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Summary of Major Terms

Power Purchase and Sale Agreement (“Agreement”)

Buyer:

Seifer:

Agreement Start Date:

Generation Facilities:

Term:

Operating Committee:

Delivery Points:

Ohioc 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 1s 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
Commiittee 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 Operating Committee, or its designees, shall
review and approve: (a) capital budgets and any major Operations
and Maintenance (“O&M™) expenditures for the 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 between OPCo and Seller. The
Operating Committee shall meet at least annually. For co-owned
PPA Units, the Operating Committee determinations will be
utilized m voting actions in co-owner meetings.

The PIM nodes lqcated at each of the PPA Units.

EXHIBIT
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Fuel:

Offers and Scheduling:

Capacity Entitlement:
Energy Entitlement:
 Ancillary Services

Entitlement:

Buyer Payments':

+
b
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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 1o be utilized for the Units. Any other fuel transaction
that is not obtained through competitive methods must be approved
by Buyer, mcluding 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 PJIM 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. -

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.

In exchange for the above entitlements, OPCo will reimburse
Seller for all eosts 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) Other

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, fuel, 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.

©2|Page




Exhibit KDP-1
Page 3

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 remammg 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 will 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 Umits 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 based
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 beginning 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
hiability shall be grossed-up at the applicable statutory rate. All
other taxes (e.g., property tax) will be billed as incurred.

3{Page




Cost Computation:

Billing and Payment:

Books, Reeords and
Audit Rights:
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Other Miscellaneous: Other miscellaneous payment shall include
any other costs and credits as described within 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 Aftachment A,
Other Miscellaneous payments will also include a component for
recovery of forecasted retirement-related costs associated with the
Unit. :

The FERC Uniform System of ‘Accounts will be utilized by Seller

and- costs-to- be-paid-by- OPCo -will be-formulaically computed——----- -}~

based on the actual costs as recorded in Seller’s books and records.

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 shail be due and payable on or before the
twentieth (20") day of each month, Buyer will make payments by
electronic funds transfer to the account designated by Seller, or by
other mutually agreeable method(s).

Seller shall keep, or shall cause fo 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 i3 waived
uniess the other Party is notified of the claim within twelve (12)
months after the invoice is rendered or any specific adjustment to
the invoice 1s made.

4| Page




Unit Contingent:

Early Termination

Unit Dispositions:

Buckeye:

Other Agreement

Terms & Conditions:
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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)
Buyer’s failure to perform.

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
Ine.’s Cardinal Units 2 and 3.

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 evenis 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 Agreement.
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Attachments

i
b

Additional Items

Attachment A: PPA Units

Attachment B:

Initial Depreciation Rates
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Attachment A
PPA Units
Average Currently
Plant | Unit CA“““.g' Oagepgﬁip ofvﬁepresiip roned
T | (MW) Year
Cardinal 1 592 100.0% 592 2033
Conesvile | 4 779 43.5% 339 2033
Conesville 5 405 100.0% 405 2036
Conesville | 6 405 100.0% 405 2038
Stuart 1 577 26.0% 150 2033
Stuart 2 577 26.0% 150 2033
Stuart 3 577 26.0% 150 2033
Stuart 4 577 26.0% 150 2033
Zimmer 1 1,300 | 25.4% 330 2051
Total 5,789 2,671

T|lPage




Attachment B

INITIAL PLANT DEPRECIATION RATES

Plant An'nual
Depreciation Rate
(%)
Cardinal 3.55%
Conesville 3.01%
Stuart 3.27%
Zimmer 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 defined herein, the follow:ng 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” mdans emission allowances, emission credits, and any similar rights
related to emissions of NOQ,, SO, CO», mercury, particulates or any other substance under any
relevant federal, state or local law or recognized by any Governmental Authority or other entity,
and all other environmental attributes.

“Ancillary Services” means regulation and frequency response services; energy
imbalance services; automatic 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
defined as ancillary servmes in the Transmission Operator’s relevant transmission tariff or are
commonly sold or saleabie, to the extent that the assets comprising the Facrlltles provide those
services or products.

'
b

“Approvals” means all approvals, permits, licenses, consents, waivers or other
authorizations from, notlﬁcatlons to, or filings or registrations with, third parties, including
without limitation, Govcrnmental Approvals.

“Business Day” mleans 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 oripayment or delivery is to be received.

“Buyer” has the méaning 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” meang 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, engiheering, design, procurement, purchasing, construction, inspection,
start-up and testing of (a) minor or non-material capital improvements, replacements, repairs or
additions to the Facility (H) 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 1mpr0vements replacements, repairs or additions to the
Facility.

“Capacity Payment” has the meaning set forth in Section 5.5.

“Cardinal Stationj Agreement” means the agreement, dated as of January 1, 1968, by
and between the Seller, Huckeye Power, Inc. and Cardinal Operating Company, mcludmg all
amendments and any future 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
Authority of any law, regulation or Governmental 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, resulting 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 Payment” 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 jurisdiction.

“EPT” or “Easteril 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 Operating Agreement” means the applicable operating agreement(s) by and
among Seller and the other co-owners thereto, as amended or supplemented from time to time,
and shall include all exhibijts, schedules and annexes thereto, and, for purposes of Section 10.5,
such term shall be deemed 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 iamended 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. e

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

“Facility LMP Point” 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 Contracti Price; (b) the loss of Buyer’s markets; or (c) a Party’s inability
economically to purchase,luse, sell or resell fuel, equipment or services or the Capacity, Energy
or Ancillary Services purchased 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” medns 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 Governmental Authority or
~applicable law.

“Governmental Authority” means any federal, state, tribal, local, or municipal
government body; and any governmental, 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
ar other tribunal. ‘

“Imbalance Charges” means any penalties, fees or charges assessed by a Transmission
Qperator 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
(ii) 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.

E
“NERC” means the North American Eleciric Reliability Corporation or any successor
entity with similar jurisdiction.

“O&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, chargés 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 Start Date, including but not limited to labor; parts; supphes 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;but excluding any Capital Improvements Work. :

“Qutage” shall mean any unavailability, in whole or in part, of the Facility whereby it is
not capable of fully operating at its rated capability due to (i) a forced derating, Forced outage
maintenance derating, maintenance outage, planned 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} external restrictions; (iv) testing; (v)
work being performed; (vi) maintenance; (vii) construction, or (viii) any other condition or
circumstance that reduces jelectrical 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 assurances acceptable to the Requesting Party.

I
“Person” means any individual, corporation, partnership, limited liability company, other
business organization of} any kind, association, trust, or governmental entity, agency or
instrumentality.

“PJM” means th¢ PIM Interconnection LLC or any successor entity with similar
responsibilities.

“Property Tax” means any Tax resulting from and relating to the assessment of real or
persohal property by any Taxing Authority.

“Seller” has the meaning set forth in the preamble hereto.



Ohio Power Company Case No. 14-1693-EL-RDR
IEU RPD-1-002 Supplemental Attachment
Page 1t of 32

“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). - :

“Selter’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 1 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, alternative 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 affiliated, consolidated, combined, or unitary group for any taxable period,
(ii) any lability 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 amount 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| obligation to indemnify any Person, and (iv) any and all interest,
penalties, additions to tax, or additional amounts imposed in connection with or with respect to
any amount described above in this definition.

