii) any representation or warranty made by such Party herein is false or misleading in 
any material respect when made or when deemed made or repeated, and if not remedied 
within thirty (30) Bnsiness Days after written notice; 

(iii) the failure to perform any material covenant or obligation set forth in this 
Agreement (except! to the extent constituting a separate Event of Default), if such failure 
is not remedied within thirty (30) Business Days after written notice; 

(iv) such Party becomes Bankrupt; 
i 

(v) the failure of such Party to satisfy the creditworthiness/collateral requirements 
agreed to pursuant to Article VII: or 

(vi) such Party (consolidates or amalgamates with, or merges with or into, or transfers 
all or substantially all of its assets to, another Person and, at the time of such 
consolidation, amalgamation, merger or transfer, the resulting, surviving or transferee 
Person fails to assume all the obligations of such Party under this Agreement to which it 
or its predecessor was a Party by operation of law or pursuant to an agreement reasonably 
satisfactory to the cither Party. 

8.2 Remedies. |If an Event of Default with respect to a Defaulting Party shall have 
occurred and be continuing, the other Party (the "Non-Defaulting Party") shall have the right, at 
its sole discretion, to take ^ y one or more of the following actions: (i) to exercise any rights and 
remedies under this Agreement or law with respect to any Performance Assurance or other 
financial assurance; (ii) ô withhold any payment due to the Defaulting Party under this 
Agreement; (iii) to suspend its performance; (iv) to cancel this Agreement by declaring a date for 
its early termination (an "Early Termination Date"); or (v) exercise such other rights or 
remedies it may have in contract, in equity, or at law. An Early Termination Date shall not 
relieve a Party of its obligation to payments hereunder. None of the remedies conferred upon the 
Parties above is intended]to be exclusive of any other remedy or remedies now or hereafter 
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existing and every such remedy will be cumulative and shall be in addition to the remedies set 
forth above and every other remedy. Each party may commence such suits, actions or 
proceedings, at law or in equity, including suits for specific performance, as may be necessary or 
appropriate to enforce this Agreement. 

8.3 Limitation of Remedies. Liability and Damages. EXCEPT AS SET FORTH 
HEREIN, THERE IS NO WARRANTY OF MERCHANTABILITY OR FITNESS FOR A 
PARTICULAR PURPOSE, AND ANY AND ALL IMPLIED WARRANTIES ARE 
DISCLAIMED. FOR BREACH OF ANY PROVISION OF THIS AGREEMENT, THE 
OBLIGOR'S LIABILITY SHALL BE LIMITED TO DIRECT DAMAGES ONLY, SUCH 
DIRECT DAMAGES SHALL BE THE SOLE AND EXCLUSIVE REMEDY AND ALL 
OTHER REMEDIES OR DAMAGES AT LAW OR IN EQUITY ARE WAIVED. NEITHER 
PARTY SHALL BE LIABLE FOR CONSEQUENTIAL, INCIDENTAL, PUNITIVE, 
EXEMPLARY OR INDIRECT DAMAGES, LOST PROFITS OR OTHER BUSINESS 
INTERRUPTION DAMAGES, BY STATUTE, IN TORT OR CONTRACT, UNDER ANY 
INDEMNITY PROVISION OR OTHERWISE. IT IS THE INTENT OF THE PARTIES THAT 
THE LIMITATIONS HEREIN IMPOSED ON REMEDIES AND THE MEASURE OF 
DAMAGES BE WITHOUT REGARD TO THE CAUSE OR CAUSES RELATED THERETO, 
INCLUDING THE NEGLIGENCE OF ANY PARTY, WHETHER SUCH NEGLIGENCE BE 
SOLE, JOINT OR CONCURRENT, OR ACTIVE OR PASSIVE. 

ARTICLE IX 

TAXES 

9.1 Cooperation. Each Party shall use reasonable efforts to implement the provisions 
of and to administer this Agreement in accordance with the intent of the parties to minimize all 
Taxes, so long as neither Party is materially adversely affected by such efforts. 

9.2 Taxes. Subject to reimbursement by Buyer as set forth in Article V. Seller shall 
pay or cause to be paid all Taxes imposed on or with respect to the Buyer's Contractual Capacity 
and associated Energy and Ancillary Services arising prior to the Delivery Point. Buyer shall 
pay the Tax Reimbursement Payment and pay or cause to be paid all Taxes on or with respect to 
the Buyer's Contractual Capacity and associated Energy and Ancillary Services at and from the 
Delivery Point. In the event Seller is required by law or regulation to remit or pay Taxes which 
are Buyer's responsibility hereunder. Buyer shall promptly reimburse Seller for such Taxes as set 
forth in Article V. If Buyer is required by law or regulation to remit or pay Taxes which are 
Seller's responsibility hereunder. Buyer may deduct the amount of any such Taxes from the 
sums due to Seller under Article V of this Agreement. Nothing shall obligate or cause a Party to 
pay or be liable to pay any Taxes for which it is exempt under the law. 

9.3 Change-in-Law Taxes. Buyer shall be responsible for (or receive the benefit of) 
all Change-in-Law Taxes. 

9.4 Exemptions. Either Party, upon written request of the other, shall provide a 
certificate of exemption or other reasonably satisfactory evidence of exemption if either Party is 
exempt from any Taxes and shall use all reasonable efforts to obtain or maintain, or to enable the 
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other Party to obtain or maintain, any exemption from or reduction of any Taxes, whether 
currently available or becoming available in the future. Without limiting the generality of the 
foregoing, the Parties agrde that, if beneficial to the efforts of either Party to obtain or maintain 
any exemption from or reduction of any Taxes, whether currently available or becoming 
available in the future, the; Parties will cooperate to restructure the transactions contemplated by 
this Agreement so as to enlable either Party to obtain or maintain such exemption or reduction, as 
the case may be; providec ,̂ however, that any such restructuring shall not affect adversely the 
economic consequences bf this Agreement to either Party or subject either Party to any 
regulatory jurisdiction othk than that to which it is subject on the date set forth in the preamble 
to this Agreement. ' 

i 

ARTICLE X 

COMPLIANCE WITH LAWS; ADMINISTRATION 
10.1 Seller's Compliance. Seller shall, at its expense, comply with all applicable laws 

and obtain and maintain ajl Govemmental Approvals applicable to Seller and/or the Facilities or 
necessary for Seller's perfprmance of its obligations hereunder. Notwithstanding the foregoing. 
Seller shall not be deempd in default of this obligation if it is contesting the application, 
interpretation, order, or other legal direction or Govemmental Approval of any Governmental 
Authority in good faith and with due diligence through appropriate proceedings and if such non­
compliance does not have'a material adverse effect on Seller's performance of this Agreement. 
Seller agrees to adhere to the applicable operating policies, criteria and guidelines of NERC. 

10.2 Buver's Compliance. Buyer shall at its expense, at all times, comply with all 
applicable laws and obtain and maintain all Governmental Approvals applicable to Buyer or 
necessary for Buyer's performance of its obligations hereunder. Notwithstanding the foregoing. 
Buyer shall not be deemed in default of this obligation if Buyer is contesting the application, 
interpretation, order, or other legal direction or Govemmental Approval of any Govemmental 
Authority in good faith and with due diligence through appropriate proceedings and if such non­
compliance does not haveia material adverse effect on Buyer's performance of this Agreement. 
Buyer agrees to adhere to t|he applicable operating policies, criteria and guidelines of the NERC. 

10.3 Administration. Seller will promptly provide Buyer with copies of all written 
notices from the operator or other co-owners pertaining to the Facilities that materially affect, or 
potentially materially affect, Buyer's rights and obligations under this Agreement, including all 
invoices, budgets, maintenance schedules, outage/derating notices, availability forecasts, and 
material contracts, to the extent not restricted by an obligation of confidentiality for which Seller 
carmot obtain a waiver oij other appropriate relief At all times during the Term, Seller shall 
cause the Facility operator to perform its responsibilities and otherwise discharge its obligations 
in respect of the applicable Facility, and maintain accurate records regarding the foregoing, in 
accordance with all relelvant Govemmental Approvals and all applicable statutes, codes, 
regulations, standards, and guidelines adopted by Govemmental Authorities, NERC and the 
Transmission Operator from time to time. 

10.4 Operating (pommittee. By written notice to each other, the Parties and American 
Electric Power Service Corporation each shall name one representative ("Representative") to act 
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for it in matters pertaining to the Parties' obligations under this Agreement and to develop, if 
necessary, operating procedures for the generation, delivery and receipt of Energy hereunder, 
and such other mutually agreed upon contract administration procedures. Any Party may change 
its Representative at any time by written notice to the other Parties. The Representatives for the 
respective Parties shall comprise the Operating Committee. The Representative for American 
Electric Power Service Corporation shall be free to express the views of such Party, but shall not 
have a vote on the Committee except in the case of a tie between the other Parties. The 
Operating Committee shall meet at least annually, and at such other times as any Party may 
reasonably request. The Parties shall cooperate in providing to the Operating Committee the 
infonnation it reasonably needs to carry out its duties. The Operating Committee will review 
and approve decisions regarding the retirement or early retirement of any of the Facilities, annual 
budgets, capital expenditures, procedures and systems for dispatch and notification of dispatch, 
procedures for communication and coordination with respect to Facility capacity availability, 
discuss scheduling of outages for maintenance, as well as the retum to availability following an 
unplanned outage, approval of material contracts for Fuel, establishment of specifications for 
Fuels, and other duties as assigned by agreement of the Representatives. 

10.5 Seller's Negative Covenants. Seller will not take any action or fail to take any 
action that would cause a default by Seller under the Facility Operating Agreement(s). Seller 
shall not, without the prior written consent of Buyer, (i) terminate or suspend any Facility 
Operating Agreement(s) or its interest in such Facility, (ii) amend or modify a Facility Operating 
Agreement(s), or (iii) grant any waiver or consent with respect to Facility Operating 
Agreement(s) or its interest in such Facility that would, in the case of (ii) and (iii) above, 
materially affect, or potentially materially affect. Buyer's rights and obligations under this 
Agreement, unless Seller shall first have obtained Buyer's v^ritten consent, which consent shall 
not be unreasonably withheld, conditioned or delayed. 

ARTICLE XI 

CONDITIONS 

11.1 Conditions. Subject to Section 11.2 and except to the extent waived in writing by 
the parties in their sole and absolute discretion, the obligation of the Parties to consummate the 
transactions contemplated hereunder shall be subject to fulfillment of the following conditions: 

(i) The occurrence of the Closing. 

(ii) If required. Seller shall have filed with the FERC and received acceptance of this 
Agreement that is satisfactory to Seller and Buyer in their sole judgment and discretion, 
without any limitation thereto whatsoever. 

(iii) The Parties shall each have obtained any and all other Approvals required with 
respect to the performance of their respective obligations hereunder and such Approvals 
shall be in form and substance satisfactory to Seller and Buyer in their sole and absolute 
discretion. 
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11.2 Obligations! of Buyer and Seller. Commencing on the date set forth in the 
preamble to this Agreement, on the terms and subject to the conditions of this Agreement, each 
Party shall use its commercially reasonable efforts to take, or cause to be taken, all appropriate 
action, and do, or cause tp be done, and assist and cooperate with the other Party in taking or 
doing, all things necessary, proper or advisable to consummate the transactions contemplated 
hereby, including, withoutjlimitation the satisfaction of the conditions set forth in Section 11.1. 

11.3 Failure of (ponditions Generally. This Agreement may be terminated by either 
Party in the event that theiconditions set forth in Section 11.1 are not satisfied or waived by the 
Parties in accordance withjsuch Section. 

! ARTICLE XII 

REPRESENTATIONS AND WARRANTIES 

12.1 Representatiions and Warranties of Both Parties. On the date set forth in the 
preamble to this Agreement each Party represents and warrants to the other Party that: 

(i) it is duly organized, validly existing and in good standing under the laws of the 
jurisdiction of its fd)rmation; 

(ii) subject to the fulfillment of the conditions set forth in Section l l . L it has all 
Govemmental Approvals necessary for it legally to perform its obligations under this 
Agreement; 

(iii) the execution, delivery and performance of this Agreement are within its powers, 
have been duly authorized by all necessary action and do not violate any of the terms and 
conditions in its gpveming documents, any contracts to which it is a party or any law, 
mle, regulation, order or the like applicable to it; 

(iv) this Agreement constitutes a legally valid and binding obligation enforceable 
against it in accordance with its terms; subject to any Equitable Defenses; 

(v) it is not bankrupt, however evidenced, and there are no proceedings pending or 
being contemplated by it or, to its knowledge, threatened against it which would result in 
it being or becoming bankrupt; 

(vi) there is not pending or, to its knowledge, threatened against it any legal 
proceedings that cbuld materially adversely affect its ability to perform its obligations 
under this Agreement; 

(vii) no material breach of this Agreement with respect to it has occurtcd and is 
continuing and no such event or circumstance would occur as a result of its entering into 
or performing its obligations under this Agreement; and 

(viii) it has entered into this Agreement in connection with the conduct of its business 
and it has the capacity or ability to make or take delivery of the Buyer's Contractual 
Capacity and assodiated Energy and Ancillary Services. 
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ARTICLE X m 

MISCELLANEOUS 

13.1 Title and Risk of Loss. Title to and risk of loss related to the Capacity and 
associated Energy and Ancillary Services shall transfer from Seller to Buyer at the Delivery 
Point. Seller warrants that it will deliver to Buyer the Capacity and associated Energy and 
Ancillary Services free and clear of all liens, security interests, claims and encumbrances or any 
interest therein or thereto by any Person arising prior to the Delivery Point. 

13.2 Indemnity. Each Party shall indemnify, defend and hold harmless the other Party 
and such Party's partners, directors, officers, employees, agents and representatives (the 
"Indemnified Parties") from and against any Claims arising from or out of any event, 
circumstance, act or incident first occurring or existing during the period when control of, risk of 
loss related to. and title to the Capacity and associated Energy and Ancillary Services is vested in 
such Party as provided in Section 13.1. except to the extent, as to any Indemnified Party, such 
Claims are attributable to the gross negligence or willful misconduct of such Indemnified Party. 
Each Party shall indemnify, defend and hold harmless the other Party against any Taxes for 
which such Party is responsible under Article IX. The foregoing indemnities shall forever 
survive the termination of the Agreement. 

13.3 Amendments and Waivers. Neither this Agreement nor any provisions hereof 
may be waived, amended or modified except pursuant to an agreement or agreements in writing 
entered into by both Parties. 

13.4 Notices. All notices, requests, statements or payments shall be made as specified 
in Schedule 13.4. Notices, other than nofices regarding availability. Scheduling and Dispatch of 
a Facility shall, unless otherwise specified herein, be in writing and shall be deemed to be given 
or made if delivered by (a) hand delivery, electronic mail or other electronic transmission device 
capable of written record or facsimile, in each case, effective at the close of business on the day 
actually received, if received during business hours on a Business Day, otherwise shall be 
effective at the close of business on the next Business Day, or (b) United States mail or ovemight 
courier service, in each case, effective on the next Business Day after it was sent. Notices 
regarding the availability. Scheduling and Dispatch of a Facility may be made (x) telephonically, 
effective when made, or (y) by electronic mail or other electronic device capable of written 
record, effective when received. A Party may change its notice details by providing a notice of 
same to the other Party in accordance herewith. 

13.5 Successors and Assigns: Assignment. The provisions of this Agreement shall be 
binding upon and inure to the benefit of the Parties and the Parties' successors and assigns 
permitted hereby and no other Person shall acquire or have any rights under or by virtue of this 
Agreement. Neither Party shall assign this Agreement or its rights hereunder without the prior 
written consent of the other Party, which consent may be withheld in the exercise of its sole 
discretion; provided, however, that either Party may, without the consent of the other Party (and 
without relieving itself from liability hereunder) (i) transfer, sell, pledge, encumber or assign this 
Agreement or the accounts, revenues or proceeds hereof in cormection with any financing or 
other financial arrangements, (ii) transfer or assign this Agreement to an Affiliate, or (iii) transfer 
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or assign this Agreement to a successor to all or substantially all of Seller's Schedule A Units 
and Facilities provided such assignee shall agree in writing to be bound by the terms and 
conditions of this Agreement, and, as applicable, be a qualified operator of the Schedule A Units 
and Facilities. In addition to the foregoing. Seller shall require as a condition of said sale, 
assignment or other transfer that such other Person agree in writing to be bound by the terms and 
conditions of this Agreement to the same extent, such that Buyer's right to purchase such 
products shall continue uninterrupted and in the same manner as set forth in this Agreement 
without material alteration; 

13.6 Integration.; This Agreement consfitutes the entire agreement between the Parties 
relating to the subject mattfer hereof and supersedes any and all previous and understandings, oral 
or written, between the Parties relating to the subject matter hereof 

13.7 Acknowledftnents. This Agreement shall be considered for all purposes as 
prepared through the joint! efforts of the Parties and shall not be construed against one Party or 
the other as a result of th^ preparation, substitution, submission or other event of negotiation, 
drafting or execution hereclf 

13.8 Waiver. Np failure to exercise and no delay in exercising by a Party any right, 
remedy, power or privilege hereunder shall operate as a waiver thereof; nor shall any single or 
partial exercise of any right, remedy, power, power or privilege hereunder preclude any other or 
further exercise thereof or the exercise of any right, remedy power or privilege. 

13.9 Countemarts. This Agreement may be executed by the Parties in any number of 
counterparts, which, taken together, shall constitute one and the same legal binding instrument. 
Delivery of an executed! counterpart of a signature page of this Agreement by facsimile 
transmission shall be effective as delivery of a manually executed counterpart of this Agreement. 

13.10 Headings. IFhe headings used herein are for convenience and reference purposes 
only. 

13.11 Confidentiajlitv. Neither Party shall disclose the terms or conditions of this 
Agreement to a third party (other than the Parties' employees, lenders, counsel, accountants or 
advisors who have a neejd to know such information and have agreed to keep such terms 
confidential) except in or(fer to comply with any applicable law, regulation, or any exchange, 
control area or independeijit system operator mle or in connection with any court or regulatory 
proceeding; provided, hov^ever. that each Party shall, to the extent practicable, use reasonable 
efforts to prevent or limit; the disclosure. Subject to the provisions of Section 8.3, the Parties 
shall be entitled to all remedies available at law or in equity to enforce, or seek relief in 
connection with this confidentiality obHgation. 

13.12 Goveming ^ w . THIS AGREEMENT AND THE RIGHTS AND DUTIES OF 
THE PARTIES HEREIilNDER SHALL BE GOVERNED BY AND CONSTRUED, 
ENFORCED AND PERFORMED IN ACCORDANCE WITH THE LAWS OF THE STATE 
OF OHIO, WITHOUT ^EGARD TO PRINCIPLES OF CONFLICTS OF LAW. EACH 
PARTY WAIVES ITS RESPECTIVE RIGHT TO ANY JURY TRIAL WITH RESPECT TO 
ANY LITIGATION ARISilt̂ G UNDER OR IN CONNECTION WITH THIS AGREEMENT. 
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13.13 Mobile/Sierta Doctrine. Absent the agreement of all Parties to the proposed 
change, the standard of review for changes to any rate, charge, classification, term or condition 
of this Agreement, whether proposed by a Party, a non-party or FERC acting sua sponte, shall be 
the "public interest" standard of review set forth in United Gas Pipe Line Co. v. Mobile Gas 
Service Corp., 350 U.S. 332 (1956) and Federal Power Commission v. Sierra Pacific Power Co.. 
350 U.S. 348 (1956) and Federal Power Commission v. Sierra Pacific Power Co., 350 U.S. 348 
(1956) and clarified by Morgan Stanley Capital Group. Inc. v. Public Ufil. Dist. No. 1 of 
Snohomish, 554 U.S. 527 (2008), and NRG Power Marketing LLC v. Maine Public Utilities 
Commission, 558 U.S. 165 (2010) (the "Mobile-Sierra Doctrine"). 

13.14 Severability. Should any provision of this Agreement be held to be invalid or 
unenforceable, such provision shal! be invalid or unenforceable only to the extent of such 
invalidity or unenforceability without invalidating or rendering unenforceable any other 
provision hereof 

[signatures appear on next page] 
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IN WITNESS WHEREOF, the Parties hereto have caused this Agreement to be executed and 
delivered by their duly au^orized representatives as of the date set forth in the preamble to this 
Agreement. 

[GENCO] 

By: 
Name: 
Title: 

OHIO POWER COMPANY 

By: 
Name: 
Title: 
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Schedule A 

Ohio Generation Facilities 

Facility 

Cardinal 

Conesville 

Conesville 

Conesville 

Stuart 

Stuart 

Stuart 

Stuart 

Zimmer 

Total 

Unit(s) 

1 

4 

5 

6 

1 

2 

3 

4 

1 

Location 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

Unit 
Capacity 

(MW) 

592 

779 

405 

405 

577 

577 

577 

577 

1,300 

5,789 

Seller 
Ownership 

(%) 

100.0% 

43.5% 

100.0% 

100.0% 

26.0% 

26.0% 

26.0% 

26.0% 

25.4% 

Seller 
Ownership 

(MW) 

592 

339 

405 

405 

150 

150 

150 

150 

330 

2,671 
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SCHEDULE 13.4 

Notice Information 

If to Seller: 

[GENCO] 
155 W. Nationwide Blvd. Suite 400 
Columbus, Ohio 433215 
Attention: President '• 

with a copy to: 

[GENCO] 
One Riverside Plaza 
Columbus, Ohio 433215 
Attention: Secretary 

If to Buyer: 

Ohio Power Company 
One Riverside Plaza 
Columbus, Ohio 433215 
Attention: President 

with a copy to: 

Ohio Power Company 
One Riverside Plaza 
Columbus, Ohio 433215 
Attention: Secretary 

28 
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~ —Execution Copy 

AMENDED AND RESTATED 

INraR-COMPANY POWER AGREEMENT 

DATED AS OF SEPTEMBER 10,2010 

AMONG 

OHIO VALLEY ELECTRIC CORPORATION, 
ALLEGHENY ENERGY SUPPLY COMPANY, LX.C. 
APPALACmAN POWER COMPANY, . 
BUCKEYE POWER GENERATING, LLC, 
COLUMBUS SOUTHERN POWER COMPANY, 
THE DlTTON POWER AND LIGHT COMPANY, 
DUKE ENERGY OHIO, INC., 
FIRSTENERGY GENERATION CORP^ 
INDIANA MICHIGAK POWER C0K4PANY, 
KENTUCKY UTGLmES COlVS>ANY, 
LOUISVILLE GAS AND ELECTRIC COMPANY, 
MONONGAHELA POWER COMPANY, 
OHIO POWER COMPANY, 
PENINSULA GENERATION COOPERATIVE, and 
SOUTHERN INDIANA GAS AND ELECTRIC COMPANY 

EXHIBIT 
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-i AMENBES-ANB-RESTATEfi • • 

INTER-COMPANY POWER AGBJEEMENT 

THIS AGREEMENT, dated as of September 10,2010 (the "Agreement"), by aad 
among OHIO VALLEY Evecmp CORPORATION (herein called OVEC}, ALLEGHENY" ENERGY 
SUPPLY COMPANY, LX.C. (htereiD called AllegheBy), APPALACHUNPOWER COMPANY (hexda 
called Appalachian), BuCKEYE PoWER GENERATING, LLC (herein called Buckeye), COLUMBUS 
SOUTHHRN POWER COMPANY; (herein called Columbus), THE DAYTON POWER AND LIGHT 
COMPAW (herein called Dayitoii), DuKE ENERGY OHIO, Isc. (formerly known as The Cincinnati 
Gas & Electric Company and herein called Duke Ohio), FIRSTENERGY GENERATION CORP. 
(herein called FirstEnergy), INDIANA MICHIGAN POWER COMPANY (herein called Indiana), 
KENTUCKY UTILITIES COMPANY (herein called Kentucky), LOUISVILLE GAS AND ELECTRIC 
COMPANY (herein called Louisrville), MONONGAHELA POWER. COMPANY Qieiein called 
Monongahela), OHJOPOWERCOMPAKY (herein called Ohio Power), PENINSULA GENERATION 
COOPERATIVE (hetem called Peninsula.), and SOUTHERN I-HDIAHA GAS AND ELECTRIC COMPANY 
(herein called Soulhem Miaiia, and all of the foregoing, other than OVEC, being herein 
sometimes collectively refenfed to as ihe Sponsoring Companies and indi\idually as a 
Sponsoring Comj^ny) hereby amends and restates in its entirety, tiie Inter-Company Power 
Agreement dated as of MarcK 13,2006, as amended by Modification No. 1, datKl as of March 
13,2006 (herein calSed the Ctirrent AgreanMit), by and'among OVEC and ihe Sponsoring 
Companies. 

WrmESSETHTHAT. 

WHEREAS, tha Current Agreement amended and restafed the ori^nal Inter-
Company Power Agreement,idaled as of July 10, 3953, as amended by Modification No. 1, dated 
as of June 3, 1966;Modificat5onNo, 2, dafedas of January 7,1967;Modificat]onNo. 3, datedas 
of November 15,1967; Mot^cationKo. 4, dated as of Kovcmber 5,1975; Modification Ko. 5, 
dated as of September 1,197&; Modification No. 6, dated as of August 1,1981; Modification 
No. 7, dated as of January 15̂  1992; Modification No. Z, dated as of January 19,1994; 
Modification Ko. 9, dated as of August 17,1995; Modification No. 10, daied as of Jannsiy 1, 
1998; Modification No. 11, dated as of April 1,1999; MoificationNo, 12, dated as of 
Novembtt: U 1999; Modification No. 13, dated as of May 24,2000; Modification No. 14, dated 
as of April l,2G6l;andModSficationNo. 15, dated as of April 30,2004 (together, herein called 
tbe Original Agreement); and 

W HEREAS, OVEC designed, purchased, and constructed, and continues to operate 
and maintain two steam-clec^c generating stations, one station (herein called Ohio Station) 
coDsistiog of five turbo-graaetators and all other necessaiy equipment, at a location on. the OMo 
River near Cbeshire, Ohio, and the other station (herein called Eodiana Station) consisting of six 
turbogenerators and all other! necessary equipment, at a location on the Ohio Kiver near Madison, 
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kdr^na, (the Ohio Station ancf tbe fodtana Station being herein called the Project Generating 
Stations); and 

WHEREAS, OVEC also designed, purchased, and constructed, and continues to 
opcr^e and maintain necessaiy transmission and general plant fecilities (herein called the Project 
Transmission Facilities) and OVEC established or cause to be established interconnections 
between the Project Generating Sfetions and the systems of certain of the Sponsoring 
Compaiues; and 

WHEREAS, OVEC entered into an agieement, attached hereto as Exhibit A, with 
Indiana-Kentucky Electric Coiporation (herein called IKEC), a corporation organized under the 
laws of the State of Indiana as a wholly owned subsidiary corporation of OVEC, i ^cb has been 
atneoded and restated as of the date of Ibis Agreement and embodies the temis and conditions for 
Ihe ownership aad operation by SCEC of the Indiana Station and such portion of the Project 
TranStnission Facilities which are to be owned and operated by it; and" 

WHEREAS, transmission facilities were constmcted by certain of &e Sponsoring 
.Companies to mtercormectlhe systems of such Sponsoring Companies, directly or indirectly, 
with the Project (^crating Stations and/or Ihe Project Transmission Facilities, and the 
Sponsoring Companies have agreed lo pay for Available Power, as hereinailer defined, as may 
be available at the Project Generatmg Stations; and 

WHEREAS, the jsrties hereto desire to amend and restate in their eotirety, the 
Current Agreement to define the terms and conditions goveming the rights of the Sponsoring 
Companies to receiye Available Power fiom the Project Generating Stations aad die obligations 

• of the Sponsoring Congjanies to pay therefor. 

Now, THEREFORE, the parties hereto agrw with each other as follows: 

ARTICLE 1 

DEFINITIONS 

i.Ol. For the purposes of this Agreement, the foUowiog tenns, wherever used 
herein, shall have the following meanings; 

LOU '̂AflSIiate" means, with respect to a specified person, any other 
person that directly or indirectly tihrou^ one or more intermediaries controls, is 
controlled by, or is under common control with, such specified pasoa; provided that 
"contror for these purposes means the possession, directly or indn£t;tly, of the power to 
direct or cause the direction of tbe management and policies of a person, whether throt^ 
the ownership of voting securities, by contract or otherwise. 
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1.0T2'T^6itrationB~6ird"hasthemea3ings^^^ • 

1.013 ''Available Energy" of the Project Generating Stations means the 
energy associated witN Available Power. 

L014 fAvailabie Poweî ' of the Project Generating Stations at any 
particular time means iie total net Idlowatte at the 345-kV busses of the Pmjeet 
(generating Stations which Corporation in its sole discretion will determine that the 
Prefect Generating Stations wUl be capable of safely delivaing under conditions then 
prevailing, inchiding all conditions affecting capability. 

1.015 fCorporation" means OVEC, IKEC, and all other subsidiary 
corporations of OVECj 

1.016 ^Decommissioning and Demolition ObHgation" has &e meaning 
set forth in Section 5.03(f) hereof 

regulatory acceptances! or s ĵprovals, of this Agresnent bavebeea satisfied in form and 
substance satisfactory to the Corporation. 

1.01S t'EIectiou Period" has die meaning set forth in Section 9.183(a) 
hereof. 

1.019 '̂Kfimmum Generating Unit Ontpuf'means 80MW (net) for each 
of the Coijxiratiion's gMieration units; provided that such "Kfiiamnm Generating Unit 
Outpijrt'' shall be confiimed from time to time by operatittg tests on the Corporation's 
generation units and sliail be adjusted by the Operating Conunittee as appropriate 
following such tests. 

l.OnO" "Mioimum Loading Evenf * means a period of time durii^ which 
one or more of the CoDporation's generation units arc operating at below tHc Minimum 
Generating Output as i result of the Sponsoring Companies' failure to schedule and take 
delivery of sufficient Available Eaergy. 

1.0111 "Minimum Loading Event Costs'* means the sum of the following 
costs caused by one or more Minimum Loading Events: (i) the actual costs of any of tiie 
Corporation's geaeratfeg units" burning fijel oil; and (ii) the estimated actual additional 
costs to the Craporaticjn resulting fiom Minimum Loadmg Events, inciudiag without 
limitation the incremeiital cosfts of additional emissions aBowances, reflected in the 
schedule of charges pijepared by the Operating Committee and in effect as of the 
comraerkcemeDt of an^ Minimum Loading Event, 'which schedule may be adjusted' fi-om 
time to time as necesspxy by the Operating Committee. 
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1.0 i 12 "Month" means a calendar month. 

1.0113 '*Norainai Power Available" means an individual Sponsoring 
Company's Power Participation Katio share of the Corporation's cuirecl csfeaatc of the 
ma)draum amount of Available Power available for delivery at any given time. 

1.0114 "Ofier Notice'* means the notice required to be given to the other 
Sponsoring Compaiiies by a Transferring Sponsor offering to sell all or aportion of such 
Transferring Sponsor*s ri^ts, tide and iotrarests in, and obligations under this Agreement. 
At a minimum, the Offer Notice shall be in writing and shall conlaia (i) the rights, tide 
and interests in, and obligations under tiiis Agreement that the Tiansferring Sponsor 
proposes to Tiansfer; and (ii) the cash purchase price and any other material terms and 
conditions of such proposed, transfer. "An Offer Notice may not contain terms or 
conditions requiring the purchase of any noo-OVEC interests. 

1.0115 ''Permitted Assignee" means a person that is (a) a Sponsoring 
Company or its Affiliate vi^ose long-term imsecured non-credit enhanced indebtedness, 
as of tiie date? of soch assigimienit, has a Standard 8L Poar*s credit rating of at least BBB-
and a Moody's Investors Service, Inc. credit rating of at least Baa3 (provided that, if the 
proposed assignee's long-term unsecured non-credit enhanced iodebtcdness is not 
currentiy rated by one of Standard & Poor's or Moody, such assigpee's long-term 
unsecured non-credit enhanced indebtedness, as of the date of such assignment, must 
have eithra- a Standard & Poor's credit rating of at leasft BBB- or a Moody's Invegtors 
Service, Inc. credit rating of at least Baa3); or (b) a Sponsoring Company or its Affiliate 
that does not meet the criteria in subsection (a) above, if the Sponsoring Company or its 
Affiliate that is assigning its rights, tide and interests in, and obligations under, this 
Agreement agrees in writing 0n form and substance satisfactory to Coiporation) to 
remain obligated to satisfy all of the obligations related to the assigned rights, title and 
interests to the extent such obUgations are not satisfied by the assignee of such ri^its, tide 
and interests; provided that in no event shall a person be deemed a "Permitted Assignee" 
if counsel for the Corporation reasonably determines that the assignment of the rights, 
titie or interest in, or obligations under, this Agreement to such person could cause a 
termination, default, loss pr paymoit obligation under any security issued, or agreemenf 
entared into, by the Corporation prior to such transfer,' 

1.0116 *Postretireracnt Benefit Obligation" has the meaning set forth in 
Section 5.03(e) hereof 

1.0117 "Power Partirapation Ratio" as applied to each of the Sponsoring 
Companies refers to the percentage set forth opposite its respective name in fee tabulation 
below: 

Company 
Power Participation 

Ratio—Percent 
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Allegheny \ 3.01 
Appalachian 4 15.69 
Buckeye I : 18.00 ' 
Columbus \ 4.44 
Dayton t.- 4.90 
Duke Ohio î  9.00 
FirstEnergy '.., , 4.g5 
Indiana. i 7.85 
Kentucky i 2.50 
Louisville j — - 5.63 
Monongahela ; „ 0.49 
Ohio Power j 15.49 
Peninsula .j , 6.65 
Southern Indiana j j j g 

Total :..:... 100.0 

1.0118 fTariff means the open access transmission tariff of the 
Corpcffatioa, as smcnd,cd fiom time to time, or any successdr tariff, as accepted by the 
Federal Energy Regul^toty Commission or any successor agency. 

! 
1.0119 f'Third Party" means any person other than a Sponsoring Company 

or its Affiliate. ! 

1.0120 [Total Minimum Geaierating Output?̂  means the product of the 
Minimum Generating jUnit Output times the number of the Corporation's generation units 
available &r sa?«ce al; thai time. 

1-0121 "Transfraing Sponsor" has die meanhag set forth in Section 
9.183(a) hereof ! 

I 

1.0122 jUnifoim System of Accounts" means tiie Uniform System of 
Accounts prescribed by the Federal Energy Reguiatoiy Com3inssion as in effect on 
January 1,2054. \ 

ARTICLE 2 

TRANSMISSION AGREEMENT AND FACIUTIES 

2.0L Transmission Agreement. The Corporation shall enter into a (ransmission 
service agreement under tiie Tlariff, and the Corporation shall reserve and schedule transmission 
servi ce, andllary services andt other transmission-related services in accordance with the Tariff 
to provide for the delivery of Available Power and Available Energy to the ^pHcable delivery 
point under this Agreement 
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- t,̂ r 
2.02. Limited Burdening a/Corporation's Transmission Facilities. 

Transmission facilities owned by the Corporation, including the Project Transmission Facilities, 
shall not be burdened by power and energy flows of any Sponsoring Company to an extent 
which would impair or prevent the transmission of Available Power. 

ARTICLES 

[RESERVED] 

ARTICLE 4 

AVAILABLE POWER SIIPPLY 

.4.01. Operation of Project Generating Stations. Corporation shall operate and 
maintain the Project C3enerating Stations in a manner consistent with safe, pradeat, and efficient 
operatiag practice so that the Available Power avadlable from said stations shall be at the highest 
practicable level attamable consistent with OVEC*s obligations under Reliabilityi^^r Reliabitity 
Standard BAL-002-RFC tiiroughout the term of tiiis Agreement 

4.02, AvaikibU Power Entitlement. The Sponsoring Companies collectively 
shall be cntitied to take from Corporation and Corporation shall be obligated to siipply to tiie 
Sponsoring Companies any and all Available Power and Available Energy pursuant to the 
provisions of tiiis Agreement, Each Sponsoring Company's Available Power Entitiement 
hereunder shall be its Power Participation Ratio, as defined in subsection l.OI 17, of Available 
Power. 

4.03. Ayailable Energy. Corporation shall make Available Energy available to 
each Sponsoring Company in proportion to said Sponsoring Company's Power Participation 
R^o . No Sponsoring Company, however, shall be obtigatcd to avaU itself of any Available 
Eriei^. Available Energy shall be scheduled and taken by the Sponsoring Companies in 
accordance with the following procedures: 

4-031 Each Sponsoring Company shall schedule the delivery of all or any 
portion (in whole M W incresEnextts) of its entitiement to Available Energy in accordance 
with scheduling procedures established by tiic Operating Committee from time to time. 

4.032 In the event that any Sponsoring Company does ncft schedule the • 
delivery of ail of its Power Participation Ratio share of Available Energy, then each such 
other Sponsoring Company may schedule the delivery of all or any portion (m whole 
MW increments) of any such unscheduled share of Available Energy (through successive 
allotments if necessary) in proportion to their Power Partirapation Ratios. 
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4-033 
accordance witii this 

Notwithstanding any Available Energy scfedules made in 
Section 4-03 and die applicable schedulmg procedures, (i) tiie 

Corporation shall aî just all schedules to the txts^t that the Corporation's actual 
generation output is Ips than or more than the expected Nomir^ Power Available to all 
Sponsoring Companiies, or to the Kctenl that the Corporation is unable to obtain sufficient 
traosnnssion service imder the TariS" for "tiie tfelivery of all scheduled Available Energy; 
and (ii) icrmiediately following a Minimum Loadiug Event, any Sponsoring Company 
causing (in whole or part) such Minimum Loading Event shall have its Available ]&iergy 
schcduies increased ^fter the schedules of the Sponsoring Companies not causing such 
Kfinimura Load Eveijt, in accordance with the estimated ramp rates associated with the 
shutdown and start-up of the Corporation's generation mtits as reflected in tiie schedules 
prq>ared by the Operating Committee and in effect as of the commencement of any 
Minimum Loading EV^t, Vihich schedules may be adjusted from time to time as 
necessary by the Opebting Committee'. 

4.0341 Each Sponsoring Company availing itself of Available Energy 
shall be entitied to sA amount of energy (herein called billing kilowatt-hours of Available 
Energy) equal ft) its portion, detennined as jaovided in this Section 4.03, of the total 
Available Energy aftir deducting therefrom such Sponsoring Company's proportionate 
share, as defined in tijis Section 4.03, of all losses as detennined in accordance with die 
Tariff incurred iatraasmitting the total of such Available Energy from the 345-k:V busses 
of the Project Generating Stations to the aj^licable delivery points, as scheduled pursuant 
to Se^on 9.01, of all Sponsoring Companies avatiiag themselves of Available Energy. 
The propoitionate ̂  re of ail such losses that shall be so deducted from such Sponsoring 
Company's-portion ojf Available Energy shall be equal to all such losses multiplied by the 
ratio of such portion of Available Energy to the total of such Available Energy. Each 
Sponsoring Q>mpaay shall have the right, pursuant to tins Section 4.03, to avail itself of 
Available Energy forjthe purpose of meeting the loads of its own system and/or of 
supplying energy to (jtiier systems in accordance with agreements, other than this 
Agreement, to whichisuch Sponsoring Company is a party. 

4-035 '• To the extent that, as a result of the feilure by one or more 
Sponsoring CorapaniEs .to take its respective Power Participation Ratio share of the 

- applicable Total Mhtimum Generating Output during any hour, a Minimum Loading 
Event shall occur, th^n such one or more Sponsoring Companies shall be assessed 
charges for any Mrnitnum Loading 'Evtsai. Costs in accordfflice with Section 5.05. 

ARTICLES 

CHARGES FOR AyAiLABLE POWER A>JD MINIMUM LOADING Z'^^m: COSTS 

5.01. Total ̂ onMy Charge. The amount to be paid to Ccffporsdon each month 
by the Sponsoring Companies for Available Power and Available Energy supplied under this 
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Agreement shi^l coasistof die sum of an energy charge, a danand charge, and a transmission 
charge, all determined as set forth in this Article 5. 

5-02. Energy Charge. Tbe energy charge to be paid each month by the 
Sponsoring Companies for Available Energy shall be determined by Corporation as follows: 

5.021 Determine the aggregate of all expenses for ftiel incurred in the 
operation of the Project Generating Stations, m accordance with Account 501 (Fuel); 
Account 506.5 (Variable Reagent Costs Associated With Pollution Control Facilities) and 
509 (Allowances) of the Uniform System of Accounts. 

5.022 Determine for such month the difference between the total cost of 
jfhel as described in subsection 5,0.21 above andthe total cost of fiiel included in any 
Minimum Loading Event Costs payable to the Corporation forsuch montii pursuant to 
Section 8.03. For the purposes hereof die difference so determined shall be die fuel cost 
allocable for such month to tiie total Klowatl-houis of energy generated at the Project 
Generating Stations for the supply of Available Energy. For Available Energy availed of 
by the Sponsoring Companies, each Sponsoring Company shall pay Corporation for each 
such month an amount obtamed by multiplying the ratio of the billing kilowatt-hours of 
such Available Energy availed of by such Sponsoring Company during such month to the 
aggregate of die biBing idlowatt-hours of all Available Energy availed ofhy ail 
Sponsoring Companies during such month times the total cost of fuel as described ui tiiis 
subsection 5.022 for such month. 

5.03. Demand Charge. Duriog the period commencing vwth the Effective Date 
and for the remainder of the tram of tiiis Agreement, demand charges payable by the Sponsoring 
Companies to Corporation shall be determined by the Corporation as provided below in this 
Section. 5.03. Each Sponsoring Company's share of tiie agg^^gate demand charges shall be the 
percentage of^icb charges represented by its Power Participation Ratio. 

The aggregate demand charge payable each month by the Sponsoring Companies 
to Corporation shall be eqiial to the total costs incurred for such month by Corporation resultir^ 
from its ownecship, operation, and maintenance of the Project Generating Stations and Project 
Transmission" Facilities detemuned as follows: 

As soon as practicable after the close of each calendar toondi the following 
components of costs of Corporation (eliminftting any dtq>lic^on of c o ^ which 
might otherwise be reSected among the corporate entities comprisbg 
Corporation) ^plicable for such month to tiie ownership, operation and 
maintenance of the Project (joatttding Stations andthe Project Transmission 
Facilities, includmg additional facilities and/or spare parts (such as fuel 
processing plants, flue gas or waste product proces^g facilities, and facij ities 
reasorably required to enable the Corporation to limit the emission of pollutants 
or the ischarge of wastes in compliance with governmental requirements) and 
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teplacementsTiecessaiyor desirable to-iceep the ProjeE^GeriefidrigSta5tmS "aad 
th^ Project Trinsmissioa Facilities in. a depeaodable and efadent operating 
condition, anq any provision for any taxes that may be applicable to such charges, 
to be determitied and recorded in the following manner: 

' (a) Component (A) ^lall consist of fixed charges made up of 
(i) the amounts of ir^erest properly chargeable to Accounts 427,430 and 
431, less the amount tihereof credited to Account 432, of the Uhifoim 
Systenf of Accounts, including the interest componeut of any purchase 
price, ipterest, rental or other payment under an instaihncnt sale, loaii, 
lease ot similar agreement relating to the purchase, lease or acquisition by 
Corpoi^on of additional feciiities and replacements (whether or not such 
interest or other amounts have come due or are actually payable duririg 
such ̂ onth), (ii) the amounts of amortization of debt discount or premium 
and exjtenses properly "chargeable to Accounts 42S and 429, and (iii) an 
amoun̂  equal to the sum of (I) tiie s.ppiictibis amount of the debt 
amorti^tion component for such month required to retire the total amount 
of mdeJDtedness of Corporation issued and outstanding, 01) the 
amortiiation requirement for such month in respect of indebtedness of 
Corporation iocuirKi in respect of additional facilities and replacements, 
and (11^ to the extent not provided for pursuant to clause (II) of this 
clause ̂ ii), an appnoptiate allowance for depreciation of additional 
facilities and ceplaceroeats. 

(b) Componeut (B) shall consist of the total operating expenses 
for laix^, maintenance, materials, srjyplies, services^ insmance, 
adminî frative and general expense, etc., properly chargeable to the 
Operatipn and Maintenance Expense Accounts of the Uniform System of 
Accounts (exclusive of Accounts 501,509,555,911,912,913,916, and 
917 of tiie Uru&rm Syst^a of Accovmts), musus fee total of all aon-iue] 
costs include in any Minimum Loading Event Costs payable to the 
Corporation for such ruonth pursuant to Section 8.03, minus the total of all 
transaiijssion charges payable to the Coiporation for such month pursuant 
to Seclilon 5.04, and plus any additional amounts which, after pro-wsion for 
aU income taxes on such amounts (which shall be incliided in CZompouent 
'(C) IKIOW), shall equal any amounts paid or payable by Corporation as 
fines oii peoaMes with respect to occasions where it is assated tiiat 
Coipoihtioa feoled to comply viithi a law or regulation relating to tiie 
emission of pollutants or the discharge of wastes. 

i(c) Component (C) shall consist of the total expenses for taxes, 
includipg all taxes on income but excluding any federal income taxes 
arisitig l&omL payments to Corporation under Component (D) below, and 
all op^taticg or otiier costs or expenses, net of income, not included or 
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specifically excluded in Components (A) or (B j above, including tax 
adjustmeaits, regulatory adjustments, net losses for tiie disposition of 
piopexty and other net costs or expenses associated vAik ihe operation of a 
utility. 

(d) Component (D) shall consist of an amount equal to the 
product of $2,089 multiplied by the total number of shares of capital stock 
of the par value of 5100 per share of Ohio Valley Electric Corporation 
whifth shall have been iffiued and which are outstanding on the last day of 
such month. 

(e) Component (E) shall consist of an amount to be sufScient 
to pay the costs and O&CT expenses rektii^ to the establî imEsit, 
maintenance and administration of life insnarance, medical insurance and 
other posfretrrement benefits other tiian pensions attributable to the 
employment and employee swvice of active employees, retirees, or other 
employees, including without limitation any premiums due or e)q>ected to 
become due, as well as adminisfcrativc fees and costs, such amounts being 
sufficient to pmvide payment with respect to all periods for which 
Corporation hag comntitted or is otherwise obligated to make such 
payments, including amounts attributable to current employee service and 
any unamortized joior service cost, gain or loss attributable to prior 
service years ("Postretircmcnt Beaicfit Obtigation"); ^ovided&at. the 
amount payable for Postretirement Benefit Obligations during any month 
shaU be detramined by the Corporation based on, among other factors, the 
Statement of Financial Accountii^ Standards "Mo. 106 (Employers' 
Accounting For Postretirement Benefits Other Than Pensions) and any 
^piicable accounting standards^ policies or practices as adopted from time 
to time relating to accruals with respect to all or any portion of such 
PostretJieiaent Benefit Obligation. 

(f) Componrait (F) shall consist of an amount that may be 
mcurred ia connection with the decommissioning, shutdown, demolition 
and cloang of the Project Generating Stations when production of electric 
power and energy is discontinued at such Project Gwierating Stations, 
whici amount shall include, witi^ut limitatjon the following costs (net of 
any salvage credits): the costs of dcmolisbh^ the plants' building 
structures, disposal of non-salvageable materials, removal and disposal of 
insulating materials, removal and disposal of storage tanks and associated 
pipmg, disposal or removal of materials and supplies including fiicl oil 
and coal), grading, covarii^ and reclaimicg storage and disposal areas, 
disposing of ash in ash ponds to the extent required by regulatory 
authorities^ undertakrug corrective or remedial action required by 
regulatory authorities, and any other costs incurred in putting tiie facilities 
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in a coifiditioa necessary to protect health or die cnvironmenf or which are 
reqmrep by regulatory authorities, or which are incurred to fond 
contint^g obligations to monitor or to correct environmoital problems 
"which result, or are later discovered to.resuit, from the fecilities' 
op&iatipn, closaro OT post-closure activities ("Decommissioning and 
Demolition Obligation") provided that tbe amount payable for 
Decommissioning and Demolition Obligations during any montii shall be 
calculated by Coiporation based on, among other factors, the then-
estimaied usefiil Hfe of the Project Generating Stations and any applicable 
accounting standards, policies or practices as adopted from time to time 
relating to accruals with respect to all or any portion of such 
Decommissioning and Demolition Obligation, and provided fiartiier tiiat 
the Corporation shall recalculate the amount payable under this 
Compobent (F) for futiire months from time to time, but in no event later ' 
than fivie (5) years after the most recent calculation. 

5.04. Transnifssion Charge. The transmission charges to be paid each month by 
the Sponsoring Companies s îU be equal to the total costs incuired for such month' by 
Corporation for the purchase î f traasntission service, ancillary services and other transmission-
relatoi services under the Tarijff as reserved and scheduled by the Corporation to provide for the 
delivery of Available Power ajid Available Energy to tiae applicable delivery point under fliis 
Agreement Each SponsotJngiCompany's share of the aggregate transmission charges shall be 
the percentage of such chaigeS represented fay its Power Participation Ratio. 

5.05. Mbwmt^ LoadingEverit Costs. To the e:)CtCD.t ihst, &s a result of tiie 
failure by one or more Sponscfring Companies to take its respective Power Participation Ratio 
share of the ^plicable Total Minimum Geaeratiag Oidput during any hour, a Mimmum Loading 
Event shall occur, then die sinp of all Minimum Loading Event Costs relatmg to such Minimum 
Loadhag Event shall be charged to such Sponsoring Company or groi^ of Sponsoring 
Companies that Mled take its jrespective Power Participation Ratio share of the applicable Total 
Minimum Generating Output during such period, with such Minimum Loadiug Event Costs 
allocated among such Sponsoring Companies on a pro-rata basis in accordance with such 
Sponsoring Company's MWhl share of the MWh reduction in the delivery of Available Energy 
causing any Minimum Loadirig Event. The applicable charges for Minimum Loading Event 
Costs as detennined by tiie coiporation in accordance witii Section 5.05 shall be paid each month 
by the applicable Sponsoring Comparties. 

ARTICLES 

I Metering of Energy St^iplied 

6.01. Measut̂ ing Instruments. The parties hereto shall own and maintain such 
metering equipment as may bfc necessary to provide complete information rcgardmg die delivery 
of power and energy to or forlfhe account of any of the parties hereto; and ihe ownership and 
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expense'of such metering shall belrTaccordance with agreemen'te among tiiem. E ^ party will 
at its own ecpease make such periodic tests and inspections of its meters as may be necessary to 
maintain than at the hi^est practical commercial standard of accuracy and will advise all other 
interested parties hereto prompfly of the results of any such test showing an inaccuracy of more 
than 1 %. Each party will make additional tests of its meters at the request of any otiier interested 
party. Other interested parties shall be givwi notice of, and may have representatives present at, 
any test and inspection made by another party. 

ARHCLE 7 

CtosTs OF REPLACEMENTS AND ADDITIONAL FACILITIES; 

PAYMENTS FOREMPLOYEE BEMEFITS; 

DECOMMISSIONING, SHUTDOWN, DEMOLITION AND CLOSING CHARGES 

7.01. Replacement Costs. The Sponsoring Companies shall reimburse 
Corporation for the difference between (a) the total cost of replacements chargeable fo property 
and plant made by Corporation during any month prior thereto (and not previously reimbursed) 

, and (b) the amounts received by Corporation as proceeds of fire or other applicable insurance 
protection, or amounts recovered finm third parties responsible for damages requiring' 
replacement, plus provision for all taxes on mcomc on such difference; provided that, to the 
extent fliat tiie Corporation arranges for fee financing of any replacements, the pa)meats due 
undear this Section 7.03 shall equal the amoimt of all principal, interest, taxes and other costs and 
expensesjrelated to such financing during any month. Each Sponsoring Company's share of 
such payment shall be the percentage of such costs represented by its Power Participation Ratio. 
The term cost of replacements, as used herein, shall include all components of cost, plus removal 
expend, less salvage. 

7.02. Additionai Facility Costs. The Sponsoring Companies shall reimburse 
Corporation for the total co st of additional fecilities and/or spare parts purchased and/or installed 
by Corporation during any month prior thereto (and not previously reimbursed), plus provision 
for all taxes on income on such costs; provided that, to the extent that tiie Coiporation arranges 
for the financing of any additional facilities and/or spare parte, tiie payments due under tins . 
Section 7.02 shall equal the amount of all principal, interest, taxes and other costs and expenses 
related to such financmg during any month. Each Sponsoring Company's share of such payment 
shall be the percentage of such costs represented by its Power Participation Ratio. 

7-03. Paymenlsfor Employee Benefits. Not later than the effective date of 
termination of this Agreement, each Sponsoring Company wiU j^y to Corporation its Power 
Participation Ratio share of ad<£tional amoimts, after provi^oa for any taxes that may be 
^plicable thereto, sufEcient to cover any shortfeU if Ihe amount of the Postretirement Benefit 
Obligation collected by the Corporation prior to the effective date of tennination of the 
Agreement is insufficient to pamit Corporation to fbifiU its commitmeots or obhgations -vritii 
respect to both postemployment benefit obligations imdcr the Statement of Financial Accounting 
Standards No. 112 and postretirement benefits other than pensions, as determined by Corporation 
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with the aid of an actuary or^tuaries selected by the Coiporation based on ̂ & terms of the " 
Corporation's tiien-applicable plans. 

7.04. Decommissioning, Shutdoy/n. Demolition and Closing. • The Sponsoring 
Companies recognize that a jjait of die cost of supplying power fo it under tiiis Agreement is the 
amount that may be incuired in cormection with the decormnissiomng, shutdown, demohtion and 
closing of the Rroject Generanng Stations when production of electric power and energy is 
discontinued at such Project (Benerating Stations. Not later than the efective date of texmination 
of this Agreement, each Sponisoring Company will pay to Corporation its Power Participation 
Ratio share of additional amotints, after provision far any taxes that may be appHcable tiiereto, 
sufficient to cover any shor t^ if tbe amount of the Decommissioning and Demolition 
Obligation collected by the Corporation prior to the effective date of termination of the 
Agreement is insufScient to permit Corporation to complete the decommissioning, shutdown, 
demolition aad closing of the jProject Generating Stations, based on the Corpomtion's 
recalcitiation of the Decc>mmfesioning and Demolition Obl i^on in accordance with Section 
5.03(f) of this Agreement no earlier than twelve (12) months before the effective date of 
termination of this Agreement 

! ARTICLE8 

i 
, BlLLTNG AND PAYMENT 

8.01. Avaiki^le Power, and Replacement and Additional Facility Costs. As 
soon as practicable after the epd of each month Corporation shall render to each Sponsoring 
Company a statement of all A vailable Power and Available Energy st5)ph'cd to or for the account 
of such Sponsoring Company during such month, speci^ong the amount due to the Corporation 
therefor, mcluding any amounts for reimbursement for the cost of replacements and additional 
iacihties and/or spare parts incurred during such month, pursuant to Articles 5 and 7 above. 
Such Sponsoring Coropany sl|all make payment tiierefor promptiy upon the receipt of such 
statement, but in no event latejr than fifteen (15) days after the date of receipt of such statement 
In case any fector entering intja the computation of die amount due for Available Power and 
Available Energy cannot be determined at the time, it shall be estimated subject to adjustment 
when the actual detenmnatiori can be made. 

8.02. Provisional Payments for Available Power. The Sponsoring Corripanies 
shall, from time to time, althe request of the CcKporation, make provisional semi-monthly 
payments for Available Powet ia amounts approximately equal to die estimated amounts payable 
for Available Power dehveretf by Corporation to the Sponsoring Companies during each semi­
monthly period. As soon as jjracticable after the end of each semi-monthly period with respect 
to which Coiporation has reqiaested die Sponsoring Companies to make provisional semi-
mon&ly payments for AvailaJ)lc Power, Cotporation shall renderto each Sponsormg Company a 
separate statement indicating jtiie amount payable by such Sponsoring Company for such semi-
roonthly period. Such Sponsitning Company shall make payment therefor promptiy upon receipt 
of such statement, but in no e^tnt later than fifteea (15) days after the date of receipt of such 
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"statemenfand'the amounts so paid by such Sponsoring Company shall be credited to the account 
of such Sponsoring Company with respect to future payments to be made pursuant to Articles 5 
and 7 above by such Sponsoring Company to Corporation for Available Power. 

8.03. hiinunum Loading Event Costs. As soon as practicable aiterthe end of 
each raontii. Corporation shall render to each Spon^ring Company a statement indicating any 
applicable charges, for Minimum Loading Bvent Costs pursuant to Section 5,05 during such 
month, specifying the amount due to the Corporation therefor pursuant to Article 5 above. Such 
Sponsoring Company shall make payment therefor promptiy upon the receipt of siich statanent, 
but in no event later than fifteen (15) days after the date of receipt of such statement In case the 
computation of the amount due for Minimum Loading Event Costs cannot be detoccained at the 
time, it shall be estimated subject to ac^ustment when die actual determination can be made, and 
all payments shall be subject to subsequent adjusttneait. 

8.04. Unconditional Obligation to Pay Demand and Other Charges. The 
obligation of each Sponsoring Company to pay its specified portion of the Demand Charge under 
Section 5.03, the Transmission Charge under'Section5.04, and all charges midcr Article 7 for 
any Month shall not be reduced irrespective of; 

(a) whether or not any Available Power or Available Energy 
are suppUed by the Corporation during such calendar month and whether 
or hot any A-vailable Power or Available Energy are accepted by any 
Sponsoring Company during such calendar month;' 

(b) the existence of any claim, set-o^ defense, reduction, 
abatement or other right (other than irrevocable payment, performance, 
satisfaction or discharge in full) that such Sponsoring Company may have, 
or which may at any time be available to or be asserted by such 
Sponsoring Company, agamsttbe Corporation, any other Sponsoring 
Company, any creditor of the Corporation or any otiisr Person including, 
witiiout limitation, arising as a result of any breach or alleged breach by 
either the Corporation, any other Sponsoring Company, any creditor of the 
Corporation or any olh^ Person under this'Agreement or any other 
^eemeat (whetiier or not related to the transactions contenqilated by this 
Agreement or any other agreement) to which such party is a party): or 

(c) the v^idity or raiforceability against any otiier Sponsoring 
Company of tMs Agreement or any ri.gbt ot obligation hereunder (or any 
release or dischsffge thereof) at any time. 
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: ARTICLE 9 

i GENERAL PROVISIONS 

i 

9.01. CharadieristicsofSiqjply and Points of Delivery. All power and energy 
delivered hereunder shall be 3f-phase, 60-cycIe, alternating current, at a nominal unregulated 
voltage designated for the poipt of delivery as described in this Article 9. Available Power and 
Available Energy to be delivered between Corporation and tiie Sponsoring Cbmpam'es pursuant 
to this Agreement shall be delivered under tbe terms'and conditions of tbe Tariff at tiie points, as 
scheduled by the Sponsoring (ponipany m accordance with procedures established by the 
Operating Committee and in accordance with Section 9.02, where the transmission frLcilities of 
Corporation interconnect with the transmission facilities of any Sponsoring Con^)any (or its 
successor or predecessor); provided that, to die extent that a joint and common market is 
established for die sale of power and energy by Sponsoring Companies within one or more of the 
regional transmission organizations or inde ĴKident system operators ̂ proved by the Fcdera] 
Energy Regulatory Commissii>n in which tbe Sponsoring Companies are members or otherwise 
participate, then Corporation and the Sponsoring Coropanies shall take such action as reasonably 
necessary to permit die Spons(>ring Companies to bid theb entitlement to power and energy from 
Corporation into sudi market(|s) in accordacce with the procedures established for such 
markers).. 

9.02. Modification of Delivery Schedzdes Based on Available Transmission 
Capability. To the extent Ihatjtcansmission capability available for the delivery of Available 
PowKC and Available Energy at any delivery point is less tiian tiie total amount of Available 
Power and Available Energy Scheduled for detivery by tiie Sponsoring Companies at such 
delivery point in accordance -v t̂h Section 9.01, then the following procedures diall apply and the 
Corporation aad the ̂ ^iicabie Sponsoring Compames shall modify tiieir delivery schedules 
accordingly until the total amclunt of Available Power and Available Energy scheduled for 
delivery at such delivery pointi is equal to or less than the transmission capability available for 
the delivery of Available Pow^ and Available Enc!^: (a) the tcaiisixnsson cap^ility available 
for die dehveiy of A-vailable liower and Available Energy at die following delivery points shall 
be allocated j5rst on a pro rata basis (ia whole MW incrcm^ts) to Ihe fotiowiog Sponsoring 
Companies up to their Power participation Ratio share of the total amount of Avaiiafale Energy 
available to all Sponsoring Cobpanies (and as applicable, further allocated among S:ponsoring 
Companies entitied to allocatii)n under tins Section 9.02(a) in accordance with tiieir Power 
Participation Ratios): (t) to Ajie^eaiy, Appalachian, Buckeye, Columbus, FirstEnergy, Indiana, 
Monongahela, Ohio Power and Peninsula (or their successors) for deliveries at the points of 
interconnection between the (Jorporation and Appalachian, Columbus, Indiana or CMo Power, or 
their successors; (ii) to Duke Ohio (or its successor) for delivsies al the points of 
interconnectiLon between the Corporation and Duke Ohio or its successoi^ (iii) to Dayton (or its 
successor) for deliveries at the points of interconnection between the Corporation and Dayton or 
its successor; and (iv) to K êntucky, Louisville and Soutiiem Indiana (or then successors) for 
deliveries at tbe points of intetconnection between die Coiporation and Louisville or Kentucky, 
or thdr successors; and (b) any remaining transmission capabiii^ available for tiie delivery of 
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Avaiiable Power and Available Energy shall be allocated on a pro rata basis (in whole M W 
increments) to the Sponsoring Companies ia accordance with then- Power Participation Ratios. 

9.03. Operation and Maintenance of Systems Involved Corporation and the 
Sponsoring Companies shall operate their systems in parallel, directly or indirectiy, except 
during emergencies tiiat temporarily preclude parallel op^ation. The parties faercto agree to 
coordinate their operations to assure maxunum continuity of service from the Project Generating 
Stations, and with relation thereto shall cooperate with one another in the estabhshraent of 
schedules for maintenance and operation of equipment and shall cooperate in tlw coordination of 
relay protection, frequency control, and communication and telemetering systems. The parties 
shall build, maintain and operate their respective systems in such a manner as to roinimize so far 
as practicable rs^id fluctuations in energy flow among the systems. The parties shall cooperate 
with one another in tiie operation of reactive capacity so as to assure mutually saiisfectoxy power 
factor conditions among themselves. 

The parties hereto shall exercise due diligence and foresight in carrying out all 
matters related to the providing and operatiag of "then: respective power resources so as to 
nuiumize to the extent practicable deviations between actual and sdbeduled deliveries of power 
and energy among their systems. The parties hereto shall provide and/or bstail on tiieir 
respective yyst^ns such communication, teleaneteiing, fiequency and/or tie-line control fecilities 
essential to so minimizing such deviations; and shall foUy cooperate with one another and with 
third parties (such third parties whose systems are dther directiy or indirectly interconnected 
with die systems of tire Sponsoring Companies and who of necessity together wlh die parties 
her^o inust unify then efforts cooperatively to achieve effective and efficient intercormected 
systems opeiation) in developing and e»5caating operating procedures that will enable the parties 
hereto to avoid to the extent practicable deviations •from arhedulcd deliveries. 

In order to foster coordination of the operation and maintaiance of Corporation's 
transmission fecilities with those facilities of Sponsoring Companies that are owned or 
functionally conliolled by a re^onal transmission organization or iiyiependent system operator. 
Corporation shall use commracially leasonable efforts to eater into a coordination agreement 
with any regional transmission organization or independeat system operator approved by the 
Federal Energy Regulatory Commission that operates transmission Jollities ti^al intercoimect 
witb Corporation's tcansmisaon facilities, and to.enter into a mutually agreeable savices 
agieem^ with a regional txansniission oi^;anization or indqjendent system operator to provide 
the Corporation with reliability and security coordination services and otiier related services. 

9.04. Power Deliveries as Affected by Physical Characteristics of Systems. It is 
recognjjed that the physical and electrical characteristics of the transmission fadlides of the 
interconnected netwoii: of wMch tbe transmission systems of the Sponsoring Compani^, 
Corporation, and other systems of third parties not parties hereto are a part, may at times 
preclude the direct delivery at the points of interconnection between the transmission systems of 
one or more of the Sponsoring Companies and Corparation, of some portion of the energy 
supplied imder this Agreement, and that in each such case, because of said characteristics, some 
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"oflfieenergy wUl be dchvere^f at points which interconnect the system of one or more of tire 
Sponsoring Companies with ^sterns of companies not parties to this Agreement Ihe parties 
hereto shall cooperate in the (jlevelopment of muluaily satisfactory arrangements amor^ 
themselves and with such coiipanies not parties hereto vi^ereby the supply of power and energy 
contemplated hereunder can Ije fulfilled. 

9.05. Operating Committee. There shall be an "Operating Committee" 
consisting of one member appointed by &e Corporation and one member appointed by each of 
the Sponsoring Companies electing so to do; provided that, if any two or more Sponsoring 
Coropanies are Affiliates, ihtp such Affiliates shall together be entitied to appoint only one 
member to the Operating Corijunittee. The "OperatiDg Conunittee" shall establish (and modiiy as 
necessary) scheduling, operating, testing and maintenance procedures of the Corporation in 
support of this Agreement, indudxng establishing:, (i) procedures for scheduling delivery of 
Available Energy under Sedi^n 4.03, (ii) procedures for power and energy accounting, (iii) 
procedures for the reservation! and ^heduling of finn and non-ftim transriassion serWce under 
the Tariff for the delivery of Available Power and Available Energy, ^v) the Minimum 
Generatir^ Unit Ou^ut, and (iv) the form of notifications relating to power and energy and the 
price thereof hi addition, tbe Operating Committee shall consider and make recommendations 
to Corporation's Board of Dn xtors with respect to such other problems as may arise affecting 
the transactions under this Agreement The decisions of the Operating Committee, including the 
adoption or modification of aijiy procedure by the Operating Committee pui^uant to this Section 
9.04, must receive the affirmajtivevote of at least two-thirds of themembea'S of the Operating 
Committee, regardless of the ijuimber of mcic^ers of the Operating Committee present at any 
meeting. i • 

9.06. Acknowledgment of Certain Rights. For the avoidance of doubt, ail of the 
parties to this Agreement actaioT^edge and agree that (i) as of the cffKitive date of the Cunent 
Agreement, certein rights and [obligations of the Sponsoring Compani^ or their predecessors 
under tiie Original Agreementj were changed, modified or otherwise removed, (ii) to tiic extent 
that the rights of any Sponsoring Company or their predecessors were thereby changed, modified 
or otherwise removed as of the effective date of the Current Agreemrat, sudi Sponsoring' 
Company may be entitied to rigjbts under applicable law, regulation, rules or orders under the 
Federal Power Act or otherwi^ adopted by the Federal Energy Regulatory Commission 
("FERC^, (iii) as a result of tjie elimination as of the effective date of the Current Agreement of 
the firm tcansraission semce i>reviously provided durhig the term <>f the Original Agreement to 
Sponsoring Companies or thejr predecessors whose transmission systems w a e only indirectiy 
connected to ti^ Coqsoration'p facilities tfaxov^ intervening transmission systems by certain 
Sponsoring Companies or their predecessors whose transmission systems were directly 
coniK»ted fo the Corporation'js fecilities, sucii Sponsorii^ Companies or their predecessors 
whose transmission systems Were only indirecdy connected to the Corporation's facilities 
through intervening transmission systems shall have been entitied to such **roil over" finn 
transmisaon searvJce for debvtry of their entitiement to Iheir Power Participation Ratio share of 
Surplus Power and Stnplus Etergy under tins Agreement, to tbe border of such Sponsoring 
Company system and rnterveiihig Sponsoring Company system, as would be accorded a long-
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term fisctt point-to-point tran^nssion service reservation under ifae then otherwise applicable 
FERC Open Access Transmission Tariff ("OATT'), (iv) tise obligation of any Sponsoring 
Company to niauitain or expand transmission capacity to accommodate another Sponsoring 
Coir^any's "roll over" rights to transmission service for delivery of their entitlement to tineir 
Power Participation Ratio share of Surplus Power and Surplus Bnergy under this Agreement 
shall be consistent with the obligations it would have for long-term firm point-to-point 
transrrtission service provided pursuant to the tiien otherwise applicable OATT, and (v) the 
parties shaJl cooperate with any Sponsoring Company that seeks to obtain and/or exercise any 
such rights available under applicable law, regulation, rules or orders under the Federal Power 
Act or otherwise adopted by the FERC. 

9.07. Term ofAgreemeTit. This Agreement shall become effective upon the 
Effective Date and shall texminate upon the earlier ofi (1) June 30,2040 or (2) the sale or other 
disposition of all of &e iacilities of the Project Generating Stations or the pennanent cessation of 
operation of such fedtities; provided that die provisions of Articles 5, 7 and 8̂  this Section 9.07 
an* Sections 9.08,9.09,9.10,9.11,9.12,9.14,9.15,9.16,9,17 and 9.1S shall survive die 
temunkion of this Agreement, and no termination of this Agreement, for whatever reason, shall 
release any Sponsoring Company of any obligations or liabilities incuircd prior to such 
teiroinatiorL 

9.0S. Access to Records. Corporation shall, at all reasonable times, upon the 
request of any Sponsoring Company, grant to its representatives reasonable access to foe books, 
records and accounts of the Corporation, and fomish such Sponsoring Company such 
infonnation as it may reasonably request, to enable it to detecmine the accuracy and 
reasonabl^iess of payments mads for energy s i l l ied under this Agre&nent 

9.09. Modification of Agreement. Absent ̂  agreement of all parties to this 
Agreement, the standard for changes to provisions of this Agreement related to rates proposed by 
a party, a non-party or the Federal Energy Regulatory Comnnssion (or a accessor agency) 
acting sua sponte shall be the "public interesf * standard of review set forth in United Gas 
Pipeline Co. v. Mobile Gas Serv. Corp., 350 U.S. 332 (1956) and Federal Power Comm 'n v. 
Sierra Pacific Power Co., 350 U.S. 348 (1956). 

9.10. Arbitration. Any controversy, dispute or claim ariang out of this 
Agreement or the refosal by any party hereto to perfonn the whole or any part thereof; shall be 
deterrmned by arbitration, in the City of Columbus, Franklin County, Ohio, in accordance v«th 
the Commercial Arbitration Rules of the American Arbitration Association or any successor 
organization, except as otherwise set forth in this Section 9.10. 

Tbe party demanding arbitration shall serve notice in writing upon all other 
parties hereto, setting fortii in detail tbe controversy, dispute or cl^m with respect to vduch 
arbitration is demanded, and die parties shall thereupon endeavor to agree upon an arbitration 
boaid, wMch shall conast of three members ("Aibhraiion Board"), If all foe parties hereto fail 
so to agree witiiin a period of thtEly (3 0) days fixim foe origirtal notice^ the party demanding 
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arbitration may, by written notice to all other parties hereto, direct that any membors of the 
Arbitration Board that have r̂ ot been agreed to by the parties shall be selected by die American 
Ajbitration Association, orai^y successor organization. No person shall be eligible for 
aj^oiutment to the Arbitratiojn Board who is an officer, employee, shareholder of or otherwise 
interested ia any of the paitie^ hereto or in the matter sought to be arbitrated. 

The Arbitratiojn Board shaU afford adequate oppmrtunity to all parties hereto to 
present information with respiect to the controversy, dispute or claim submitted to arbitration and 
may request further informaqon from any party hereto; provided, however, that the parties hereto 
may, by mutual agreement, specify foe rules which are to govern any proceeding before foe 
Arbitration Board and limit l^e matters to be considered by the Arbitration Board, in which event 
the Arbitration Board shall be governed by foe terms and conditions of such agreement. 

The determinajcion or award of foe Arbitration Board shall be made upon a 
determination of a majority o f̂oe members foeteof. The findings and award of foe Arbitration 
Bc^rd shall be final and concjusive wifo respect to foe controvasy, dispute or claim submitted 
for arbitration and shall be biijidiiig upon foe parties h^eto, except as ofoerwise provided by law. 
Tbe award of the Arbitration poard shall spedfy foe marmer and extent of foe division of foe 
costs of foe arbitration proceejdiEgamoi^ foe parties hereto. 

9.11. Liability. The rights and obhgations of all foe parties hereto shall be 
several and not joint or joint 4nd several. 

9.12. Force îc '̂eure. No party ha-^o shall be held responsible or liable for any 
loss or damage on account ofjnon-delivcry of energy hereunder at any time caused by an event of 
Force Majeure. "ForceMajeijie'' shall mean foe occurrence or noiHJccmreucB of any act or 
event foal could not reasonably have been ̂ pected and avoided by exercise of due diligence and 
foresi^t and such act or ever^ is beyond foe reasonable control of such party, including to foe 
extent caused by act of God, pxt, flood, explosion, strike, civil or military anfoority, insurrection 
or riot, act offoeeleaneofs^oiifeilure of equipment For foe avoidance of doubt "Force 
Majeure'* shall in no event bej hzsed on any Sponsoring Company's financial or economic 
conditions, incliaJaE^ wifooutj limitation CO the loss of foe Sponsoring Company's markets; or (ii) 
foe Sponsoring Company's idability economicaily to use or resell foe Available Power or 
Available Energy purchased Ijereunder. 

9.13. Governing Law. This Agreement shall be governed by, and construed in 
accordance vvifo, foe laws of the State of Ohio. 

9. H- Regulatory Approvals. This AgrKment is made subject to foe jurisdiction 
of any govemmental authority or anfoorities ha\Tng jurisdiction in fee premises and foe 
performance foereof shall be pubject to foe follov/ing: 

(a) • I The receipt of all regulatory ^provals, in form and substance 
satisfectoiy toiCoiporation, necessary to permit Corporation to perfonn all foe 
duties and obljgations to be perfoimcd by Coiporation hereunder. 
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^ y Tie receipt ofall regulatory approvals, in form and substance 
satisfactory to foe Sponsorir^ Companies, necessaiy to permit foe Sponsoring 
Companies to cany put all transactions contemplated hercin. 

9.15. Notices. All notices, requests or ofoercommurtications under tiiis 
Agreement shall be ia writing and shall be sufficient in all re^jects; (i) if delivered in person or 
by coim'er, upon receipt by die intended recipient or an employee foat routinely acc^ts packages 
or letters from couriers or ofoer persons for delivery to personnel at foe address identified above 
(as continued by, if delivered by courier, foe records of such courier), (u) if sent by facsimile 
transmission, when foe sender receives confirmation from foe sending fecsinule machine that 
such facsiotile transmission was transnuttcd to foe facsimile number of foe addressee, or (iii) if 
mailed, upon foe date of delivery as shown by foe retum receipt foerefor. 

9.16. Warper. Perfoimanceby any party to this Agreemeit of any responsibility 
or obligation to be performed by such psaty or compliance by such party wifo any condition . 
contained in tiiis Agreement may by a written uistrument s ^ed by ail ofoer parties toihis 
Agreement be waived hi any one or more mstances, but foe foilure of any party to insist in any 
one or more instances upon strict perfonnance of any of foe provisions of this Agreemeiit or to 
take advantage of any of its rights hereunder shall not be construed as a waiver of any saifo 
provisions or foe relinquishment of any such rights, but the same shall continue-and remam in 
frill force and effeet,_ 

9.17. Titles of Articles and Sections. The tities of foe Articles and Sections in 
this Agreement have been inserted as a matter of convenience of reference and are not a part of 
this Agreement 

9.1 $. Successors and Assigns. This Agieement may be executed in any number 
of counterparts, all of which shaD constitute but one and foe same document 

9.181 This Agreement shall inure to foe benefit of and be binding upon 
foe parties hereto and foeir respective successors and assigns, but a party to this 
Agreement may not assign this Agreement or any of its rights, tiEle or interests ia or 

• obligations including wifoout limitation foe assumption of debt obligations) under tbis 
Agreement, except to a successor to all or substantially all foe properties and assets of 
such party or as provided in Section 9.182 or 9.183, wifoout foe written consent of all the 
ofoer parties hereto. 

9.182 Notwitiistauding foe provisions of Section 9.181, any Sponsoring 
Company shall be permitted to, upon thirty (30) d^s notice to foe Corporation and each 
ofoer Sponsorir^ Company, without any finfoer action by foe Corporation or foe ofoer 
Sponsoring Companies, assign all or part of its rights, titie and interests in, and 
nKHontions Under this Afflreement to a Permitted Assienee. nrovided foat the. awii 
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in its reason^Ie discretion (including, wifoout limitation; foe agreement by foe 
Sponsoring Ompany assigning such rights, titie and interests in, and obligations under, 
this Agreemeht to reirojburse foe Corporation and foe ofoer Sponsoring Companies for 
any fees or expenses rdquired under any security issued, or agreement entered into, by foe 
Corporation as a resultiof such assignment, including wifoout limitation any consent fee 
or additional financing icosts to foe Coiporation under fee Corporation's foen-existing 
securities or agreement̂  resulting firom such assignment). 

9.183 llJotwithstanding the provisions of Section 9.181, any Sponsoring 
Company shall be pemiitted to, subject to compliance wifo all of foe requirements of this 
Section 9.183, asaga ajl or part of its rights, title and interests in, and obligations under 
this Agreement to a Third Party wifoout any finfoer action by foe Corporation or foe 
ofoer Sponsoring Companies. 

(a) A Spons«>ring Company (foe "Transferring Sponsor") foat 
desires tb assign all or part of its rights, titie-and interests in, and 
obligaticins undra" this Agreement to a TTard Party shall deliver an Offer 
Notice til) foe Corporation and each ofoe^ Sponsoring Company. The Offer 
Notice sjjsll be deemed to be an irrevocable offer of foe siAgect rights, titie 
aad inteiests in, and obligations under this Agreement to each of foe ofo^ 
Sponsoring Companies that is not an Affiliate of foe Transferring Sponsor, 
wMch oifcr must be held open for no le^ than tinity QO) days from foe 
dale of foe 0:^r Notice (foe "Election Period"). 

(b) The Sponsoring Companies (ofoer than foe Transferring 
Sponsorland its Affiliates) shall first have foe right but not foe obligation, 
to purchase all of the rights, title and interests in, and obligations under 
tiiis Agrcemait described in the Offer Notice at foe price and on foe tenns 
specified foerein by delrvering written notice of such election to foe 
Transferring Sponsor arid foe Corporation within foe Election Period; 
provided that irrespective of foe terms and conditions of the Offer Notice, 
a Spons< 'ring Company may couditimi its election fo purchase foe interest 
describe^ in the Oflfer Notice on foe receipt of approval or consent from 

- such Sponsoring Company's Board of Directors; provided.furfoer that 
written ijotice of such conditional election must be delivered to foe 
Transfeijdng Sponsor and foe Coiporation within foe Election Period and 
such coiiditional election shall be deemed wifodrawn (as if it had never 
been provided) unless foe Sponsoring Company foat delivered such 
conditional election subsequeatiy dehvers written notice to foe 
Tiaasfeiping Sponsor and foe Corporation on or before foetenfo (10^ day 
after foej expiration of foe Election Period that all necessaiy appro-val or 
consent pf such Sponsoring Cong>any's Board .of Directors have beai 
obtained. To foe extent that more than one Sponsoring Coo^any 
exercJsefi its tight to purchase all of foe limits, title aitd iiilsTests in, arid 
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' obligations under this Agreement described in foe Offer Notice in 
accordance wifo foe previous sentence, such ri^ts, title and interests in, 

' and obligations under this Agreement shall be allotted (successively if 
necessaiy) among foe Sponsoring Companies exercising such right in 
proportion to their respective Power Participation Ratios. 