“Taxing Authority” shall mean, with respect to any Tax, the governmental entity
(national, local, municipall 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 governmental or quasi-governmental 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 chargesior premiums.

“Tax Period” meahs the time period for which or during which a Tax is imposed by any
Taxing Authority. ;

“Tax Reimbursement Payment™ has the meaning set forth in Section 5.6.
“Term” has the mganing set forth in Section 2.1.

“Transmission Operator” means PJIM or any Transmission Provider, independent
system operator, regional fransmission operator or other transmission operator from time to time
having authority to control the transmission control area to which the Facility is interconnected.

“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 from the Facility and Seller’s failure to deliver such Energy
or Ancillary Services is excused to the extent the Facility (including all facilities on Seller’s side
of the Delivery Point) is unavailable as a result of (i) an QOutage, (ii) Force Majeure or (iii)
Buyer’s failure to perform.

1.2 Interpretatign. Unless the context otherwise requires:

| ‘
(a) Words singular and plural in number will be deemed to include the other and
pronouns having 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, in the case of any Government Authority or Taxing Authority, any
Person succeeding to its functions and capacities.

(©) 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.

8
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(d) Other grammatical forms of defined words or phrases have corresponding
meanings.

() The term “including” when used in this Agreement means “including without
limitation.”

® 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.

(2) 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 a.mended supplemented, amended and
restated or otherwise modified from time to time.

@) 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.

)] 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 I
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 termmated in
accordance with the provisions of this Agreement, until the End Date.

2.2 Delivery 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
alternative End Date.

2.3 Early Termination Right. Subject to Buyer complying with its obligations under
Atrticle 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 recoyery for Buyer’s costs hereunder is discontinued or substantially
diminished, including thnough a one-time significant disallowance for retail rate recovery of
costs.

24 Other Early 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 with its
obligations under Article V.

ARTICLE OI
EPURCHASE AND SALE OBLIGATION

.31 Seller’s and Buver’s Obligations. Subject to, and in accordance with, the terms
and conditions of this Agreement, 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 Contifnﬁent. 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, mdnitor, 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 fuel is also utilized fo supply fuel 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 manner 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  Delivery Ppint. The Delivery Point for Ehergy 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 PTM
generation offers, including how such generation wiil be offered to PJM, for the Energy and
Ancillary Services associated with Buyer’s Contractual Capacity and Seller will, subject to the
requirements of PIM and the operating parameters of the Facilities, as determined by the Facility
operator, operate and control the Facilities and schedule with PIM 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 PIM. 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 Imbaiance 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 PJIM’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

11



Ohio Power Company Case No. 14-1693-EL-RDR
IEU RPD-1-002 Supplemental Attachment 1
Page 16 of 32

to the other Party as soon &s practicable (but not later than thirty (30) days thereafter to the extent
such details are then availéble) 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 using all reasonable efforts to overcome the Force Majeure and resume
performance as soon as possible. The non-Affected Party shall not be required to perform or
resume performance of ifs obligations (excluding payment obligations) to the Affected Party
corresponding to the obligations of the Affected Party excused by Force Majeure, until such time
and to the extent the Affected Party resumes its performance.

3.8 Allowanced. Seller shall separate the Allowance inventories associated with the
Facilities and maintain thém 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 units, such Allowances will be allocated to Buyer’s separate subaccount
and the Seller’s other Allowance subaccounts based on the emissions of the applicable units over
the 5 prior calendar yeats. The applicable units will be ail 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 dne-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 applicable emissions from the Facilities by the Allowance Transfer
Deadline, and the associsted Allowance expense will be borne by the Buyer. Buyer shall
manage all Allowances in ithe 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 Deliver Energy/Ancillary 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 thisj 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. EPA and Ohio Power Company entered on December 10, 2007 and as
issued in Civil Action Np. C2-99-1182 and consolidated cases by the United States District
Court for the Southern PBistrict of Ohio, Eastern Division, as modified from time to time
(“Consent Decree™), Sellet will constrain the dispatch of impacted Facilities if or when needed to
ensure compliance with jany 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 dispatch,the Facilities hereunder. Seller shall bear the full 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 cornpliance 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 time during the Term, Seller shall perform,
or cause t0 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. ‘

43  Planned Outage Schedule. Seller will develop and implement, or cause 1o 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.
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44  Auxiliary Power. During any hour that the Facility is out of service, Seller or the
applicable Facility operator will procure the energy used by Facility auxiliaries during that hour,
the cost of which will be borne by the Buyer.

ARTICLE V

¥
F

- PRICING

51  Monthly Pairments. For each calendar month during the Delivery Period, Buyer
shall pay Seller an amount {the “Monthly Payment”) equal to the sum of (i) a Fuel Payment, (ii)
an O&M Payment, (iii);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 and Ancillary Services associated with Buyer’s Contractual Capacity.

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

53  O&M Paymient. 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.

54 Depreciatioh Payment. For each calendar month during each Contract Year,
Buyer shall pay Seller an amount (the “Depreciation Payment™”) equal to the sum of the
depreciation expenses incyrred 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 ownekship interest in the applicable Facility. The depreciation rates will be
updated periodically at intdrvals that will not exceed five (5) years and the new rates will become
effective on the subsequent January 1% 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 ¢r Facilities at a plant are retired, any remaining net book value will be
payable by Buyer at that fime, unless the Parties mutually agree upon an alternative payment
arrangement. ?

55 Capacity Paivment. For each calendar month during each Contract Year, Buyer
shall pay Seller an amountf(the “Capacity Payment”) equal to the following:

CapacityPayment = FNBY );;VACOC
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 Return 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 1% of each calendar year during the Term of this
Agreement, or at more frequent intervals as €lected by Seller.

5.6  Tax Reimbursement Payment. For each calendar month during each Contract
Year, Buyer shall pay Secller 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 fully 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 accrued 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 Jimited 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 the time the Unit(s) or Facilities are removed from this Agreement. At
Buyer’s request and at Buyer’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 imjoiced by Seller hereunder. Seller retains the right of first refusal to
match any bona fide offer that complies with all of the terms of any competitive solicitation.
Where there is a disagreen'?ent over a retirement date for Unit(s) or Facilities and this Agreement
is terminated under Section 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 Uni#(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 Epergy 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 invoige 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 ofithe 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 muttally agreeable method(s). Any amounts not paid by the due date will
be deemed delinquent and will accrue interest at the then current short term borrowing rate of the
Seller (“Interest Rate”™), such 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| 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, where required, with the FERC’s Uniform System of Accounts. Seller
shall make, or shall cause 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 reasonably 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 shall 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 Paity’s obligation to return any surplus proceeds remaining after such
obligations are satisfied inifull.

ARTICLE VIII

i

EVENTS OF DEFAULT, REMEDIES & LIMITATIONS

8.1 Events of Default An “Event of Default” shall mean, with respect to a Party (a
“Defaulting Party™), the qccurrence of any of the following:

(i) the fallure 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;

(i)  any representation or warranty made by such Party herein 1s false or misleading in
any material respect when made or when deemed made or repeated, and if not remedied
within thirty (30) Business Days after written notice;

(iiiy 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 Bbecomes Bankrupt;
(v)  the failure of such Party to satisfy the creditworthiness/collateral requirements
agreed to pursuant to Article VII; or

(vi)  such Party ¢onsolidates 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 dther 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 any 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) to 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 ¢ontract, in equity, or at law. An Early Termination Date shall not
relieve a Party of its obligdtion to payments hereunder. None of the remedies conferred upon the
Parties above is intendedjto be exclusive of any other remedy or remedies now or hereafter

18



Chio Power Company Case No. 14-1693-EL-RDR
|IEV RPD-1-002 Supplemental Attachment 1
Page 23 of 32

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.

94  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 imaintain, 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 enbble either Party to obtain or maintain such exemption or reduction, as
the case may be; provided, however, that any such restructuring shall not affect adversely the
economic consequences Of this Agreement to either Party or subject either Party to any
regulatory jurisdiction other than that to which it is subject on the date set forth in the preamble
to this Agreement. !

ARTICLE X
COl\@LIAN CE WITH LAWS; ADMINISTRATION

10.1  Seller’s Compliance. Seller shall, at its expense, comply with all applicable laws
and obtain and maintain a‘] Governmental 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 deemed in default of this obligation if it is contesting the application,
interpretation, order, or other legal direction or Governmental 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 guidelinés of NERC.

10.2  Buyer’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 perflormance 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 Governmental Approval of any Governmental
Authority in good fajth and with due diligence through appropriate proceedings and if such non-
compliance does not havela material adverse effect on Buyer’s performance of this Agreement.
Buyer agrees to adhere to the applicable operating policies, criteria and guidelines of the NERC.

10.3  Administration. Seller will promptly provide Buyer with copies of all wriiten
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, maintehance schedules, outage/derating notices, availability forecasts, and
material contracts, to the extent not restricted by an obligation of confidentiality for which Seller
cannot obtain a waiver of 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 relevant Governmental Approvals and all applicable statutes, codes,
regulations, standards, and guidelines adopted by Governmental Authorities, NERC and the
Transmission Operator from time to time.

10.4  Operating Committee. 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
information it reasonably needs to carry out its duties. The Operating Comimittee 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 dispaich,
procedures for communication and coordination with respect to Facility capacity availability,
discuss scheduling of outages for maintenance, as well as the return 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 written 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:

() The occurrence of the Closing.

(i)  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.

(iif)  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 to 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, withoutilimitation the satisfaction of the conditions set forth in Section 11.1.

11.3  Failure of Conditions Generally. This Agreement may be terminated by either
Party in the event that the:conditions set forth in Section 11.1 are not satisfied or waived by the
Parties in accordance withisuch Section.

ARTICLE XII
REPRESENTATIONS AND WARRANTIES

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

(D it is duly organized, validly existing and in good standing under the laws of the
jurisdiction of its formation;

(i)  subject to the fulfillment of the conditions set forth in Section 11.1, it has all
Governmental 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 geverning documents, any contracts to which it is a party or any law,
rule, 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 could materially adversely affect its ability to perform its obligations
under this Agreement; '

(vii) no material breach of this Agreement with respect to it has occurred 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 associated Energy and Ancillary Services. :
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ARTICLE XHI
. 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 [X. 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 notices 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 overnight
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 (v) 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 connection 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 transfér 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 constitutes the entire agreement between the Parties
relating to the subject matter hereof and supersedes any and all previous and understandings, oral
or written, between the Parties relating to the subject matter hereof.

13.7 Acknowledgments. This Agreement shall be considered for all purposes as
prepared through the jointi efforts of the Parties and shall not be construed against one Party or
the other as a result of the preparation, substitution, submlssmn or other event of negotiation,
drafting or execution heredf

13.8  Waiver. No 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 riglt, remedy, power, power or privilege hereunder preclude any other or
further exercise thereof or the exercise of any right, remedy power or prlvﬂege

13.9 Counteggagn_s 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. The headings used herein are for convenience and reference purposes |
only. -

13.11 Confidentiality. 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 need to know such information and have agreed to keep such terms
confidential) except in order to comply with any applicable law, regulation, or any exchange,
control area or independent system operator rule or in connection with any court or regulatory
proceeding; provided, however, 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 rgmedies available at law or in equity to enforce, or seek relief in
connection with this confidentiality obligation.

13.12 Governing Law. THIS AGREEMENT AND THE RIGHTS AND DUTIES OF
THE PARTIES HEREUNDER SHALL BE GOVERNED BY AND CONSTRUED,
ENFORCED AND PERFORMED IN ACCORDANCE WITH THE LAWS OF THE STATE
OF OHIO, WITHOUT REGARD TO PRINCIPLES OF CONFLICTS OF LAW. EACH
PARTY WAIVES ITS RESPECTIVE RIGHT TO ANY JURY TRIAL WITH RESPECT TO
ANY LITIGATION ARISING UNDER OR IN CONNECTION WITH THIS AGREEMENT.
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13.13 Mobile/Sierra 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 Util. Dist. No. 1 of
Snohomish, 554 U.S. 527 (2008), and NRG Power Marketing LIL.C v. Maine Public Utilities
Comrnission, 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 shall 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 WHEREQF, the Parties hereto have caused this Agreement to be executed and
delivered by their duly authorized 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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Unit Seller Seller
Facility Unit(s) | Location | Capacity | Ownership | Ownership

(MW) (%) (MW)
- Cardinal 1 OH 592 100.0% - 592
Conesville 4 OH 779 43.5% 339
Conesville 5 OH 405 100.0% 405
Conesville 6 OH 405 100.0% 405
Stuart 1 OH 577 26.0% 150
Stuart 2 OH 577 26.0% 150
Stuart 3 OH 577 26.0% 150
Stuart 4 OH 577 26.0% 150
Zimmer 1 OH 1,300 25.4% 330
Total 5,789 2,671
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SCHEDULE 134

Notice Information

If to Seller:

[GENCQ]

155 W. Nationwide Blvd. Suite 400
Columbus, Ohio 433%15 ‘
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, Chio 433215
Attention: President

with a copy to:
Ohio Power Company -
One Riverside Plaza

Columbus, Ohio 433215
Attention: Secretary

28
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AMENDED AND RESTATED
INTER-COMPANY POWER AGREEMENT
DATED AS OF SEPTEMRBER 10, 2010
AMONG

OHIO VALLEY ELECTRIC CORPORATION,
ALLEGHENY ENERGY SUPPLY COMPANY, L1.C.
APPALACHIAN POWER COMPANY, . '
BUCKEYE POWER GENERATING, LLC,
COLUMBUS SOUTHERN POWER COMPANY,

THE DAYION POWER AND LIGHT COMPANY
DUKE ENERGY OHIO, INC., -

FIRSTENERGY GENERATION CORP.;

INDIANA MICHIGAN POWER COMPANY,
KENTUCKY UTLITIES COMPANY,

LOUISVILLE GAS AND ELECTRIC COMPANY,
MONONGAHELA POWER COMPANY,

OHIO POWER COMPANY,

PENINSULA GENERATION COOPERATIVE, and
SOUTHERN INDIANA GAS AND ELECTRIC COMPANY
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INTER-COMPANY POWER AGREEMENT