(c) Each Sponsoring Company exercising its right to purchase 
any ri^ts, title and interests in, and obligations under tbis Agreement 
pursuant to fois Section 9.183 may choose to have an Affiliate purchase 
such rights, titie and interests in, and obligations imder this Agreement 
provided that notwifostanding anything in this Section 9.183 to foe 
contrary, any assignment to a Sponsoring Company or its Affiliate 
hereunder must comply wifo foe requirements of Section 9.132. 

(d) . Ifone or more Sponsoring Companies have elected to 
purchase all of the rights, titie and interests in, and obligations under this 
Agreement of foe Transfeirmg Sponsor pursuant to foe Offer Notice, foe 
assignment of such ri ghts, titie and interests m, and obligations under this 
Agreement shall be consummated as soon as practical after foe delivery of 
foe election notices, but ia any event no later foan fifteen (15) days after 
foe filing and receipt as ^plicable, ofall necessary govemmental filings, 
consents or ofoer approvals and foe expiration of all apphcable waiting 
periods. At foe closing of foe purchase of such rights, titie and interests m, 
and obligations •under this Agreement from foe Transferring Sponsor, the 
Transferring Sponsor shall provide rejyresentations and warranties 
customary for transactions of tins type, including feose as to its titie to 
such securities and foat tlKie are no liens or ofoer encumbrances on such 
securities (ofoer foan pursuant to this Agieement) and shall sign such 
documents as may reasonably be requested by foe Corporation and foe 
ofoer Sponsoring Companies. The Sponsoring Companies or foeir 
Affiliates shall orUy be required to pay cash for tl^ rights, tide and 
interests in, aad obligations under tbis Agreement being assigned by foe 
Transferring Sponsor. 

(e) To foe extent that foe Sponsoring Companies have not 
elected to purchase all of foe rights, titie and mtcrests in, and obligations 
under this Agreement described in foe Offer Notice, foe Transferring 
Sponsor may, witinn one-hundred and eighty (180) days after foe later of 
foe expiration of foe Election Period or foe deemed withdrawal of a 
conditional election by a Sponsormg Company under Section 9.183(b) 
hereof fif applicable), enter into a definitive agreement to, assign such 
ri^ts, tide and interests in, and obUgations under this Agreement to a 
Thhd Party at a price no less than 92,5% of foe purchase price spcdfied in 
foe Ofer Notice and on ofoer material tenns and conditions no more 
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favorahjle to fee such Third Party foan foose spw;ified in foe Offer Notice; 
providejd foat such purchases shall be conditioned upon: (i) such Third 
Party having long-term unsecured non-credit enhanced indebtedness, as of 
foe date of such assignment wifo a Standard & Poor's credit rating of at 
least BBB- and a Moody' s Investors Service, Inc. credit rating of at least 
Baa3 (pjrovided that, if such Third Party's long-term unsecured non-credit 
enhanced ind^tedness is not currentiy rated by one of Standard & Poor^s 
or Moody, such Thnd Party's long-term unsecured non-credit enhanced 
indebtedness, as of foe date of such assignment must have either a 
Standard & Poor's credit rating of at least BBB- or a Moody's Investors 
Service; Inc. credit rating of at least Baa3); (ii) foe filing or receipt as 
appKcaipIe, of any necessary govermnentai filmgs, consents or ofoer 
approvals; (iii) foe detegjoiination by counsel for foe Corporation foat foe 
assi^mient of foe ri^its, title or infe^ests in, <s obligations undey, this 
Agreement to suizk Third Par^ would not cause a termination, default 
loss or |ayment obligation under any security issued, or agreement entered 
mtô  byithe Corporation prior to such transfer; and (iv) such iHrd Party 
executiijg a coxmterpart of this Agreement, and bofo such Third Pai^ and 
foe Spoiisoring Company wHch is assigning its rights, title and interests 
in, and ebhgations under, this Agreement executing such ofoer documents 
as may be reasonably requested by foe Corporation (including, wifoout 
limitation, an assignment agreement in form and substance acceptable to 
foe Collation in its reasonable discretion and containing foe agreement 
by such! Sponsoring Company to reimburse foe Corporation and foe ofoer 
Sponsoring Companies for any fees or expenses required under any 
securityl issued, cr agreement Altered into, by foe Corporation as a result 
of soch iassignmeot incltiding without limitation airy consent fee or 
additiodal financing costs fo foe Corporation under foe Corporation's foen-
existing securities or agreements resulting from such assignment). In foe 
event tfefat foe Sponsoring Company and a Third Party have not entered 
mto a definitive agreement to assign foe mterests specified in foe Offer 
Notice h such Third Party within foe later of one-hundred and eighty 
(180) d*ys after foe expfration. of foe Election Period or foe deemed 
' wifodraWal of a conditional election by a Sponsoring Company under 
Section! 9.183 (b) hereof (if ^piicable) for any reason or if eifoer foe price 
to be psiid by such TMd Par^ would be Jess than 92.5% of tiie purchase 
price spjecified in foe Offer Notice or foe ofoer material terms of suck 
assignnleHt would bs more fevorable to such Third Party foan foe ttrms 
specifiejd in foe Offer Notice, foea foe restrictions provided for herein shall 
again b^ efiective, and no as^gnment of any rights, titie and interests in, 
and obUgations under tins Agreem«it n^y be made theieafter wifoout 
again opering foe same to Sponsoring Companies in accordance with fois 
Section 9.183. 
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ARTTCLE10 

REPRESE>rrATIONS AM) WARRANHES 

10.01. Representations and Warranties. Each Sponsoring Con^any hereby 
represents aid warrants for itself, on and as of foe date of this Agreement, as follows: 

(a) it is duly organized, validly existing and in good standing 
under foe laws of its state of orgam'zation, wifo full corporate power, 
anfoority and legal right to execute.and deliver fois Agreement and to 
perform its obligations hereunder, 

(b) it has duly autkirized, executed and delivered this 
Agreement and upon foe execution and defivery by all of foe parties 
hereto, this Agreement will be in fiiU force and effect, and will a)nstitute a 
legal, valid andbindmg obligation of such Sponsoring Con^any, 
enforceable in accordance wifo foe teims heieof, except as enforceability 
may be limited by applicable banfcrtgitoy, insolvency, fraudulent 
conveyance, reorgani23tion, moratorium or ofoer similar laws affecting foe 
enforcemMit of creditors' rights generally; 

(c) Except as set forfo in Schedule IQ.OITcl hereto, no consents 
or approvals o^ or filings or registrations wifo, any govemmental 
authority orpubfic regulatory anfoority or agency, federal stale or local, or 
any ofoH" entity or person are required in connection wife foe execution, 
delivery and pei&imance by it of this Agreement except for those which 
have beea d\iy obtained or made and are in foil force and effect bave not 
been revoked, and are not foe subject of a pending appeal; and 

(d) foe execution, deUvery and performance by It of this 
Agreement will not conflict wifo or result in any breach of any of foe 
terms, conditimis or provisions o^ or constitute a default under its charter 
or by-laws or any indenture or ofoer material agreement or instrument to 
which it is a party or by which it may be bound or resnll infoe imposition 
of any liens, claims or encumbrances on any of its property. 

ARTICLE n 

EVENTS OF DEFAULT AND RJEMEDIES 

11.01. Payment Defavlt. If any Sponsoring Coropany f^Is to make M payment 
to Corporation under this Agreement when due and such failure is not remedied within ten (10) 
days after receipt of notice of such ̂ a r e firom foe Corporation, foen such foilure shall constitute 
a "Payment Dcfeulf on foe part of such Spcaisoring Company. Upon a Payment Default, foe 
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'• C^pa[^oii may suspend seivice to foe^Sponsoring Company thai has caused such Payment 
Default for all or part of foe j>eriod of continuing de:faxilt (and such Sponsoring Company shall be 
deemed to bave notified foe Corporation and foe ofoer Sponsoring Companies foat any Available 
Energy shall be available fbrischeduling by such ofoer Sponsoring Companies m accordance 
wifo Section 4.032). The Coiporation*s right to suspend service shaE not be exclusive, but shall 
be in addition to all remedies available to foe Corporation at law or in equity. No suspension of 
service or termination of this! Agreernent shall reheve any Sponsoring Company of its obligations 
underfoi5 Agreement whichlare absolute and unconditional. 

11,02. Ferforhance Default. If foe Corporation or any Sponsoring Company 
feils to comply in any material respect wifo any of foe material terms, conditions and covenants 
of this Agreement (and such feilme does not constitute a Payment Default under Section 11.01), 
die Corporation (in foe case of a default by any Sponsoring Company) and any Sponsoring 

: ('Terfor^nance Default^. To foe extent foat a Performance Default is not 
cured within, thirty (30) days ?tftci: receipt of notice thereof (or within such longer period of time, 
not to exceed sixty (60) additioual days, as necessary for foe defaulting party wifo foe exemise of 
reasonable diligesace to cure sjuch defeult), foen the Corporation (in foe case of a default by any 
Sponsoring Company) and ar y Sponsoring Company (in foe case of a default by foe 
Coiporation) shall have all oi foe rights and remedies provided at law and in equity, ofoer than 
termination of this Agreement or any release of foe obligation of foe Sponsoring Companies to 
make payments pmrsnant to fois A^eemait "v^ch obfigation shall remain absolute and 
unconditionaL 

11.03. Waiver̂  No waiver by foe Coiporation or any Sponsoring Company of 
any one or more defaults in fee performance of any provision of tbis Agreement shall be 
construed as a waiver of any jifoer default or dcfeahs, whefoer of a like Mnd or different nature. 

IKD4. Limitakon of Liability and Damages. TO THE FULLEST EXTENT ' 
PERMXTTEB BY LAW, NETTHER THE CORPORATION, NOR ANY SPONSORING 
COMPANY SHALL BE LIABLE UNDER THIS AGREEMENT FOR ANY 
CONSBQUENTTAL, INCIDENTAL, PUNTTrVE, EXEMPLARY OR INDIRECT DAMAGES, 
LOST REVENUES, LOST PkOFflS OR OTHER BUSINESS INTERRUPTION DAMAGES 
BY STATUTE, IN TORT 0 ^ CONTRACT, OR OTHERWISE. 

[Signature pages Jblloyv] 
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;, ^ I s < j Analysis of Operational Events and Maricet Impacts 

J- I During the January 2014 Cold Weather Events 

Executive Summary I 
j 

January 2014 was an exti-emeiy challenging month for much of the U.S. energy Industry, particularly the electricity 
and natural gas sectors. Powe^ system operators, power producers and consumers - both within the PJM 

Interconnection^ footprint and ifi surrounding regions - endured prolonged periods of bitterly cold temperatures that 

drove up energy use, increase^ uncertainty for grid operators and stressed available power supplies. Throughout 

January 2014, PJM experiencejd tight operational conditions and a significantly higher number of forced generator 

outages - compared to a more|typical January - due to the extreme weather, mechanical problems and natural gas 

market inflexibility. 

Eight of the ten highest winter <jlemands for electricity on the PJM system occurred in January 2014. Peak demand 

for electricity was 35,000 megajwatts, or 25 percent, higher than typical January peaks- an amount approximately 

equivalent to the electricity den^and of Chicago, Washington, D.C. and Baltimore combined. On some days, even the 

lowest hours of demand were 110,000 MW higher than typical winter peak demands of recent years. 

Although PJM and its members 

high natural gas prices sharply 

successfully met the unprecedented demand, heavy electricity use for heating and 

jrove up the costs of wholesale power. For example, January 2014 total net billings to 

PJM members were one-third cif the entire year's total net billings in 2013. 

Tbe Polar Vortex 

The January 6-8 Polar Vortex b^ought prolonged, deep cold to the entire PJM footprint and surrounding regions. PJM 

set a new wintertime peak demand record of 141,846 MW the evening of January 7 while dealing with higher than 

normal generation outages. Duiing the peak demand hour, 22 percent of generation capacity - including coal, gas 

and nuclear - was out of servic^. 

The generation forced outage r^te was two to three times higher than the normal peak winter^ outage rate of around 

7 to 10 percent. Equipment isstjes associated with both coal and natural gas units caused the greatest proportion of 

forced outages. Natural gas int^mjptions comprised approximately 25 percent of the total outages. 

Reserves were tight during the polar Vortex. Synchronized Reserves {those supplied to the system from resources 

that are synchronized/connectejj to the grid and able to load within 10 minutes) were at their lowest point the morning 

of January 7. For a five-minute ()eriod, synchronized resen/es were reduced to about 500 MW, compared to a 

1,372 MW PJM requirement. Tljese are not, however, the only reserves available to PJM. During that hour, PJM had 

an additional 1,167 MW of primary reserves (reserves available in 10 minutes but not synchronized / connected to 

the grid) for a total of 1,667 M W of ten-minute resewes at the lowest point of the hour. 

^ PJM coordinates the movement ô  wholesale electricity in all or paris of Delaware, Illinois, Indiana, Kentucky, Maryland, Michigan, New 
Jersey, North Carolina, Ohio, Penjisylvania, Tennessee, Virginia, West Virginia and the District of Columbia. The Operations function of 
PJM (overaeeing the flow of electrfcity) resembles an air tiaffic controller - PJM neither owns nor flies the planes, but instead makes sure 
all the planes can get where they need to go without incident. PJM does not own the transmission wires or the generators, but it directs the 
operation of those resources to serve electricity consumers. The Market function of PJM can be compared to a stock exchange. PJM 
neither buys nor sells, but operate^ tiie markets in which pariies can conduct tiansactions. 

2 Nornial peak winter outages were jdefined by looking at most recent five years December through Febniaty forced outage rates. 
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Although resen/es were low, several steps remained available fo operators before electricity intenruptions might have 

been necessary. For example, in the event of the loss of a very large generator or a spike in electricity demand on 

January 7, PJM could have implemented a temporary voltage reduction. A reduction in distribution system voltage, 

although unnoticeable to almost all consumers, can reduce the load by about 1,100-2,000 MW. In addition, PJM also 

has formal reserve sharing agreements with its neighbors {Northeast Power Coordinating Council and Virginia-

Carolinas Reliability Agreement) that could have been called upon if needed. 

Wifiter Storms 

Following the Polar Vortex, a second series of winter storms and extremely cold weather hit the region January 17 

through January 29. PJM used its experience fi-om the Polar Vortex to prepare for operations during this second cold 

spell in preparing load forecasts and anticipating generator performance and outages. 

In spite of this preparation, scheduling constraints in natural gas markets - combined with frigid weather across the 

region, very high power demand and the lack of alignment between natural gas and wholesale electricity markets -

created extreme difficulty in scheduling natural gas-fired generation to meet demand. 

Natural gas scheduling problems were the key contributor to operational challenges - and high operating reserve 

costs - during this second period of cold weather. For example, to ensure that gas would be delivered to some 

generators during the few hours per day they needed to be in service, generators were required to schedule gas 

deliveries and operate for a full day at extremely high prices - even if less expensive power was available. Natural 

gas scheduling issues caused most of the $597 million in out-of-market make-whole {uplift) charges for January 

2014. 

How Reliability Was Maititait ied 

Throughout January, PJM employed a ntimber of its pre-defined steps to maintain the stability of the grid and ensure 

a reliable power supply for consumers. PJM called on all available resources, issued public appeals for conservation 

and called on load management resources, which responded voluntarily because January was not yet part of the 

period when load management capacity resources were required to respond. However, even on the day with the 

tightest power supplies - January 7 - several steps remained before electricity inlen-uptions might have been 

necessary, 

During these periods of unprecedented winter demand, PJM undertook extensive advance communications to its 

stakeholders, state and federal officials and the public in order fo ensure they had full information and awareness of 

system conditions. The value of increased communication and coordination of infonnation was clearly demonstrated 

with states and stakeholders as both the public and the summer-only demand response customers were asked to 

voluntarily reduce demand. 
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Act ion /ferns 

While PJM and its members mi it the challenges from the extreme January 2014 weather, the lessons learned will be 

used to improve operations ant maritet processes. The PJM community will consider ways to: 

• Improve generator availability and performance during extreme weather events, 

• Implement performance verification or testing of generation in advance of winter operations, 

• Continue to engage in| discussions with industry and regulators to improve natural gas and electricity maricet 
alignment, 

• Implement mari<et mechanisms that encourage better generator availability, such as incentives for ensuring 
fuel availability or duaMuel capability, and 

• Review the cost allocajtion for uplift charges and investigate a mechanism to allocate uplift costs during 
emergency operations! that minimizes volatility. 

i 
Orgat)ization o f tbis Repot i 

The following report provides tHe operational planning and actions and the market impacts of the extremely cold 

weather in the PJM footprint in jianuary 2014. The report consolidates data and responses provided to stakeholders. 

Congress and ihe federal Ene^y Regulatory Commission and provides additional analysis that PJM has conducted 

to better understand and learn from the cold weather operations. 

The report is structured into discussions of the Polar Vortex of January 6-8, the Winter Storms of January 17-29, the 

operational conditions and ultinjate market implications of the extreme weather. The final section shares 

recommendations. 
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Typical Preparation for an Operating Day 

Beginning a week prior to an operating day, PJM creates and publishes a forecast of expected demand for electricity 

(load forecast) and monitors factors driving the load forecast, such as weather forecasts and historical patterns of 

usage. The forecast is updated multiple times every day leading up to the operating day as the driving factors are 

updated. Because some generators require long notification and start-up times (up to six days), PJM examines 

expected system conditions to determine if it is necessary to notify these generators that they are expected to be 

needed. 

Approximately three days prior to an operating day, PJM's planning beconnes more detailed. PJM staff begins 

studying transmission and generator outages, load forecasts, weather and other expected factors to prepare for 

expected conditions during the operating day. The expected system conditions dictate the amount of preparation 

required. {For example, due to the combination of the weather and the Martin Luther King Jr. Day holiday, 

preparations began early prior to the severe winter storm expected around January 21,2014.) PJM will analyze, 

communicate, study and revise Its analysis and operating strategy multiple fimes as needed as more information 

about an operating day becomes available. For instance, PJM may request that transmission outages in progress be 

restored as quickly as possible to prepare for extreme weather conditions and then will update the analysis to reflect 

these conditions. 

Two days prior to an operating day, PJM will begin to set up the conditions such as the expected outages and 

conditions for the operating day in the model for the Day-Ahead Energy Maritet. {The Day-Ahead Energy Market 

offers an opportunity for market participants to lock in their positions in advance of an operating day in a financially 

firm way to reduce their risk of exposure to real-time prices.) 

Market participants have until noon of the day prior fo the operating day to submit their bids and offers for the Day-

Ahead Market. Several types of entities participate in the Day-Ahead Energy Market. Generation owners submit their 

offers to supply power and will adjust offers for factors such as the cost of fuel. Load serving entities will submit bids 

for their expected need for electricity for the operating day. For a typical operating day, a toad serving entity often will 

procure 90 to 95 percent of its expected demand in the Day-Ahead Market with the remainder being held back to 

account for forecast uncertainty. Market participants also may submit various "virtual transactions," which are offers 

to buy or sell at particular locations that are not associated with physical generation or customers. Mari<et participants 

typically use virtual transactions to hedge risk, min'or physical commitmenls or account for their expectations of 

market conditions. 

When the Day-Ahead Market closes at noon on the day prior to an operating day, PJM begins the process of clearing 

the market, and the results are made available by 4 p.m. the day prior to the operating day. The Day-Ahead Market is 

cleared so that the cost to serve physical and virtual demand is minimized while still respecting the physical operating 

limits of the transmission system. Commitments in the Day-Ahead Market are financially binding on participants. Any 

differences between those commitments and what actually occurs in the operating day is addressed in the Real-Time 

Energy Market. 

Between 4 p.m. and 6 p.m. the day prior to the operating day, generators which were not committed in the Day-

Ahead Market can revise their offers to sell power. The window altows a generator to adjust its offer prior to the 
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operating day to better reflect t^e cost of fuel. The uncertainty of both natural gas costs and availability makes these 

types of adjustments necessarj and useful. 

Figure 1: Market and Open itions Timeline 
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Real-time energy market 

As mentioned above, the load I jvels bid into the Day-Ahead Market typically do not meet the levels expected during 

the operafing day. So, after 6 pm. PJM begins the Reliability Assessment Commitment {informally called tfie 

"Reliability Run"), which ensure; that adequate generation is committed fo meet the demand plus reserves, while 

minimizing start-up and no-loac cost. {Reserves are used to keep the lights on when unexpected events occur, such 

as a large generator going off li le.) Using the most up-to-date weather forecast, load forecast, transmission facility 

and generator availability, and (ther infonnation, PJM commits additional generation, if necessary, to satisfy both 

expected loads and the needec reserves for the operating day. PJM also perfonns additional reliability analysis to 

ensure all transmission facilifiei will be operated within their equipment limits when committing generation. During the 

severe winter weather events, PJM also communicated extensively with both generation owners and gas pipeline 

operators in order to adequatel]^ understand the likelihood that naturat-gas-fueled generators would be able to 

procure the gas they needed to operate. 

On a typical winter day, PJM's | eak load for the day averages approximately 106,000 MW. Beyond the expected 

demand, PJM also will commit. ipproximately 4,000 MW of resen/es. In order to provide a sense of scale, ttie 

combination would be enough | ower to serve about 91,200,000 homes. (One megawatt is enough power to serve 

800 homes. A typical large nuclpar power plant provides 1,000 M W of energy.) 

Leading up to and throughout tfjie operating day, PJM examines updated information and system conditions and acts 
to continually balance generation with the need for electricity and maintain adequate resen/es to prepare for 
unexpected issues. PJM manages changes from day-ahead commitments and schedules in the Real-Time Energy 
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Maritet using the offers from generation resources and demand resources to jointly minimize the cost of energy and 
reserves while maintaining energy balance and respecting the limits of the transmission system. Any differences In 
generation or demand fi"om the Day-Ahead Energy Market commitments are cleared at price levels determined by 
the Real-Time Energy Maritet. 

The Polar Vortex, January 6-8 

Cofiditions 

The January 6-8,2014, Polar Vortex brought prolonged, deep cold temperatures throughout the entire PJM 

Interconnection footprint. System operators had to contend both with record high electricity use and much higher than 

normal generator outages. Nevertheless, power supplies were maintained without inten^ption. 

Demand for electricity because of heating needs set a new wintertime peak demand record of 141,846 MW the 

evening of January 7. However, during the peak demand hour. 22 percent of generation capacity - including coat, 

gas and nuclear - was out of service. The generation forced outage rate was two to three fimes higher than the 

normal peak winter outage rate of around 7 to 10 percent. During the coldest two days of the period, PJM called upon 

all available resources: all available generation was scheduled, demand response was called on throughout PJM, 

shortage pricing went into effect when reserves were tow, and emergency power was purchased above normal offer 

caps. Demand response and shortage pricing raised locational marginal prices^, which reflected real-time grid 

condifions and costs. 

This section will detail the advance actions PJM took to prepare for the extremely cold weather. The events that 

occurred during the operating days of January 6-8 will be discussed along with the actions taken by PJM to maintain 

reliability. Finally, this section wil! review the market outcomes as a direct result of the conditions and PJM operator 

actions. 

Advance Preparations 

Weather and Load Forecast 

In the days leading up to the January 2014 Polar Vortex, PJM expected extremely cold weather. Starting Tuesday, 

December 31,2013, meteorologists were tracking a weather flront likely to hit the PJM region on January 6-7. On 

January 2, PJM began tracking a snow storm for January 4-6, to be followed by extreme cold. PJM's staff 

meteorotogist and load forecasting experts reviewed the load forecasting computer models, which forecasted peak 

demand of 134,000 MW for the evening of Tuesday, January 7, and revised the internal forecast, used for operattonal 

planning, up to 140,000 MW based on PJM load forecasting experts'worst-case analysis. 

One lesson PJM implemented from the September 2013 Heat Wave^ was to alert PJM's toad forecasting experts 

virtien the temperature forecast, an input into the load forecasting engine, changes more than 8-10 degrees from the 

previous day. In such scenarios PJM can experience con^esponding toad forecast enors. On December 31, PJM toad 

3 Locational marginal price (LMP) is the wholesale price for electridty on different parts of the system. This price includes a system energy 
price, transmission congestion cost, cost of marginal losses and the effect of reserve shortages. 

^ hltp://www.pim.com/~/media/clocuments/reports/20131223-lechnical-analvsis-of-operatiQnal-events-and-market-impacts-durinQ-lhe-
september-2Q13-heat-wave.ashx 
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forecasting experts were alerte 1 to large temperature changes expected on January 6. Using historical toad curves, 

load and weather forecast mod Jls, and experience, the load forecast was adjusted to 140,000 MW for reliability study 

and generation commitment pu poses. This revised toad forecast was communicated to PJM's transmission and 

generation owners. 

Figure 2: Cold Temperatures Envelope the Region 

Source: University of Illinois at Urt ana-Champaign 

In response to actual temperatiires projected to fall near or below 10 degrees Fahrenheit, PJM issued Cold Weather 

Alerts. (A Cold Weather Alert is [the first step PJM takes to prepare PJM staff and PJM member company personnel 

and facilities for expected extrefnely cold weather conditions.) PJM issued the first Cold Weather Alert on Friday, 

January 3 for January 6 and 7.1 

Operational Planning and Advanced Communications 

PJM held conference calls with transmission and generatton owners as well as neighboring entities to ensure full 

awareness of the pending weat ler and the projections for load. PJM instructed members to begin taking steps to 

ensure availability of all transmission and generation resources, which includes cancelling planned outages, recalling 

existing outages where possibli and communicating to PJM any concerns about equipment, fuel, unit restrictions, 

etc. It was very important for PJJM to get the messages out prior to the weekend when staffing would have been at 

reduced levels, making it more difficult to prepare. PJM requested units which could not acquire primary fuel to switch 

to altemate fuel. 

Polir Each day leading up to the 

conditions. PJM issued alerts, i 

owners, generators, natural gas 

Vortex, PJM updated its operating plan based on new information on system 

increased the frequency of communications with appropriate parties (transmission 

pipelines and other relevant stakeholders) and finalized staffing plans. 

Waiver to Communicate Free 

In expectation of the high natural 

increases in both electric gener ution 

ttie natural gas pipelines by she 

y with Natural Gas Pipelines 

gas demand due to extremely cold weather and ttie potential for subsequent 

and heating later in ttie winter, PJM sought to better coordinate operations with 

ring maritet sensitive infonnation.^ On January 3,2014, PJM submitted two requests 

^ The Federal Energy Regulatory Commission recently had issued Order 787 allowing such infonnation excliange, but there had not t)een 
sufficient time to implement the clranges to PJM's goveming documents before the severe weather events. 
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to the Federal Energy Regulatory Commission for waivers of certain provisions of PJM's goveming documents that 

would permit PJM to share certain non-public information witti natural gas pipeline operators during the forecasted 

extreme weather conditions. The waivers, the first covering one week in duration and the other until March 31,2014, 

were to allow such communications until appropriate language couto be incorporated into ttie PJM goveming 

documents. FERC responded promptiy to PJM's filing, whfch enabled those communications to commence quickly 

On January 3, PJM held its first operational call with the major pipeline operators to discuss natural gas conditions 

through the week starting January. 5. Overall, natural gas pipeline operators expected tfie capacity on the pipelines 

and the natural gas market to be very tight and expressed doubt any inten^ptible transportation would be available 

through most of the coming week and particulariy on January 7. However, pipeline operators indicated that firm 

transportation customers would still be served. Throughout the course of tfie Polar Vortex and the Winter Storm later 

in the month, PJM held conference calls with all available interstate pipelines and had individual discusstons with 

some of tfie pipelines. 

Several pipeline operators also issued notices that limited non-firm natural gas deliverability. More information about 

pipeline notices can be found in 
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Appendix C: Natural Gas S y s t ^ 

becomes apparent when exam 

the Generator Performance; 0[ tages 

Figure 3: PJM Preparation or the Polar Vortex 

Critical Notices. The efliect of tfiese pipeline issues in the electricity mari<et 

ning the generation which was unable to operate on January 7 as discussed further in 

subsection on page 24 of this report. 
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Emergency Procedures 

PJM reliably met tfie demand o^ January 6 employing several Emergency Procedures and market mechanisms. 

Although the 131,142 MW peak toad on the evening of January 6 was not one of PJM's top ten peak winter load 

days, it was roughly 25,000 MV\( above a typical winter peak day. The load curve on January 6 also was very unusual 

and challenging as the extreme cold front moved into the PJM tem'tory during the day. Typically, PJM winter toad 

curves produce two distinct pea|(s. This twin peak consists of one peak in the morning and one in the evening, botfi 

usually similar in magnitude an<i each approximately four hours long with a slight valley in between. As the extreme 

cold front moved into the PJM r^ton throughout the day, ttie load shape looked more like a summer day, with a 

lower morning valley that ramped up throughout the day This steep stope from valley to peak chaltenged the 

operators to keep up witti the lo^d that was coming in fast and high. PJM needed to bring on many units that had not 

run in months: close to 50,000 ijlW (approximately 175 - 200 units) in a short period and during extreme cold. The 

speed and magnitude of the loajd change coupled with units' start failures (approximately 45 percent for combustion 

turt>ines) and other issues caused by extreme weather made the day extremely challenging. 

Figure 4: PJM Load, January 6,2014 
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Figure 5: Emergency Procedures during the Polar Vortex 
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i 5f: Emergency Energy bids were requested but not loaded. 

A detBiled listing of emergency pre cedures tal<en can be found in Appendix E: Emergency Procedures in January. 

In addition to the Cold Weather Alerts issued prior to January 6, PJM issued a Max Emergency Generation Alert^ for 

Tuesday, January 7 for the entiite RTO. PJM also issued at the same time a North American Electric Reliability 

Corporation {NERC) Energy Er lergency Alert { E E A ) Level 1 to inform PJM's neighboring systems that PJM expected 

to run all available generating resources to meet tfie demand for etectiictty. The Max Emergency Generation Alert 

occurs when PJM forecasts tha [ current reserves may not be high enough to meet the PJM operating reserve 

requirement. At the time, PJM's Energy Management System was calculating the operating reserve requirement to 

be 9,939 MW and estimated th( i reserve amount to be 8,075 MW. PJM issued this alert to notify all capacity and 

energy resources that they likel / would be needed on Tuesday during tfie peak hours. 

At just about 5 p.m. on Monday} January 6, PJM initiated a synchronized reserve event to maintain system reliability 

in response to the nearty concurrent, but unrelated, toss of two large generating units totaling 1,562 MW.^ The 

Northeast Power Coordinating founci l provided 775 MW of shared reserves to PJM from 5:01 p.m. to 5:15 p.m. to 

assist with the unit losses. ; 
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The Maximum Emergency Generation Alert provides a day-ahead alert that system conditions may require generation to be loaded above 
the maximum economic level andjthat use of the PJM emergency procedures may be implemented. This requirement varies each day and 
is used by PJM to ensure adequaje backup generatron is available for ihe grid in the event of an emergaicy. Operating resen/e is 
generation available from either offline or online units within 30 minutes of PJM's request Resen/es are scheduled to meet operating 
resen/e requirements In the Day-Ahead Maiket. PJM Manual 13, Emergency Operations, Section 2. 

Synchronized resen/e is either gejieration that can begin producing electricity wUiin 10 minutes or customer use of electricity that can be 
removed from Uie system within ip minutes. Tills procedure is used to direct all availat̂ e generation resources to quickly increase (or 
decrease for demand response rejsources) their output to respond to the request. 
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In addition to tfie two large units ttiat were lost, between 5:00 p.m. and 7:30 p.m. on Monday, January 6, PJM tost an 

additional 6,400 MW of capacity due to unit trips, unplanned generator reductions and fuel restrictions. At tiiat fime, 

PJM issued a Voltage Reduction Warning^ followed immediately by a Maximum Emergency Generation Action, both 

for the entire RTO. This real-time Voltage Reductton Warning notified members that ttie available synchronized 

reserve was tess ttian tiie requirement and that a voltage reduction might be required. Synchronous resen/es were 

approximately 900 MW compared to a 1,372 MW PJM requirement at the time. Approximately 20 minutes after 

issuing the warning, PJM issued a Voltage Reduction Action. Shortage pricing^ was triggered by this Voltage 

Reduction Action. The combination of the toad reduced by the Voltage Reduction Action and ttie power imports 

attracted by the Shortage Pricing event helped restore primary reserves to above 2,400 MW. 

Figure 6: Voltage Reduction Restores Reserves 
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In addition to the emergency procedures that PJM implemented, PJM also communicated tfiroughout tfie day with its 

neighboring operators and reliability coordinators to ensure the overall reliability of the Eastern Interconnection. 

PJM's neighboring entities were affected by the same extremely cold temperatures and generator forced outage 

rates experienced by PJM. The evening of January 6, power imports to PJM averaged 1,000-1,500 MW compared to 

more typical power imports of 4,000-5,000 MW. 

8 A Voltage Reduction Warning (and Reduction of Non-critical Plant Load) informs members that SynchrMiized Resen/e is less Uian 
required and present operation has deteriorated such that a voltage reduction may be required. It is trigger when actual Synchronized 
Reserve is less than the Synchronized Requirement. All secondary and primary reserve (except megawatts in Max Emergency) are first 
moved to Synchronized Resen^e status. 

9 Shortage Pricing is a methodology for accurately pricing energy and resen/es so the resulting prices reflect the state of the system boUi 
approaching and during times of resenre shortages. 
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reserves groups^o, Northeast Power Coordinating Council {NPCC) and the Virginia-PJM parttoipates in two shared 

Carolinas Reliability Agreemen {VACAR). PJM supplies shared reserves when requested by tfiose groups, and PJM 

also requests shared reserves lO help recover from the loss of internal PJM generation. Below are the times on 

January 6 when PJM relied on jelectricity reserve imports from other systems to meet its own energy needs, outside 

of normal operattons: 

• Monday, January 6,2lj)14:5:01 p.m.-5:15 p.m., PJM received 775 MW from NPCC. 

• Monday January 6,2014:11:20 p.m.-11:34 p.m., PJM received 800 MW from NPCC. 

Shared Reserves were cancelled once PJM restored the generation/toad balance with internal resources and market-

priced imports. I 

On Monday, January 6,2014, i l 5 p.m.-9:56 p.m., PJM provided 163 MW of shared reserves to NPCC. 

Operations - January 7 

Based on the actual conditions jexperienced on Monday evening, toad coming in as high and as fast as it did and high 

forced outage rates (approximajtely 17 percent" during the Monday evening peak), PJM took additional steps to 

prepare for operattons on Tues(iay, January 7. The Cold Weather and Max Emergency Alerts for Tuesday remained 

in place. In additton PJM issuec) a Level 2 Statement for Cold Weather for the entire RTO. This statement is a request 

to the public to conserve electri|;ity because of developing power supply problems. PJM issued the Level 2 Statement 

to the PJM transmission owner^ the evening of January 6, indicating the request would be for Tuesday, January 7, 

during the morning and evening peaks. 

Tuesday, January 7, was the ccjldest day of the week across tfie PJM footprint. Daily low temperature records were 

set or tied in Philadelphia, Richjnond, Pittsburgh, Cleveland and Columbus. High temperatures were in the single 

digits and low teens for many a(eas of PJM, and tows were 10-30° F below normal. On January 7, PJM experienced 

the highest winter peak deman(| in its history. 

'" Resen/e sharing groups aiiow entipes to share resen/es on a routine basis and deploy those reserves to recover from a system event such 
as loss of generation. 

" http://www.pim.comHmedia/docuinents/repoTteg0140113-[Bm-response-lo-data-request-for-ianuarv%202014-weattier-events.ashx 
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Figure 7: Minimum Temperature for Each Day in January 2014*. Columbus, Chicago, Philadelphia and 
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Figure 8; January 7 - Peak Load vs. Typical Load (Winter load peaks twice each day.) 
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The PJM demand cun/e for January 7,2014, was 35,000 MW higher than typical of a January peal( load. 
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Emergency Procedures - Jariuary 7 

Early on Tuesday morning, PJl|l initiated a number of steps to prepare for the operating day First, at 12:55 a.m., PJM 

issued a Primary Reserve Wanjiing^^ for all day Tuesday This warning was issued to warn members that the 

available primary reserves wer^ forecasted to be less than the required amount for the peak later that day and that 

operations were becoming critical. PJM estimated 1,950 MW of primary resen/es were available compared to its 

1,980 MW reserve requirementj. The Primary Resen/e Warning triggered shortage pricing. (See Energy Prices and 

Shortage Conditions Market Otjtcome on page 27 for more discussion on shortage pricing.) PJM also issued a 

Voltage Reduction Warning at i :51 a.m. for the morning peak to allow time for transmission owners to staff 

substations as appropriate. 

Figure 9: Reserves - Janu i ry 7,2014 
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Vojtage While reserves were tight, a 

was not needed to meet the 

such as Max Generation Action 

which attracted additional powe' 

Reduction Action, one of the next emergency procedures to be implemented, 

evening peak because of a combination of the otiier emergency procedures issued, 

(at 3:00 p.m.). Load Management and pricing changes triggered by shortage pricing, 

imports. 

^̂  The purpose of a Primary Resen/< Warning is to warn the members that ttie primary reserve is less tt>an required and operations are 
getting critical. It is issued when H e primary resen/e is less ttian ttie primary reserve requirement but greater than ttie synchronized 
resen/e requirement. Transmissio: i and generation dispatchers nnove secondary reserve to primary status (so ttiat it can be producing 

request) and schedule all available generation. Secondary resen/e is reserve capability that can be fufly 
suppl̂ 'ng electricity wittiin 10 to 3H minutes following ttie request of PJM. In addition, Transmission and generation dispatchers ensure that 
all deferrable maintenance ortesG -ig affecting capacity or criticai fa^nsmission is halted. By deferring maintenance or testing, ̂ e 
equipment can remain online to provide energy, and the system wll not have to draw from emergency backup sources. 

More at: hitp://www.pimxom/~/medî aininQ/core<unJculutnAp-ops-101/ops-101-capacitY-shortaQes.ash Slide 1t22 
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Demand Response 

On January 7,2014, PJM deptoyed Emergency Load Management, or demand response, twice. PJM's dispatch 

personnel first notified DR resources at 4:30 a.m. with a reduction time of 5:30 a.m. for short lead-time registrations^^ 

and 6:30 a.m. for long lead-time registrationsit. The toad management event ended at 11:00 a.m. For the second 

event, dispatch personnel notified DR resources at 3:00 p.m. with a start time of 4:00 p.m. and 5:00 p.m. for short 

and long lead-time registrations, respectively. The second event of January 7 ended at 6:16 p.m. Emergency Load 

Management reductions were mandatory for only the summer months and voluntary during the winter period. 

Figure 10: Estimated Demand Response during the Polar Vortex 
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The responding, voluntary demand response resources, vrfiile only about 20 percent of the demand response 

capacity, performed very well. Deploying ihe Emergency Load Management in addition to the Max Generation Action 

at 3:00 p.m. January 7 not only made additional resources availabte for the evening peak but also attracted 

significant additional power imports into the PJM system. The load management deployment in particular attracted 

imports because it set high prices in PJM {$1,800/ MWh). This combination of emergency procedures and PJM 

market responses helped PJM successfully meet an all-time record winter peak of 141,846 MW at 7:00 p.m. 

January 7 with no reliability issues. 

Emergency Energy Purchases - January 7 

PJM also has ttie ability to purchase emergency energy fi-om neighbors. Given the amount of forced outages and the 

Primary Reserve Warning in effect for the day, PJM requested Emergency Energy bids for January 7 between 6:00 

a.m. and 11 ;00 a.m. PJM obtained emergency energy from the following neighboring regions: 

• 600 MW: 6:00 a.m. -11:00 a.m., five hours duration, fi-om the New York Independent System Operator. 
• 500 MW: 6:00 a.m. - 9:00 a.m., three hours duration, from Midcontinent Independent System Operator 

13 Short lead-time applies to any site registered in the PJM demand response program as a demand resource type that needs up to one hour 
lead time to make its reductions. 