THIS AGREBMENT, dated as of September 10, 2010 {the “Agreement™), by and
among ORI VALLEY ELECTRIC CORPORATICN (herein called OVEC), ALLEGHENY ENERGY
SUPPLY ComPANY, L.L.C. (herein called Allegheny), ArPALACHIAN POWER COMPANY (herein
called Appatachian), BUCKEYE POWER GENERATING, LLC (herein called Buckeye), COLUMBUS
SOUTHERN POWER COMPANY! (berein called Columbus), THE DAYTON POWER AND LIGHT
COMPANY (herein called Dayfon), DUKE ENERGY OHio, InC. (formerly imown as The Cincinnati
Gas & Electric Company and herein called Duke Ohic), FIRSTENERGY GENERATION CORP.
(Berein called FirstEnezgy), INDIANA MICHIGAN POWER CoMPANY (herein called Indiana),
Kentucky Uninimies ComMpANY (herein called Kentucky), LouIsviLLE GAS AND ELECTRIC
ComPANY (herein called Lougsville), MONONGAHELA POWER COMPANY (herein called
Monongahela), OH10-POWER COMPANY (herein called Ohio Power), PENINSULA GENERATION
COOPERATIVE {berein ¢alled Peninsula), and SOUTHERN INDIANA GAS AND ELECTRIC COMPANY
{(herein called Southern Indiana, and all of the foregoing, other than OVEC, being herein
sometimes collectively referred to as the Sponsoring Companies and individually as a
Sponsoring Company) bereby amends and restates in its entirety, the Inter-Company Power
‘Agreement dated as of March 13, 2006, as amended by Modification No. 1, dated as of March
13, 2006 (herein called the Cirrent Agreement), by and among OVEC and the Sponsering
Companies.

WITHESSETH THAT:

‘WHEREAS, the Current Agreerent amended and restated the original Inter-

Company Power Agreement,idated as of July 10, 1953, as araended by Modification No. 1, dated
as of Jume 3, 1966; Medification No. 2, dafed as of January 7, 1967; Modification No. 3, dated as
of November 15, 1967; Modification No. 4, dated as of November 5, 1975; Modification No. 5,
dated as of September 1, 1979; Modification No. 6, dated as of August 1, 1981; Modification
No. 7, dated as of Januaof 15} 1992; Modification No. 8, dated as of January 19, 1994;
Modification No. 9, dated as of Angust 17, 1995; Modification No. 10, dated 25 of Jappary 1,
1998; Modification Np. 11, dated as of April 1, 1999; Modification No. 12, dated as of
November 1, 1999; Modificafion No. 13, daredas of Mzy 24, 2000; Modification No. 14, dated
as of April 1, 2001; and Modification No. 15, dated as of Aprit 30, 2004 {fogether, herein called

- the Original Agreement); and

W HEREAS, OVEC designed, purchased, and constructed, and contirues 1o operate

and maintain two steam-eleciric generating stations, one station (herein called Ohio Station)
consisting of five turbo-generators and all other necessary equipment, 2t 2 location on the Ohio
River near Cheshire, Ohio, and the other station (herein called Indiana Station} consisting of six
turbogenerators and all other necessary equipment, at 2 location on the Ohio River near Madison,
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" Yodiina, (thé Olio $tation and the Indiana Station being herein calied the Project Generatiog
Stations); and

WHEREAS, OVEC also designed, purchascd, and constructed, and continues fo
opcrate and maintain necessary transmission and general plant facilities (kerein called the Project
Transmission Facilities) and OVEC established or cause to be established interconnections
between the Project Generating Stations and the systems of certain of the Sponsoring
Companies; and '

WrereAs, OVEC entered into ar agreement, attached hereto as Exhibit A, with
Indiana-Kentucky Electric Corporation ¢herein called IKEC), a corporation organized under the
laws of the State of Indiana as 2 wholly owned subsidiary corporation of OVEC, which has been
amended and restated as of the date of this Agreement and embodies the teyms and conditions for
the ownership and operation by IKEC of the Indiana Station and such portion of the Pro_]cct
T:ansxmssmn Facilitics which are to be owned and operated by it; and :

. WHEREAS, transmission facilities were constructed by certain of the Sponsoxing
Companies to interconnect the systems of such Sponsoring Companies, directly or indirectly,
with the Project Generating Stations and/or the Project Transmission Facilities, and the
Sponsonng Companies have agreed to pay for Available Powey, as hereinafter defined, as may
be available at the Project Generating Stations; and

WHEREAS, the parties hereto desire to amend and restate in their entizety, the
Current Apreement to define the texms and conditions goveming the rights of the Sponsoring
Companies ta receive Available Power from the Project Generating Stations and the obligations
"of the Sponsoring Companies to pay therefor.

NoOW, THEREFORE, the parties hereto agree with each other as follows:

ARTICLE 1

DEFMNITIONS

1.01. For the purposes of this Agreement, the following terms, wherever used
herein, shall have the following meanings:

1.011 *Afhliate™ means, with respect to a specified person, 2ny other
person that directly or indirectly through one or more interediaries controls, is
controlled by, or is under common control with, such specified person; provided that
“contro}” for these purposes means the possession, directly or indirectly, of the power 1o
direct or canse the direcfion of the managetment and policies of 2 person, whether through
the ownership of voting securities, by confract or otherwise. -
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T 107Z T Asbitration Board™ has the meaning sef forth in Section’ 9.10.
1.013 %‘Avaﬂable Energy” of the Project Generating Stations means the
energy associated with Available Power.

1.014 “Available Power” of the Project Generating Stations af any
particuiar time means the fotal net kilowats at the 345-kV busses of the Project
Generating Statiors which Corporation in its sole discretion will determine that the
Project Geperating Stations wil} be capable of safely delivering under condifiops then
prevailing, mchiding all conditions affecting capability.

1.015 “Corporation” means OVEE, IKEC, and all other subsidiary
sorporations of OVEC)

1016 “Decommissioning and Demolition Obligation” has the meaning
- set forth in Section 5.03(f) hereof. :

1.017 “Effective Date” means September 10, 2010, or to the extent
necessary, such later dhte on which Corporation notifies the Sponsoring Companies that
all conditions fo effectiveness, including all required waiting periods and all required
regulatory accepiances or approvals, of this Agreement have been satisfied in form and
substance saﬁsfactoryL the Corporation. )

1.013 *“Election Period™ bas the meaning set forth in Section 9.183(a)
hereof. ‘:

1.019 *Mipimun Generating Unit Output” means 80 MW (net) foreach

of the Corporation’s generation wnifs; provided that such “Mimmom Generafing Unit
Qutput” shall be confirmed from time fo time by operafing tests on the Corporation’s
generation units and shall be adjusted by the Operating Committee as appropriate
following such fests,

. 1.0110"“Minirnum Loading Event” means a period of ime diming which
one or more of the Corporation’s generation units are operating at below the Minimum
Generating Oufput as 4 result of the Sponsoring Companies’ failure to schedule and take
delivery of sufficient Available Energy.

1.0111 *Mimmum Loading Event Costs” means the sum of the following
costs caused by one o more Minimum Loading Events: (i) the actual costs of any of the
Corporation’s generating units bumning fuel oil; and (i) the estimated actual additional
. costs to the Corporatign resuiting from Minimum Loading Events, including without
limitation the incremeptal costs of additional emissions allowances, reflected in the
schedule of cherges priepared by the Opexating Committee and in effect as of the
commencement of any Minimum Loading Event, which schedule may be adjusted from
time fo time as necessary by the Operating Commitiee,
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{6112 ¥fonrs” means  calendar monh.