1̂  Long lead-time applies to any site registered in the PJM demand response program as a demand resource type that needs one to two 
hours lead time \o make its reductions. 
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On January 7, PJM also provided shared reserves to neighbors during the following times: 

• 200 MW: 6:27 a.r|i. - 7:30 a.m. to VACAR 
• 200 MW: 8:45 a.iji. - 9:28 p.m. to VACAR 
• 200 MW: 8:49 a.r i. -10:35 a.m. to Duke Energy Progress 

PJM had to recall the 200 MW \>i shared resen/e obligations to VACAR on January 7 due to PJM's own internal 

reserve shortages caused by a dditional units tripping off-line (approximately 900 MW). At this point, PJM was at its 

lowest resen/e level with approjcimately 500 MW synchronous resen/es and 1,167 MW primary reserves available. 

Once reserves were restored, IPJM offered and reactivated the 200 MW shared reserve flow to VACAR. While it may 

appear counter-intuitive to be iijnport emergency energy from some neighbors while sharing reserves with other 

neighbors, system conditions abross much of the Eastern Interconnection required such teamwori< and the ability to 

adjust plans in real time as the|situation demanded. 

Operations - January 8 

PJM continued to prepare for cpld weather operations on Wednesday, January 8. Forecasted load was 134,107 MW 

at 9:00 a.m. with forecasted terjiperatures slightly higher across the RTO than the previous day The expected 

Conditions prompted PJM to is^ue a Cold Weather Alert and a Maximum Emergency Generation Alert. As the 

morning toad ptokup began, P J M developed a plan to implement specific emergency procedures in order to meet 

expected system load. At 5:00 ^.m., PJM called for voluntary demand response resources and posted a NERC EEA 

Level 2 to notify other reliabilityj coordinators of its actions. 

A Maximum Emergency Generation Action was declared in conjunction with the imptementation of voluntary demand 

response, but generation owners were advised not to load maximum emergency capability until p jM specifically 

Contacted them. PJM also issued a request for emergency energy bids at 5:30 a.m. in order to identify options for 

meeting system load and to see if the bids were more economic than voluntary demand response resources. As 

system load was trending below forecasted load in the morning hours, PJM reevaluated the operational plan and 

Cancelled the voluntary demand response. PJM did not need to issue any additional emergency procedures on 

January 8. Actual load at the mprnlng peak was 133,288 MW at 8:00 a.m. with actual temperatures 4-7 degrees 

higher across the RTO than on|the previous day. 

Operational Observations jsntf Challenges 

Demand Response and Renejwables 

Although operational condition: i were tight during the Polar Vortex, some variables exceeded PJM's expectations in 

real-time: the availability and re sponse of voluntary demand response, the response of the stakeholders to the publto 

appeal for conservation, and th 5 pertbrmance of wind-powered generation. 

Demand response, although n< it required to respond during the winter this year, did respond and assisted in 

maintaining the reliability of the system. In fact, the total amount of demand response provided was larger than most 

generating stations. During the Polar Vortex, PJM called on demand response three times - the morning and evening 

of January 7 and the morning ( f January 8 throughout the RTO. Even though demand resources were not obligated 

to respond during this period, (jlose to 25 percent of the demand response resources registered in PJM did respond 
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and helped PJM manage the grid on the all-time winter peak day This experience demonstrates the year-round 

value of demand response. 

Figure 11: Polar Vortex Demand Response Performance 
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PJM issued a public appeal for consen^ation for the entire RTO, the evening of January 6 for Tuesday, January 7, 

during the morning and evening peaks. The statement was shared with the communications departments of 

transmission owners, which in turn communicated to their stakeholders. While PJM does not cun-ently have a 

measurement of the energy conservation achieved, it believes the request for conservation had a positive impact on 

the real-time conditions. 

PJM also saw up to 4,000 MW produced t>y wind power during the peak load periods of January 6-7. Figure 12: 

shows that wind power produced at a level above the calculated wind capacity, (typically 13 percent of total wind 

capability). The wind power produced had a positive impact on supply and contributed to PJM's ability to maintain 

reliability. 
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Figure 12: Polar Vortex Wind Generation 
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Managing Interchange 

Managing interchange, or energy transfers across the RTO, was a challenge during the Polar Vortex, particularly 

during the afternoon of January 7. PJM expected (based on energy imports scheduled four hours ahead) about 5,600 

MW of interchange into PJM du Ing the evening peak. PJM received almost 3,000 MW more than expected. Hourly 

energy prices in PJM during the evening peak were $750-$800, and prices in MISO were approximately $400-$500 

less than in PJM. The NYlSO's trices were approximately $50-$100 less than PJM's prices. Market participants 

responded to the disparity in ne ghboring prices and began importing power into PJM during the evening peak. In 

particular, imports from MISO ir creased significantly when compared to imports during the morning peak. 

When PJM receives more eneriy transfening into the RTO than expected, the market becomes flooded with supply, 

and prices drop accordingly. Thjs interchange volatility changed the situation for which PJM had planned and 

impacted energy prices, generskion dispatch and costs. 

Accurately forecasting intercharige is a challenge. PJM operators can see only current energy transfers across the 

system with no certainty of end jtime or advance notice of future swings. PJM had generation operating with the 

expectation of a lower level of iijnports given the conditions across the grid. Imports increased substantially in 

response to the expectation of higher locational marginal prices set by demand response. This increase in supply 

caused LMPs to drop, and the feneration PJM had operating for reliability was left operating at costs above the 

locational marginal price, resulting in uplift payments to these generators. Though not a reliability concern, the 

situation impacted the economics of the system, which will be discussed further in the Uplift subsection on page 44. 
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Figure 13: Interchange and Locational Marginal Prices on January 7,2014 
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Managing Reserves 

PJM had adequate reserves for most of January - with the exception of the evening of January 6 and the morning of 

January 7 when available resen/es dipped below the PJM reserve requirement prompting PJM to issue a series of 

emergency procedures to ensure adequate reserves on the system. The reserve shortfalls largely were due to a 

combination of generator outages and extremely cold weather demand. See Figure 14: for January's primary 

reserves compared to the reserve requirement. 

Figure 14: Primary Reserve and Requirement - January 2014 
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When PJM has a sustained sh< irtfall of its primary reserve capability, a Primary Reserve Waming is issued as 

notification of the reserve short ige. On the evening of January 6, PJM additionally issued a Voltage Reduction 

reliability. If needed, PJM could have initiated additional emergency procedures to 

regain its reserve capability. Following the Voltage Reduction Action, primary reserves were restored above the 

requirement. PJM also had ava|ilable shared reserves from NPCC and VACAR during this period. 

Generator Performance: Outages 

Unplanned generator shutdowrls and the Inability of generators to start - due to the cold, the stress of extended run 

times, natural gas intermptions and fuel-oil delivery problems - challenged grid reliability and adequate power 

supplies during the month. A ge nerator's inability to run due to any type of unexpected mechanical or fuel issue is 

considered a forced outage. Forced outages on January 7,2014, were 94 percent of the all outages that day 

PJM experienced very tight operational conditions and a significantly higher number of forced outages, due to both 

mechanical problems and natuijal gas deliverability, throughout January 2014 as compared to a more typical January. 

At the all-time winter peak at 7 |).m. on January 7, PJM experienced a 22 percent forced outage rate, which was far 

above the historical average of 7 percent, with a total of 40,200 MW unavailable due to forced outages. 

Figure 15: Generator Outag( Rate-January 2014 
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Figure 16: Causes o f Forced Outages - January 7,7:00 p.m. 
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The breakdovm of forced outages by primary fuel type shows that natural-gas-fired generators accounted for 47 

percent of the unavailable megawatts and coal-fired generators were 34 percent. For a frame of reference, in PJM, 

gas-fired plants represent 29 percent of total generation (in megawatts), and coal-fired plants represent 41 percent.''^ 

These unavailable megawatts were due to either the generator's entire output being unavailable or a limitation on the 

amount of megawatts the generator could supply to the system. 
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Figure 17: Outages by Primary Fuel - January 7,7:00 p.m. 
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The 9,300 MW of generation th^f was unavailable due fo natural gas interruptions is a larger amount than PJM 

reported immediately after Janijary 7. Subsequent to January, PJM worked with generation owners to further validate 

the outage reasons, and, base{i on these additional discussions, natural gas Issues were found to be larger than 

initially reported largely due to (jther generation fuel types being dependent on natural gas and the natural gas 

infrastructure. An example Is a generator that burns oil but that needs natural gas to start up. In a few cases, this 

startup gas was not available. F lease see the Lessons Learned and Recommendations section on page 53 for PJM's 

preliminary recommendations relative to generation forced outages. 

Communication 

PJM implemented additional colnmunication procedures based on lessons learned from the September 2013 heat 

wave and put those practices ir to effect, such as improved coordination and communication with PJM stakeholders. 

Intemally, PJM activated a new Operation Event Response Team, a cross-divisional group designed to help prepare 

for, respond to and communicaie about operational events, such as capacity emergencies and severe weather. This 

team was in place neariy every|day in January not only to provide PJM dispatch personnel additional analysis and 

data but also to coordinate infoiimation through the appropriate internal and extemal channels. 

PJM communicated with state (jommissions, state emergency management agencies and state consumer advocates 

before, during and after key operational events. PJM provided infonnation about system conditions and emergency 

procedure alerts, warnings andjactions via email and group conference calls in addition to ad hoc discussions. 

PJM also provided power supp^ status updates to member communications staff counterparts, held conference calls 

with member communicators aijd created and distributed news releases and media advisories. In addition, advisories 

were provided to the FERC thrtjughout the day during each of the cold weather events in January. 
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Market Outcomes: Polar Vortex 

Energy Prices and Shortage Conditions 

As explained above, PJM issued a Voltage Reduction Action on the night of January 6 and a Primary Resen/e 

Warning on January 7. Both actions triggered shortage pricing, a market rule that accurately prices energy and 

reserves so the resulting prices reflect the state of the system both approaching and during times of reserve 

shortages.^^ 

Shortage Pricing is triggered under either of the following conditions: 

• The amount of available reserves is below the reserve requirement for a predetennined amount of time and 

dispatch systems conflrm that the shortage exists. This situation can be due either to the available 

synchronized resen/e megawatts being less than the requirement or available primary reserve megawatts 

less than required 

• A Voltage Reduction Action or a Manual Load Shed Action is implemented. 

PJM operators triggered shortage pricing by calling the Voltage Reduction Action across the entire RTO on the 

evening of January 6, and shortage pricing was triggered by an RTO resen/e shortage on the morning of January 7. 

Locational marginal prices are determined based on the cost to provide the next increment of energy while respecting 

the primary and synchronized reserve requirements. PJM's real-time dispatch system and LMP calculation systems 

include operating reserve demand cun/es for both primary and synchronized reserves, which are used in the 

calculation of LMPs to reflect both the price of energy and the price of reserves in an area experiencing a resen/e 

shortage. This coordination is necessary because providing another megawatt of energy will cause an additional 

megawatt of resen/e shortage. 

On January 7,2014, LMPs exceeded $1,800 per megawatt-hour. The price of $1,800 was set by emergency demand 

response offers, which means that den:mnd response participants responded to calls for emergency energy and high 

prices to voluntarily curtail their use of electricity in exchange for curtailment payments. Because of the higher offer 

caps for demand response^^, LMPs may reach $1,800 per megawatt-hour without the existence of a resen/e 

shortage. In January, there were instances where emergency demand response set the price at $1,800 either for the 

energy component of the locational marginal prices or for congestion. 

^̂  For more information on the shortage pricing njtes, wew training material PJM prevtously has provided at http://vww.pifn.com/marl<ets-
and-oDerations/enerqv/shoftaQe-pncinq.aspx. 

^̂  PJM initially had filed to lirmt demand resources to the legacy $1,000/megawatt-houT offer cap that has existed for some time fov all 
resources. The FERC conditionally approved PJM's filing subject to several adjusbnents including the removal of the $1,000/MWh offer 
cap for capacity demand resources. As a result, demand resources are not limited to the $1,000 ofler cap that applies to generation 
resources. Instead, these resources can offer up to $1,000 plus two times the reserve penalty fector. For the 2013-2014 delivery years, the 
penalty factor is $400. So, the offer cap applicable to demand resources is $1,800. 
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Figure 18: Locational Marginal Prices in Shortage 
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Real Time Locational Marginal 'rices are calculated based on five minutes Inten/a!s. Although generation usually is 

the marginal resource setting th e price, on January 7, demand response set prices for 63 five-minute energy pricing 

intervals during the day Additio lal information on interval analysis of prices can be found in Appendix A: Locational 

Marginal Pricing Marginal Unit|ype Intervals. 

Ancillary Services: Regulatiofi, Synchronized and Non-Synchronized Reserve 

During the Polar Vortex, high pr ces for regulation, synchronized and non-synchronized reserves occurred at the 

same time as high real-time energy LMPs. During these stressed conditions, ancillary service prices increased as the 

reserve margin decreases, andjsystem capacity competes to meet the ancillary services requirement while 

maintaining power balance, j 
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Figure 19: Ancillary Service Price and Energy Price 
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Regulation 

Regulation service corrects for short-term changes in electricity use that might affect the stability of the power 

system. It helps match generation and load and adjusts generation output to maintain the desired system frequency 

of 60 hertz. 

In October 2012, PJM implemented a new market stnjcture called Performance Based Regulation, which aligns 

compensation with actual performance for resources that provide regulation service. Resources are compensated for 

their accuracy, speed and precision of response in providing regulation service to the system. 

PJM ©2014 www.pim.com 291P a g e 

http://www.pim.com


r. k l ; : ^ i- i: 

Figure 20: Regulation Price^ 
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Regulation lost opportunity cost is the revenue foregone or increase in costs relative to the energy market for 

providing regulation sen/ice. Performance Based Regulation was designed to calculate and include resource specific 

regulation lost opportunity cost jn the regulation market clearing price on a real-time five-minute basis (similar to real­

time locational marginal prices)! Real-time locational marginal prices in excess of $1,800 per megawatt-hour caused 

the high regulation mari<et cleaning price of $3,296 per megawatt-hour. This high price occurred as PJM triggered 

shortage conditions. 

The regulation price spike seen) during shortage pricing periods on January 6 and 7 also can be attributed lo Ihe poor 

perfomiance factor in the regulation market as high-perfomiing generators were being used for energy and reserves 

instead of regulation. The poorer perfonnance factor inflates the total regulation price. Increasing the performance 

score requirements is discussejl in the Lessons Learned and Recommendations section. The total credit paid for 

regulation price and lost opportjinity cost not included in the regulation price was approximately $65 million for the 

month of January 2014. 

Resen/es 

As displayed below, synchronize and non-synchronized resen/e prices hit their maximums, $800 and $400 

respectively on January 7,20l|l. These prices reflected system conditions during shortage pricing. The total 

Synchronous Reserve Tier One| Market Price Credit and Synchronous Reserve Lost Opportunity Cost Credit was 

$87,890,200. Total non-synchrdnous reserve cost was neariy $6 million for January 2014. 
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Figure 21: Synchronous and Non-Synchronous Reserve Prices 
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Conditions 

A second, longer cold weather period in January 2014 again challenged the PJM system and operators. Prolonged 

cold temperatures January 17-29 came with a snow storm that dropped about a foot of snow on the East Coast. 

While, during the Polar Vortex, power supply issues centered on the unavailability of generation because of forced 

outages, during this second cold period, the key contributor to operational challenges was scheduling natural gas-

fired generation to meet demand. 

Having experienced the month's previous generator startup problems and a far above average 22 percent forced 

outage rate, PJM planned for similar generator perfomiance as well as limits on the natural gas infrastnjcture. The 

scheduling of natural gas-fired resources became increasingly difficult through this period because of the rigid and 

expensive terms and conditions generators needed to accept in order to procure gas. Certain gas-fired generators 

notified PJM that they could get gas only if they committed to operate at a fixed output for an extended period of 24 

hours or more in some cases. The fact that the period included two weekends - one of them a holiday weekend -

exaceri)ated the fuel procurement-related situation. The timing difference between the gas and electricity maritets 

also resulted in generation owners having to commit to buy gas before knowing whether their units would be 

scheduled to operate. 

Meanwhile, spot natural gas prices soared; for example, on January 22 spot natural gas prices were 27 times the 

previous four months' average. Alternative fuels (usually oil) were a challenge for dual-fuel units for reasons that 

included fuel deliverability or minimum allowed run times because of emission limits. Because of the resource 

PJM ©2014 vww.pim.com 311P a g e 

http://vww.pim.com


a- i.". Analysis of Operational Events and Mari(et impacts 

During the January 2014 Cold Weather Events 

limitations, PJM made scheduling decisions without pricing certainty to ensure that sufficient resources were 

available to meet forecasted c(^ditions. 

Reliability was preserved during the entire month of January, but with record high out-of-mari(et (uplift) costs. The 

costs were higher at the end of January because of resource fijel limitations, high natural gas prices, contractual 

constraints of gas units and the uncertainty of demand and of resource availability. 

Weather a n d L o a d Forecas t 

The January 2014 Winter Stornji had a more extended duration compared to the Polar Vortex eariier in the month. 

Extreme weather conditions w^'e predicted during the last two weeks of January. As shown in Figure 22:, PJM 

reached eight of the top 10 win er peak demands in all of PJM's history In the month of January 2014. Six of these 

peaks were set in the later part of January during the Winter Storm. 

Figure 22: Top 10 Historic Vlijinter Peak Demands 
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Near-temi weather projections i 

and much longer in duration, 

decreased load as many peopk 

of stomis on the population are 

cannot consider these variables 

As a result, more generation 

materialize, as was the case on 

forecasting effect is discussed i 

miiy 

i ndicated that this stretch of cold weather would be both as severe as the Polar Vortex 

However, when the Winter Stomi dropped over a foot of snow along the East Coast, it 

stayed home due to wori^ and school cancellations. Because the severity and impact 

variables that often cannot be predicted, load forecasters and system operators often 

when committing generation to meet the expected load and reserve requirements. 

be scheduled than is needed in real time if the forecasted toad does not 

January 21 and January 29 because of the snow s tom. The market impact of this 

Load and Weather Impact to Mari<ets on page 51 . n 

Opera t i ona l P l a n n i n g a n d J ^ d v a n c e d C o m m u n i c a t i o n s 

Based on the load forecasts, P. |M developed an operating strategy based on real-time operations experienced during 

January 6-8. The strategy anticipated high forced outage rates again and considered the amount of voluntary 
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Demand Response available, performance fi'om renewables and the potential relief from a public appeal for 

conservation. 

PJM held conference calls with transmission and generation owners as well as neighboring entities to ensure full 

awareness of the pending weather and the load projections. Similar to actions taken during the Polar Vortex, PJM 

instructed its members to take steps to ensure availability of all transmission and generation resources, which 

included cancelling planned outages and recalling existing outages where possible, and communicating to PJM any 

concerns about equipment, fuel, unit restrictions, etc. PJM requested units which could not acquire their primary fuel 

to switch to the altemate fuel. PJM also recognized the need to plan for an extended reliance on fuel-limited and 

environmentally-limited generation. To account for this need, PJM closely coordinated with generator owners to 

ensure ftjel-limited and/or environmentally-limited units were placed into the maximum emergency generator status 

and then scheduled to mn only when needed. 

Natural Gas Markets Coordination 

Because temperatures were expected to match the lows of eariy January, going into the Winter Storm, PJM was 

concerned about having sufficient generation. Low temperatures would increase the demand for electricity for heating 

and strain the gas pipelines serving residential heating load. 

The following operators of pipelines issued critical notices restricting natural gas availability in the PJM footprint. The 

amount of megawatts of generation capacity in PJM which could have been impacted is in parentheses: 

ANR (TransCanada) in the Chicago area (approximately 2,550 MW) 

Columbia in Ohio and western Pennsylvania (approximately 5,460 MW) 

Dominion in Ohio, Pennsylvania, Maryland and Virginia (approximately 8,680 MW) 

Natural Gas Pipeline of America in Commonwealth Edison (approximately 1,125 MW) 

Texas Eastern in Ohio, PennsyWania and New Jersey {approximately 2,215 MW) 

Transcontinental in Virginia; Washington, D.C; Maryland; Delaware; Pennsylvania and New Jersey 

(approximately 2,310 MW) 

A timeline of critical notices on the natural gas pipelines in the PJM footprint can be found in 
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Appendix C: Natural Gas Systeln Critical Notices. 

In preparation for tighter gas cofiditions, PJM coordinated with gas pipelines and generation owners to ensure 

sufficient resources were avails ble. A challenge with this coordination was the differences between the timing of 

generators' required natural gai; purchase commitinents and PJM's Day-Ahead Energy Maricet commitment timing. In 

some cases, gas commitments were required to be made by 9:30 a.m. EST before the natural gas day and before 

the PJM Day-Ahead Market commitment Sometimes, PJM had to decide whether generators were needed without 

fonvard-Iooking information avs liable on the price of natural gas, without certainty the generator ultimately would be 

able to procure natural gas witl' delivery to the plant and without certainty the plant actually would be needed as the 

load forecast was updated. For example, on a Friday PJM was told that natural gas wouki not be available for 

purchase by a generator throug hout the weekend; therefore, PJM needed to decide whether the generator would be 

necessary for Monday on the preceding Friday, so that the unit could detemfiine whether to procure gas. 

Other generation owners alertejJ PJM that gas marketers required them to buy a weekend package that forced PJM 

to run the generator through th^ weekend if it was needed on a Monday Other generation owners required advanced 

commitments prior to the start (|f the natural gas day and had to buy a 24-hour package of natural gas that forced 

PJM to run the generators longer than needed under PJM's least-cost commitment model. 

Figure 23: Natural Gas and f lectricity Market Coordination Issues 
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The market timing issues were further exacert)ated by the three-day Martin Luther King Jr. Day holiday weekend. 

High electricity demand for was expected the Tuesday and Wednesday mornings after Martin Luther King Jr. Day, 

January 20, which coincided with the Tuesday-Wednesday 10 a.m. to 10 a.m. gas day. Generation owners told PJM 

that they needed to know on Friday, January 17, whether their units would be scheduled to mn in order to ensure 

they had natural gas for Tuesday and Wednesday mornings. Although in some instances the units were needed only 

to cover the morning peak from about 5:00 a.m. to 9:00 a.m., the units had to buy 24 hours' worth of gas. PJM's need 

to make these unit/gas scheduling requests outside of the Day-Ahead Energy Market increased the level of uplift 

(out-of-market) payments in the latter half of January. These natural gas terms and conditions requiring multi-day 

commitments from generators were significantly at odds to the traditional Day-Ahead Market commitment and, along 

with the record high gas prices, increased the level of uplift. 

Operations 

In preparation for and in response to the real-time conditions, PJM issued multiple notices, alerts and emergency 

actions. The following figure summarized the emergency procedures that were issued for January 22 to January 30, 

Figure 24: Emergency Procedures during ttie Winter Storm of January 2014 
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For the second blast of cold weather, PJM implemented many of the same actions taken prior to and during the Polar 

Vortex. Cold Weather Alerts were issued in advance of each operating day, and conference calls were held with 

members and neighbors multiple times each day to develop and adjust the operating strategy based on real-time 

conditions. 

On Tuesday evening, January 21, the loss 1,783 MW of generation in the Baltimore Gas and Electric Company 

(BGE) and Pepco zones required a reassessment of generation and transmission plans for the next day. PJM's 

analysis identified potential themial transmission constraints in the BGE and Pepco zones as power outside of those 

zones would flow into them to replace the loss of local generation. As a result of the expected transmission 
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constraints in the BGE and Pe^co zones, PJM loaded Maximum Emergency Generation at 2:00 p.m. on January 22 

and called for Emergency Loac 

Voltage Reduction Alert for the 

shared reserves to the NYISO 

Management for the two zones during for the evening peak hour. PJM also issued a 

BGE and Pepco zones at 8:00 p.m.; however, an actual voltage reduction was not 

ordered. PJM reliably met the beak demand on January 22 without additional emergency procedures and provided 

117 MW at 5:36 p.m. and 73 MW at 8:56 p.m.). The day's peak demand was 

anticipated system constraints. 

Emergency Load Management 

135,061 MW at 7:00 p.m. At that time, 6,427 MW of interchange was being imported into PJM. 

Thursday, January 23, was an ^ven more challenging day In addition to the constraints in the BGE and Pepco 

zones, higher loads than JanuE ry 22 throughout the PJM footprint led to west-to-east consti'atnts on the transmission 

system causing tighter capacity conditions in the PJM Mid-Atlantic Region. To meet the forecasted load given the 

PJM loaded Maximum Emergency Generation at 4:30 a.m., called for voluntary 

and issued a NERC Alert Level 2 to inform neighbor systems that load management 

would be deployed, for the Mid Atiantic Region, Dominion and the FirstEnergy South/Allegheny Power zones during 

the morning and evening peak^ on January 23. At 4:50 a.m. PJM requested Emergency Energy bids, which was 

cancelled at 8:05 a.m. No emergency bids were loaded. PJM also issued a request for public conservation of power 

for the BGE and Pepco zones fjor the evening of January 23. Actual peak loads on January 23 were 132,431 MW at 

8:00 a.m. and 134,302 MW at 8:00 p.m. (The forecasted loads had been 135,579 MWfor 9:00 a.m. and 136,572 MW 

for 9:00 p.m.) Interchange into *JM during the peak hours (5,409 MW) was less than the interchange into PJM 

January 22, resulting in more iriternal resources mnning to meet the load. 

Load and transmission constraints on Friday January 24, were similar to January 22. Forecasted peak load was 

133,902 MW at 9:00 a.m. with ^n actual peak load of 136,982 MW occumng at 8:00 a.m. The regional temperatures 

increased after the Friday morn ing peak. Interchange during the morning peak hour was 4,007 MW into PJM. The 

1,783 MW of generation in the IJGE and Pepco zones was still out though a partial retum was anticipated that 

evening. PJM loaded Maximun Emergency Generation at 4:30 a.m., called for Emergency Load Management for the 

BGE and Pepco zones for the r loming peak on January 24. PJM also issued a Voltage Reduction Waming at 

7:20 a.m. for the BGE and PEPpO zones in anticipation of additional emergency procedures in the two zones. 

The weekend of January 25-26 provided some reprieve from the cold temperature. Weekend loads typically are 

lower than weekday loads maki ig operations less challenging. The return to service of 1,783 MW of generation in the 

BGE and Pepco zones helped; illeviate west-to-east constraints previously experienced that week. However, 

temperatures across the region were still colder and demand higher than nonnal. While the peak on Saturday, 

January 25 was 118,275 MW ai(id 114,006 MW on Sunday January 26, typical winter weekend peaks are around 

90,000 MW. i 

On Monday, January 27, a Cok Weather Alert was the only emergency procedure issued. Although the forecasted 

peak demand for January 27 w is 131,825 MW, the actual peak demand was lower, at 126,379 MW at 8:00 p.m. Total 

interchange into PJM during tht peak was 3,640 MW. 

Despite the lower demand on hfonday demand for Tuesday, was projected to be similar to January 7, when PJM set 

its all-time winter peak of 141,8(16 MW. Load forecasts for Tuesday. January 28, were 137,663 MW at 9:00 a.m. and 

140,411 MW at 9:00 p.m. To prepare for Tuesday's expected high demand, PJM on Monday issued a Cold Weather 

Alert, a Maximum Emergency feneration Alert, a Voltage Reduction Alert, a Primary Reserve Alert and requested 
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public conservation of power on Tuesday. All these emergency procedures were used on January 7 to successfully 
meet the record demand. 

However, actual demand was less than forecasted on January 28, and generating resources pertonned better than 
expected with an 11 percent forced outage rate (compared to 22 percent on January 7). Interchange during the 
evening peak was 6,504 MW. Actual system loads were 133,137 MW at 9:00 a.m. and 137,336 MW at 7:00 p.m. As a 
resuft, no additional emergency procedures were needed that day. 

The weather and load for the January 29 did not require any procedures beyond a Cold Weather Alert. Forecasted 
peak load on January 29 was 133,823 MW at 9:00 a.m., and the actual peak load was 136,020 MW at 9:00 a.m. 
Interchange during the morning peak was 4,722 MW. 

After the peak the evening of January 29 and during the ovemight period, 1,370 MW of generation across the system 
were unavailable. With cold temperatures forecast to linger, PJM on the morning of January 30 loaded Maximum 
Emergency Generation in the BGE and Pepco zones and issued a Voltage Reduction Waming for ^ e rest of the 
system. The primary concern in the BGE and Pepco zones was thermal constraints. All available resources in those 
zones were committed via the Maximum Emergency Generation action to control for those constraints. Following the 
morning peak, temperatures moderated, and system conditions returned to normal. Forecasted peak demand for 
January 30 was 131,965 MW at 9:00 a.m., and the actual peak demand was 136,215 MWat 8:00 a.m. Interchange 
during the peak was 4,330 MW into PJM. 

Demand Response 

Demand response during the Winter Storm was used to reduce peak loads in some eastern areas rather than for the 
entire region as it was during the Polar Vortex. This was due in part to issues with transfers, MW flows across the 
transmission paths within PJM, and units tripping offline. During the Winter Storm, PJM called on demand response 
four times to handle with issues with transfers, transmission limits and generating units shutting down: 

• January 22 for the evening peak in the Baltimore Gas and Electric Company and Pepco zones 

• January 23 for the morning peak in the Mid-Atlantic Region, Dominion Zone and Allegheny Power System 
Zone 

• January 23 for the evening peak in the Mid-Atlantic Region, Dominion Zone and Allegheny Power System 
Zone 

• On January 24 for the Mid-Atlantic, Dominion and Allegheny Power System (APS) zones. 

Demand resources were not obligated to respond to these requests because they were made outside of the June 1 -
September 30 mandatory demand resource response compliance windows. Regardless, many demand response 
resources answered the calls for reduction. 
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Figure 25: Demand Respons^ during the Winter Storm 

Loed Reductions 
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Operational Observations ^nd Challenges 

Similar to operations during thejPolar Vortex, some variables exceeded PJM's expectations. Demand response's 

availability and response was ojie of those variables. The requests to the general public for conservation again were 

considered to have had a positive impact. Wind power again produced at a level above the calculated annual wind 

capacity during the January 20-fe9 timeframe. 

Figure 26: Winter Storm Win|d Generation 

Megawa t t j 

6^000 — i — — -

5,000 
• • • Wind Capability 
— Wind Generation 
- • - Wind 

% 4 . 0 0 0 

0 . - - — - , —^ . ^ _ , . _ - _ _ _ _ _ ^ , ^ ^ 
Jan. 20 Jan. 21 J^n. 22 Jan. 23 Jan. 24 Jan. 25 Jan. 26 Jan. 27 Jan. 28 Jan. 29 

PJM ©2014 www.pim.com 381P a g e 

http://www.pim.com


i '; ! : Analysis of Operational Events and Maritet Impacts 

•• ' ' During the January 2014 Cold Weather Events 

Generator Performance: Outages 

Because PJM experienced a 22 percent generation forced outage rate on January 7, similar forced outage rates 

were expected during the Winter Storm because of the similar forecasted weather conditrons. The amount of 

generation available during the Winter Storm improved as compared to the Polar Vortex but was still worse than 

PJM's historical average winter forced outage rate. 

Figure 27: Generator Outages - January 2014 
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PJM also coordinated with generator owners to manage available run hours based on fuel inventories. PJM and 

generators that could still run on oil communicated to maintain awareness of the generator's status and possible 

issues. 

Generation Performance: Fuel Limitations 

Some gas-fired units have the capability to use an altemate fuel (dual-fuel capability), which increases flexibility when 

gas supply becomes tight. The predominant alternate fuel is oil. While dual-fuel units increase flexibility, there were 

still challenges operating the units on oil. PJM requested dual-fuel generation owners unable to secure gas to 

operate their units on oil during the extremely cold weather events. Even with this flexibility, generation owners 

encountered issues including mn-time limits related to permit-defined environmental restrictions, resupply challenges 

and increased failure rates for unit startup. Units that switch to oil operate with increased emissions, which limits their 

maximum run times due to environmental constraints. In other cases, units operating on oil may have had only 

limited ability to make and store demineralized water for the injection systems that must be operated to reduce 

nitrogen oxide emissions when mnning on oil. PJM coordinated with generation owners that needed to decrease the 

maximum run time per day for their units in order to conserve emission credits. Identification and tracking of fuel 

PJM ©2014 www.plm.com 391P a 9 e 

http://www.plm.com


limitations was done manually 

with decreased run times for emission 

Analysis of Operational Events and Mariiet Impacts 
During the January 2014 Cold Weatiier Events 

ly PJM and the generator owners. There were approximately 1,000 MW of generation 

reasons. 

The increase in demand for oil 

switched to oil as gas became 

on inventory or deliveries were 

I Icaused another challenge for generation owners. Many units in the Nortiieast 

inavailable increasing demand for oil. In some cases, oil suppliers began to run low 

ijslow because increased demand was unexpected and available delivery tmcks were 

limited. Generation owners fouftd li difficult to keep oil tanks full on a daily basis and had to limit run hours for their 

units. There were approximately 2,000-3,000 MW of generation affected by oil supply and delivery issues. Also, 

generating units mnning on oil have an increased failure-to-start rate due to clogged fuel lines. 

Contractual Constraints 

During January PJM used the [j)ay-Ahead Maricet, load forecasts and the experience of generation outages eariier in 

the month to schedule the necessary resources for reliable operations. Contractual constraints on generators' 

availability challenged PJM operators and contributed to the January uplift that will be discussed in the Market 

Outcomes: Winter Storm sectioji below. The contractual constraints included natural gas generators with: 

• the need for eariy commitment, days ahead of the Day-Ahead Energy Market, to ensure fuel deliverability; 

• inflexible scheduling cfiteria such as 24-hour and multi-day commitment; and, 

• purchase of gas for arj entire weekend. 

Market Outcomes: Winter ^ to rm 

Energy Prices 

Energy prices were high during the Winter Storm but not as high as during the Polar Vortex. Shortage pricing 

conditions were not present dui ing the Winter Storm because sufficient generation was available to meet the 

forecasted demand. Day-Ahea<l Energy Maritet prices were higher than real-time prices during the Winter Stomfi. The 

price difference resulted in part from PJM's scheduling of resources to ensure that primary and synchronous reserve 

requirements were met through aut the Winter Storm while taking into consideration the uncertainties sun-ounding 

whether loads, interchange, gejieration availability and natural gas/electric coordination issues would occur as did 

earlier in the month. 
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Figure 28: Average of Real-Time and Day-Ahead Locational Marginal Prices - January 2014 
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During January 22-25 real-time and day-ahead prices were more closely aligned. During January 27-29, day-ahead 

prices were higher than real-time prices - an indication of market participants' expectation that conditions would 

follow the Polar Vortex pattern. Real-time LMPs were lower than day-ahead LMPs due to the mix of 24-hour bum gas 

units and a better than expected generator forced outage rate. January 30 real-time LMPs exceeded day-ahead 

prices. 
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Figure 29: Real-Time and D^y-Ahead Locational Marginal Prices during the Winter Storm 

$ / M W h 
1.000 

-Day-Ahead LMP 
^•^•"^ Real-Time L M P 

80O 

7 GO 

600 

500 

400 

500 

200 

100 

O 
Jan,20 Jan.21 Jan.23 Jan.23 Jan. 2-4 jan,25 Jan. 26 ian-27 ian,28 Jan.29 Jan. 50 Jan.31 

Real-time prices were lower in p M ' s western area compared to the eastern area due to fewer transfer interface 

constraints during the Winter SJorm than during the Polar Vortex. Eastern zones had more combined-cycle 

generators fueled by natural ga^ on the margin resulting in higher prices in the eastern zone than in the western 

zone. During the Winter Storm, ithere was variability in temperatures across the region compared to the Polar Vortex, 

which had persistent, extreme (jold across the entire footprint. In preparation for anticipated high forced outages as 

experienced during the Polar Vertex, PJM called on additional generation in the eastern portion of the footprint. The 

following chart displays the difference between LMPs in the east versus west. 
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Figure 30: Eastern and Western Locational Marginal Prices 
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Locational marginal prices are calculated in five-minute intervals with generation typically being the marginal 

resource that sets prices. On January 24, demand response set prices for seven five-minute rnten/als. Additional 

information on interval analysis of prices can be found in the Appendix A: Locational Marginal Pricing Marginal Unit 

Type Intervals. 

Natural Gas Prices and Offer Caps 

The PJM Operating Agreement^^ requires ail generation capacity resources in PJM that have been committed as 

capacity to submit offers into the Day-Ahead Energy Market. The Operating Agreement also limits generation offers 

into the Day-Ahead Energy Maricet to $1 ,D00/MWh. 

These two provisions had not come into potential conflict before January 2014. To PJM's knowledge, sellers with 

generation resources offering into PJM's energy market have not had marginal costs in excess of $1,000/MWh or 

have not notified PJM of their situation. However, it became an issue when natural gas prices spiked with trades on 

January 21 and delivery on January 22 averaging over $120/MMBtu (and prices as high as $140/MMBtu for the day 

of delivery) - record-setting gas prices for the PJM footprint. The result of the high gas prices was electricity 

generation costs that could exceed the $1,000/MWh offer cap. For example, for a combustion iuibine in the PJM 

region with a roughly average 10,000 Btu/kWh heat rate, $120/MMBtu translates to a $1,200/MWh cost to produce 

energy, ignoring any additional costs such as operations and maintenance. 

On January 23, PJM filed with the FERC a waiver of certain provisions of the Operating Agreement in order to allow 

for make-whole payments for the difference between the capped price and the marginal costs for generating energy 

that exceeded the $1,000/MWh cap. In a companion filing, PJM requested approval by Febmary 10 to altow cost-

based offers to exceed the $1,000/MWh offer-price cap. The FERC approved both waivers. 

" at Scheduled section 1.10.1A(d) 
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Uplift I 

PJM expected the possibility otj generator outages similar to those experienced in the Polar Vortex and scheduled 

generation accordingly to ensu e reliable operations during the Winter Storni. The lessons learned fi"om the Polar 

Vortex were to get natural gas \ feneration online eariy and keep if online. However, the later part of January had less 

extreme weather and better ge leratlon performance coupled with inflexible mn times and high fuel prices for natural 

gas-fired generation, which led to uplift/operating reserve costs. Uplift costs were extremely high at the end of 

January as PJM scheduled sufficient generation to supply consumers and ensure adequate operating reserves to 

mitigate risk from unscheduled generator outages, volatile interchange and natural gas uncertainty. 

To incent generators and demand resources to operate as requested by PJM, resources that are scheduled by PJM 

and follow PJM dispatch instm^ions are guaranteed to fully recover their costs of operation. Uplift cost is created 

when market revenues are insi|fficient to cover the costs of the resources following PJM's direction. Generators told 

PJM that, because of gas mark st constraints, their gas-fired resources in some cases had to be operated at full 

output each hour and for a fonj er duration than PJM required them - which created extremely high uplift costs 

especially because of the extre nely high prices for natural gas. 

Operating Reserve costs are payments made to economic demand resources and generation resources, which 

follow PJM's direction, to cover their costs and are the primary form of uplift in PJM. These payments are outside of 

the market and are not included in the pricing signals that are visible and transparent to market participants. 

Figure 31: Uplift Breakdown! 
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A majority of the uplift cost in January, as shown above, was due to generators scheduled by PJM mnning in real-time to meet 

reliability needs. 

19 Balancing includes lost opportunti f cost, tfie difference between vî at a unit receives when providing regulation or synchronized resen/e 
and what it would have received fpr providing energy output. 