10113 *“Nominal Power Available” means an individual Sponsoriag
Company s Power Participation Ratio share of the Corporation’s current estimate of the
maximum amount of Available Power available for delivery at any given time. (

1.0114 “Offer Notice™ means the notice required to be given fo the other
Sponsoring Companies by a Transferring Sponsor offering to sell all or 2 portion of such
Transferring Sponsor’s rights, title and interests in, and obligations wnder this Agreement.
At 2 minimum, the Offer Notice shall be in writing and shall contain (i) the rights, title
and interests in, and obligations under this Agreement that the Transfexring Sponsor
proposes to Trensfer; and (it) the cash purchase price and any other material terms and
conditions of such proposed transfer. " An Offer Notice may not contain terms or
conditions requining the purchase of any non-OVBC :interests.. :

1.0115 “Permitted Assignee” means a pcrso:n that is (a) a Sponsonng
Company or its Affiliate whose long-term unsecured non-credit ephanced indebtedness,
as of the date of such assipnment, has a Standard & Poor’s credit rating of at least BBB-
and a Moody's Investors Service, Inc. credit rating of at least Bae3 (provided that, if the
proposed assigoee’s long-term nnsecured non-credit enbanced indebiedness is not
currently rated by one of Standard & Poor’s or Moody, such assignee’s long-texm,
unsecured non-credit ephanced indebtedness, as of the date of such assignment, must
have either a Standard & Poor’s credii rating of at least BBB- or 2 Moody's Investors
Service, Ine, credit rating of at least Baa3); or (b) a Sponsering Company or its Affiliate
that does not meet the criteria In subsection (2) above, if the Sponsoring Company or its
Affiliste that is assigning its rights, title and interests in, and obligations under, this
Agreement agrecs in writing (in formm and substance safisfactory to Corporation) to
remain obligated to satisfy all of the obligations related to the assigned rights, title and
interests to the extent such obligations are pot satisfied by the assignee of such rights, title
and interests; provided that, in no event shall 4 person be deemed a “Permitted Assignee”
if counsel for the Corporation reasonably determines that the assignment of the rights,
title or interests in, or obligations vnder, this Agreement to such person could cause a
terraination, default, loss or payment obligation inder any security issned, or agrecmcnt
entered into, by the Corporation prior to such trausfer..

1.0116 “Postretirerncnt Benefit Obligation” has the meanmg set forth in
Section 5.03(¢) hereof.

1.0117 “Power Parficipation Ratio™ as applied to each of the Sponsoring
Companies refers to the percentage set forth opposite its respective name in the tabulation
below:

, Power Participation
Company Ratio—Percent
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Appalachian D enrsaates armarase s sr e e gm s b rA A 15.68
Buckeye. e s s snse e s et e 18.60
Columbus ..o e ememcessruceermsran s eyt s 444
37 1) FNO—— brmsmsessantesasneses s echstresmis st ccmreenreen 450
Duke Chio............ hasremsete et e s e 900
FirstExergy. ....... e e teerianrinera e b s e 485
Indiana.....ccomrrnaees fevusemtrrtrmamrsssnereraneeamit st bt e s 785
KEBICKY ccriraeec s b smsssass st sanss e s s o 250
Louisville ST D 5.63
Monongahela........... froesems et aesernrsr e s meren et s e ey 0.49
OHIO POWET v eoeee oo e e eetees everemsen e rmesanemesane 15.4%
Perminsula < vreeenres Jorearenesarasre v emerensra e e e ees 665
Southern Idiana ..ot 1.50
TOtal e e e ~ logo

10118 FTariff” means the open sccess transmission tariff of the
Corporation, a5 amcndexi from time to time, or aity successor @riff, as accepted by the
Federal Enrgy Regu}é,tory Commission or any successor agenty.

1.011% T‘Thxrd Party™ means any person other than a Sponsering Company
or its Affiliate. '

1.0120 FTotal Minimum Generating Output” raeans the product of the
Minimum Geserating Uit Output times the number of the Corporation’s generation units
available for service af that time,

1.0121 %‘Tmnsfming Sponsor” has the meaning set forth in Section
9.183(a) hereol .

1.0122 FUniform System of Accomnts” means the Uniform System of

Accounts prescribed by the Federal Energy Regulatory Commission as in effect on
January 1, 2004, ;

ARTICLE 2
TRANSMISSION AGREEMENT AND FACILITIES

2.01. Transmission Agreement. The Corporation shall enter into a trapsmission

service agreement under the Tariff, and the Corporation shall reserve and schedule transmission
service, ancillary setvices andiother transmoission-related services in accordance with the Tariff
10 provide for the delivery of Available Power and Available Energy to the apphcable delivery

point under this Agreement.
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VT T T T 03, Timited Burdening of Corporarion's Tvansmission 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.

ARTICLE 3
[RESERVED]

ARTICLE 4
AVAILABLE POWER SUPPLY

4.01. Operation of Project Generating Stations. Corporation shall operate and
mAintain the Project Generating Stations in a manner consistent with safe, prudent, and efficient
operating practice so that the Available Power available from said stations shall be at the highest
practicable level aitainable consistent with OVEC’s obligations under ReliebilityFirst Reliability
Standard BAL-002-RFC throughout the term of this Agreement.

" 4.02. Available Power Entitlement. The Sponsoring Companies collectively
shall be entitled to take from Corporation and Corporation shali be obligated to supply to the
Sponsoring Companies any and all Available Power and Available Energy pursuant to the
provisions of this Agreement, Each Sponsoring Company’s Available Power Entitlement
hereunder shall be its Power Participation Ratio, as defined In subsection 1.0117, of Available
Power.

4.03. Available Energy. Corporation shall make Available Energy availahie tn
each Sponsoring Company in proportion to said Spensoring Corzpany’s Power Participation
Ratio. No Sponsoring Company, however, shall be obligated to avail itself of any Available
Epergy. Available Energy shall be scheduled and taken by the Sponsoring Cormpanies in
accordance with the following procedures:

4031 Each Spﬁnsoring Company shall schedule the delivery of all or any
portion (in whole MW increments) of its entitlement to Available Energy in accordance
. with scheduling procedures established by the Operating Commitiee from time to time.

4032 Intbe event that any Sponsoring Company does not schedule the -

. delivery of all of its Power Participation Ratio share of Available Energy, then each such
other Sponsoring Company may schedule the delivery of all or 2ny portion (in whole
MW increments) of any such unscheduled share of Available Energy (through suceessive
aHotrents if necessary) in proportion to their Power Participation Rafios.
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74.033] Notmtbstandmg any Available Energy schedules made in
accordance with this iSac:uon 4.03 and the applicable scheduling procedures, (i) the
Corporation shali adgpsr all schedules to the extent that the Corporation’s actual
generation output is less than or more than the expected Nominal Power Available to all
Sponsurmg Companies, or fo the extent that the Corporation is unable to obtain sufficient
transmission servies wnder the Taniff for the delivery of all scheduled Available Energy;
and (ji) immediately following a Minimum Loading Event, any Sponsoring Company
causing (in whole or part) such Minimum Loading Bvent shall have its Available Boergy
schedules increased dfter the schedules of the Sponsoring Companies not causing such
Mintmum Load Evext, in accordance with the estimated ramp rafes associated with the
shutdown and start-up of the CoTporation’s generation units as reflected in the schedules
prepared by the Operating Commitfee and in effect as of the commencement of any
Minimum Loading Bivent, which schedules may be adjusted from time to time as
necessary by the Operating Committee.