^ Day-ahead uplift includes black s^rt make whole payments for Automatic Load Rejection units and reactive credits. 
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There can be various scenarios in which marttet revenues are insufficient to cover generators' costs. The drivers that 

contributed to high levels of uplift in January 2014 included: 

• Natural Gas Prices - High natural gas prices exacerbated the cost of uplift as the units operating at PJM's 

direction were more expensive than there historical costs. 

• Contractual Constraints - Due to restrictions on natural gas deliveries, many resources required PJM to 

maintain strict megawatt output levels during periods when they were uneconomic to ensure they were 

available during peak conditions. Additionally, the lack of alignment between the gas and electric day timing 

often required PJM to commit to running gas units prior to the PJM Day-Ahead Energy Market. 

• Prudent Operations - During January, PJM committed resources for expected extreme system conditions. 

Such operations are typical during Cold Weather Alerts, resulting in the scheduling of additional reserves to 

account for increased forced outage rates as identified in the PJM Emergency Operations Manual. As a 

result, more expensive units displaced lower-cost resources and sometimes suppressed locational marginal 

prices. Throughout January, and particularly earty in the month, PJM experienced higher generator outage 

rates than had ever been observed. PJM needed to schedule additional generation to be available to 

mitigate any potential power shortfalls due to generator forced outages. 

• Interchange Volatility - Variable imports and exports of energy, which reacted to PJM energy prices, 

affected locational marginal prices and commitment decisions by PJM. The amount of power imported is 

difficult for PJM to forecast and is not under PJM's control; therefore, PJM must schedule internal resources 

to ensure adequate generation is available. 

In the cun"ent PJM market design, if a generation resource follows PJM'S commitment and dispatch, that generator is 

guaranteed to fully recover its costs for the hours it runs at PJM's direction. Operating reserve payments are 

designed so resource owners are incented to follow PJM direction to help maintain control of the grid in the most 

efficient manner possible and also ensure adequate operating supply plus additional capability for reserves. Day-

ahead and real-time operating reserve credits are paid to resource owners; these credits are paid by PJM market 

participants as operating reserve charges. Operating reserve charges are not part of the energy market price signals 

as they are based on calculations from data that is not all available on a real-time basis. 

Increased operating reserve costs are a side effect of running additional generation to support outages or other 

situations on the grid. The uplift costs are high when the primary fuel of additional generation being run Is high priced. 

During the Winter Storm, generation was needed specifically in the northeastern section of PJM where there is a 

large amount of natural gas-fired generation. Operating reserve payments increased when the additional generation 

being run was inflexible due to 24-hour gas burn requirements. Due to the tight supplies in the natural gas market, 

many PJM generators were kept on-line to mitigate the risk of not being able to obtain natural gas after shutting 

down. Some of these generators were run overnight because tt\ey could not shut down and re-start again due to fuel 

or weather issues. 
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Figure 32: Balancing Operating Reserve Credits 

Reliability 
Credit 

Deviat ion 
Credit 

V Generatjor coaimitted in advance of the operating day 
and outkide of the Day-Ahead Market. 

V Generatjor committed during the operating day 
and is ogt of the economic merit order. 

V Generator is needed to meet anticipated load 
plus reserves. 

V Generatjor is commi t ted dur ing the operat ing day and cost 

is greater than locational marginal prices mos t o f the t ime. 

There are two general types of )alancing operating reserve charges. If a generator is called to run after the close of 

the Day-Ahead Market and duri ig the Reliability Assessment Commitment perfomied after the Day-Ahead Market 

results are posted, it is dispatcl' ed either for prudent operations or "load plus resen/es." If a generator is dispatched 

for prudent operations, then the uplift cost associated with the generator running is categorized as a reliability credit. 

If a generator is needed for loa( I plus reserves, then its uplift cost is categorized as a deviation credit. When a 

generator is committed to run d jring the operating day, if its cost is greater than locational marginal prices most of 

the time, the uplift credit for the generator also is categorized as a deviation credit. During the operating day, if a 

generator is not economical (i.e. its cost-based offer is higher than the current LMP), then its associated uplift cost is 

categorized as a reliability credft. 

Figure 33: Balancing Opera^ng Reserve Credits for Deviation and Reliability 

$ Millions 

9 0 

SO 

70 

'Total Devraiion Credit 
'Total Relial::|ility Credit 

Jan. 17 Jan. 21 Jan. 2,5 Jan. 29 

The ovenvhelming majority of fcjalancing operating reserve credits during the Winter Stomi was for reliability credits. 

Overiaying the natural gas prices on top of just the reliability credits demonstrates the impact on the uplift costs of ttie 

high natural gas prices, which iere exacert)ated by contractual constraints. 
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Figure 34: Reliability Credits vs. Natural Gas Prices 
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PJM worked In advance of the Winter Storm to mitigate the risk of losing generators and worked with generators 

which had inflexible parameters to keep them online to ensure reliability would be maintained. An example of 

inflexible parameters is a long minimum run time. PJM may need a generator only for three hours but must keep it 

online for the full minimum mn time of the resource. The minimum run time constraints can impact uplift costs if a 

generator is needed for both the morning and evening peaks and is unable to turn off between the peaks. A generator 

reports to PJM how long it needs to run to not damage the generator {minimum run time), how long it needs to stay 

off once shut down to not damage the generator (minimum downtime), and how long It needs to know in advance 

when PJM will needs it online (time to start). During ttie Polar Vortex and Winter Storm, many generators ttiat can 

typically operate very flexibly had to operate on signiflcantly more restrictive parameters due to their contractual 

arrangements for natural gas. Many of natural gas-fired generators had only 24-hour burn offers and, in some cases, 

72-hour bum offers due to natural gas tenns and conditions. 

PJM scheduled generation resources during January using the Day Ahead Maricet and Reliability Run but also 

scheduled resources manually to cover forecasted load and generation outage levels experienced eariier in the 

month. Generators warned that they likely would not be able to procure gas without some certainty on their 

commitment period in advance of the typical scheduling windows and some accounting for extraordinary scheduling 

restrictions such as 24-hour ratable takes and multi-day commitments. Often, operators were forced to commit to 

these units several days in advance to ensure a reliable level of unit commitment prior to the close of the day-ahead 

market. 

The PJM procedures used to make such commitments indude section 3.2 of the Emergency Operations Manual and 

Section 1 of the Transmission Operations Manual. These sections document the conditions and procedures for 

conservative operations. The procedure includes steps such as increasing margins on reactive interfaces, and 
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scheduling additional generatioji in the event of significant loss of system resources. PJM provides tools for the 

system operators to log these s^eps and subsequently allocate the costs. 

Figure 35: Balancing Operatjing Reserve Megawatt-hours and Locational Marginal Prices in January 
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The megawatt-hours associated w fft real-time reliability credits are shown in the light blue added on top of the megawatt-hours 

committed prior to the operating di y, which are represented in dark blue. The maximum real-time locational marginal price is 

shown by the green line ovedaid o) (he reliability energy. 

In the early part of January, the marginal resources setting the energy market prices had very high offer prices. This 

period of the month included a period of significantly high prices on the evening of January 6 when PJM initiated a 

system-wide Voltage Reduction Action, which triggered setting energy and resen/e prices consistent with shortages 

of all reserve products. This Voftage Reduction Action resulted in LMPs in excess of $1,000/MWh that evening. 

Additionally, PJM deployed emergency demand response resources during the morning and evening periods of 

January 7. During the morning ijieak period on January 7, emergency demand resources set LMPs across PJM near 

$1,800/MWh. Similar system ccjnditions occun^ed the same evening but for a much shorter period of time due to the 

Increase in interchange. | 

In the latter part of January, PJM scheduled generation based on the load forecast and expected generation outages. 

But the inflexible tenrts and conditions of natural gas supplies caused generators operating on 24-burn minimums to 

have extremely high offer prices compared to lower-cost resources that set locational marginal prices. Although PJM 

deployed emergency demand resources during the latter portion of the month, they were not marginal as frequentiy 

during this period and, therefore, did not produce the high LMPs seen eariier in ttie month. 

If a generator, such as the gas-i ired generators witii inflexible supplies, is required to mn and would not be the next 

economic megawatt that PJM v ould dispatch, the generator will not set locational marginal prices. If the cost of the 

generator's power is much greater than locational marginal prices, then the generator displaces less-expensive 
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resources. Therefore, these inflexible, expensive megawatts depressed prices, making ttie system even more 

uneconomical. 

Figure 36: Balancing Operating Reserve Credit by Storm 

Jan. 3 - Jan. 9 
$98 M 

Rest of January 
$19 M 

Jan. 21 - Jan. 30 
$438 M 

A majority of the real-time or balancing operating resen/e and lost opportunity cost expense was dunng the winter stonn in the 
latter half of the month. 

In summary, operating reserve costs were higher at the end of January because PJM had to commit resources which 

were both inflexible and expensive in order to maintain reliability and mitigate risk from unscheduled generator 

outages and natural gas temis and conditions. 

Contractual Constraints 

PJM works to run as few units as possible and minimize production cost, but operational parameters of individual 

generation units can limit flexibility. One reason for increased generatran contractual constraints during January was 

natural gas pipeline operational orders. During January 2014 peak natural-gas demand days^^ some pipeline 

operators required customers, including generators, to take natural gas fi"om their systems in even, incremental 

amounts over a 24-hour natural gas day, 10;00 a.m. to 10:00 a.m. This process forced generators to run during 

periods when they traditionally would be uneconomic; the generators must run or face significant operational or 

economic penalties. 

Generator limitations are based on unit type and operational capability and can include issues such as fuel 

procurement and environmental limitations. Generators are scheduled economically, but, due to ttie generator's 

minimum run time or other limiting parameter, it must be run uneconomically through some hours before it can be 

shut down. When controlling the grid in January, PJM ran additional generation that was relatively Inflexible because 

2̂  Peak gas demand days: January 6^, 21-23, and 27-26 
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of the operational issues highlij hted above. These generators could not cycle on and off from hour to hour and were 

kept online through the overnigfit and uneconomic periods in order to be available during peak electricity demand 

hours. 

Figure 37: Balancing Opera^ng Reserve by Generator Type 

Combined Cyc 
$315 M, 

- Diesel. <$2 M, <1% 

Wind, <$2 M, <1% 

Steam, 
$105 M, 22% 

- Combustion 
Turbine, 
$53 M, 11% 

The majority of the balancing operhting resen/es payments went to combined-cycle generators'̂ . Much of the uplift to combined-

cycle generators was due to limitations on the types of natural gas contracts that could be procured during the sto/m. Some 

combined-cycle generator owners pid PJM that to ensure their availability they would need to mn 24 hours. 
j 

Interchange Impact to Marketjs 

Electricity flowing into or out of pJM from neighboring areas, known as interchange, also can lead to uplift when it 

differs significantly from the exjijectation PJM operators use to schedule and dispatch resources to maintain reliability. 

An interchange transaction canjeither be an import, meaning power is purchased from a neighboring area and sold 

into PJM, or an export, where ji^wer is purchased from PJM and sok) in an extemal area. These transactions can be 

submitted with as little as 20 mijiutes notice and are only curtailed or limited due to reliability concerns. In contrast, 

deploying emergency demand (esponse under today's niles requires upto two hours' notice. This timing difference 

creates a situation in which system operators must forecast an expected amount of interchange and then operate the 

system based on that expectatipn. When that expectation significantty differs from actual system conditions, it can 

create uplift. ; 

For example, on January 7 at 2j;00 p.m. PJM identified the need for emergency demand response and all available 

generation at the evening peak 

5,600 MW of power imports frofn neighboring areas during the evening peak. However, during the evening peak, 

^ Combined-cycle plants are natura 
generator. Combined-cycle gener rtors 
they also are generally used throijghoutthe 

based on its load forecast, generator availability and an expectation of receiving 

gas-fired generators \ha\ typically consist of one or more combustion turbines that exhaust into a steam 
usually are larger and can produce more megawatts than individual combustion turbines alone; 

day and not just to generate during the peaks like a combustion turbine would be used. 
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PJM actually received in excess 8,600 MW of power imports fr-om all neighboring areas. The energy being delivered 

to PJM above the amount anticpated was roughly equivalent to three nuclear plants and exceeded the total amount 

of emergency demand response that responded that evening. To maintain system control with the excess power 

Imports, PJM ramped down conventional generating units in order to balance supply and demand, which resulted in 

lower LMPs across the system. Despite the low LMPs on the system, PJM still ran high-priced supply resources, 

including gas generation and emergency demand response, in order to meet the minimum run-time requirements on 

such resources. The combination of low LMPs when expensive supply resources are being mn at PJM's direction 

required make whole payments, and, thus, creating uplift charges. 

Load and Weather Impact to Markets 

PJM forecasts both load and weather to accurately anticipate power supply needs. In extreme conditions as in 

January 2014, the accuracy of the load forecast is especially important. Wintertime load forecasting is even more 

difficult because each day has two peak load periods, morning and evening. Triggers, such as the temperature 

forecast changing by 7-10 degrees ft'om one day to the next, cause PJM load forecasters and operators to reanalyze 

and update the load forecast. This updated forecast may necessitate scheduling additional generation, which can 

increase uplift if tiie scheduled units are not flexible or the forecast is not accurate. 

Figure 38: Forecast and Actual Peak Load 
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Generator Outages 

Generating units that do not pe rfonn on peak days are assessed perfomiance penalties that affect current year 

capacity revenues. An explana ion of these penalties is in Appendix D: Peak-Hour Period Availability Assessment. 

The total estimated Daily Peak Hour Period Availability Charges before the January outage events were $45,586 and 

including January 2014 increas ed to $112,388. 

Figure 39: Forced Outages ^nd Balancing Operating Reserve Cost 
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Analysis of Operationat Events and Market Impacts 
During tlie January 2014 Cold Weather Events 

Appendices 

Append ix A : Locat ional Marginal Pr ic ing Marginal Uni t Type Intervals 

The PJM Real-Time Market is a spot market in which instantaneous locational marginal prices are calculated every 

five minutes based on actual grid operating conditions. The table belovi/ shows the number of five-minute inten/als 

each day that each resource type was marginal and set the LMP. On January 7 and January 24, generation was the 

marginal price-setting resource for most intervals, except for a few Intervals in which demand response set prices. 

Emergency purchases did not set prices. 

Figure 40: Number of Intervals Eacti Resource Type Set LMP 

Demand Emergency 
Generator Response Purchase 

Jan. 7 

Jan. 22 

225 

281 

63 

7 

0 

0 

Append ix B : Locat ional Marginal Prices i n Shortage 

This table shows the intervals in which the real-time security constrained economic dispatch engine was in shortage 

conditions. There are 12 five-minute intervals every hour. For hour 19 (7 p.m.) on January 6, only the last five 

minutes of the hour were in shortage. For Hour 20 (8 p.m.) shortage conditions were from interval one to interval 

nine, which means In hour 20 shortage lasted for 45 minutes (nine five-minute intervals). 

Figure 41: Intervals in Shortage Conditions 

Day 

J a n . 6 , 2 0 1 4 

J a n . 7, 2 0 1 4 

Hour 

19 

20 

7 

8 

9 

10 

n 
12 

17 

18 

First 
Interval 

12 

5 

12 

1 

Last 
Interval 

12 

9 

12 

12 

12 

12 

12 

4 

12 

2 

PJM ©2014 www.pim.com 571P a g e 

http://www.pim.com


f ^ ^ ^ k } ^ I Analysis of Operational Events and Market Impacts 
i-'- ' ' I During the January 2014 Cold Weather Events 

Appendix C: Natural Gas System Critical Notices 

Januan^ 6.2014 

Columbia: 

Restricting non-firm natural gas deliveries in Ohio delivery points on through Tuesday (1/7). 

Dominion: 

Maintaining tljieir restriction on non-fimi natural gas deliveries onto the Texas Eastern pipeline in 

western Penrjsylvania. 

Maintaining tifteir restriction non-firm natural gas deliveries into two Local Distribution Companies 

(Peoples Natjjral gas Company and East Ohio Natural gas). 

Texas Eastern: 

Restricting nqn-firm natural gas deliveries off of Leidy line. 

Restricting ncjn-firm natural gas deliveries east of Chambersburg, Pa. 

Warned that ^n operational flow order could be issued, which would restrict the flow of non-firm 

natural gas. j 

Restricting ncjn-firm natural gas deliveries from producers in Marcellus and Dominion/Rockies 

Express pipelines due to natural gas quality issues. 

Transcontinental: | 

Issued a system-wide operational flow order beginning today. The OFO restricts shippers (including 

power plants)! from taking any natural gas over and above their nominated quantities on an hourly 

basis. 

Januan^ 7.2014 

ANR Pipeline (flows jnto Chicago): 

Emergency njaintenance wil! be partially restricting flows into Chicago by 15 percent 

Released thej previously set OFO, but maintained an advisory that generators rate takes ofl= of 

pipeline. 

Injections ha\je been limited at Joliet and Woodstock, IL, which will lower pressures on the pipeline 

on points norjhward. 

Columbia: 

Restricting ncin-finn natural gas deliveries in Ohio delivery points on through Tuesday (1/7). 

Restricting alj non-firm natural gas deliveries at several delivery points throughout Ohio on Tuesday 

(1/7). i 

Restrictions (jn all non-fimi natural gas deliveries into eastern Virginia on Tuesday (1/7). 
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Dominion: 

Maintaining their restriction on non-fimi natural gas deliveries onto the Texas Eastern pipeline 

(which flows into NYC) in westem Pennsylvania. 

Maintaining their restriction non-firm natural gas deliveries into two Local Distribution Companies 

(Peoples Natural gas Company and East Ohio Natural gas). 

Requesting that all shippers maintain offtakes from the system at or below their nominations. 

Texas Eastern: 

Restricting non-finn natural gas deliveries off of Leidy line. 

Restricting non-firm natural gas deliveries east of Chambersburg, Pa. 

Restricting non-fimn natural gas deliveries into Philadelphia, Pa. 

Warned that an operational flow order could be issued, which would restrict the flow of non-firm 

natural gas. 

Restricting non-firm natural gas deliveries fi'om producers in Marcellus and Dominion/Rockies 

Express pipelines due to natural gas quality issues. 

Issued a notice on the morning of the 25th that a compressor east of Delmont, Pennsylvania. This 

reduced flows east of Delmont by 575,000 MMBtu, which is just east of Pittsburgh. 

In the afternoon of 1/7, the Delmont Compressor Station is currently back online and operating at 

70 percent capacity, which should help maintain/build pressure on the pipeline into eastern PJM. 

Stated that No-Notice Service will be eliminated on 1/7 In response to compressor outage. 

Issued operational flow orders on the Philadelphia and Section M-3 (which leads into Philadelphia), 

due to lower pressures caused by the Delmont Compressor outage. 

Issued a critical notice that restricts takes off the pipeline after 4:30pm to their unifonn hourly 

nominated quantity. 

The Unionville Compressor station near Pittsburgh is out. Details are cun'ently unavailable on the 

effect on operations, but it should affect natural gas delivery east of Pittsburgh. 

Transcontinental: 

Issued a system-wide operational flow order (OFO). 

Natural gas deliveries out of the Marcellus are restricted at points due to high demand. 

Stated that injections from producers have been lower than expected (the amount was not 

disclosed) and that nominations on the pipeline will be reduced based on priority (i.e.: non-firm will 

get cut first). 

Suspending the nomination reductions caused by lower injections fi'om producers. 
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January 21.2014 

ANR: 

Issued an "E)itreme Condition" warning, which vwll limit a consumer's hourly takes from the pipeline 

to their hourljj nominated quantity. 

Columbia: 

Declared a "(fritical Transport" advisory for northern Ohio and westem Pennsylvania today (1/21) 

through Thur^ay (1/23). 

Dominion: 

Waming that {starting 6pm, January 16, and into the next week, that generators need to limit takes 

from the pipe ine to equal of their hourly nominated quantities. If not, Dominion may issue an 

operational fl^w order to maintain pipeline reliability. 

Restricting nqn-fimi deliveries into two LDC systems: East Ohio and the People's Natural gas 

Company. 

Restricting ncjn-firm deliveries into the southern portions of its pipeline system. 

Natural gas Pipeline JDf America: 

Issued an operational fiow order starting Monday (January 20). 

Texas Eastern: | 

Restricting n^n-firm natural gas deliveries east of Chambersburg, Pennsylvania. 

Restricting nin-firm natural gas deliveries into Philadelphia. 

Requiring geif^rators to limit takes off pipeline in Maricet Area 2 and 3. 

Transcontinental: 

Issued an operational fiow order, effective starting today (1/21), which requires generators to limit 

takes off the pipeline or face a penalty rate of $50 per MMBtu. 

January 22.2014 

ANR: 

Issued an "Eitreme Condition" waming, which will limit a consumer's hourly, takes from the 

pipeline to th< m houdy nominated quantity. 

Columbia: 

Declared a"(Iritical Transport" advisory for northem Ohio and western Pennsylvania through Friday 

(1/24), which will limit natural gas availability. 

Dominion: i 
i 
I 

Advising generators to limit takes from the pipeline to equal of their houriy nominated quantities. 
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Restricting non-firm deliveries into two LDC systems: East Ohio and the People's Natural gas 

Company. 

Restricting non-fimr) deliveries into the southern portions of its pipeline system. 

Natural gas Pipeline of America: 

Issued an operational flow order starting Monday (1/20). 

Texas Eastern: 

Restricting non-firm natural gas deliveries east of Leidy (in central Pennsylvania). 

Restricting non-firm natural gas deliveries east of Chambersburg, Pennsylvania. 

Restricting non-firm natural gas deliveries into Philadelphia. 

Requiring generators to limit takes off pipeline in Market Area 2 and 3. 

Transcontinental: 

Issued an operational flow order that requires generators to limit takes off the pipeline or face a 

penalty rate of $50 per MMBtu. 

January 23.2014 

ANR: 

Issued an "Extreme Condition" waming, which will limit a consumer's hourly, takes from the 

pipeline to their houriy nominated quantity. 

Columbia: 

Declared a "Critical Transport" advisory for northem Ohio and western Pennsylvania through Friday 

(1/24), which will limit natural gas availability. 

Dominion: 

Eliminating non-fimi deliveries at several points in Pennsylvania and Ohio. 

Advising generators to limit takes from the pipeline to equal of their houdy nominated quantities. 

Restricting non-finn deliveries into two LDC systems: East Ohio and the People's Natural gas 

Company. 

Restricting non-fimi deliveries into the southem portions of its pipeline system. 

Natural gas Pipeline of America: 

Issued an operational fiow order starting Monday (1/20). 

Texas Eastern: 

Restricting non-firm natural gas deliveries east of Leidy (in central Pennsylvania). 

Restricting non-fimi natural gas deliveries east of Chambersburg, Pennsylvania. 
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Resti'icting n|)n-fimi natural gas deliveries into Philadelphia. 

Requiring geherators to limit takes off pipeline in Maricet Area 2 and 3. 

Transcontinental: 

Issued an operational fiow order tiiat requires generators to limit takes off the pipeline or face a 

penalty rate ̂ i $50 per MMBtu. 

January 24.2014 

ANR: 

Issued an ''E;itreme Condition" waming in Chicago, which will limit a consumer's houriy takes from 

the pipeline. 

Columbia: 

Declared a "(Jritical Transport" advisory for northern Ohio and western Pennsylvania through Friday 

(1/24), which !will limit natural gas availability. 
i 

Dominion: ' 

Eliminating nijin-firm deliveries at several points in Pennsylvania and Ohio, 

Advising generators to limit takes from the pipeline. 

Natural gas Pipeline |)f America: 

Issued an operational flow order (OFO). 

Saturday (1 /^ ) , NGPA is limiting firm through some southern segments of its pipeline. 

Texas Eastern: | 

Restricting ncjn-firm natural gas deliveries east of Leidy (in central Pennsylvania). 

Restricting nc{n-finn natural gas deliveries east of Chambersburg, Pa. 

Restricting ncjn-fimi natural gas deliveries into Philadelphia. 

Requiring gerjerators to limit takes off pipeline in Maritet Area 2 and 3 (Ohio to New Jersey). 

Transcontinental: | 

Issued an operational flow order that requires generators to limit takes off the pipeline. 

January 27.2014 

ANR: 

Issued an "Ej^reme Condition" warning in Chicago. 

Columbia: 

Declared a "CJritical Transport" advisory for northem Ohio and western Pennsylvania. 
i 

Restricting st(^rage withdrawals of natural gas due to low inventories. 
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Dominion: 

Advising generators to limit takes from the pipeline. 

Natural gas Pipeline of America: 

Issued an operational flow order (OFO). 

Texas Eastern: 

Restricting non-finn natural gas deliveries east of Leidy (in central Pennsylvania). 

Restricting non-finn natural gas deliveries east of Chambersburg, Pennsylvania. 

Requiring generators to limit takes off pipeline in Market Area 2 and 3 (Ohio to New Jersey). 

Transcontinental: 

Issued an operational flow order that limits takes off the pipeline. 

January 28.2014 

ANR: 

Limiting pipeline withdrawals in Chicago. 

Columbia: 

Restricting non-firm transportation and storage withdrawals of natural gas due to low natural gas 

inventories, which can affect natural gas deliveries to generators, until Thursday (1/30). 

Dominion: 

Advising generators to limit takes from the pipeline. 

Natural gas Pipeline of America: 

Issued an operational flow order (OFO). 

Texas Eastern: 

Restricting non-finn natural gas deliveries east of Leidy (in central Pennsylvania). 

Restricting non-firm natural gas deliveries east of Chambersburg, Pa. 

Requiring generators to limit takes off pipeline in Market Area 2 and 3 (Ohio to New Jersey). 

Transcontinental: 

Issued an operational flow order that limits takes off the pipeline. 

Appendix D: Peak-Hour Per iod Availabil i ty Assessment 

For each generation capacity resource having a capacity commitment (Reliability Pricing Model or Fixed Resource 

Requirement) for a given delivery year, PJM evaluates the resource's availability during the peak-period of that 

PJM©2014 www.pim.com 63|P a ge 

http://www.pim.com


i- y- Analysis of Operational Events and Maricet Impacts 

During the January 2014 Cold Weattier Events 

delivery year̂ '̂  relative to its expected availability, and a Capacity Market Seller is credited or charged to the extent 

the critical peak-period availability of its committed Generation Capacity Resources exceeds or falls short of the 

expected availability of such resources. 

The peak-period equivalent forced outage rate (EFORp) is the measure of a generation resource's unavailability 

during tiie peak-period of the commitment delivery year. This rate is compared to the resource's expected 

unavailability rate as measured! by the resource's five-year average equivalent forced outage rate (EFORd-5). For 

purposes of this assessment, ti|e EFORp and EFORd-5 exclude outages deemed outside management control. In 

addition, for single-fijeled, natu(al gas-fired units, a failure to pertdnn during the winter-peak shall be excluded if it 

can be demonstrated that suchjfailure was due to non-availability of natural gas to supply the unit. 

Generation unit availability for tfie comwi\tmen,i delivery year (Committed installed capacity * (1 - EFORp)) is 

compared to expected generatipn unit availability (Committed installed capacity * (1 - EFORd-5)) to detemiine tiie 

excess or shortfall in Peak-Houf* Period availability for each generation capacity resource^^. The net Peak-Hour 

Period availability shortfall or e)|:cess for each Capacity Market Seller in each locational delivery area is the net of the 

shortfalls and excesses of all of the seller's resources in that locational delivery area. 

A Peak-Hour Period Avaifabi/ityjCharge shall be assessed on each Capacity Market Seller with a net shortfall in an 

locational delivery area, where feuch charge is equal to the shortfall quantity times the Seller's weighted average 

Resource Clearing Price for thej locational delivery area. 

Preliminary Peak-Hour Period Availability determinations have been made to detemiine the impact of high forced 

outage rates experienced in January 2014. The estimates are very preliminary and subject to change upon 

finalization of EFORp values fof delivery year 2014 but the results do show higher EFORp values and higher Peak-

Hour Period Availability charge^ for 2013/14 Delivery Year relative to two prior delivery years. 

11/12 Daily Peak-Hour Period Availability Charges: $12,838.57 

12/13 Daily Peak-Hour Period Availability Charges: $25,822.98 

13/14 Preliminary Daily Peak-h^ur Period Availability Charges: $45,585.71 

13/14 Preliminary with JanuarylDaily Peak-Hour Period Availability Charges: $112,387.99 

^̂  For purposes of ̂ is assessment,Ithe peak-period is defined as hours ending 3 p.m. through 7 p.m. for each nort-holiday weekday during 
the calendar months of June through August and hours ending 8 a.m. through 9 a.m. and 7 p.m. through 8 p.m. for each non-holiday 
weekday In January and Febnjary. This peak-period definition encompasses approximately 500 hours in a delivery year. 

^ The shorten determined for any deneration Capacity Resource shall not exceed an amount equal to 0.50 times the Unforced Capacity of 
such resource; provided, howevej, that If such limitation is triggered as to any Generation Capacity Resource for a Delivery Year, then the 
decimal multiplier for Uiis calculauon as to such resource in the immediately succeeding Delivery Year shall be increased to 0.75, and if 
such limitation again is triggered i|i such succeeding Delivery Year, ttien the multiplier shall be increased to 1.00. The multiplier shall 
remain at either such elevated levtel for each succeeding Delivery Year until the shortfall experienced by such resource is tess than 0.50 
times the Unforced Capacity of such resource for three consecutive Delivery Years. 
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t j Primary Reserve Warning 

^ Primary Reduction Warning Reduction 
of Non-Critica) Plant Load 

|.- Manual Load Shed Warning 

I; Emergency Mandatory Load 
Management Reductions 

I ; Maximum Emergency Generation 

• 1 ^ Energy Oniy Option Emergency 
: Load Response 

: ^ , Curtailment of Non-Essential 
: ^ Building Load Voltage Reduction 

: 0 j Manual Load Shed 

> 

o 
00 

o 
0 1 

Wednesday, January 1 

9:10 Cold Weather Alert issued for 12/30/13-01/03/14, ComEd Control Zone 

9:10 Cold Weather Alert issued for 12/30/13-01/03/14, ComEd- Control Zone 

Friday, January 3 

6:25 TLR Level 1,PJM-RTM 

10:55 Cold Weather Alert issued for 1/6/14, PJM - RTO (Except MidAtl & Dom) 

11:00 Cold Weather Alert issued for 1/7/14, PJM- RTO 

Saturday, January 4 

12:41 TLR Level 0 PJM RTO 

Monday, January 6 

11:25 EEA1 and Max Emergency Generation Alert PJM - RTO 

17:01 Spinning in PJM - RTO 

Canceled: 1/4/2014 12:41 

Canceled: 1/7/2014 4:10 

Canceled: 1/7/2014 22:56 

Canceled:1/4/2014 17:57 

Canceled: 1/7/2014 22:56 

Canceled: 1/6/2014 18:09 
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17:02 Shared Reserves S()heduled from NPCC - 775 MW PJM - RTO 

19:27 Voltage Reduction VJ/aming PJM - RTO 

19:33 Max Emerg Gen - Riro 

19:50 Voltage Reduction /ijction of 5% PJM - RTO 

21:18 Shared Resen/es Scheduled to NPCC -163 MW PJM - RTO 

21:20 Spinning Reserves lb MIDATL 

23:18 Spinning Resen/es ih RTO 

23:21 Shared Resen/es Scfheduled from NPCC - 8Q0 MW 

Tuesday, January 7t 

0:55 Reserve Reqt -2433MW, Estimated Reserve 1950 MW 

1:53 Energy Request for p6:00 through 11:00 hours EPT today 

2:51 Voltage Reduction Vi/arning 

4:30 Max Emerg Gen 

4:30 EE/\2 and Emergency Mandatory Load Management w/Long Lead Time 

4:30 EEy\2 and Emergenî y Mandatory Load Management w/Short Lead Time 

6:27 Spinning in PJM forlMax Gen 

6:27 Shared Reserve: -2(i)0MWwith VACAR 

8:14 Shared Reserve: -2(i)0MW with VACAR 

8:20 Spinning in PJM for|UnitTrip 

8:45 Shared Reserve: -2l|lOMW with VACAR 

9:38 Cold Weather Alert for 1/8/2014 

11:00 Member to call Menjber Relations during cold weather operations 

12:00 EEA1 and Max Emergency Generation Alert 

13:30 Energy Request for |l 7:00 through 21:00 hours EPT 

15:00 Max Emerg Gen | 

15:00 EEA2 and Emergenjcy Mandatory Load Management w/Long Lead Time 

15:00 EEA2 and Emergenjcy Mandatory Load Management w/Short Lead Time 

15; 00 Max Emerg Gen Aclion Trans 

Canceled: 1/6/2014 17:15 

Canceled: 1/6/2014 21:23 

Canceled: 1/6/2014 21:03 

Canceled: 1/6/2014 20:45 

Canceled: 1/6/2014 21:56 

Canceled: 1/6/2014 21:45 

Canceled: 1/6/2014 23:52 

Canceled: 1/6/2014 23:24 

Canceled: 1/7/2014 12:14 

Canceled: 1/7/201412:12 

Canceled: 1/7/2014 12:14 

Canceled: 1/7/2014 12:14 

Canceled: 1/7/2014 11:00 

Canceled: 1/7/2014 11:00 

Canceled: 1/7/20146:38 

Canceled: 1/7/2014 7:30 

Canceled: 1/7/2014 8:25 

Canceled: 1/7/2014 9:01 

Canceled: 1/7/2014 21:28 

Canceled: 1/8/201410:35 

Canceled; 1/8/201418:35 

Canceled: 1/7/201418:16 

Canceled: 1/7/2014 18:16 

Canceled: 1/7/201418:16 

Canceled: 1/7/201418:16 

Canceled: 1/7/2014 14:52 

Wednesday, January 8 
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Canceled: 1/8/2014 8:00 

Canceled: 1/8/2014 7:02 

Canceled: 1/8/2014 7:02 

Canceled: 1/8/2014 7:43 

Canceled: 1/10/2014 11:58 

Canceled: 1/21/2014 13:58 

Canceled: 1/21/2014 21:33 

Canceled: 1/21/2014 21:39 

Canceled: 1/22/2014 21:01 

5:00 Max Emerg Gen 

5:00 EEA2 and Emergency Mandatory Load Management w/Long Lead Time 

5:00 EEA2 and Emergency Mandatory Load Management w/Short Lead Time 

5:30 Emergency Energy Request 

9:30 Cold Weather Alert for 01/08/2014 

12:00 EEA1 and Max Emergency Generation Alert 

Friday, January 10 

11:46 Spinning in RFC for 2 Units Trip 

Tuesday, January 21 

11:19 Cold Weather Alert for 01/21/2014, PJM - RTO (Except MidAtl & Dom) 

13:52 Spinning in RFC for Unit Trip 

21:26 Spinning in PJM for Unit Trip 

21 ;29 Shared Resen/es: 800 MW with NYISO 

Wednesday, January 22 

10:15 Special Notice-may call Max Emerg Gen 

11:19 Cold Weather Alert for 1/22/2014, PJM- RTO 

14:00 EE/V2 and Emergency Load Management w/Short Lead Tm BGE/PEPCO Canceled: 1/22/2014 21:00 

14:00 EEA2 and Emergency Load Management w/Long Lead Tm BGE/PEPCO Canceled: 1/22/2014 21:00 

14:00 Max Emerg Gen BGE/PEPCO 

17:20 Max Emerg Gen BGE/PEPCO 

17:36 Shared Reserves: -117MW with NYISO PJM- RTO 

17:54 Spinning in MIDATL for Transfers 

19:30 EEA1 and Max Emergency Generation Alert AP/MidAtl/Dom 

20:03 Voltage Reduction Alert BGE/ PEPCO 

20:56 Shared Reserves:-73MW with t^YISO 

Thursday, January 23 

4:30 EEA2 and Emergency Load Management: Short AP /Mid-Atlantic /Dom 

4:30 EEA2 and Emergency Load Management: Mid-Atlantic 

4:30 EEA2 and Emergency Load Management: Long AP/Mid-Atlantic/Dominion Canceled: 1/23/2014 4:58 

4:30 EEA2 and Emergency Load Management: Short AP Canceled: 1/23/2014 8:29 

Canceled: 1/22/201421:00 

Canceled: 1/22/2014 21:00 

Canceled: 1/22/201418:00 

Canceled: 1/22/201418:02 

Canceled: 1/24/2014 0:14 

Canceled: 1/24/2014 0:14 

Canceled: 1/22/201421:06 

Canceled: 1/23/2014 4:58 

Canceled: 1/23/2014 8:29 

PJM ©2014 www.pim.com 6 7 I P a g e 

http://www.pim.com


Analysis of Operational Events and Market Impacts 

During tfie January 2014 Cold Weather Events 

Canceled: 1/23/2014 8:29 

Canceled: 1/23/2014 8:29 

Canceled: 1/23/2014 8:29 

Canceled: 1/23/2014 8:29 

Canceled; 1/23/2014 8:29 

Canceled; 1/23/2014 8:05 

Canceled: 1/23/201419:00 

4:30 EEA2 and Emergenjiy Load Management: Long Dominion 

4:30 Max Emerg Gen ^P/Mid-Atlantic/Dominion 

4:30 EEA2 and Emergency Load Management: Long AP 

4:30 EEA2 and Emergency Load Management: Long Dominion 

4:30 EEA2 and Emergenjiy Load Management; Long Mid-Atlantic 

4;50 Emergency Energy pequest PJM - RTO 

12:00 Cold Weather Alert fcr RTO on 1/23/2014 

14:00 Max Emerg Gen Ac^on Trans AP /Mid-Atlantic / Dominion 

14:00 EEA2 and Emergency Load Management: Short AP /Mid-At/antic /Dominion Canceled; 1/23/201419:00 

14:00 EEA2 and Emergenfjy Load Management: Long AP/Mid-Atlantic/Dominion Canceled: 1/23/201419:00 

19:15 EEA1 and Max Emergency Generation Alert Mid-Atlantic Canceled; 1/25/20141:36 

Friday, January 24 

4:30 Max Emerg Gen APJ/Mid-Atlantic/ Dominion Canceled: 1/24/2014 8:45 

4:30 EEA2 and Emergenby Load Management: Short AP/Mid-Atiantic/Dominion Canceled: 1/24/2014 8:45 

4:30 EEA2 and Emergency Load Management: Long AP/Mid-Atlantic/Dominion Canceled: 1/24/2014 8:45 

7:20 Voltage Reduction gaming BGE ;PEPCO 

12:00 Cold Weather Alert jor RTO on 1/24/2014 

Saturday, January 25 

0:22 Spinning in MIDATLJfor Transmission West transfers Mid-Atlantic 

22:30 TRL Level 3a PJM-JRTO 

Sunday, January 26 

5:28 TRL Level 1 PJM-fjlTO 

8:23 TRL Level 0 PJM f RTO 

12:11 Spinning in PJM forjUnit Trip PJM- RTO 

Monday, January 27 

8:45 Voltage Reduction Alert PJM-RTO 

8:45 Primary Reserve Al^rt, PJM - RTO 

8:45 EEA1 and Max Emergency Generation Alert PJM - RTO 

16:24 C2 Statement for c|)ld Weather emergency 

Tuesday, January 28 

Canceled; 1/24/2014 9:37 

Canceled; 1/25/2014 00:32 

Canceled; 1/26/2014 5:28 

Canceled: 1/26/2014 8:23 

Canceled; 1/26/2014 8:23 

Canceled: 1/26/201412:11 

Canceled: 1/28/2014 8:32 

Canceled: 1/28/2014 8:32 

Canceled: 1/28/2014 8:32 

Canceled; 1/28/2014 21:02 
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10:00 Cold Weather Alert for 1/28/2014 for RTO 

Wednesday, January 29 

8:45 Cold Weather Alert for 1/29/2014 for RTO 

17:45 TLR Level 3a, PJM-RTO 

Thursday, January 30 

5:51 Max Emerg Gen, Mid-Atlantic/Southem 

6:50 Voltage Reduction Waming. PJM - RTO 

14:15 TLR Level 0, PJM-RTO 

17:49 Shared Resen/e: -83MW w/ NYISO 

Friday, January 31 

10:05 Spinning in MIDATL for Unit Trip Mid-Atlantic 

Canceled: 1/30/201414:15 

Canceled; 1/30/2014 9:06 

Canceled; 1/30/2014 7:34 

Canceled; 1/30/2014 14:15 

Canceled: 1/30/2014 18:05 

Canceled; 1/31/2014 10:17 
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Executive Summary 

The winter of 2015 marited the second consecutive year in which extreme cold weather conditions affected the PJM 

Interconnection footprint. In 2015, those conditions occurred in both January and February white in 2014 the polar 

vortex and winter stomas took place in January. 

System perfomiance during the 2015 cold weather events of Jan. 7 and 8 and Feb. 19 and 20 showed improvements 

over the winter of 2014. In part, the improvements reflected actions taken by PJM and its members as a result of 

analysis, lessons teamed, and implementation of recommendations from the 2014 experience. With generation 

outage rates remaining above historical nomis^ in 2015, PJM continues to see the need for sustained incentives to 

improve generation perfomiance, particulariy during peak winter demand periods. 

Key points from the report are summarized below. 

Temperatures and Peaks 

The winter of 2015 was mariced by cold temperatures similar to the winter of 2014 - with the coldest temperatures 

experienced during Febnjary 2015 throughout the entire PJM footprint Numerous cities across PJM hit their daily 

low-temperature records during February 2015. Due to the low temperatures and associated high electricity demand 

for heating needs, PJM set a new wintertime peak demand record of 143,086 megawatts the moming of Feb. 20 

(hour ending 0800). The new peak record surpassed the previous ail-time winter peak of 142,863 MW set Jan. 7, 

2014. Some of the individual transmission zones within the PJM footprint also set all-time record winter peaks. 

In addition to the extremely cold temperatures, PJM also reviewed effective temperatures or wind chill data, for select 

cities throughout the footprint for both 2014 and 2015. This analysis indicated January 2014 actually felt colder just 

about everywhere when compared to 2015, espedally in Columbus, Cleveland and Chicago, where effective 

temperatures were between 14 and 16 degrees wanner in 2015. The significant wind chill experienced during 2014 

could have contributed to the higher amount of generator forced outages encountered in 2014. By conoparison, the 

less severe wanner effective temperature, wind chill, in 2015 may have contributed to improved generator 

performance. 

Generator Perfonnance 

Generator perfomiance in Febnjary 2015 showed improvement, with forced outage rates better than in January 

2014. For the moming of Feb. 20,2015, when PJM reached a new all-time winter peak, the forced outage rate was 

13.4 percent, representing 24,805 MW of generation forced out of service. Although the 2015 winter peak forced 

outage rates represent an improvement over the 22 percent forced outage rate during the Jan. 7,2014, peak, the 

2015 rates were still above historical "nonYiar winter peak outage rate of between 7 and 10 percent. 

The perfomiance improvements of winter 2015 over 2014 are attributed to steps PJM and generation owners initiated 

after the winter of 2014 experience: pre-winter operational testing fbr dual-fuel and infrequently mn units, a winter-

1 The PJM Capacity Performance proposal currently pending before FERC is designed to address the lac^ of generation performance incentive 
that cun'ently exists in PJM region, 
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preparation checklist program, l̂ ietter communication of fuel status and increased coordination with natural gas 

pipelines. 

Atotalof168 units (9,919 MW) 

winter operational testing had a 

participated in the pre-winter operational testing. Units that participated in the pre-

lower rate of forced outages compared to those ^at did not test. 

While the 2015 improvements Were effective, PJM does not believe that short-temi measures are adequate to ensure 

long-tenn generation perfomnar ce improvements on a sustained and dependable basis. As PJM explained in its 

Capacity Performance discussii )ns, the current perfbmnance generation incentives are inadequate and longer-temn 

solutions are necessary. j 

Operations 

PJM used winter of 2014 data i^ its load forecasting tool to improve the accuracy of its forecasting this winter. 

Accurate forecasting is one of t(ie most important aspects of planning and preparing for daily operations and is the 

primary driver for scheduling gejneration. The average load forecasting enor for the four highest peak days in 

February 2015 was 1.52 percetit, compared with 2.29 percent for the six highest peak days in January 2014. The 

February improvement is equivalent to 1,050 MW of load. 

PJM met its Feb. 20,2015 peal 

need for emergency demand 

beyond a cold weather alert. P 

, the new all-time winter peak, with internal capacity and interchange without the 

re sponse, shortage pricing, emergency energy purchases or emergency procedures 

M also maintained its reserve requirements at all times. 

Gas/Electric Coordination 

PJM reviewed the availability oi 

footprint, plus the price of natur il 

available in the PJM market arc a 

natural gas and heating oil wen 

2015 was about $75/MMBtu; 

obsen/ed in 2015 was equivale(it 

2(14 

natural gas and liquefied natural gas as well as gas restrictions issued in the PJM 

gas and heating oil. In summary, more natural gas and liquefied natural gas was 

i in 2015 compared to 2014. Natural gas storage increased in 2015. Prices for both 

lower than winter of 2014 prices. The highest natural gas spot price observed in 

spot prices went higher than $125/MMBtu. The highest heating oil prices 

to about $13/MMBtu while 2014 spot prices went up to $22/MMBtu. 

Despite more natural gas, LNG 

Units that had gas supply 

their unit parameters (e.g. minimum 

altemate fuel was available, 

percent of total forced outages, 

sen/ice because of natural gas 

and storage, there were just as many, if not more, restrictions issued by the pipelines, 

restritited by their pipelines were forced to take an outage, ask for an exception to some of 

run time) or mn on an altemate fuel, if the unit was capable of doing so and the 

moming of Feb. 20, forced outages from gas issues totaled 7,420 MW, or 29.9 

In comparison, at the Jan. 7,2014, peak, 9,300 MW of gas-fired capacity was out of 

jnavailability, or about 25 percent of the total outages. 

Or the 

PJM established a gas-electric 

coordination with natural gas 

planning and scheduling with 

generators. 

coordination team, as recommended in the 2014 Winter Report, to establish closer 

pi }elines and assist PJM Dispatch in factoring gas availability data into its cold weather 

gi merators. Dispatch also benefited fi^m improved reporting on gas status by 
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Impact on Market Operations 

Due to the record-setting winter peak, on the moming of Feb. 20,2015, the RTO real-time LMP hit a high of $418.67 

per megawatt-hour (hour beginning 0600) - the highest LMP reached this winter. By comparison, on Jan. 7,2014, 

LMPs exceeded $1,800 per megawatt-hour. 

Ancillary services prices, specifically prices for regulatbn and resen/es, trended with energy prices during the winter 

of 2015. The highest regulation price was just over $600 per megawatt-hour for two hours during the extreme cold 

periods in 2015, compared to approximately $3,300 per megawatt-hour during the 2014 Polar Vortex. Synchronized 

reserve prices hit a maximum of $243.14 on Feb. 20,2015, (hour beginning 2000), and the non-synchronized 

reserve prices hit a maximum of $189.24 on Feb. 20,2015, (hour beginning 0700), both coinciding with rising real­

time energy prices during the respective timeframes. 

Uplift moderated in January and Febmary 2015 compared to the same period in 2014. Uplift for the combined 

months of January and Febmary 2015 was $150.5 million, compared to the $653 million for the same period in 2014. 

However, uplift levels during the winter were still elevated above average levels, which indicate an ongoing need to 

address the drivers for uplift such as inflexible unit parameters and gas generation operational inftexibtfity caused by 

pipeline constraints and other issues. 

2015 Recommendations 

Many recommendations identified from winter 2014 were implemented in whole or in part for the winter of 2015 and 

had a positive impact on operations and market outcomes. Even with better perfonnance in winter 2015, PJM has 

identified areas for continued improvement. These include: 

• Continue with the implementation of the Capacity Performance proposal to address resource perfonnance 

incentives on a sustained basis 

• Coordination between the gas and electric industries 

• Enhance the ability for generators to communicate operational parameters to PJM 

• Build upon the success of the cold weather unit exercise and preparation checklist fo improve the value 

while balancing the costs 

• Investigate methods and procedures for reducing the amount of uplift to be paid 

Report Organization 

This report is organized by key topic, including Weather and Load, Generator Perfbmfiance, Natural Gas Conditions. 

Maricet Outcomes, Emergency Procedures, Reserves, Interchange and Bulk Electric System Status, foltowed by a 

summary of implemented 2014 recommendations and their impacts, new recommendations from the winter of 2015 

and appendices. 
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Weather and Load I 

The winter of 2015 was mari<e( by cold temperatures similar to the winter of 2014, with the entire PJM 

Interconnection footprint experi jncing its coldest temperatures during Febmary 2015. Numerous cities throughout 

PJM hit their daily low temperaiure record during Febmary 2015. PJM set a new wintertime peak demand record of 

143,086 MW for the RTO in the! moming of Feb. 20,2015, (hour ending 0800), due to low temperatures and 

associated high-electricity dem md for heating needs. In addition, some of the indivklual zones vi/ithin the PJM 

footprint also set all-time recon winter peaks. 

While temperatures in the PJMffootprint during January 2015 were slightly betow statewide average temperature 

ranges, temperatures in Febmary were significantly lower than the average. 

Cities - including Philadelphia, iA/ashington D.C, Richmond, Cleveland. Columbus, Lexington and Chicago - hit their 

daily low temperature record or Feb. 19 and 20. On Feb. 19, Philadelphia (8 degrees Fahrenheit), Washington, D.C. 

(11 degrees F), Richmond (9 d sgrees F), Cleveland (minus 4 degrees F), Columbus (minus 3 degrees F) and 

Lexington (minus 8 degrees F) experienced their record daily low temperatures; on Feb. 20, Washington (5 degrees 

F), Cleveland (minus 17 degreas F), Columbus (minus 8 degrees F), Lexington (minus 18 degrees F) and Chicago 

(minus 7 degrees F) experience their record daily tow temperatures. The cold temperatures were persistent, and 

most of these cities also experienced the extreme cold temperatures for multiple days. 

Figure 1. 2015 Lowest Temperatures (Fahrenheit) 

Jan. 2015 
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Figure 2. Statewide Average Temperature Ranks February 2015 

Statewide Average Temperature Ranks 
February 2015 
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The persistence of these extreme cold temperatures drove the high load values and all-time winter peaks for the 

winter of 2015. PJM set four new RTO winter peaks (of the top 10 winter peaks), with one of them being the new 

wintertime peak demand record of 143,086 MW set the moming of Feb. 20 (hour ending 0800). Two of the 2015 

peak load days were set on Jan. 7 and 8 and two on Feb. 19 and 20. Although the new record winter peak was set 

this winter, no emergency demand response or any other capacity emergency actions were required. 

Figure 3. Top Ten RTO Winter Peaks 
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In addition to tiie RTO winter p^ak records set this winter, some of the individual zones within the PJM footprint also 

set all-time record winter peaksj. PP&L, BG&E, Pepco, DP&L, AEP, EKPC and Dominion zones set new all-time 

winter peak demand records dijring the winter of 2015. 

Figure 4. Zones vnth Alt-Hnie Winter Peaks 

Zone 
All Time Winter Peak 

Feb. 20,2015, Meteri»l Load (MW) 

Previous^Winter Peak 

Metered Load (MW) 

PP&L 

BG&E 

Pepco 

DP&L 

FE South (AP) 

AEP 

EKPC 

Dominion 

8.055 

6,712 

6,066 

4,114 

9,594 

24,739 

3,490 

21,608 

7,577(2/1/2007) 

6,347 (2/1/2007) 

5,606 (2/1/2Q07) 

3,603 (2/1/2007) 

8,664 (2/1/2007) 

24,434 (1/1/2009) 

2,478(1/1/2013) 

18,079(2/1/2007) 

Load Forecasting 

Load forecasting and the accuracy of the forecast are critical to PJM operations. The forecasted load is the basis 

upon which generation schedul ng decisions are made. Any error, high or low, can significantly impact both reliability 

and prices. PJM's goal is to for* cast load with a less-than-3 percent en-or rate. The average load forecast en-or for 

winter the peak days in 2015 wi is 1.52 percent 

PJM uses a neural net load forecasting 

weather day" to develop the for ;cast 

adjustments based on experien 

week prior to an operating day 

projections and historical load 

model, which uses historical data, including "similar load day" and "similar 

:. A PJM dispatcher and on-staff meteorologist review the forecast and make 

e and system conditions to develop the published forecast This process begins a 

i ind continues until the operating day. During that time, PJM monitors weather 

patterns to update the published load forecast, sometimes multiple times per day. 

Although the average load foredast 

day on the evening peak of Jan 

accuracy for each peak during f ie 

error for the winter peak days in 2015 was 1.52 percent there was one outiier 

7,2015, which was 3.98 percent under forecast The chart below shows the forecast 

winter of 2015. 
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Figure 5. 2015 Peak Error 

Date 

1/7/2015 

1/8/2015 

2/19/2015 

2/20/2015 

Rank 

9 

3 

T 

1 

Peak Hour 

20 

8 

20 

8 

Peak Load 
Actual (MW) 

136.119 

136,669 

14Q;860 

143,826 

Peak Forecast 
(1800 hrs.) 

130,703,^ 

135,651 

140.855^:;;: 

141,851 

•Average 

Peak Error 

(%) 

-3.98 

-0.74 

0.02 

-1.37 

-1.52 

In 2015, PJM Improved its load forecasting over the winter peaks from an average 2.29 percent en-or In 2014 to an 

average 1.52 percent error. The 0.77 percent, or 1,078 MW. improvement is the equivalent of one nuclear unit or two 

combined-cycle units. The availability of "similar load days" from Ihe winter of 2014, as input into the neural net, was 

the key factor in tfiis improvement. 

By contrast, at the time of the 2014 Polar Vortex, virtually no similar days existed in the past 10-to-15 years for the 

neural net to reference, and the load forecasting model accuracy was negatively impacted. With similar weather and 

load days in its recent history, the neural net and operator experience helped improve the load forecasting in 2015. 

2014 Compared to 2015 

To better understand the winter of 2015 compared to 2014, PJM evaluated temperatures, w/ind chill, duration of 

extreme cold weather days and progression of temperatures and their impact on load. 

Temperatures by Month 

The months in the respective winters with the extreme tow temperatures were January 2014 and February 2015. 

When compared to January 2014, in Febmary 2015 temperatures were slight^ colder In the east and south by 4-6 

degrees F but milder in Ohio by 1-3 degrees F and northem Illinois by about 9 degrees F. The milder areas were still 

well below zero degrees F. Comparing the two coldest months across the two years, the temperatures were similar, if 

not slightly colder on average, in 2015. 

PJM ©2015 www.pim.com 1 1 | P a g e 

http://www.pim.com


2015 Winter Report 

Figure 6. Lowest Tetnperatuijes by Month 2014 and 2015 (Fahrenheit) 
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Wind Chill 

In addition to tiie extreme temperatures, PJM also reviewed the effective temperatures or wind chill data, for select 

cities throughout the footprint (ds shown in the table below). The wind chill provides a perspective of how cold the 

temperature "feels." This analysis yielded contradictory data that indicated January 2014 actually felt colder just 

about everywhere when compa 

during January and February is 

ed to 2015, especially in Columbus, Cleveland and Chicago. The wind power output 

reviewed in the Generation Section of the report. In both years, the wind power 

output was greater ttian the 13 percent capacity factor. 

Wind can have a significant impjact on generator perfomiance. Wind cam'es the heat away from improperiy, pooriy or 

uninsulated surfaces faster thai| cold still air. Wind coukl cause a higher rate of fuel bum for a fossil-fueled plant 

possible fj-eezing of drain and vJater supply piping, river water intake problems for steam plants and possible 

fomiation of frazil ice for steam jand hydro plants. Coal plants could experience an increase in problems witii ash-

handling equipment and associ|ited pollution control equipment as well. Wind chill impacts are amplified for 

generators and component equ pment that are not constmcted v^Ui building enclosures. 

The significant wind chill experienced during 2014 (as shown in the table below) could have contributed to the higher 

amount of generator forced outages encountered in 2014. The viramner efiective temperature, or wind chill, in 2015 

also could have helped improvej generator performance. 
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Figure 7. Wind Chill Comparison 2014 and 2015 (Fahrenheit) 

January 2014 February 2015 

LowestTemp Effecthre . ^ ^ T ^ , . Kfective ^ ^ ^ ! ! ! ! R ^ ! ! ^ u n 
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Extreme Cold Weather Days and Persistence of Cold Weather 

PJM also reviewed the number of extreme cold weather days, defined as any day when the efiiective temperature 

was below zero degrees F. January 2014 and Febmary 2015 are comparable in the number of sub-zero days 

obsen/ed by city, 63 days in both years. 

In addition to comparing the extreme cold weather days, PJM also evaluated the maximum number of consecutive 

days with temperatures below 10 degrees F per city to understand the persistence of the cold weather. The threshold 

of below 10 degrees was used because that is the trigger temperature for PJM to issue a cold weather alert. Almost 

every city experienced slightly more extended cold weather in 2015 versus 2014. PJM has observed that extended 

extreme weather, hot or cold, tends to drive peak loads higher after the first day. Some possible explanations for this 

higher load could be: changes in residual heating in buikllngs. which drives HVAC toad changes, and changes in 

human behavtor as extreme weather persists, such an inaeaslng or decreasing thermostats and staying inside using 

more electricity. In addition, the net energy usage also was evaluated. Out of January and Febmary 2014 and 2015. 

January 2014 had the highest net energy usage, but, when looking at the total for January and Febmary 2014 

compared to January and Febmary 2015,2015, had higher net energy usage. 

Figure 8. Number of Days iMth Effective Temperatures Less than D Degrees F (Note - coldest months in 2014 and 
2015 are next to each other for tetter comparison) 
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Figure 9. Maximum Number pf Consective Days below 10 Degrees (Fahrenheit) 

Max Number of Consecutive Days below 10-degrees 
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Temperature and Peak Load progression 

One of the most notable differejices between the two years is the progression of temperature and load changes in 

the period of ti'me leading up to the peak. The top two winter peak days, Jan. 7,2014, and Feb. 20,2015, 

experienced drastically differen: temperature changes across the PJM footprint from the prior peak period. 

For example, tiie temperature drop in Philadelphia between Jan. 6 and Jan. 7,2014, was 38 degrees in 10 hours, 

dropping from 30 degrees to mlius 8 degrees. In contrast, there was only a 14-degree drop fi'om 7 degrees to 

minus 7 degrees leading into tiJe moming of Feb. 20,2015. The drastic temperature drop was consistent across most 

of the cities in 2014 versus 201 i. This temperature drop at the onset of the Polar Vortex in 2014 translated to a major 

and rapid increase in system lo id. The chart below shows the progression of the peak load for five days leading up 

to, and including, the peak wint ir days in 2014 and 2015. 

Even though the peak load 

leading up to the peak in 2014 

was greater than 32,000 MW 

prior to the peak day in 2015. 

values were similar for tiie two peak days In each year, the substantial change in load 

^ade a big difference. The two-day toad change just before the Polar Vortex in 2014 

percent change) compared to an approximate 16,000 MW load change two days (22 

The rapid load change requiredja con-espondingly rapid amount of generation to come on-line. PJM experienced ttie 

majority of tiie unit failures during ttie time of tiie largest load increase leading into the 2014 peak. In 2015, there was 

a slower progression of load change leading to the all-time peak, allowing generation to come on line more gradually. 

PJM experienced 40 percent le is forced outages in 2015 during ttie peak period. Generation perfonnance is 

discussed in ttie section betow. 
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Figure 10. Day to Day Peak Load Progress for 2014 and 2015 
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Figure 11. 2014 Temperature Drops (Fahrenheit) 

Philadelphia 

Washington, DC 

Richmond 

Cleveland 

Columbus 

Lexington 

Chicago 

Jan. 6,201418:00 

30 

27 

39 

-21 

-15 

-7 

-28 

Jan. 7.201418:00 

4 

16 

13 

-8 

0 

4 

-5 

Change in Temp. 

26 

11 

26 

13 

15 

11 

23 

Figure 12. 2015 Temperature Drops (Fahrenheit) 
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2015 Generator Performance 

As stated in ttie Weattier and ijoad analysis section of this report, the winter of 2015 was similar to the winter of 2014 

in temns of temperatures and hjad a higher all-time peak toad. The perfomiance of ttie generation fleet improved in 

2015 compared to 2014 but tti^ generation pertbrmance in winter of 2015 remained below historical nonns. To better 

understand what contributed tc 

reviewed ttie online generation 

of 2014 and their impacts. 

the improved perfomiance from the winter of 2014 to the winter of 2015, PJM 

outage amounts and causes, and implementation of lessons learned from the winter 

Generation Online 

PJM was able to reliably meet the all-time peak load and maintain resen/e requirements in winter of 2015 without the 

need to activate emergency deinand response resources, use of market mechanisms such as shortage pricing, 

purchase of emergency energij, or taking emergency procedures beyond cold weather alerts. There was also a 

1,200 MW net decrease in installed generation from 2014 due to unit retirements. Improved generator perfomnance 

was a key contributing factor tcjthis outcome. 

The following amount of generation was online in the PJM footprint during the all-time peak on Feb. 20,2015: 

Date/Time 

02/20/2015 08:00:00 

Installed Generation (MW) 

185.462 

Generatton Online (MW) 

138,796 

Coal. 4 1 % 

Figure 13. Breakdown of generation online for all fuel types during the Feb. 20,2015 peak 

Wir^d. 2%, 

Solar, 0%. 

Other. 1% 

Oil, 4 % # 1 

Hydro. 3% 

Natural Gas, 26% 

Nuclear, 23% — ^ 

This generation mbc is similar toj ttie generatton mbc ttiat was online at the peak in 2014 with a small increase in coal 

generation output in 2015. I 
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Performance of Wind Units 

The chart betow shows ttie trending wind generation output during the Jan. 6-7.2014, and Feb. 19-20,2015, winter 

peaks compared to the total capability and capacity of the wind generation resources in PJM. (Note that currentty in 

PJM the average wind capacity factor is 13 percent of total wind capability.) Wind produl[^n over ttie winter peak 

hour in 2014 (Jan. 7,1900 hours) was approximately 1,590 MW out of a total capability of 6,457 MW (capacity factor 

of 25 percent). Wind production over the winter peak hour in 2015 (Feb. 20,2000 hours) was approximately 

2.575 MW out of a total capability of 6,811 MW (capacity fector of 38 percent). 

Figure 14. Wind Generation Perfonnance at Peaks (2014 Vs 2015) 
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Performance of Retiring Generation 

Environmental regulations havp resulted in approximately 11,560 M W of generation retiring between 2015 and 2018. 

Until ttie units retire, they are EJtill available for PJM dispatch to meet load. The table below indicates how ttie units 

scheduled to retire performed ̂ uring the winter peaks of 2014 and 2015. 

Figure 15. Retiring Generation during the winter peaks of 2014 and 2015 

Retiring Generation 

Installed Generation 

Generation Online 

Total Outages (Planned, Mainten; nee, Forced) 

Forced Outages 

NotCalted 

Jan. 7,201419:00 

14,036 

7,273 (52%) 

5,333 (38%) 

5,222 (37%) 

1,041(7%) 

Feb. 20,2015 08:00 

11.560 

5,655 (49%) 

3,549(31%) 

3,496 (30%) 

1,971(17%) 

The forced outage rates for retiring units in 2015 was not as high as the forced outage rate for retiring units in 2014, 

but the pool of retiring resourcejs was also reduced by unit retirements in 2014. More notewortfiy, the forced outage 

rate for retiring units continues lo be significantly higher, at 31 percent, than the entire generation fleet average, 

which was 13.4 percent at the \j/inter 2015 peak. These results indicate a need for improved generation perfomiance 

incentives to ensure generation! capacity resources remain operattonally dependable for the entire period for which 

they are receiving capacity payjnents. 

i 

Generator Outages 

As mentioned earitor, the biggest difference in generator perfbmnance between winter of 2014 and winter of 2015 

was a reduction in generator forced outages. Outages can be planned^ maintenance^ or unplanned^. Unplanned, or 

forced, generator outages challenge grid reliability and are ttie most difficult to manage in real-time operations. 

The chart below shows the tren iing of forced, maintenance and planned^ outages during January and Febmary 

2015. As indicated in the chart, jTorced/unplanned outages are responsible for a large portion of ttie generator 

unavailability, similar to \^e wintjer of 2014 

2 Planned Outage - The scheduled renjoval 
approval of PJM. Planned outages ma' 

from service, in whole or in part, of a generating unit fbr inspection, maintenance or repair with 
last for several weeks and usually occur only once or twice per year. 

3 Maintenance Outage - The schedulec removal from service, in whcte or in part, of a generating unit in order to perform necessary r^airs on 
specific components of ttie facility witti approval of PJM. Maintenance outages may be deferred beyond the next weekend and are typically 
much shorter ttian planned outages. 

I 
* Unplanned/Forced Outage - An immEJdiate reduction in output or capacity or removal fi'om service of a generating unit by reason of an 
eniergency or threatened emergency, ilinant'dpated failure, or other cause beyond the control of the owner or operator of the fadlity. 

! 
s Training on forced, maintenance, andiplanned outages can be found in tiie 2014 V\RnIerWebinarTraining 
hgp://www.pim.com/--/media/[raininci/wEbex-documents/winler-weather-procedure-chanaes.ashx 
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Figui^ 16. Forced Outage Peaks: January-February 2015 
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The forced outages at the peaks on Jan. 7-8,2015, aligned with colder temperatures ttiat occurred during the first 

part of the month. Prior to that extreme cold-weather period, ttiere was a rise In temperatures that was most 

pronounced in the Southem and Eastern regions of PJM, which resulted in tfie cycling of marginal coal units. The 

extreme cold temperatures on Jan. 7-8,2015, resulted in ttie restart of the higher-cost marginal coal/steam units. As 

these units returned online and run times increased, the failure rate from tube leaks increased over the following 

week, witii forced outage rates peaking on Jan. 15,2015, at 20,788 MW (11.2 percent). 

Following the cold weather of Jan. 7-8, temperatures moderated and load decreased; PJM needed tess generation fo 

meet demand. This provided an appropriate time for generation ovmers to make repairs, as evidenced by the 

increased number of maintenance outages in Uie graph above. Towards ttie end of January, tfie number of planned 

outages began to increase. The increase primarily reflects tfie increase in environmental retrofit outages needed for 

spring 2015 compliance dates. 

The forced outage peaks on Feb. 19,2015, and Feb. 20,2015, aligned witti even colder temperatures experienced 

on these days. During the new all-time winter peak load on Feb. 20,2015, tfie forced outage rate was 13.4 percent, 

representing 24,805 MW. 

/Vnottaer way to look at generator performance is by ttie number of hours during which forced outages were equal to, 

or greater than, 10 percent of ttie installed generatton. Seven percent is ttie historical average winter outage rate. 

Using 10 percent as a threshold is a statistically significant amount above tiie historical average. The table below 

shows tfie hours for January and February in 2014 and 2015, as well as tfie average forced outage rate. 
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Figure 17. Number of hours dfiring January and February when forced outages were equal or greater than 10 percent 

of the installed generation 

Number of Hours >=1D% Forcec Outage Rate 639 

Average Forced Outage Rate (J|n-Feb) 10.05% 

2014 2015 

159 

6.5% 

Also shown below are the total 

of installed generation) compar sons between 2014 and 2015. 

Figure 18. Total Outage Ratej 

outage rate (sum of forced, maintenance and planned outages expressed as percent 

•% Total Outages 2015 

•% Total Outages 2014 

Feb 10 Feb 20 Mar 2 

Forced Outage Causes | 

Generators are required to submit forced outage data after ti^ outage has occun-ed. From Oils data, PJM can 

analyze and understand ttie catjse of the outage, as designated by ttie unit owner. As was ttie case in 2014, the 

extreme condittons of 2015 chajltenged all conventional fomns of generation, including natural gas, coal and nuclear. 

The charts below breakdown 

years, Feb. 20,2015, and Jan. 

tiiie forced outages by generator primary fuel at tfie two winter peaks across the two 

7,2014. 
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Figure 19. Outages by Primary Fuel Feb. 20,2015 

Natura! Gas Interruptions 
7,420 MW. 30% 

Gas Plant Outages 
3,241 MW. 13% 

Nuclear 
418 MW, 2% 

Other 
3.502 MW, 14% 

Coal 
10,224 MW. 4 1 % 

Figure 20. Outages by Primary Fuel Jan. 7,2014 

Natural Gas Interruptions 
9,300 MW, 23% 

Gas Plant O u t a g e s — ^ 
9.700 MW, 24% 

Nuclear 
1,443 MW. 4% 

Other 
6.100 MW, 15% 

Coat 
13,658 MW, 34% 

Note: "Ottier^ includes heavy oil, kerosene, landfill gas, light oil, waste, water, wood, ambient con-ecttons, wind, solar 

and batteries. 

The charts below provide a more detailed breakdovm of ttie forced outages at tfie 2015 and 2014 peaks, based on 

cause or reason for ttie outage. The outage codes used in tfie charts betow are assigned by tfie generatton 

owner/operators, and there may be some difference in interpretation between owners/operators regarding which 

outage codes fo assign. 
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Figure 21, Causes of Forced Outages (MW) Feb. 20,2015,08:00 

i-uel Supply 
320 MW, 1% Arnbifii i l. Corrections 

1,595 MW, 7% ^^ 

Wind Forced Out . 
723 MV\^ 3% - i . ^ 

! ue! Ignition and ! 
Combust ion Systents ^"- J.„ 

536 MW. 2% 

Storm Damage. I 
Emissions. Staffing i 

758 MW, 3% ^^^^4,„;^^ 
28 MW| 0% 

Auxiliary Sysljems 
558 MV\(. 2% 

f^lectjiicn! 
788 M W 3% 

Boiler Air. Gas e^id Conltrol systems 
2J125 MW, 9% 

Gas Interruptions 
7,420 MW, 30% 

Weattier Related 
662 MW, 3% 

Boiler Internals. I ube 
Leaks and Sl iucturcs 
6,549 MW. 26% 

Miscellanoous (Gas 
Turbine, Balance of Plant 
and Steam Turbine) 
2,743 MW, 11% 

Figure 22. Causes of Forced Outages (MW) Jan. 7,2014,19:00 

Fuel ignit ion and Combust io j i Systems 
1,76|2 MW, 4 % 

Wind Fbrced Out 
1,58|3 MW, 4 % 

Storni Damage. Personnet. ^mis.w>ns 
1 . 7 ^ MW. 5% 

Economic 
2.110 MW, 5% 

Auxiliary 
2,15(1 

Systems 
MW, 5% 

j Electrical 
2,15)3 MW, 5% 

Boiler Air, Gas and Contjrot Systems 
2,h71 MW, 6% 

Misc. (Gas Ti^rbine. Balance of 
Plant and Steam Turbine) 

2,978 MW, 7% 

Ambient Correct ions 
1,190 MW, 3% 

Fuel Supply 
709 MW. 2% 

Gas interrupt ions 
9,520 MW, 24% 

Weather Related 
5,978 MW, 15% 

Boiler internals. Tube 
Leaks and Structures 
5.903 MW, 15% 

There was an overall reduction jn total forced outage megawatts for each component type in 2015, when compared 

with 2014. White tiiere are som^ differences in certain outage causes between 2014 and 2015, these differences are 

difticutt to analyze when compaled on a percentage basis, given tiie smaller total megawatts involved. However, a 

few areas witfi more significant pifferences are further discussed below. 
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Weather-related outages tfiat may have been caused by extreme cold temperatures, such as probtems on auxiliary 

systems, electrical systems and fuel ignition and combustion systems, were reduced In 2015. This reduction 

indicates better preparation by generation owners - such as additional freeze protection - may have improved 

performance. The cold weatfier programs initiated by PJM, which include a cold weattier resource operational 

exercise and generator winter preparation checklist, contributed to improving generator preparation as well. 

Weather-related outages also can include forced outages on units tfiaf experienced coal-related issues, such as coal 

exposure to extreme weather. Any wet coal or coal-quality events may have been considered weattier-related since, 

once cnished, coal that initially may have been frozen can plug chutes when it refreezes, which can cause handling 

issues as well as combustion and slagging issues. These types of outages were somewhat comparable in 2014 and 

2015. The mitigating efforts of the cold weather preparation programs menttoned above did not mitigate the risks of 

fuel exposure to the elements. 

Although the amount of gas interruptions still was significant in 2015, several factors contributed to tfie better 

management of these interuptions over the peaks. These contributing factors include enhanced communications 

among PJM, the gas pipelines and the natural gas plant owner/operators; better perfomiance by dual-fuel capable 

units; and independent actions taken by the generation owners to improve perfonnance and availability. The 

enhanced communications, facilitated by the PJM gas/electric coordination team, will be further discussed in the 

Natural Gas Conditions section of tiie report. 

The actions taken ttiis winter by the Generation owners as well as by PJM to improve generator perfonnance and 

communications were effective. In many cases however, ttiese actions were voluntary and may not be sustainable 

over time. PJM belteves a tonger-temi solutton is required to ensure resource perfomtiance attfmes when it is most 

needed. 

Dual-Fuel Unit Performance 

In 2015, ttiere were fewer forced outages for dual-fuel units ttian in 2014 (approximately 13 percent in 2015 and 

30 percent in 2014). 

Figure 23. Dual Fuel Forced Outage Rate- 2014 vs. 2015 

2014 2015 
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Dual-fuel units experienced seVeral problems in 2014 for botti primary and altemative types of fuel, including gas 

availability issues, low oil inver tones, njn-time .limits related to pemnit-defined environmental restrictions, oil resupply 

chaltenges, as well as increase d failure rates for units starting on ttieir altemative fuel. While gas availability still was 

a challenge in winter of 2015, £ ome of the oil-related issues experienced in 2014 (2,000-3,000 MW of generation 

affected by oil supply and delivery issues) did not reoccur in 2015. 

Reasons for this change Includje: 

Generators actively m anaged their oil inventories by proactively procuring and maintaining higher inventory 

iveries during the winter, and monitoring mn times on oil more closely to maintain oil levels, even taking de 

inventories. 

• 

Less expensive oil prices (see Natural Gas Conditions sectton of this report) ttiat made it more cost-effective 

to procure and nin onjoil tfian in 2014. 

Generators more activ ely managed their emissions throughout the year (by managing mn times on oil) to 

enable ttiem to better )repare and have more flexibility in tfie winter. (See below: 5 percent forced outage 

rate for emissions in 2p14 compared to 3 percent at its highest in 2015.) 
j 

• Less snow and ice in ^ome areas that, in 2014, impacted tnjck and barge deliveries. 

• Cold weattier testing ̂ cerclse, during which the majority of dual-fuel units ttiat tested perfomied the exercise 

on ttieir alternate fuel. j(See Cold Weattier Operational Exercise appendix.) 

Contractual Const ra in ts i 

Units that did not have dual-fue| capability had fewer options for handling gas restrictions. The impact on generators 

of gas delivery restrictions werej defined in ttie 2014 winter report, as contractual consti^ints. Contractual constraints 

are constraints realized by generators because of tfie type of gas and delivery sen/ice tiiey have. Generators without 

finn service could experience ojierattonal restrictions when pipelines issue operational flow orders (OFOs) or critical 

notices. A generator could exp^ience the following conditions: 

• tiie need to take a forcjed outage because of the inability to get gas 

• tfie need fbr early com|Tiibiient, days ahead of ttie Day-Ahead Energy Maritet, to ensure fuel deliverability 

• infiexibte scheduling c^eria, such as limited dispatchable range, 24-hour minimum mn time and multi-day 

commitment 
I 

In 2015, approximately 7,400 l^N of generatton was unavailable because of lack of natural gas, compared to 9,500 

MW in 2014, which still equates| to about 30 percent of the 2015 total forced outages. Of ttie unavailable generation 

in 2015,1,760 MW had day-ahiad commitinents. A significant difference between 2014 and 2015, however, was tfie 

impact of the contractual constrpints on PJM's scheduling of resources. 
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Longer unit notification times may be required by generators impacted by a pipeline restriction, to ensure tfie 

generator can get gas. If PJM anticipates needing tfiat unit to meet tfie peak, it would then be called on by PJM, in 

advance of ttie operating day and outside of ttie energy marttet. 

During the winter of 2014, PJM called on units approximately 140 times outskle of the Day-Ahead Martlet compared 

to 47 times in 2015. Units called outside of tfie Day-Ahead Maricet, include units calted before the Day-Ahead Maricet 

and after tfie Day-Ahead Maricet during the Reliability Assessment Commitment. 

In additton to longer notification times, ttiere are ottier reasons a unit may be called on outside of ttie maricet; for 

example, to help control a tocal constraint or to support a reactive interface. The majority of tfie units brought on 

outside of the maricet, however, are to help meet anticipated demand and reserve requirements, in 2015, because 

generator owners updated the notification and minimum run parameters to reflect accurately tfie unit's capabilities, 

based on both physical and contractual constraints, PJM could rely on tfie results of tfie reliability assessment 

commitment to schedule the appropriate amount of generation to meet ttie requirements. 

In January 2014, PJM anticipated high forced outage rates, high demand and tight resen/es. As not all unit 

operational parameters were accurately reflected in the PJM systems, PJM relied tess on tfie reliability assessment 

commitment results to schedule generation and scheduled additional units outskle of the maricet to meet the 

anticipated operational condittons. Some of these units had limited operational ftexibility because of gas pipeline 

restrictions, which impacted unit parameters such as notification times, minimum and maximum mn times, and the 

ability to cycle on and off during uneconomic times. This inflexibilily, in turn, impacted tfie maricet outcomes. 

specifically balancing operating reserves ($478 million during January 2014), a large portion of whtoh was attributable 

to contractual constraints. Maricet impacts and differences between 2014 and 2015 will be further reviewed in the 

Markets Outcomes section of tiie report 

White PJM still anttoipated peak toad days in 2015, differences in a few key factors resulted ui PJM scheduling less 

generation outside of the market: 

• Improved generator perfomnance and availability 

• More accurate reporting of unit availability and operational parameters in tfie PJM systems 

• More insight into the gas pipeline condittons and impact on generation 

C o m b u s t i o n Turb ine Avai lab i l i ty 

Nonnal combustion turt)ine availability in PJM is over 30,000 MW, which was tfie case in January 2015. Even leading 

into the cold weattier, more tfian 20,000 MW of combustion turtiines were availabte. PJM uses combustion turtiine 

avaitebility as a gauge for whetfier to call on units witfi a tong lead fame. Because of tfie lack of perfonnance 

incentives for resources, Operations' conservative rute of thumb is to assume a 50 percent start-up failure for 

combustion turtiines. 
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For 2015, even with a more 

sufficient generation availabte 

hours), with 13,000 MW of contibustion 

conservative estimate of 10,000 MW of combustion turi)ines availabte, PJM had 

and did not call for long-lead units. Even at the peak on Feb. 20,2015, (at 0800 

turi^ines available, PJM did not need to call long-lead generation. 

In contrast, combustion turtiine 

challenge was tfie lack of transparency 

systems in advance. Instead, 

into the peaks. Toward the 

range. However, Dispatch was 

perfonnance availability from 

lattur 
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availability in eariy January of 2014 was approximately 6,000 MW. Adding to ttie 

into unit availability, as many of ttiese outages were not entered into the PJM 

tfiey were communicated to Dispatch over the phone during ttie operating day heading 

part of January 2014, combustion turt)ine availability was in the 15,000-16,000 MW 

consen/atiVe in its scheduling decisions based on ttie most recent history and unit 

ejarlier in tfie month. 

Repor t ing o f Uni t Ava i l s aility 

Another lesson learned from 21)14 was to reinforce the need for, and provide the ability to, generators to report 

availability, unit parameters an J operattonal restrictions accurately in the PJM tools^ Throughout the winter of 2015, 

generator reporting improved regarding unit availability, fuel inventory, operational restrictions and more accurate unit 

parameters. 