4.034! Each Sponsoring Company availing itself of Available Energy
shall be entitled fo anf amount of energy (herein called billing kilowatt-howurs of Available
Energy) equal io its portion, determined as provided in this Section 4.03, of the total
Available Energy aftér deducting therefrom such Sponsoring Company’s proportionate
share, as defined in tis Section 4.03, of all losses as determined in accordance with the
Tariff incurred in tting the tofal of such Availsble Energy from the 345-kV busses
of the Project Gen%n\]gl Stations to the applicable delivery points, as scheduled pursusnt
to Section 9.01, of alt Sponsoring Companies availing themselves of Available Energy.
The proportiopate shém of all such losses that shall be so deducted fros such Sponsoring
Company’s-portion af Available Energy shall be equal to all such losses multiplied by the
ratio of such porfion 6f Available Energy to the total of such Available Energy. Each
Sponsoring Company shall bave the right, pursiizat tn this Section 4.03, te avail itself of
Available Energy forjthe pirpose of meeting the loads of its own system and/or of
supplying energy 1o qther systems in accordance with agréements, other than ﬂus
Agreement, to whichisuch Sponsoring Company is a party.

4035 To the extent that, as a result of the failure by one or more
Sponsoting Companips 1o take its respective Power Participation Ratio shere of the

- 'applicable Total Minimtm Generating Output during any hour, 2 Minimum Loading

Event shall occur, then such one or more Sponsoring Cornpanies shall be assessed
charges for any Minifoun Loading Event Costs in accordance with Section 5.05.

ARTICLE 5

i
CHARGES FOR AVAILABLE POWER AND MmiMum LoaDING Event Costs

SO1. Total |Monthly Charge. The amount 1o be paid to Corporation each month

by the Sponsoring Companigs for Available Power 2nd Available Energy supplied under this
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T " Agreement shail consist of the sum of an energy charge, a demand charge, and a transmission
charge, all determoined as set forth in this Article 5.

5.02. Energy Charge. The 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 apgregate of all expenses for fue} incurred in the
operation of the Project Generating Stations, in accordance with Account 501 (Fuel),
Accomt 506.5 (Variable Reagent Costs Associated With Pellution Control Facilities) and
509 (Aflowances) of the Uniform System of Accounts.

" 5022 Determine for such month the difference hetweea the total cost of
fuel as described in subsection 5,021 above and the tota] cost of fuel included in any
Minimurn Loading Event Costs payable to the Corporation for-such month pursuant to
Section 8,03. For the purposes hereof the difference so determined shall be the fuel cost
aliocable for such month to the total kilowatt-hours 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 obtzined by multiplying the matio of the billing kilowatt-hours of
such Avaitable Energy availed of by such Sponsoring Company during such month to the
aggregate of the billing kilowatt-howrs of all Available Epergy availed of by all
Sponsoring Companies dixing such month times the total cost of fuel as described in this
subsection 5.022 for such month.

5.03. Demurd Charge. During the period commencing with the Effective Date
and for the remainder of the term of this Agreement, demand charges payable by the Sponsoring
Cormpanies to Corporation shall be determined by the Corporation as provided below in this
Section 5.03. Each Sponsoring Company’s share of the aggregate demand charges shall be the
percentage of such charges represented by its Power Participation Ratio. '

The aggregate demand charge payable each month by the Sponsoring Companies
to Corporation shall be equal 1o the total costs incurred for such month by Corporation resulting
from its ownership, operation, and mamtenznce of the Project Generating Stations and Project
Transmission Facilities determined as folows:

As soon as practicable after the close of each calendar mooth the following
comnponents of costs of Corporation {eliminating any duplication of costs which
might otherwise be reflected among the corporate entities comprising
Corporation} applicable for such month to the ownership, operation and
maintenance of the Project Generating Stations and the Project Transmission
Facilities, including additional facilitics and/or spare parts (such as fuel
processing plants, flue gas or waste product processing facilities, and facilities
reasonably required to cpable the Corporation to Jimjs the emission of pollutants
or the discharge of wastes in compliance with governmental requirements) and
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- rep}accments-uecessmyor desirable tokeep the Pn)]ett Generating Statons ™
the Project Transmission Facilifies 10 a dependable and efficient operating
condition, and any provision for any taxes that may be applicable to such charges,
to be determined and recorded in the following manner:

: @) Component (A) shall consist of fixed charges made up of
(3) the amounts of interest properly chargeable to Accounts 427, 430 and
431, less the amount thereof credited to Account 432, of the Uniform
Systemy of Accounts, including the interest component of any purchase
price, i'pte:rest, rental or other payment under an installment sale, loan,
lease ot similaz agrecment relating to the purchase, lease or acquisition by
Coiporation of additional facilities and replacements (whether or not such
interest or other amounts have come due or are actually payable during
sach Month} (i1} the amowmts of amortization of debt discount or preminm
and expenses properly chargeable to Accounts 428 2nd 429, and (i) an
awonnt equal to the sum of (I) the applicable amount of the debt
amortization component for such month required to retire the total amount
of indebiedness of Corperation issued and outstanding, (i) the
amortization tequirernent for such month ia respect of indebtedness of
Corporation incurred in respect of additional facilities and replacements,
and (1) to the extent not provided for pursuant to clause (IT) of this
clanse {iit}, an appropdate allowance for depreciation of additional
facilifies and replacements.

(&)  Component (B) shall consist of the total operating expenses
for labqr menienance, materials, supplies, services, insorance,
adminigtrative and general expense, etc., properly chargeable to the
Operatipn and Maintenance Expense Accounts of the Uniform System of
Accounts (exclusive of Accownts 501, 505, 555, 911, 912, 913, 910, and
917 of the Uniform System of Accounts), yipus the total of all non-fuel
costs included in any Mininnmn Loading Event Costs payable to the

Corporation for such mopth pursuant to Section 8.03, minus the fotal of all
transmigsion charges payable o the Corporation for such month pursnant

to Section 5.04, and plus any additional amounts which, after provision for

all income taxes on such amounts (which shail be included in Component

- *(C) below), shatl equal any amounts paid or payable by Corporation as
fines o1t penalties with Tespect to occasions where it is asserted that
Corporhtion failed to comply with a law or regulation relating fo the
cxmsmdn of pollmants or the discharge of wastes.

(c) Component (C}) shall consist of the totel expenses for taxes,
includipg all taxes on mcome but excluding any federal income taxes
arising ffrom payments to Corporation uader Component (D) below, and
all operating or other costs or expenses, net of income, not included or
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speciiically excluded in Components (A) p- (B) above, including tax
adjustroents, regulatory adiustments, net losses for the disposition of
property and other net costs or expenses dssociated with the operation of a
utility. ' :

. (d}  Component (D) shall consist of an amounf equal fo the
product of $2.089 multiplied by the total number of shares of capital stock
of the par value of $1040 per share of Ohio Valley Electric Corporation
which shall bave been issued and which are outstanding on the Jast day of
such menth. '

(e}  Component (E) shall consist of an amount fo be snfficient
to pay the costs and other expenses relating to the establisheaent,
maintenance and administration of life insutance, medicaf insurance and
other posfretirement benefits other thdn pensions atitibutable to the
employment and employee sexvice of active employees, retirees, or other
employees, including without limitation any premiums due or expected to
become due, as well as administrafive fees and costs, such amounts being
sufficient to provide payment with respect to ali periods for which
Corporation has committed or is otherwise obligated to make such
payments, including amounts attributable to cument employee service and
any unamortized prior service cost, gain or loss attributable to prior
service years (“Postretirement Benefit Obligation™; provided that, the
amount payable for Postretirement Benefit Obligations during any rnonth
shall be determined by the Corporation based on, among other factors, the
Statement of Financial Accounting Standards Mo. 106 (Employers®
Accounting For Postrefirement Benefits Other Than Pensions) and any
applicable accounting standards, policies or practices as adopted from time
o time relating fo accrals with respect to all or any portion of such
Postretirement Benefit Obligation.