PJM developed a generator 

infonnation being provided. Th 

PJM real-time operations, 

during ttie winter of 2014 was 

database to consolidate the information to further leverage the more accurate 

s singte source enabted more timely tracking and reporting of unit perfonnance to 

Information such as forced outage rates ttiat had taken days to see in real-time operations 

{ivailable to PJM operators the next day in 2015 as a result of ttiese improvements. 

2014 

Co ld Weather Operat ional Exerc ise 

PJM also impfemented tfie 

ttiat mn inflrequentty or have 

The goal of tfie testing is to i 

reliability during peak periods. 

recommendation to develop a cold weather exercise designed to give generators 

l-fuel capability the opportunity to test ttieir units prior to ttie onset of cold weatfier. 

and resolve start-up, operational and fuel switching issues to improve unit 

"urther details on the exercise can be found in tfie Appendix. 

dual 

identify 

Generation resource owners w ere given ttie opportunity to voluntarily exercise some of Uieir generation resources to 

determine ttieir readiness to respond to PJM's dispatch insti^ctions in cold weather. Generation resource owners 

were compensated based on tiie cost-based schedule for ttie identified fuel type. Alternatively, a generation resource 

owner could elect to self-schec uie a resource to validate its cold weatfier operation. 

In total, 168 units witti a combihed 

exercise. The total cost of tties s 

committment-coordlnation-problem-sl atementashx 
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9,919 MW (11,054 MW ICAP) perfomied ttie cold weatfier generation operational 

tests was approximately $4,883,000. 

^ Link to Problem Statement http://vw w.pim.comHmedia/commitlees-qroups/committees/oc/20150407/20150407-ilern-21-gas-fired-unit-
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Correlat ion of PJM Cold Weather Operat ional Exercise to Forced Outages in 2015 and 2014: 

To detennine the exercise's impact, PJM analyzed unit winter perfonmance in 2014 and 2015 relative to participation 

in the cold weather operational exercise. The chart below shows a percentage breakdown of forced outages for 

January and February 2015 by megawatts and shows tiiat eligibte units tfiat perfomied tfie exercise had a tower 

magnifajde of forced outages compared to those tfiat did not test. 

Figure 24. Percentage Breakdown of Forced Outage MW for January and February 2015 

100% 

Jan. Jan. Jan. Jan. Jan. Jan. Jan. Jan. Jan. Jan. Feb. Fet>. Feb. Feb. Feb. Feb- Feb. 
4 5 - 6 7 8 8 9 10 II U 16 16 19 19 20 20 24 

19:00 19:00 19:00 20:00 08:00 19:00 19:00 19:00 09:00 19:00 10:00 19:00 oaoo 20:00 08:00 20:00 08:00 

Comparing unit performance in winter of 2015 with winter of 2014, PJM looked at tfie forced outage rate of units ttiat 

tested and those that did not, over the two peaks, Jan. 7,2014, and Feb. 20,2015. The chart betow shows all of tfie 

exercised and declined units ttiat experienced forced outages during eitfier tfie 2014 or 2015 peak. This analysis 

shows that units that elected to participate in tfie cold weattier operational exerase experienced tower forced outage 

rates during the peak in Febmary 2015 tfian ttiose units that declined to perfonn tfie coki weatfier operational 

exercise. These results indicate that generation perfonnance can be improved if specific actions are taken. While the 

short terni efforts to improve perfonnance ttirough voluntary testing were effective, it is aiotfier vobntary action that 

may not be sustained overtime. 
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Figure 25. 2014 vs 2015 Unit Performance of Winter Exercised and Declined Units vnth Forced Outage Rates 

February 20.2015 
08:00 

Cold Weatiier Resource preparation Checklist 

PJM also implemented a cold weattier generation checklist program in the fall of 2014, which required resource 

owners to confinn the completion of tfie PJM checklist in Manual M14D or a substantially equivalent one developed 

and maintained by the generati on resource owner. This program's intent was to increase awareness of winter 

preparedness and provide generators a guide to reduce and hopefully eliminate similar problems experienced during 

Seneration resource owners were to review their plant designs and configurations, 

identify areas with potential exiijosure to tfie elements, ambient temperatures, or botti, and tailor their plans to 

address them accordingly. 

PJM 

The response level across the 

91 percent of all generation resources 

generation owners noted that 

support wittiin ttie company for 

perfomiance through awareness 

performance incentives and rec uirements, 

Summary o f Generat ion 

PJM reached out to several ger^eration 

for improved unit performance 

Owner Outreach 

• Starting units 

taking more time to 

Keeping stations in 

stay wami and on-line 
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JM footprint on the cold weatiier generation checklist was very good. Approximately 

confinned completion of eittier tfie PJM checklist or equivalent checklist. Many 

's winter exercise and tfie checklist program raised awareness and garnered 

more tfiorough testing and vwnter preparation. White ttie efforts to improve 

were effective, PJM looks to ensure sustained improvement over time through 

ion owners In ttie PJM footprint to understand winter operations and tiie reasons 

1 rom their perspective. Some of ttiese obsen/attons are summarized here: 

Whenever possibte, generators would start on gas tfien switch to oil instead of attempting to start on oil. 

earlier tfjan expected, due to anticipated colder temperatijres, helped to mitigate the risk of 

stfirt 

service ovemight, vintfi a reduced output tevel, was beneficial to ensuring tiie unit would 

when needed for tfie peak. 
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More thorough testing of the plant and more testing on ttie altemate fuel, if applicable, proved effective in 

proactively identity issues. 

Proactive staffing of typically unmanned stations enabled more rapid response. 
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Natural Gas Conditions 2015 

As highlighted in the Generator Performance 2015 and Reserves secttons of ttie report, PJM saw 7,420 MW of 

forced outages at the peak on 

of forced outages Jan. 7,2014 

Feb. 20,2015, resulting fiom natural gas intenuptions. While fewer than tfie 9,300 MW 

, it is still a large number of megawatts. In order to better understand what may have 

confa-ibuted to ttiese outages, PJM reviewed ttie availability of gas and gas restilctions issued in tiie PJM footprint, as 

well as tfie price of natural gas 

3,000 

2,500 

2,000 

1,500 

1,000 

500 

0 

and heating oil. 

Natural Gas and Liquid Natural Gas Availability and Storage 

Pipeline capacity, natural gas storage, and availability of liquid natural gas (tNG) were reviewed to understand gas 

availability for tiie winter of 2014/2015. 

In November 2014, the Texas Eastern pipeline placed an additional 600 MMcf/d of capacity in the Pennsylvania, New 

Jersey and New York sen/ice ^reas. This pipeline serves approximately 11,000 MW of PJM installed generation 

capacity. 

The summer of 2014 was characterized by lower generation loads, which contributed to increased storage injections. 

The storage levels increased from where they were the previous winter. During ttie winter of 2014, the pipelines also 

permitted their customers exce ss storage injections. The increase in storage meant more mainline transportation 

capacity was available to the generators. The surplus of storage inventory was as follows: 

Figure 26. Storage Comparistjn 

Bitllons of Cubic 
Feet (BCF) 

3,500 
132 3,089 3,156 

2,817 5 Year Average 

2j184 2.157 2,099 

1,443 

Jan. 3. 2011 

Operators of LNG facilities also 

2015. Distrigas, tiie owner 

as compared to 5.5 Bcf in 2014 

received its first LNG shipment 
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an^nged for late-season imports, increasing access to LNG supplies in the winter of 

•/operlator of tfie Everett LNG facility in Boston, imported 8 Bcf of suppty in January 2015, 

, Excelerate's Northeast Gateway facilities, tocated in Uie Massachusetts Bay, 

since 2010. 

Jan. 2, 2015 Feb. 14, 2014 Feb. 15, 2015 
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While these LNG additions at facilities in New England more directty benefited New England units, other units in tfie 

same gas maritet area received an indirect benefit. Wittiin the marttet area, ttiere was more capacity available from 

the pipelines that ran ttirough tfie PJM region and into tfie New England area, due to tess offtakes fi'om units that also 

had access to ttie LNG supply. 

The Cove Point LNG facility in tfie Dominion zone, which directty supplies some PJM units, also received LNG 

shipments of 6 Bcf in December 2014 versus none in 2013. This was an increase in the availability of LNG in tfie 

PJM area in the winter of 2015 that was not available during ttie winter of 2014. 

Gas Restrictions 

Despite the increased amounts of capacity, storage, and LNG, colder temperatures and increased demand caused 

gas restrictions on the pipelines. When low temperatures increase the demand for gas used for residential heating, it 

strains the gas pipelines tiiat also serve electric generation. Pipeline operators and local distribution companies then 

issue critical notices and operational fiow orders arwJ restrict infenruptible services in anticipation of adverse weatiier, 

which have the potential to restrict natural gas fired generators access to supplies. 

Generators located behind tocal distribution companfes are additionalty challenged. Local distribution companfes' 

policies give higher priority to heating customers on days of extreme cold. The policy, called "priority on human 

needs," prioritizes residential heating over gas-fired generators, making it very difficult for a generator to get gas in 

any way during these conditions. 

The following pipeline operators and local distribub'on companies issued critical notices restricting natural gas 

availability in the PJM footprint during ttie cold periods of Jan. 7-8 and Feb. 19-20,2015, due to anticipated 

temperatures and pipeline conditions. A timeline of critical notices and operational ftow orders can be found in 

Appendix. At a high level, ttiere were 13 operational ftow orders efTective across all but one of tfie pipelines in the 

PJM footprint during January 2015 and eight operattonal ftow orders effective during Febnjary 2015. 

Figure 27. Number of Effective Operational Flow Orders in PJM 

Pipeline # of Effective OFOs (or Force Majeure) tn PJM 

Jan-14 Jan-15 Feb-14 Feb-15 

Transco 4 3 1 2 

TCO 0 1 0 0 

ANR 0 0 0 0 

NGPL 2 1 Q 1 

TETCO 3 1 0 2 

TOP 0 4 0 2 

DTI 4 3 0 
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critical notices often included ratable take restrictions, which required units to 

lours of ttie gas day. PJM generators connected to ttiose restricted pipelines witti 

behind local distribution companies were most impacted by ttiese restrictions. located 

On forecast peak load days, th€ re were consistent constrained areas ttiat limited the ability to get gas to some units 

in the PJM footprint. These are; is tended to persist throughout the winter and became effective starting in the 

December timeframe as tempeiatures dropped. Most at-risk generation was geographically located in areas behind 

local distribution companies or (x)nsti"ained by the physical pipeline limits. The northeastern part of the PJM footprint 

tends to be where most of ttie constrained areas occur, and will most likely continue lo occur, until additional pipeline 

capacities are added. This is arj area of concern as more generation within PJM is projected to use natural gas as its 

primary fuel. 

In reviewing specifically the 

local distributton companies' 

observation in 2015 was tiiat 

pesk load days in January and Febmary 2015, the split between interstate pipeline and 

restrictions was nearty even witfi respect to insfalfed capacity megawatts. Another 

the same units were consistentiy affected tfiroughout the cold days. 

Naturai Gas and Heatirg Oil Prices 

The prices of natural gas and hsating oil for 2015 were approximately 50 percent lower than in 2014 when compared 

to the average. The chart belovy shows the prices of natural gas and heating oil for ttie past two years for comparison 

purposes. 

Figure 28. Prices of Naturai (kas and Heating Oil 

2015 natural gas spot 

$125/MMBtu;in2015 

The 2015 natural gas 

Year Natu 
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2015 
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Percent Change 
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125 

-40% 
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100 

-70% 

Natural Gas Daily 
Average $MMBtu 

20 

-50% 

Heating Oil Prices 
(equivalent $/MlMBhi) 

13 

22 

-41% 

The following ti^ends were note J in comparing prices to ttie vwnterof 2014 to ttie virinter of 2015: 

prices did not reach tfie 2014 levels. (In 2014 spot prices were greater than 

ttie highest price observed was approximately $75/MMBtu.) 

daity average for Maricet East^ prices did not reach 2014 levels as shown in tfie figure 

below. (In 2014 ttie highest daity average was a little over a $100 dollars; in 2015, slightty over $30 dollars.) 

2015 heating oil price 5 were lower ttiis year than ttie vwnter of 2014. In 2014, the price for oil was around 

$22/MMBtu gas equi^afent; in 2015, the price was closer to $13/MMBtu gas equivatent prices. 

PJM ©2015 

7 Market East is an average of the folowing receipt locations; TETC0-M3, TRANC0-Z6 (NY) and TRANSC0-Z5 (non-WGL); heating oil is the 
daily heating oil average converted to MMBtu. 
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Figure 29. 2014 vs. 2015 Oil and Gas Comparison 
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The difference in natural gas prices between the winters of 2014 and 2015 was primarity driven by ttie relationship 

between supply and demand. In 2014, natural gas was in high demand and there was less suppty; as mentioned 

above, supply was more in abundant in 2015. Generator dispatch changed in 2015 as well, which could have put a 

downward pressure on gas prices. For example, in 2014, tower oil prices offered dual-fuel capabte generators a less-

expensive fuel supply option. PJM also called on fewer units outside of the Day-Ahead Maricet witti tong tead unit 

times, and less flexible unit parameters such as minimum run times, which may have contibuted to more stable and 

lower prices. 

2014 Compared to 2015 

To summarize tfie observations fix>m ttie previous section, there seemed to be more naturai gas and LNG available 

in the PJM maricet area in 2015 compared to 2014. There was an increase in storage in 2015. Prices fbr botfi naturai 

gas and heating oil were lower than 2014 prices. There were just as many (comparing January 2014 / 2015) if not 

more (comparing February 2015 / 2014) restrictions issued by tfie pipelines, however. 

The gas industry may have done some things differentty botfi in preparattons for and during real-time operations for 

ttie winter of 2014 / 2015 that had an impact on generators. For example, tfiey added operational ftow orders to 

reinforce firm transportation contractual rights on the pipeKne and to manage pressure on tfie pipelines more activety. 

In 2014, tfie pipelines also limited tfie wittidrawal fi'om storage because of the effect on ttie operations of tfie storage 

facilities. In 2014, ttie pipelines required tfieir customers fo first fill their firni capacity fiTom wellhead suppty points. 

then from storage. This past winter tfiat was not a requirement because of increased natural gas storage levels. 

When the pipelines require their customers take from tfie wellhead first, it limits tfie amount of capacity for generators 

to get access to supplies. 

PJM ©2015 vww.pim.com 331P a g e 

http://vww.pim.com


So while there were some 

ensure tiie capacity and 

who had non-fimi service or 

2015 VWnter Report 

acttohs taken by tfie pipelines to maximize capacity, ttiere were also actions taken to 

pressu re was available for fimi transportation contrachjal rights. PJM units, particularly ttiose 

were m operationat flow order situations, were still impacted. 

Units ttiat had gas suppty restrii ;ted by their pipelines either had to make themseh/es unavailable, ask for an 

exception to some of tfieir unit parameters (e.g. minimum run time), or ntn on an alternate fijel, if tfie unit was 

capable and the altemate fuel available. As mentioned in the Generation section, tfiere were approximately 7200 

MWs of gas units that were unavailable because of tfieir inability to get gas. This was tess ttian the 9,300 MW forced 

out for the same reasons in 2015, but still 30 percent of the total forced outages for gas units in 2015. 

Ths 

Generators have the ability to 

the operations of tfieir plant. 

Tariff, Section 6.6(f) of Schedul 

resource may request an excepti 

conditions impact a unif s 

Parameter L im i ted Schedu les a n d Excep t i ons 

request exceptions to parameter limited schedule values due to conditions ttiat impact 

process is explained in detail in Section 6.6(f) of Attachment K-Appendix of the PJM 

1 of tfie Operating Agreement and Manual 11, but In summary, a generation 

ion to certain parameters, such as minimum run time and turn down ratio, when 

physibal operational parameters. 

One of ihe recommendations coming out of ttie winter 2014 operations was to allow generators, under a pipeline 

operational fiow order or critical notice to use ttie unit parameters and parameter limited schedule exception process 

to communicate tfieir operation;3l conditions to PJM. PJM stakeholders approved this recommendation as part of the 

Gas Unit Commitment Coordination stakeholder group under tfie Operations Committee^ Units that elected to use 

this process could request a ter^iporary exception to certain unit parameters to reflect tfieir operational conditions 

because of pipeline consti^ints 

take 

The primary reason for ttie exceptions 

restriction requiring units to 

limited schedule exceptions 

for 2014 because gas-related 

requested during tfie winter of 2015 were due to ratable takes, or a pipeline 

gas at an equal amount fbr every hour of tfie gas day. The number of parameter 

reduested because of gas restricttons is shown betow. This infonnation is not available 

parameter limited schedute exceptions were not pemiftted at tfiaf time. 

8 Link to Gas l̂ nit Commi&nent Coordfnafion Problem Statement htip:/Avwiv.pjm.com/-'/media/committees-
groups/(»mmittees/oc/20140603/201'l06034em-09-gas4iredHjnit̂ »rrimittment-coordtnationi)robte 
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Figure 30. Number of Parameter Limited Schedule Exception Requests forWinter 2015 

# of PLS 
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250 

Not Gas 
Gas Related 

February I March 

Approving a unit's exception request allowed a unit to remain available that otfierwise may have been forced out or 

unavailable to produce MWs to serve load. The process also increased the transparency to PJM dispatchers of tiie 

unit's true operational parameters, which allowed for more infomried PJM Dispatch scheduling decisions. 

Dual-Fuel Uni ts 

The high forced outage rates in winter of 2014 were a catalyst for PJM to better understand primary and secondary 

fuel types as well as more details about gas units and their gas suppty, such as natural gas pipeline connection, 

tocation relative to a local distribution company, fijel supply contract (e.g. T\m orintermptibte), and dual-fuel 

capability. Implementing a 2014 winter recommendation, generators were required to provide tfiis infonnation to PJM. 

As of March 1,2015, approximately 40.000 MWs of generation witfiin tfie PJM footprint were connected to interstate 

pipelines, and 22,000 MWs of generatton were connected to a local distiribution company. These numbers represent 

generation capable of buming natural gas as the primary fiiel; ttiey do not include generation ttiat requires gas to 

start, typicalty large coal units that use natural gas as an igniter source. 

Approximatety 14 percent of the PJM fleet is dual-fuel capable, which means tfie unit is capable of mnning on a 

primary or altemative tiiel source. Almost 60 percent of ttie generation located behind a local distilbution company Is 

capable of buming an altemate fuel. PJM obsen/ed tiiat, during the cold weattier peaks in January and Febmary of 

2015, a significant percentage of units located on a pipeline or behind a tocal distribub'on company ttiat were at risk of 

getting gas because of pipeline or local distilbution company-issued restfictibns, were, in fad, able to mn at some 

point during tiie cold weattier events. (See tfie Generation section for outage infomiation for dual-fueled units.) At ttie 

time of ttie report, there was no way to detemiine what type of fuel units were mnning on because ttie eMKT 

application change requiring units to designate fuel type on each schedute was not implemented until April 1. 

While ttiere is no direct measurement of the number of units mnning on tfieir altemate fuel at tfiis time, several 

indirect measurements point to improved generator perfonnance fbr reasons tfiat could include mnning on an 

altemate fuel. Those measurements include reduced forced outage rates and sufficient resen/es, leading to a 

reduced number of emergency procedures. During infonnal inten/tews conducted by PJM, generation ovmers also 
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shared infonnation that pointed to low oil prices, their own proactive oil inventory and emissions management, more 

pnident start-up procedures, and additional testing on alternate fuels, facilitated by tfie cold weatfier testing exercise, 

as reasons tfiey elected to mn more offen on ttieir altemate fijel when gas availability was resblcted. 

PJI\/I Gas-Electric Coordination Team 

One other change from 2014 that PJM believes contiibuted to improving the overall perfomiance of the RTO this 

winter was the establishment of a PJM gas-electric coordination team. PJM established tfie team in response to a 

2014 winter recommendation to improve PJM's tools and processes for two-way communication witfi tfie gas 

industiy. Its mission is to enhance situational awareness and better understanding ttie impact of gas conditions to 

PJM generation. 

The team provides regular communication to PJM Dispatch about natural gas-fired generation units tfiat are at risk of 

obtaining gas based on availabte pipeline capacity. The team summarizes tfiis unit and pipeline infomiation daity and 

communicates to PJM markets, operations and dispatch groups. Additionalty, as system and gas conditions change, 

the team conducts further analysis, examining scheduled gas on pipelines for tiie multiple nomination cyctes 

tfiroughout tfie day. 

Another primary function of the team is to improve communication with the natural gas pipelines so the pipelines and 

PJM are more aware of grid conditions, estimated gas demands, and availability. Since tfie winter of 2014, PJM has 

established communication protocols with tfie majority of the pipelines located within tfie PJM footprint. This protocol 

allows for the exchange of non-pubic information between the gas and electric industries, under FERC Order 787 

and subject to the No-Conduit mte, which prohibits disctosing non-public h^nsmission-ftmction infomnation (e.g. day-

ahead commitments) to mariceting-function employees. 

Acting on tfiis newly established protocol, tfie team conducted regular calls witti all ttie major pipelines to discuss gas 

conditions and generator impacts. Included in these discusstons are any effective criti'cal notices, capacity constraints 

or operational flow orders, units located in ttiose constrained areas with Day-Ahead Energy Maricet commitinents, 

and natural gas scheduted quanti'ties by generator by gas pipeline nomination cycte. This infomiation helps 

detennine whether generation, potentialty needed for tfie moming and/or evening peak, has purchased the required 

fuel to bum for tfieir day-ahead unit commitinent, and tfius ttie risk to unit availability. 

The team also monitors natural gas prices tfiroughout tfie trading day as well as tfie daity average gas prices for key 

hubs and receipt points in order to determine ttie fuel suppty risk. The higher ttie prices, ttie more constiraints 

expected, and tfie higher the risk to generators with non-finn gas conb'act to procure gas. 

The goal of ttiis analysis is to detemiine tfie risk level of availabte units to meet tfie RTO load. PJM Dispatch will 

conduct analysis to detennine tfie impact of tfie at-risk generation units and tfien reach out to generators tfiat may be 

required for addittonal discusston on availability. PJM believes tfie daily risk proflte of gas-fired generation units 

improved dispatcher scheduling decisions, enabled well-infonned discusstons witti generatton owners about unit 

flexibility, and contiibuted to improved generator avaitebility and perfomiance. 
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An important note is tfiat generators located behind a tocal distribution company are much less ti-ansparent to PJM 

and, untess dual-foel capable, are much more at risk of not being availabte during emergency conditions. Of tfie 

7,420 MW of forced outages on the moming of Feb. 20.2015,60 percent of tfie units were located behind a local 

distribution company. PJM cun-entiy does not have any communication protocot in place with any tocal distilbution 

companies in the PJM footprint. PJM is unable to see which generators behind a tocal distilbution company have 

scheduled gas. Local distribution companies have a policy which grves higher priority to heating customers on 

exti-eme cold days. The "priority on human needs" policy was utilized to prioritize residential heating over gas-fired 

generators. For these reasons, a recommendation for tfiis team is to woric on increasing transparency and 

coordination with local distribution companies in tfie PJM footprint so PJM can better forecast local distribution 

company gas generator curtailments. 
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2015 Market Outcomes 

In the winter of 2015, locational marginal prices (LMPs) and ancillary service market ctearing prices (MOP) reflected 

systems conditions throughout the duration of ttie winter. Increased LMPs and MCPs for regulation, non-

synchronized reserve and synchronized reserve occun-ed ctose to tiie winter peak periods. During the winter of 2015, 

there were no shortage pricing or emergency demand response events. 

Locational Marginal Pricing 
LMPs are determined based on the cost to provide the next increment of energy while respecting the primary and 

synchronized reserve requirements, congestion and marginal losses. PJM's real-time dispatch and LMP cafculation 

systems jointiy optimize energy, reserves and regulation to ensure that all system requirements are met using the 

least cost resource set. This constmct allows accurate reflection of price signals witti a higher degree of consistency 

between ancillary services and prevailing energy prices. 

The chart below show the real-time and day-ahead energy prices during January 2015. 

Figure 31. Locational lUIarginal Pricing Jan. 7 and Jan. 8,2015 
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Figure 2 Day-Ahead versus Real-Time Megawatts Jan. 7 and Jan. 8 2015 
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The average RTO real-time energy market prices exceeded ttie average RTO day-ahead energy maritet prices 

consistentiy for the evening peak on Jan. 7,2015, and ttie morning peak on Jan. 8,2015. The highest RTO real-time 

LMP during the evening peak on Jan. 7 was $263.21 per megawatt-hour (hour beginning 1700), which exceeded 

RTO day-ahead LMP by $149.88 per megawatt-hour. The trend continued during the morning peak of Jan. 8,2015, 

as RTO real-time LMPs exceeded day-ahead LMPs, which peaked at $242.13 per megawatt-hour (hour beginning 

0700). For both Jan. 7,2015, and Jan. 8,2015, generation was the marginal resource setting prices. On average, 

RTO real-time LMP exceeded ttiat of RTO day-ahead LMP consistentiy from Jan. 1.2015, through Jan. 14,2015, 

while this pattern reversed itself during the second half of January 2016 with RTO day-ahead LMP exceeding RTO 

real-time LMP 

In January, the culmination of under-bid load, lower fuel prices in the day-ahead maricet and increased constraints in 

tfie eastern portion of the PJM system tead to the diffierences in tfie RTO real-time and the RTO day-ahead prices. 

Under-bid load and lower fuel prices in tfie PJM Day-Ahead Mari<et could have dampened tfie day-ahead prices 

while an increase in congestion in ttie PJM Real-Time Mari<et would have tfie effect of increasing prices. Real-time 

prices were tower in PJM's westem area compared to tfie eastern area due to congestion on tiie bulk power system, 

a result of heavy transfers of energy across the RTO fi'om the westem portion of tfie footprint to tfie eastern 

portion. This necessitated the operation of more resources on tiie margin in tfie Eastern Regton resutting in higher 

prices in ttiat region compared to tfie rest of ttie footprint. 
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Figure 32. Locational Marginal Pricing Feb. 19 and 20,2015 
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Figure 33. Day-Ahead versus Real-Time Megawatts Feb. 19 and 20.2015 
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During ttie evening peak of Feb. 19.2015, ttie RTO real-time LMP reached $399.76 per megawatt-hour (hour 

beginning 2000). Subsequentfy, on tfie moming of Feb. 20.2015, ttie RTO real-time LMP, due to ttie record setting 

winter peak, hit a high of $418.67 per megawatt-hour (hour beginning 0600). On the ottier hand, from ttie evening 

peak on Feb. 19,2015, to the moming peak on Feb. 20,2015. tfie RTO day-ahead LMP decreased by 30.78 percent 

(maximum price of $396.89 per megawatt-hour (hour beginning 1800)). 

The reduction of day-ahead LMP during the evening peak of Feb. 19,2015, to tfie moming peak of Feb. 20,2015, 

could be attributed to ttie tower fuel costs, under- bid load and units back in service from outages. Also contf-ibuting to 
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lower day-ahead prices was ttie low number of long lead units that needed to be calted outside of the Day-Ahead 

Mart<et. The reduced number of long lead units that needed to be called outside of the Day-Ahead Maritet was 

attributed by tfie increased amount of day-ahead self-scheduled units that were available during this period. 

Ancillary Services: Regulation, Synchronized and Non-Synchronized Reserve 

During the peaks in January and February 2015, high prices for regulation, synchronized and non-synchronized 

reserves occurred around the same time as the real-time energy LMPs peak. The simultaneous pricing of these 

products with energy leads to a harmonized set of prices that are reflective of actual system conditions. 

During botti ttie winter of 2015 and 2014 Polar Vortex, tfie high clearing prices for regulation, synchronized and non-

synchronized reserves occurred around the same time as real-time energy LMPs peaks. During tiiese stressed 

conditions, ancillary service prices increased as the reserve margin decreased, and system capacity competed to 

meet the ancillary sen/ices requirements while maintaining power balance. Unlike 2014, PJM did not experience 

extreme ancillary sen/ices prices during the winter of 2015; ttie regulation price was just over $500 per megawatt-

hour for two hours during the extreme winter periods in 2015, compared to approximately $3,300 per megawatt-hour 

during the 2014 Polar Vortex. 

Figure 34. January 2015 Ancillary Service Price and Energy Price 
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Figure 35. February 2015 Ancillary Service Price and Energy Price 
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Regulation 

Regulation sen/ice corrects for short-term changes in electiicity use that might affect the stability of the power 

system. It helps match generation and load and adjusts generatton output to maintain the desired system frequency 

of 60 hertz. 

During ttie winter of 2015, ttie top three highest regulation maricet clearing prices were $289.51 per megawatt-hour 

(hour beginning 1700) on Jan. 7, $293.34 per megawatt-hour (hour beginning 0700) Jan. 7, and $516.13 per 

megawatt-hour (hour beginning 0600) on Feb. 20. Al! ttiree of tfiese high-regulation market clearing price spikes 

occun-ed close to the real-time energy price peaks. 

Figure 36. Regulation IMarket Ctearing Price for January and February 2015 
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The spike in ttie regulation market clearing price on ttie moming of Jan. 7,2015, of $214.03 per megawatt-hour (hour 

ending 0600) was due to a localized transmission constraint tfiat occun'ed in tfie Jersey Cential Power & Light zone. 

Real-time LMP for tiiat zone reached a high of $175.69 per megawatt-hour (hour beginning 0600) on ttie moming of 

Jan. 7,2015. 
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The spike in the regulation market clearing price on ttie moming of Feb. 20,2015, of $516.13 per megawatt-hour 

(hour beginning 0600) was in part a combination of higher toad and increased in regulation lost opportunity cost. 

Regulation tost opportunity cost is the revenue foregone or increase in costs relative to the energy mari<et for 

providing regulation sen/ice. 

Regulation lost opportunity cost was the primary conbibuting factor to tfie increase of ttie regulation prices during the 

winter of 2015. During the 2014 Polar Vortex, ttie increase of regulation prices was due to ttie poor perfomiance 

factor in the regulation maricet as high-perfonning generators were used for energy or resen/es instead of regulation. 

Perfomiance-based regulatton was designed to catoutete and include resource specific regulation lost opportunity 

cost in tfie regulation maricet clearing price on a real-time tive-minute basis (similar to real-time LMPs). 

Reserves Pr ic ing 

Reserve market clearing prices trended with energy prices during the winter of 2015 without any unanticipated 

excursions. 

In January, both synchronized and non-synchronized reserves saw relatively small spikes in prices and volatility for 

both Jan. 7,2015, and Jan. 8,2015. Synchronized reserve prices hit a maximum of $132.10 on Jan. 7,2015, (hour 

beginning 1700), coinciding with rising real-time energy prtoes. The rising energy prices were a result of the high 

toads and a reserve event that occurred during tfiis hour. Resen/e events typically produce higher energy prices due 

to the short-temi need for more energy on the system. 

Figure 37. Synchronous and Non-Synchronous Resenre Prices 
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During February, prices for botfi synchronized and non-synchronized reserves peaked on Feb. 20.2015, atong witfi 

tfie moming and evening peak cycle. Synchronized reserve prices hit a maximum of $243.14 on Feb. 20,2015, (hour 

beginning 2000), and tfie non-synchronized reserve prices hit a maximum of $189.24 on Feb. 20,2015. (hour 

beginning 0700), botfi coinciding with rising real-time energy prices during tfie respective timeframes. In anticipation 

of high loads for the moming of Feb. 20, PJM carried excess reserves on tfie system to ensure system reliability. 

These excess reserves resulted in lower synchronized reserve prices during tfie moming peak. During the evening 

peak, because of lower forecasted demand, PJM did not need to carry excess resen/es. This had tfie effect of slightiy 

increasing the reserve prices. 
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Uplift 

To incent generators and demand response resources to operate as requested by PJM, resources that are 

scheduled by PJM and follow PJM dispatch Insttuctions are guaranteed to fully recover their costs of operation. Uplift 

cost is created when maricet revenues are insufficient to cover the costs of the resources following PJM's direction. 

The level of uplift for the combined montfis of January and February 2015 was $150.5 million, compared to the $653 

million for the same period in 2014. The latter part of February 2015 brought an increase in tfie amount of uplift as 

PJM forecasted a greater need for generation in tfie day ahead, given load demand and extreme weatfier, to supply 

consumers and ensure adequate operating reserves to mitigate risk from unscheduled generator outages and natural 

gas uncertainty. 

January 2015 and February 2015 experienced a noticeabte uplift reducti"on compared to tiie same period in 2014. 

The uplift reduction can be attributed to numerous factors: improved generator perfonnance and flexibility, improved 

communication and transparency with the natural gas pipelines, improved data accuracy from generators about tfieir 

operational flexibility, and lower fuel prices that enabted dual-fuel units to run on oil during times of gas pipeline 

restrictions. These improvements provided PJM tfie ability to enhance energy scheduling accuracy and minimize ttie 

need to commit long-lead, large combined-cycle resources as was done In 2014. 

Uplift incentivizes appropriate behavior from all supply resources and aids PJM in maintaining system contf-ol 

because only resources that operate at PJM's direction are eligible for uplift payments. For reliable operation, PJM 

requires supply resources to follow directives wittiout hesitation. When resources follow dispatch instmctions, uplift is 

sometimes necessary to guarantee tfiat supply resources cover the total value of their energy offer. These payments 

are outside of the market and are not included in tfie pricing signals ttiat are visible and transparent to maricet 

participants. Therefore, PJM strives to minimize uplift costs and operate tfie system so tfiat the vast majority of a 

resource's costs of operation are reflected in transparent maricet clearing prices. 

Some scenarios tfiat lead to increased uplift involve PJM committing resources for expected extreme system 

conditions. As a result, more expensive resources are sometimes required to cover resen/es and operate at their 

minimum output tevels. In such cases, these resources are pteced at ttie bottom of ttie supply stack and sometimes 

suppress LMPs. PJM may need to schedule additional generation to be availabte to mitigate any potential power 

shortfalls due to generator forced outages. The additional generation needed and committed after the execution of 

ttie Day-Ahead Energy Maricet increases the differences between day-ahead and real-time energy prices, but also 

creates sttuations where ttie resources called to supply reserves are not marginal, causing ttiem to operate at their 

economic minimums. This may require upltft payments to ttiese generators when LMPs are not adequate to cover 

tfieir operational costs. 

Operating reserve costs are payments made to economto demand resources and generation resources, which follow 

PJM's direction, to cover their costs and are the primary form of uplift in PJM. These payments are outside of tfie 

maricet and are not included in tfie pricing signals tfiat are visible and ti'ansparent to maricet participants. 

PJM ©2015 www.pim.com 4 4 | P a g e 

http://www.pim.com


^ ^ > %• 2015 Winter Report 

Figure 38. Total Lost Opportunity Cost and Operating Reserve Januaiy/February 2015 
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There can be various scenarios in which market revenues are insufficient to cover generators' costs. The drivers that 

contributed to high levels of uplift particulariy during February 2015 included: 

• Contractual Constraints - At times, due to gas delivery operation inflexibility restilcttons. some resources 

operated within strict megawatt output levels during periods when tfiey vrere uneconomic to ensure they 

were available during peak conditions. The winter of 2015 experienced less contractual consti"aints than tiie 

winter of 2014. 

• Pnjdenf Operattons - During February 2015, based on ttie extteme weather forecast and expected system 

condifions. PJM committed resources to meet ttie forecasted load and maintain system resen/e 

requirements. Such operattons are typical during cold weattier aterts, resutting in tfie scheduling of reserves 

to account for increased load demand. Addittonal resources ttiat were committed to meet ttie increased load 

demand plus planned outages, unplanned outages and expected transmission congestion resutted in 

elevated balancing operating reserve deviation charges. 

In addition, tiie tower fuel prices seen in 2015 compared to 2014 prompted some generation owners to start 

their resources eariy and self-scheduled tfiose resources in tfie PJM maricet prior to ttie anticipated extreme 

weatfier condittons to ensure tfieir availability in tfie PJM maricet. Throughout February, particulariy the latter 

part of the montti, PJM procured adequate generation to meet forecasted toad and maintain system reserve 

requirements. The Day-Ahead Maricet committed much of this generation in tfie Westem Region of PJM in 

ttie fomn of combustion turi)ines based on tfie maricet-clearing engine. In real-ti'me operations, there was a 

large amount of energy imports across the westem border, resutting in heavy west-to-east transfers across 

tfie PJM system. These energy imports dispteced tfie need for tfie combustion turbines committed in ttie 

Day-Ahead Maricet. whtoh tfien were de-committed in real time. The heavy tiransfers across ttie system also 

caused tfie real-time LMPs to be higher in tfie Eastem Region of PJM. These issues contiibuted to tfie 

overall total energy uplift credits. 

Uplift is an important feature in tfie PJM Energy Maricet design due to tfie number of variables associated witii 

dispatching the system and maintaining conti-ol. While ttiere is a ttadeoff bebveen tower energy prices and uplift 

because, generally, as upfrfl is reduced, energy prices will rise, and vice versa. No solutton eliminates uplift 
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completely. Through ttie Eneigy Maricet Uplift Senior Task Force, PJM and its stakeholders have made progress to 

provide solutions for the reduction of uplift. The task force has focused on uplift credit methodology and specific units 

parameters tfiat would enabte the reduction of uplift. 

Ba lanc ing Operat ing Reserve Credits 

There are two general types of balancing operating resen/e charges. If a generator is called to mn after the close of 

tiie Day-Ahead Maricet and during the reliability assessment commitinent perfomied after tiie Day-Ahead Market 

results are posted, it is eittier dispatched for prudent operations or load plus reserves." 

If a generator is dispatched for prudent operattons, tfie uplift cost associated witfi ttie generator mnning is 

categorized as a reliability credit. If a generator is dispatched for 'toad plus resen/es', tfie uplift cost is categorized as 

a deviation credit. When a generator is committed to mn during the operating day, if its cost is greater than locational 

marginal prices most of the time, the uplift credit for ttie generator also is categorized as a deviation credit. During tfie 

operating day, if a generator is not economical (i.e. its cost-based offer is higher tfian tiie current LMP), its associated 

uplift cost is categorized as a reliability credit. This is summarized in the table below. 

Figure 39. Balancing Operating Reserve Credits 

• Generator committed in advance of the operating day and outside of ttie Day-Ahead Market 

• Generator committed during ttie operating day and Is out of the economic merit order 

• Generator is needed to meet anticipated load plus resen/es 

• Generator is committed during ihe operating day and cost is greater tfian locational marginal 
prices most of the time 

Figure 40. Balancing Operating Reserve Credits for the months of Januaiy and Febmary 2015 
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PJM did experience higher-than-average operating reserve credits tfiis winter. However, in comparison, Febmary 

2015's operating reserve credits were less than 20 percent of tfie credits for January 2014. 
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Figure 4 1 . Comparison of 2014 to 2015 Operating Reserves Credits 
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Large contributing factors to the decreased operating reserve dollars, despite tfie similar weather conditions, were 

the improved unit peri'ormance, a result of winter readiness and preparation activities, as well as more informed 

dispatched scheduling decistons. a result of improved communications, better coordination with generators and gas 

pipelines and improved data accuracy. 

The majority of tfie batencing operating reserve credits incunred during Febmary 2015 were for deviation credits. 

Units that are called on by PJM can incur balancing operating reserve costs that can eitfier be allocated as part of the 

reliability analysis or as part of tfie operating day. During tfie latter p ^ erf Febmary, ttie majority of balancing 

operating reserve credits was allocated as part of the retiabiRfy assessnf̂ nt and specifically under load plus reserves 

deviatton credits. 

Figure 42. Balancing Operating Reserve Credits in Januaiy and F^niaiy 2015 
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The cold weather spikes Jan. 4-10,2015, and Feb. 15-21,2015, represented the majority of balancing operating 

resen/e credit and lost opportunity cost credit for each respective montfi. Febmary 2015 exhibited a high amount of 

tost opportunity costs, as resources scheduled in tfie Day-Ahead Maricet were not mn in real time and subsequently 

compensated via lost opportunity cost based on tfie existing maricet mIes. 

Lost Oppor tun i ty Cost 

Lost opportunity cost is an uplift cost and results primarily from PJM scheduling a resource to operate in the Day-

Ahead Energy Maricet but then not calling ttie resource to operate in real time. For example, a resource may be 

committed in tfie Day-Ahead Energy Maricet to operate during specified times but is not needed in real time due to 

factors such as anticipated lower demand, increased supply firom interchange transactions, or increased self-

scheduled generation that was not modeled in the Day-Ahead Energy Maricet. 

A resource is compensated for lost opportunity cost if it received a Day-Ahead Energy Maricet award but was not mn 

in real time. This payment covers the resource's Day-Ahead Energy Maricet position and any Real-Time Energy 

Market charges the resource would have to pay. A generation resource's output could be also reduced in real time 

due to an operational issue on the system. In ttiese cases, if ttie real-time LMP does not reflect ttie resource's offer 

during the time its output is reduced, tfie resource is made whole fo tfie amount it could have earned had it operated 

at a level of output corresponding to ttie real-time LMP. 

Figure 43. Lost Opportunity Cost in January and Febniaiy 2015 
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Figure 44. February 2015 CT Lost Opportunity Cost 
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The majority of lost opportunity cost expense was during the end of Febmary 2015. The cause of the increase in lost 

opportunity cost expense was a combinatton of prudent operations and challenging toad projecttons. Heavy west-to-

east transfers across the system restricted the ability for PJM to toad already committed internal westem generation. 

The impact of not being able to mn these generators impacted both real-time LMPs and lost opportunity cost for 

tfiose generators. 

Figure 45. Balancing Operating Reserve Credit by Unit Type 
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Figure 46. Balancing Operating Reserve by Unit Type in Januaiy 2015 
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Figure 47. Balancing Operating Reserve by Unit Type in February 2015 

Offer Cap 

The PJM Operating Agreement requires all generation capadty resources in PJM ttiat have been committed as 

capacity to submit offers into ttie Day-Ahead Energy Maricet. The Operating Agreement also limits generation offers 

into tiie Day-Ahead Energy Maricet to $1.000/MWh. 

During tiie winter of 2014, PJM market participants experienced excessive high spikes of nahjral gas prices tfiat 

could make electricity generation costs that couto exceed tfie $1,000/MWh offer cap. To help alleviate this issue, 

PJM fited a temporary waiver witti the Federal Energy Regulatory Commisston (FERC) on Feb. 10,2014, tfiat 

allowed cost-based offers to exceed ttie $1.000/MWh offier-price cap. The FERC approved tfie waiver. 

In preparation for the winter of 2015, on Dec. 15,2014, PJM filed a temporary waiver wltti FERC tiiat allowed cost-

based offers to exceed tfie $1,000/MWh offer-price cap but capped at $1,800. On Jan. 16,2015, FERC accepted the 

filling which was effective ttirough March 31,2015. 
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During the winter period tix)m January 16 ttirough March 31, PJM received 54 cost-based offers tfiat were greater or 

equal to $1,000/MWh. All 54 cost-offers were submitted to PJM between Feb. 17 and March 6,2015. None of the 

offers received were accepted, as the system conditions did not wanant mnning tiiose units.^ 

Emergency Procedures 

PJM did not need to take any emergency actions during the winter of 2015. At the highest peak periods, PJM needed 

only to issue aterts and wamings, whfch are designed to Increase awareness and readiness for weather conditions. 

The cold weather alert was the most-frequentiy issued emergency procedure during January and Febmary. PJM 

issues a cold weatfier alert in advance of an actual operating day when forecasted temperatures are 10 degrees 

Fahrenheit or tower, so maricet participants can prepare for the extreme weather condifions. There were 27 cold 

weather alertsi** issued in January and Febmary. 

Figure 48. Emergency Procedures in January and Febmary 2015 
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One of the most significant actions PJM takes in response to a cold weather atert is the defemient of scheduled 

ti-ansmission and generation outages and ttie commitinent of long-lead generating units as needed. Once PJM 

issues a cold weatfier alert, it revtews scheduled outages and contacts bansmission and generation owners to defer 

maintenance on an as-needed basis. During tiie winter of 2015, some transmission owners were abte to defer 

tiansmission system maintenance once PJM issued the cold weattier alert. 

^ Link to the IMM Infbnnational Filing re: Offer Caps Docket EL13-31-O00 
http://www.monitorinqanalvtics.com/reports/Reports/2Q15/lft̂ M Informational Fijing Docket No EL15-31-000 20150505.pdf 

10 This total includes aterts calted for the entire RTO and separate regfons in tfie RTO 
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PJM also reviews generating units witti long lead times to assess if ttiere is a need to commit ttiose units to ensure 

availability during the peak. There were very few units calted on for ttiis reason In 2015. 

PJM issued two ottier emergency procedures during tiie winter of 2015 to prepare for weattier conditions. They were: 

Heavy Load Voltage Schedule Warning 

PJM issued a heavy load voltage schedute waming" for the afternoon of Jan. 7,2015, (at 1505). This emergency 

procedure is designed to improve the voltage profile on ttie exb'a high voltage (345 kV and above) system and 

prompts transmission and generation owners to take tfie following actions: 

• Transmission owners take all appropriate actions on distribution and sub-transmission systems in order to 

support system voltages. This includes energizing all available capacitor banks. 

• Generation owners, working with transmission owners, increase reactive power on all units connected to ihe 

230 kV and betow voltage levels. All units connected to ttie 345 kV and higher vottage levels adjust reactive 

power accordingly. 

• Generation owners report reactive capability and voltage regulator status changes to transmissions owners. 

There are no costs witfi taking this action. 

As the load came down and system conditions nomialized, PJM cancelled the heavy load voltage schedute warning 
at 2116. PJM did not need to take any further emergency action. 

Manual Load Dump Warning 

On Saturday, Feb. 21,2015, PJM issued a manual load dump waming for tfie AEP tiansmission zone. This action 

was taken due to a contingency on tfie Cloverdale T-10,765/345 kV transfomier for tfie toss of Joshua Falls T-1, 

165/138 kV transfomier. PJM and AEP developed a contingency plan and had tfie Joshua Falls T-1 765/138 kV 

transfomier relayed out of service. The manual toad dump waming was in effect from 0624 to 2205 when the 

contingency cleared. No furtfier action was required. 

2014 Compared to 2015 

The winter of 2014 was drastically different in tfie severity and use of emergency procedures. The chart below 

highlights tfie peak days in eariy January 2014 and the different types of emergency procedures that were required. 

They ranged from alerts to actions, including vottage reduction, emergency demand response, shortage pricing, and 

public appeals for consewation. 

1'Manual 13, Section 5.1.2 

PJM © 2015 www.pjm.com 521P a g e 

http://www.pjm.com


b ^ " y -.- 2015 Winter Report 

Figure 49. Emergency Procedures During the Polar Vortex 2014 
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There were several reasons for tfie differences in number, severity, and type of emergency procedures needed in 

2014 versus 2015, despite the all-time peak toad being set in 2015. Those reasons include better generator 

performance, tower forced outages and more avaitabte generation, both internally and externally. PJM did not need 

to rely on emergency procedures in 2015 fo reduce the load or call on more capacity; it relfed on the generation 

available, either online or as reserves. 

Shared Reserves 

PJM participates in two shared reserves groups, Northeast Power Coordinating Council (NPCC) and ttie Virginia-

Carolinas Reliability Agreement (VACAR). PJM supplies shared resen/es when requested by those groups, and PJM 

requests shared resen/es to help recover from tfie toss of intemal PJM generation. PJM did not experience an 

activation of VACAR shared reserves during ttie winter of 2015. However, PJM activated NPCC shared reserves on 

one occaston for tfie loss of a PJM unit: On Wednesday, Feb. 14,2015, from 2002-2012. PJM received 500 MW fi-om 

NPCC. 

PJM supplied shared resewes to the NPCC on ttie following occastons: 

Figure SO. 2015 PJM Supplied Shared Reserves to Northeast Power Coordinating Council (NPCC) 

PJM rece ived shared I PJM supp l i ed shared reserves t o t he NPCC on the following occasions 
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Shared Reseives in 2014 v. 2015 

During the peak of January 2014, PJM relied more heavily on energy imports from NPCC to meet its own energy 

needs. PJM received between 700 and 800 MW on two different occasions in eariy January 2014. On one occasion, 

PJM provided about 150 MW of shared resen/es to NPCC. 

While shared reserves were not needed with VACAR in 2015, wori( had been done tfiroughout tfie year witfi 

VACAR's reliability coordinator, transmission operators and ttie resen/e sharing group members to improve 

emergency procedures and protocols, data sharing, and communication betiveen entities as far as expectations of 

roles and responsibilities. This helped to improve tiie overall communication and understanding of the VACAR 

sharing agreement, particularly when ttie parties were in tighter capacity sitijations. 

Reserves 

PJM maintains sufficient resen/es to handle unexpected conditions on tfie system. Reserves are defined as capacity 

that is not currentiy being used but can be quickly availabto for an unexpected toss of generatton or a grid 

contingency. To ensure the reliable operation of the grid, as well as to maintain compliance with North American 

Electric Reliability Corporation, ReliabilityFirst (RF) and SERC Reliability Corporation standards, PJM established a 

primary (contingency) reserve requirement'^ and a synchronized reserve requirement" as further detailed in the PJM 

Manual 13 - Emergency Operations. If the reserve requirements are not met, emergency procedures and shortage 

pricing, as indicated in PJM Manual 11 - Energy & Ancillary Services Maricet Operations, may be implemented. 

During the winter of 2015, PJM maintained the primary (contingency) and synchronized reserves estimates above 

NERC/RF/SERC requirements at all times, and no emergency procedures were required. The graph below shows 

the primary reserve and synchronized reserves for the 24-hour period during v/hich the new all-time winter peak was 

set (1200 Feb. 19-1200 Feb. 20). 

2̂The Primary Reserve Requirement Is capability, consisting of syndironized and norj-synĉ ronized resources, whkih can Ire (Xinverted fully 
into energy wthin 10 minutes from ihe request of PJM. The current PJM value for this c6jective is 150 percent of the latest single contingency 
in the RTO. 

" The Synchronized Reserve Requirement is capability, comprised only of synchreinized resources, which can be fully converted into energy 
within 10 minutes from the request of PJM. The current PJM value for ttiis objective is 100 percent% of ttie largest single contingency in Uie 
RTO. 
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Figure 51. RTO Reserves 
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The graph shows the PJM primary and synchronized reserves estimates and their associated requirements. While 

the primary and synchronized reserves estimates remained above the NERC/RF/SERC requirements at al! times, 

there were brief periods when the synchronized resenres estimates dipped below the PJM requirement, which is 

higher than the NERC/RF/SERC requirements. No emergency procedures were tiiggered during ttiese transient 

periods as the synchronized resen/es remained above ttie ReliabilityF/rsf requirement. 

These transfents occur mainly because of ttie look-ahead nafijre of the PJM Reserves Maricet, whtoh schedules 

generatton in advance to meet both tfie energy and system reserve requirements. In real ti'me, as system conditions 

change (e.g. a brief load spike, a sudden swing in interchange, unit trips, failed unit start, or a unit starting later than 

scheduled), synchronized reserves may be used for short periods of time until additional generation is brought online 

or catches up. For this reason, PJM sets its reserve requirements higher than the compliance standards dictate. 

2014 Compared To 2015 

System conditions in January 2014 were significant^ vrarse ttian tfie winter of 2015; at times, ttie reserves 

requirements were not met. As a resutt. PJM issued several emergency procedures in January 2014, including a 

primary reserve waming, voltage reduction waming and action, and a maximum emergency generation action, and 

triggered shortage pricing. PJM also relied on shared reserves from neighbors. 

Improved generator perfomiance was tfie key contributing ̂ ctor to the improved reserves condition in 2015, despite 

ttie higher load value on Feb. 20,2015. Witti 50 percent fewer outages, more generation online and more generation 

available tfian 2014, the primary and synchronized reserve lequirements v^re met witfiout implementing any 

emergency procedures. 
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Interchange 

Managing interchange (energy transfers across ttie RTO) was not operationally challenging or significant for PJM on 

the peak winter days in 2015. Interchange for tfie peak days of January and Febmary are reviewed betow as well as 

a comparison witfi conditions in 2014. 

Figure 52. LMP Interchange for Peak Days of January and Febmary 2015 
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2014 Confipared To 2015 

Managing interchange during ttie peak winter days of 2015 was much less chaltenging than the winter of 2014. The 

key difference was interchange volatility during peak hours. While loads were high in 2015, emergency procedures, 

such as shortage pricing and demand response, were not needed, which had a dramatic impact on energy prices. 

While PJM LMPs were high compared to neighbors', ttie difference in prices was not as extteme as when PJM 

implements emergency procedures. 

PJM's unit commitment decistons are made based on expected interchange. The lack of emergency procedures 

meant that prices were more stable, more expensive internal units were not needed, and in turn, interchange was 

more manageable. 

By conti'ast, during ttie evening peak on Jan. 7,2014, actual interchange into PJM increased 3,000 MW above ttie 

forecasted interchange, which was tfie result of high LMPs set by ttie call for emergency demand response. While 

interchange volatility can make operations more challenging, ttie impact is greater on tfie economics of ttie system. 

The sudden increase in less-expensive supply, resutted in PJM operators releasing very expensive committed units, 

before meeting their minimum mn times, causing uplift payments to ttie generators. PJM did not have ttiis same 

issue in 2015 during tiie peak. 
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A recommendation from the winter of 2014 was to imptement an interchange volatility cap that gives PJM the ability 

during emergency procedures to restrict ttie amount of interchange into PJM in advance of the operating hour. The 

cap gives PJM a better way to control the system economics and reduce uplift wittiout compromising reliability. 

PJM did not need to use tiie interchange volatility cap in 2015, as there was no real need for emergency procedures 

during the peak days. PJM did not experience the volatility because system prices overall were lower in 2015 and 

price spikes were not caused by emergency procedures - which points back to more available generation and better 

unit perfonnance. 

Bulk Electric System Status - Transmission 
Just as PJM did in 2014, PJM prepared for 2015 winter peak operations by analyzing winter transmission outage 

requests to understand impacts to reliabitity and congestion. The PJM Peak Period Outage Scheduling Guidelines 

indicate transmisston owners should avoid scheduling tiansmtsston outages that may resutt in increased risk to 

system reliability during the winter peak periods." 

For outages that transmission owners needed to schedule over tfie 2015 winter peak, PJM perfomied a detailed 

analysis on each outage request, under winter peak system conditions, to ensure system reliability could be 

maintained before approving ttie outage. The detailed analysis also included an assessment of congestion impacts. If 

there was a significant congestion impact for tfie outage, considering things like the amount of off-cost operations 

and number of units and megawatts impacted, PJM suggested that the outage be rescheduled. PJM also 

communicated long-duration 500 kV or above transmission outages (e.g. tfiose scheduled for the entire season), and 

projected impacts to PJM members tfirough ttie PJM comnriittee process. 

Prior to tfie 2015 winter season, PJM perfomied a winter operations study witti tfie transmission owners as part of the 

Operations Assessment Task Force. The study resutts indicated Ihe PJM RTO bulk power transmission system could 

be operated reliably during tfie 2015 winter peak toad period in accordance with ttie operating principtes and 

guidelines contained in tfie PJM manuals. The task force also performed sensitivity stidies to simulate extreme 

system condittons that PJM might encounter during ttie winter season. The 2015 winter sensitivity studies included 

tfie foltowing scenarios: gas pipeline restrictions, high winter loads close to tfie peak experienced in 2014, and high 

generation outages. The study results showed alt contingencies identified in ttie sensitivity studies were controllable. 

Key Transmission Outages in 2015: Planned and Unexpected Outages 

PJM's analysis of transmission outages in ttiis report dkl not directty correlate to any operational events in 2014 or 

2015. However, for compteteness, ttie impacts of tfie outages over tfie winter period are reviewed. In January and 

Febmary 2015 tfiere were 36 outages on 500 kV or above ti-ansmission lines and transformers. Twenfy-sbc of tfie 

outages were planned outages, and 10 were unplanned emergency outages. Sixteen of tfie outages, mostly planned, 

lasted more tfian five days. 

The three transmission outages witfi tfie most operationat impacts during tfie winter of 2015 were: 

*̂ Manual 3: Transmission Operattons, Section 4: Reportable Transmisston Faculty Outages, 42.6 Peak Period Outage Scheduling Gutoetines 
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2015 Scheduled Outage: 

The Dooms - Lexington 500-kV line (Sept. 8,2014-June 15,2015) 

This scheduled outage is to rebuild tfie 500-kV line to accommodate Chesapeake and Yoridown generation 

deactivation in the Dominion control zone. The required rebuild project completion date is June 1,2016. 

Originally, Chesapeake Units 3 and 4 were scheduled to deactivate in December 2015, but it was later 

decided to advance the deactivation to December 2014. The Dooms - Lexington project now is scheduled to 

be completed in December 2015. The major impact of tfiis outage is restiictions on Batfi County pump-

storage hydro plant operations due to stability concerns. PJM imptomented a special protection scheme 

{SPSy^ to minimize the staW\t:y impact on Bath Count:y operations during ^ e Dooms-Lexington outage. 

2015 Emergency Outages: 

The Keystone #3 500/230/20-kV transformer (Nov. 3,2014-Feb.6,2015) 

On Nov. 3,2014, a relay operation took out of sen/ice the Keystone #3 500/230/20-kV transformer, which is 

located in the Pennsylvania Efectric zone. The transfomner remained out of service until Feb. 6,2015. This 

emergency outage required PJM to increase tfie reserve requirement by about 400 MW to cover tfie 

potential loss of both tfie Keystone #1 and Keystone #2 units. The reserve requirement increased from 

approximately 1,300 MW to 1,700 MW. During this emergency outage, PJM also was required to monitor 

and control the singte contingency loss of both Keystone units, the Juniata-Keystone (5004) 500-kV line and 

the Conemaugh-Keystone (5003) 500-kV line. This contingency restricted energy tfansfer into the eastern 

portion of the RTO and required more frequent off-cost operations, especially on tiie Bedington-Black Oak 

transfer interface. 

The Black Oak-Hatfield 500-kV line Feb. 9,2015-Feb. 12.2015) 

The Black Oak-Hatfield 500-kV line, located in tfie FirstEnergy - Soutti control zone, was removed from 

sen/ice due to emergency overhead bus woric at the Hatfield substation. This outage reduced energy 

transfer capability across the PJM footprint and required more frequent off-cost operations. 

2014 Compared to 2015 

There were fewer winter transmisston outages of 500 kV or above In 2015 tfian in 2014. There were 36 outages on 

500 kV or above transmission in January and February 2015, compared witti 52 outages in January and Febmary 

2014. In 2014,33 of the outages were planned outages and 19 were unplanned emergency outages. Nineteen of tfie 

outages lasted more tfian five days. 

" Glossary of Tenns Used in NERC Reliability Standards - SPS is an automate protectton system designed to detect abnormal or 
predetermined system conditions, and take conective acttons other than and/or in addition to the isolatton of faulted components to maintain 
system reliability. Such action may include changes in demand, generation (MW and Mvar), or system configuration to maintain system 
stability, acceptable voltage, or power flows. 
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Figure S3. Winter Peak 500 kV or above Transmission Outage Comparison for January and February, 2014 and 2015 

• 2014 Winter 

• 2015 Winter 

Tota l 
Outages 

500 kV or above 

Planned E m e r g e n c y > 5 days 5 days 

o r less 

Many of the planned outages in 2014 were to upgrade the inflrastî cture to support generator retirements occurring 

by April 2015. There were fewer of ttiese types of outages in 2015. There were also fewer long-tenn outages in 2015. 

The reduction of long-term outages is a trend PJM anticipates continuing during future winter peak periods as 

Regional Transmission Expansion Plan (RTEP) upgrades required for generation retirements are completed. 

The impact to congestion of the 2014 ti^ansmission outages witfi the most operational impacts was about tfiree times 

greater than the congestion impact observed for the 2015 outages. The tower price of fuel contributed to tfiis 

difference, as did tfie greater number and duration of outages in 2014. 

The four 500 kV or above transmission outages witfi most operational impacts during tfie winter of 2014 include; 

2014 Scheduled Outages: 

Doubs-Mt. Storm 500-kV line (Sept. 3,2013^une 3,2014) 

The Doubs-Mt. Storni 500-kV line is an intemal tie-line between the Dominion and FirstEnergy-South control 

zones. This 500 kV or above transmisston line reconstmctton project was a PJM RTEP backbone project 

required due to aging infiastmcture. The original outage schedute spanned 2012 to 2015. The approval of 

the requested 2014 winter outage allowed tfie line reconstiiiction worit to be completed one year ahead of 

the original schedule. This outage reduced the energy transfer capability across ttie PJM footprint, causing 

congestion and requiring more frequent off-cost operattons. 

Branchburg-Ramapo 500-kV line (Feb. 7,2Q14-Feb. 23.2014) 

Branchburg-Ramapo is an extemal tie-line betiveen PJM and New York. Branchburg substation is located in 

the northem Public Service zone in New Jersey. This outage vi/as necessary to install a new 500-kV 

Hopatcong substation, which is part of tfie Susquehanna-Roseland RTEP backbone project. This outage 

caused some local transmission constfaints in tfie Publto Service zone. 

Bath County-Lexington 500-kV line (Feb. 2,2014-March 21,2014) 

The Batfi County-Lexington line is tocated in ttie Dominion contix)l zone. The outage was necessary due to a 
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circutt breaker replacement project at the Lexington substation. This outage caused some operational 

restrictions on the Bath County pump storage hydro plant due to stability concerns. 

Keeney AT50 500/230-kV transformer (Feb. 9,2014-June 18,2014) 

Keeney substation is tocated in the Delmarva Power zone in Delaware. The four-month outage was 

necessary to replace tfie AT50 500/230-kV transfomner. The outage started in Febaiary to ensure tfie new 

transfomier could be ready for service before tfie 2014 summer peak season. The outage did not affect 

reliability during the peak days of 2014. 
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Appendix 

Appendix 1: Capacity Performance 

Capacity Perfomiance, currently under consideration by the FERC, w ôuld create stronger perfomiance incentives for 

committed capacity resources. The incentives would ensure more operational availability and flexibility during peak 

power system conditions. 

Generator perfonnance issues during peak conditions in the winter of 2014 identified the need for a more robust 

capacity product to ensure system reliability. Capacity Perfomiance addresses issues of generation fuel security, 

perfomiance, winter peak operations and operational characteristics of resources needed to ensure that system 

reliability will be maintained throughout the current industry transformation and beyond. 

While generator performance improved during the winter of 2015, many of the improvements were voluntary, such as 

winter testing and preparation. Improvements also were a result of lower fuel prices. 

To ensure perfonnance, a Capacity Performance resource must deliver energy in all hours If scheduled by PJM, or if 

self-scheduled, wfhen PJM declares a Hot or Cold Weather Alert and/or a Maximum Emergency Generation Alert. 

Had the Capaci ty Per formance Const ruc t Been In Place 

PJM provides the following high-level information relative to the winter of 2015 to help understand impacts of the 

Capacity Perfomiance construct had it been in place during this winter. 

A cold weather alert was Issued on 19 days during January and February 2015. 

Based on the filed Capacity Perfonnance rules for a unif s total start time (notification time plus start time), a unit 

must be available for scheduling with a maximum of a 14-hour total start time. Had the Capacity Performance rules 

been in place for the winter of 2015, based on curfent data: 

• Approximately 1,123 units would have had total start times of 14 hours or less. 

« Approximately 162 units would have had total start times greater than 14 hours. The impact of this 

could have been more units self-scheduling, units starting themselves eariier, unit parameter changes 

or potential forfeiture of uplift payments. 

There were five hours that would have qualified as Performance Assessment Hours under the currently filed version 

of Capacity Performance^^. On Feb. 21,2015, PJM issued a manual load dump waming in the AEP transmission 

zone that was effective from 1842 to 2205. This action was taken due to a contingency on the Cloverdale T-10, 

1^ Perfonnance Assessment Hours are delineated by PJM's declarafion of Eme^en(^ Actions, which are defined as, any emergency action for 
locatJonal or system-wide capacity shortages that either utilizes pre^mergenc^ mandatory load management reductions or other emergency 
capacity, or initiates a more severe action including, but not limited fo, a Voltage Reductioi Waming, Voltage Reducton Action, Manual Load 
Dump Warning or Manual Load Dump Acfion. 

PJM ©2015 wvw.pim.com 6 8 i P a g e 

http://wvw.pim.com


r i ~ ^ ' 2015 Winter Report 

765/345 kV transformer for the loss of the Joshua Falls T-1,165/138 kV transfomier because PJM would have 

required a reduction in load to control the facility post-contingency. 

PJM may issue a manual toad dump waming in all or a portion of the footprint for two primary reasons. 

1) If there is a system-wide capacity shortage such that either the primary reserve quantity is less than 

the largest single generator contingency, or, the loss of a transmisston facility jeopardizes reliable 

operations after all possible measures are taken to increase reserves, PJM will issue a manual load 

dump waming to notify members that a manual load dump action may be necessary to maintain 

reliability. 

2) If there is a transmission facility that is greater than 230 kV that cannot be controlled post-contingency 

after without a reduction in load in the affected area after all other measures are taken, PJM will issue 

a manual load dump warning in particular transmission zones ttiat will relieve the overloaded facility. 

Because the manual load dump waming was issued only in the AEP zone due to the post-contingency overload, only 

capadty resources in the AEP zone would have been eligible for over-performance credits or under-performance 

charges under the Capacity Performance ailes. Under Capacity Performance, the under-perfbrnaance charges could 

have been assessed against any units in the zone on a forced outage or units not following PJM dispatch 

instructions. 

Appendix 2: Typical Preparation for an Operating Day 

This section provides context and details about the processes, tools, and timelines for the operational actions taken 

prior to an operating day. 

Beginning a week prior to an operating day, PJM creates and publishes a forecast of expected demand for electricity 

{i.e. the load forecast) and monitors factors driving demand expectations, such as weather forecasts and historical 

patterns of usage. The forecast is updated multiple times every day leading up to the operating day as the driving 

factors are updated- Because some generators require long notification and statt-up times (up to six days), PJM 

examines expected system conditions to detemiine if it will be necessary to noti^ these generators that they are 

expected to be needed. 

In the winter of 2015, PJM began conducting weekly calls with six interstate pipefines. The pipeline discussions 

revolved around pipelines status and how it could impact the natural gas supply to PJM generation. 

Approximately three days prior to an operating day, PJM's planning becomes more detailed. To prepare for expected 

conditions during the operating day, PJM staff begins studying transmission and generator outages, load forecasts, 

natural gas supply, weather and other expected factors. The expected system conditions dictate the amount of 

preparation required. PJM analyzes, communicates, studies and revises its analysis and operating strategy multiple 

times as needed as more infomiation about an operating day becomes available. For example, PJM may request 

that transmission outages in progress be restored as quickly as possible to prepare fbr extreme weather conditions 

and then will update the analysis to reflect these conditions. 
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Two days prior to an operating day, PJM begins to set up the conditions such as the expected outages and 

conditions for tiie operating day in the model for tiie Day-Ahead Energy Market. (The Day-Ahead Energy Maritet 

offers an opportunity for market participants to lock in their positions in advance of an operating day in a tinancially 

firm way to reduce tiieir risks of exposure to real-time prices.) 

When the Day-Ahead Market closes at noon on tiie day prior to an operating day, PJM begins clearing the maricet, 

and the results are made available by 4 p.m. the day prior to the operating day. The Day-Ahead Maricet is cleared so 

that the cost to serve physical and virtual demand is minimized while still respecting the physical operating limits of 

the transmission system. Commitments in the Day-Ahead Market are financially binding on participants. Any 

differences between those commitinents and what actually occurs in tiie operating day is addressed in the Real-Time 

Energy Maricet. 

Between 4 p.m. and 6 p.m. the day prior to the operating day, generators which were not committed in the Day-

Ahead Maricet can revise their offers to sell power. The window allows a generator fo adjust its offer prior to the 

operating day to better reflect the cost of fuel. The uncertainty ot both natural gas costs and availability makes ttiese 

types of adjustments necessary and useful. 

Figure 54. Market and Operations Timeline 

-Three days 
prior 

Two days 
prior 

Operating 
Day 

! V CHjtage analysis 
I * Forward refebility analyas 

\ Set condiUons for day-ahead market 

V By noon: partidpants enter bids 
and offers to day ahead 

', Noon - 4 p.m.: PJM clears 
day-ahead market 

V 4 - 6 p.fn..' re-bJdding period 

'i 6 p.m. - Midnight: Reliability 
Assessment Commitment 

i Real-Ume operations and dispatd^ 
> Real-tinF>e energy market 

Because the load levels bid into the Day-Ahead Maricet typically do not meet the tevels expected during the operating 

day, after 6 p.m. PJM begins tiie reliability assessment commitment (informally called ttie "reliability run"), which 

ensures that adequate generation is committed to meet tfie demand plus resents, white minimizing start-up and no-

load cost. (Reserves are used to keep the lights on when unexpected events occur, such as a large generatisr going 
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off line.) Using the most up-to-date weather forecast, load forecast, tiansmission facility and generator availability, 

and ottier infomiation, PJM commits additional generation, if necessary, to satisfy botti expected loads and the 

needed reserves for tiie operating day. PJM also perfonns additional reliability analysis to ensure all tiransmission 

facilities will be operated within their equipment limits when committing generation. During severe winter weather 

events, PJM also communicates extensively with botii generation owners and gas pipeline operators in order to 

adequately understand the likelihood that natural-gas-fijeled generators will be able to procure the gas they needed 

to operate. 

On a typical winter day, PJM's peak load for the day averages approximately 106,000 MW. Beyond the expected 

demand, PJM also will commit approximately 4,000 MW of reserves " . Leading up to and throughout the operating 

day, PJM examines updated information and system conditions and acts to continually balance generation with ttie 

need for electiicity and maintain adequate resen/es to prepare for unexpected issues. PJM manages changes from 

day-ahead commitments and schedules in the Real-Time Energy Market using ttie offers fi-om generation resources 

and demand resources to jointly minimize the cost of energy and reserves while maintaining energy balance and 

respecting the limits of the transmission system. Any differences in generation or demand from the Day-Ahead 

Energy Market commitments are cleared at price levels detennined by the Real-Time Energy Market. 

Appendix 3: Locational f^arginal Pricing - Marginal Unit Type Intervals 

Figure 55. Type of Marginal Resources in the Day-Ahead Energy Market 

Gene^atibn Olspafphable Up-foCongestion Decrement Bid IncreiiientOffeF Price-Sensitive 
Transaction transactlbn Dernarid 

Jan 14.2% 0.5% 71.9% 6.9% 6.3% 0.1% 

Feb 13.1% 0.4% 73.1% 7 J % 5.6% 0.1% 
Mar* 10.2% 0.6% 73.5% 10.7% 5. i% 0.0% 
* March 1 through March 11 

''̂  To provide a sense of scale, the combination would be enough power to serve about 91,200,000 homes. (One megawatt is enough power to 
serve about 800 homes. A ^ i ca l large nuclear power plant provides 1,000 MW of energy.) 
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Appendix 4: Natural Gas System Critical Notices 

In addition to tiie individual gas pipeline websites listed below, PJM also has a tool which provides a summary of the 

Critical Notices. Please see the following website on pjm.com: https://gaspfpe.pjm.com/gaspipe/pages/dashboard.jsf 

Pipeline Website 

Columbia 
Dominion 

Texas Eastem 

Natural Gas Pipeline of America 

ANR 

Tennessee Gas 

Nicer 

National Fuel 

http://www.columbiapipeinfo.com/infopost/ 

http://escript.dom.com/isp/info post.isp?&companv=dti# 

https://infopost.spectraenergv.com/infopost/TEHome.asp?pipe=TE&mode=1 

http://pipel(ne.kindermorgan.com/tnfopo$ting/notices.aspx?tvpe=RECENT 

http://anrebb.transcanada.com/ 

http://webapps.elpaso.com/PortalUl/DefaultKM.aspx?TSP=TGPD 

https://www.nicorqas.com/ 

http://sbsprd2.natfuel.com/supplv/infopost/infopost frame.htm 

Appendix 5: Emergency Procedures 

Please see Emergency Procedures page on pjm.com for a description of the message and further details. 

https://emergencvprocedures.pim.com/ep/paaes/dashboard.isf 

Message ID 

94390 

94389 

94238 

94214 

94190 

94161 

94071 

94058 

94057 

93973 

93972 

93971 

93970 

Start l ime 

3/4/2015-8:53 

3/4/2015-8:44 

2/24/2015-9:45 

2/23/2015-12:55 

2/22/2015-10:25 

2/20/2015-9:01 

2/17/2015-9:11 

2/16/2015-9:08 

2/16/2015-9:08 

2/12/2015-8:31 

2/12/2015-6:31 

2/12/2015-8:29 

2/12/2015-8:21 

End Time 

3/6/2015-23:31 

3/5/2015-23:30 

2/27/2015-23:53 

2/27/2015-3:17 

2/24/2015-23:56 

2/24/2015-0:00 

2/21/2015-0:44 

2/20/2015-0:41 

2/19/2015-0:19 

2/18/2015-0:00 

2/17/2015-0.-01 

2/16/2015-0:00 

2/15/2015-0:00 

Region 

Western - Region 

ComEd - Control Zone 

Westem - Region 

DLCO-Control Zone 
ATSI-Control Zone 

PJM-RTO 

Westem - Region 

PJM-RTO 

PJM-RTO 

AEP-ControlZone 
AP-Control Zone 
ComEd - Control Zone 
DAYTON-ControlZone 
DLCO-Control Zone 
Westem-Region 
ATSI-Control Zone 
CPP-Control Zone 
DECK-Confrol Zone 
EKPC-Control Zone 

Mid-Atlantic - Region 

PJM-RTO 

Mid^tlantic - Region 
Westem - Region 

AEP-Control Zone 
AP - Control Zone 
ComEd - Confrol Zone 

PJM ©2015 www.pim.com 721P a g e 

http://pjm.com
https://gaspfpe.pjm.com/gaspipe/pages/dashboard.jsf
http://www.columbiapipeinfo.com/infopost/
http://escript.dom.com/isp/info
https://infopost.spectraenergv.com/infopost/TEHome.asp?pipe=TE&mode=1
http://pipel(ne.kindermorgan.com/tnfopo$ting/notices.aspx?tvpe=RECENT
http://anrebb.transcanada.com/
http://webapps.elpaso.com/PortalUl/DefaultKM.aspx?TSP=TGPD
https://www.nicorqas.com/
http://sbsprd2.natfuel.com/supplv/infopost/infopost
http://pjm.com
https://emergencvprocedures.pim.com/ep/paaes/dashboard.isf
http://www.pim.com


?V^-iV !. 2015 W/inter Report 

Message ID 

93969 

93849 

93829 

93811 

93810 

93809 

93649 

93630 

93629 

93580 

93578 

93551 

93530 

93529 

93509 

93489 , 

Start Time 

2/12/2015-8:17 

2/5/2015-12:10 

2/4/2015-10:02 

1/30/2015-15:21 

1/30/2015-10:24 

1/30/2015-10:21 

1/14/2015-10:02 

1/13/2015-10:06 

1/13/2015-10:06 

1/8/2015-8:21 

1/8/2015-8:21 

1/7/2015-9:15 

1/6/2015-7:44 

1/6/2015-7:43 

1/6/2015-9:05 

1/4/2015-9:05 

End Time 

2/14/2015-0:50 

2/6/2015-11:53 

2/5/2015-23:19 

2/1/2015-19:48 

2/1/2015-19:48 

1/30/2015-15:39 

1/15/2015-11:30 

1/14/2015-9:55 

1/14/2015-23:59 

1/11/2015-0:58 

1/10/2015-4:36 

1/8/2015-23:43 

1/7/2015-9.15 

1/8/2015-0:35 

1/7/2015-0:05 

1/6/2015-0:12 

Region 
DAYTON-Control Zone 
DLCO-Control Zone 
ATSI-ControlZone 
CPP-ControlZone 
DEOK-Control Zone 
EKPC-Control Zone 

AP-Control Zone 
DLCO-Control Zone 
ATSI-Cor*ol Zone 

Mid-Atlantic - Region 

ComEd-ControlZone 
DLCO-Control Zone 

PJM - RTO 

PJM-RTO 

PJM-RTO 

ATSI-ControlZone 

Westem - Region 

Western - Region 

Westem - Region 

Western - Region 

PJM-RTO 

AEP-ControlZone 
AP-Control Zone 
C^mEd-Control Zone 
DAYTON-ControlZone 
DLCO-Control Zone 
Westem - Region 
ATSI-ControlZone 
CPP-Control Zone 
DEOK-Control Zone 
EKPC-Control Zone 

AEP-Control Zone 
AP - Control Zone 
ComEd-ControlZone 
DAYTON-Control Zone 
DLCO-Control Zone 
Westem - Region 
ATSI-ControlZone 
CPP-ControlZone 
DEOK-ControlZone 
EKPC-Control Zone 

ComEd-Contot Zone 

ComEd - Contr(rf Zone 

Appendix 6: Cold Weather Operational Exercise 

As described in ttie 2015 Generator Perfonmance section, PJM also Imptemented ttie 2014 recommendation to 

develop a cold weattier exercise designed to give generators that njn infrequentiy or have dual fuel capability the 

opportunity to test ttieir units prior to the onset of cold weattier. In totel, 168 units viritti a total of amount of 9,919 

(11,054 MW ICAP) perfomied ttie cokf weather generation operational exercise. 
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Total Units Exercised Success Rate (By Unit Count) 

168 Units 9,919 MW 94% 

A summary of eligible units and their participation is below. Of ttie 214 units initially eligible and interested in 

participating in ttie exercise, 46 units were unable to participate either because of warni weather on the day 

scheduled or subsequent ineligibility because they ran in real-time during ttie cold days during Uie month of 

December 2014. The final number of units exercised this test was 168. 

Figure 56. 2014 Winter Exercise Participation Unit Counts 

Total Eligible Units As Eligible Units Thai ẑ  Eligible Units That Eligible Units That Did Not 
OfPec. 1,2014 • .WantedToParticipate peclinedToParticjpattj;>^^^.R^^ 

Unit Count 

Total ICAP 
MW 

443 

45,604 

214 

1-^558"--

210 

' ^ 2 9 ^ 

19 

'15448 

Figure 57. Exercise results were analyzed and ttie success / feilure analysis 

26 units out of 168 units experienced initial failures, or failed to complete the exercise ('Failures by Unit Count + Initial 

Failure; Success by Unit Count) 16 (Initial Failure; Success by Unit Count) of ttiose 26 units, were abte to con-ect 

tiie issue and subsequently successfully completed ttie exercise. The total unit success rate of 94 percent includes 

ttiese corrected failures. Causes of failures were also analyzed and are summarized below. The percentages are 

based on a total of 26 exercise failures. The types of failures include control system, liquid handling, supporting 

diesel, and electrical failures. Examples of "Miscellaneous" failures include: faited to fire, water injection problems, 

faited to synchronize, high temperature, vibration, lube oil teak, and ttiemiocoupte failures. The majority of units ttiat 

faited were repaired and retested on the same day or wittiin ttie same week. Several of ttie units ttiat failed asked for 

a retest later during ttie program. Many other generation owners elected to self-schedule shortly after ttie repairs 

were made, wrtiich means they were compensated for ttie MWs but not for ttie test. 
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Figure 58. Cold Weather Operational Exercise - Causes of Failures 

Miscellaneous 27% ^ I 

Control systenn \ 
problem. 12% "^ 

Circuit breaker -
issues. 15% 

Liquid fuel 
handling problems. 31% 

Cranking diesel 
failure, 15% 
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