(  Component (F} shall consist of an amount that may be
incurred in connection with the decommissioning, shutdown, demolition
and closing of the Project Generating Stations when production of electric
power and epergy is discontinued at such Project Generating Stations,
which amount shall include, without limitation the following costs (net of
any salvage credits): the costs of demolishing the plants’ building -
structures, disposal of non-salvageable materials, removal and disposal of
insulating materials, removal and disposal of storage tanks and associated
piping, disposal or removal of materials and supplies (including firel oil
and coal), grading, covering and reclaiming storage and disposal areas,
disposing of ash 0 ash ponds to the extent required by regulatory
authorities, undextaking corrective or remedial action required by
regulatory authorities, and any other costs incurred in putting the facilities
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in a condition necessary to protect health or the environment or which are
requitefl by reguiatory authorities, or which are incumed to fund
continving obligations to monitor or to comect exvironmental problems
“which result, or are later discovered to result, from the facilities’
operation, closure or post-closure activities (“Decommissioning and
Demolition Obligation) provided that, the amownt payable for
Decommissioning and Demolition Obligations during any month shali be
calculated by Corporation based on, among other factors, the then-
estimated nseful ife of the Profect Generating Stations and any applicable
accounting Standards, policies or practices as adopted from fime to time
relafing to accruals with respect to all or any portion of such
Decommisstoning and Demolition Obligation, and provided further that,
the Corporation shall recalculate the amount paysble under this
Compobent (F) for futine months from time to time, but in no event later -
than ﬁv‘e {5) years ‘after the most recent calcvlation,

5.04. Tmmm’gsszon Charge. The ﬁansmssmn charges to be paid each month by
the Sponsoring Companies shall b equal to the total costs incerred for such monty by

. Cosporation for the purchase of transmission service, ancillary services and other fransmission-

related services under the Tarff as reserved and scheduled by the Cerporation to provide for the
delivery of Available Power and Available Energy to the applicable delivery point under this
Agreement Each SponsonngiCempany‘s share of the agerepate transmission charges shafl be
the percentage of such chmges represented by its Power Participation Ratio,

5.05. Mmzmzm Loading Event Costs. To the extent that, as a result of the

 failwe by one or more Sponsoring Companies to take its respccnve Power Participation Ratio

share of the applicable Total Minimum Generating Outpnt during any hour, a Minimwn Loading
Event shall occur, then the swe of all Minimum Loading Event Costs relating to such Mi pimum
Loading Event shall be chargdd 1o such Sponsoring Company or group of Sponsoring
Compavies that failed take itsrespective Power Participation Ratio share of the applicable Total
Minimum Generating Output during such period, with such Minimum Loading Event Costs
atlocaied among such Sponsoing Companies on a pro-rata basis in accordance with such
Sponsozmg Company’s MWhishare of the MWh reduction in the delivery of Available Energy
cansing any Minimum Loading Event. The applicable charges for Minimum Ioading Event
Costs as defermined by the cofporation in accordance with Section 5.05 shall be paid each month
by the applicable Sponsoring Compames

ARTICLE6
' Metering of Energy Supphed
6.01. Measuring Instrumenss. The parties hereto shall own and maintain such

metering equipment a5 may be necessary to provide complete information regarding the delivery
of power and epergy to or forithe account of any of the parties hereto; and the ownership and
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al its own expense make such penodlc tests and mspections of its meters as ray be necessary to
maintain them at the highest practical commercial standard of accuracy and will advise all other
interested partics hereto promptly of the results of any such test showing an inaccuracy of more
than 1%. Each party will make additional tests of its mefers at the request of any other interested
party. Other interestcd parties shall bé given notice of, and may have representatives present at,
any test and inspection made by another party.

ARTICLE 7

CosTs OF REPLACEMENTS AND ADDITIONAL FACILITIES;
PAYMENTS FOR EMPLOYEE BENEFITS;
DECOMMISSIONING, SHUTDOWN, DEMOLITION AND CLOSENG CHARGES

7.01. Replacemem Costs. The Spopsoring Companies shall reimburse
Coq;oranon for the difference between (a) the total cost of replacements chargeable to 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 apphcable msurance

protection, or amounts recovered from third parties responsible for damages requiring:
replacement, plus provision for all taxes on income on such difference; provided that, to the
extent that the Corporation amranges for the financing of any replacements, the payments die
undex this Section 7.01 shall equal the amount of all principal, interest, taxes and other costs and
expenses related to such finaneing during any month. Each Sponsoring Company’s share of
such payment shall be the percentage of such costs represented by ifs Power Participation Ratio.

- The term cost of replacements, as used herein, shall include all components of cost, plus removal

expense, Iess salvage.

7.02. Additional Facility Costs. The Sponsoring Companies shall reimburse
Corporation for the total cost of additional facilities andfor spare parts purchased and/or installed
by Corporetion during any month prior thereto (and not previcusly reimbursed), plus provision
for all taxes on income on such costs; provided that, to the extent that the Corporation arranges
for the financing of any additional facilities and/or spare parts, the payments due under this .
Section 7.02 shall equal the amount of all principal, fnterest, taxes and other costs and expenses
related to such financing during any month. Each Sponsoring Company”s share of such payment
shiall be the percentage of such costs represented by its Power Participation Rafio,

7.03. Payments for Employee Benefits. Not later than the effective date of
termination of this Agreement, each Sponsoring Company will pay to Corporation its Power
Participation Ratie share of additional amounts, after provision for any taxes that may be
applicable thereto, sufficient to cover any shortfall if the amount of the Postretirement Benefit
Obligation collected by the Corporation prior 1o the effective date of termination of the
Agreement is insufficient to permit Corporation to fulfill its corpmitments or obligations with
respect to both postemployment bezefit obligations under the Statement of Financial Accounting
Standards No. 112 and postrétwement benefits other than pensions, as determined by Corporation
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With 1he 4id of a1 actuary or sehuanies selected by the Corporation based on the ferms of the -

Corporation’s thcn-applicab]% plans.

7.04, Decam:missioning; Shutdown, Demolition and Closing. - The Sponsoring
Companies recognize that a gart of the cost of supplying power to it under this Agreement is the
amount that may be incurred in connection with the decommissioning, shutdown, demolition and
closing of the Project Generating Statiops when production of electric power and energy is
discontinued at such Project Benerating Stations. Not later than the effective date of termination
of this Agreement, each Sponsoring Company will pay to Corporation its Power Participation
Ratio share of additional amojunts, after provision for any taxes that may be applicable thereto,
sufficient to cover any shortfall if the amount of the Decommissioning and Demolition
Obligation collected by the Corporation prior fo the effective date of termination of the
Agreement is insufficient to permit Corporation to complete the decommissioning, shutdown,
demolition and closing of the Project Generting Stations, based on the Corporation’s
recalculation of the Decommissioning and Demolition Obligation in accordance with Section
3.03(f) of this Agreemert no earlier than twelve (12) months before the effective date of
termination of this Agreement. :

. ARTICLE 8

BILIING AND PAYMENT

8.01. Available Pawer, and Replacement and Additional Facility Costs. As
soon as practicable afier the epd of each mounth Corporation shall render to each Sponsoring
Company a statement of all Available Power and Available Energy supplied to or for the aecount
of such Sponsoring Company|during such moath, specifyirg the amount due to the Corporation
therefor, including any amounts for reimbursement for the cost of replacements and additional
facilities and/or spare parts incurred during such month, pursuant o 4rficles S and 7 2bove.
Such Sponsoring Company shall make payment therefor promptly upon the receipt of such
statement, but in no event later than fifteen (15) days after the date of receipt of such statement,
In case any factor entering infp the computation of the amount due for Available Power and
Available Energy cannot be determined at the time, it shall be estimated subject to adjnstment
when the actual detennination can be made.

8,02 Prqu’.s-ffmal Payments for Available Power. The Sponsoring Comipanies
shall, from time to time, at the request of the Corporation, make provisional semi-monthly
payments for Available Power in amounts approximately equal to the estimated amounts payable
for Available Power delivered by Corporation to the Sponsoring Companies duting cach semi-
monthly period. As soon as practicable after the end of each semi-monthly period with respect
10 which Corporation has requested the Sponsoring Companies to make provisional semi-
mownthly payments for Avalable Power, Corporation sball render to each Sponsoring Company a
separate staternent indicating the amount payable by such Sponsoring Company for such semi-
monthly period. Such Sponsoring Company shall make payment therefor promptly upon receipt
of such statement, buf in no epent later than fifteen (15} days after the date of receipt of such

[ SN R,
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statement and the amounts so pad by Suck Sponsoring Company shall be credited to the account
of such Sponsoring Corapany 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. Minimum Loading Event Costs. As soon as practicable afterthe end of i

each month, Corporation shall render to each Sponsoring Company a staternent indicating any
. applicable charges for Minimum Loading Bvent Costs pursuaxnt to Section 5.05 during such |

month, specifying the amount due to the Corporation therefor pursuant to Article 5§ sbave. Such l

Sponsoring Company shall make paymert therefor promptly upon the receipt of such statement, f

but in o event later than fifteen (15) days afier the date of receipt of such statement In case the :

computation of the amount due for Minimum Loading Event Costs cannot be determined at the

fime, it shall be estimated subject to adjustment when the acinal determination can be made, and

all paymeants shall be subject to subsequent adjustment, '

8.04, Unconditional Obligation to Pay Demand and Other Charges. The
obligation of each Sponsoring Company to pay:its specified portion of the Demand Chiarge under
Section 5.03, the Transmission Charge under Section 5.04, and all charges under Article 7 for
any Month shall not be reduced irrespective of:

) (8)  whether or not any Available Power or Available Encigy
are supplied by the Corporation duxing such calendar month and whether
or hiot eoy Available Power or Available Energy are acceptied by any
Sponsoring Company during such calendar month;

(by  the existence of any clzim, set-off, defense, reduction,
abatement or other right (other than irevocable payment, performance,
satisfaction or discharge in full) that such Spoasoring Comipany may bave, .
or whith may at any time be available to or be asserted by such '
Sponsoring Conpany, against the Coxporation , any other Sponsoring
Company, any creditor of the Corporation or any other Pexson (including,
without limitation, arising as a result of any breach or alieged breach by
either the Corporation, any other Sponsoring Company, any creditor of the
Corporation or any other Person under this Agrecment or any other
agreement (whether or not xelated to the transactions conternplated by this
Agreement or any ‘other agrbemem) 1o which such party is a party); or

(¢} the validity or enforceability against any other Sponsoring
Comapany of this Agreemnent or any right or obligation herewmder (ot any
release or discharge thereof) at any time,
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"""""" { ARTICLED
; GENERAL PROVISIONS
- S.0L Chqmc,gleristics of Supply and Points of Delivery. All power and energy
delivered hereander shall be 3-phase, 60-cycle, altemating current, at 2 aominal unregulated
voltage designated for the poipt of delivery as deseribed in this 4rficle 9. Available Power and
Available Energy to be delivered between Corporation and the Sponsoring Companies pursuant
to this Agreement shail be delivered under the ferns and conditions of the Tariff at fhe points, as
scheduled by the Sponsoring Company ia accordance with procedures established by the
Operating Committes and in accordance with Section 9.02, where the transroission facilities of
Corporation interconnect with the transmission facilifies of any Sponsoring Company (or its
smceessor or predecessor); provided that, to the extent that a joint and common market is
established for the sale of power and energy by Sponsoring Companies within ote or more of the
regional transmission organizations o independent system operators approved by the Federal
Energy Regulatory Commissign in which the Sponsoring Companies are members or otherwise
participate, then Corporation and the Sponsoring Companies shall take such action as reasonably
necessary to permit the Sponspring Companies to bid their entitlement to power and energy from
Corporation into such market{g) in accordance with the procedares established for such
mmarket(s}).

9.02. Modifigation of Deltvery Schedules Based on Available Transmission
Capability, To the extent thatjtransmission capability available for the delivery of Available
Power and Available Energy af any delivery point is less than the total amount of Available
Power and A vailable Energy scheduled for delivery by the Sponsoring Companies at such
delivery point in accordance with Section 9.01, then the following procedures shall apply and the
Corporation and the applicabl¢ Sponsoring Companies shall modify their delivery schedules
accordingly umtil the total amgunt of Available Power and Available Energy scheduied for
delivery at snch delivery pointlis cqual t or less than the fransmission capability available for
the delivery of Available Powgr and Available Energy: (a) the fanismission capability available
for the delivery of Available Power and Availsble Energy at the following delivery points shail
be allocated first on a pro rata basis (in whole MW increments) to the following Sponsoring
Companics up to their Powes Participation Ratio share of the total amount of Available Energy
available 1o all Spopsering Coppanies {and a8 applicable, further allocated among Sponsoring
Companies entitled to allocatipn under this Section 9.02(a) in accordance with their Power
Participation Ratios}: (1) io Allegheny, Appalachian, Buckeye, Columbus, FirstEnergy, Indiana,

Monongahela, Ohic Power nd Peninsula {or their successors) for deliveries at the points of

inter¢onmection between the Corporation and Appalachian, Columbus, Indiana or Ohio Power, or
their successors; (ii) to Duke Qhio (or its successor) for deliveries at the points of
irterconnection between the Corporation and Duke Ohio or its successor; (i) to Dayton (or its
successor) for deliveries at the points of interconnection between the Corporation and Dayton or
ite successor; and (iv} to Keatneky, Louisville and Southem Indiana (or their successors) for
deliveries at the polots of intetconnection between the Corporation and Louisville or Kentucky,
or their suceessors; and (b) any rempining transmission capability available for e delivery of
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Available Power and Available Energy shall be allocated on a pro rata basis (in whole MW
incrernents) to the Sponsoring Companies in accordance with their Power Participation Ratios.

9.03. Operation and Maintenance of Systems Involved. Corporation and the
Sponsoring Companies shall operate theix systems in parallel, directly or indirectly, except
during emergencies that temporarily preclude parallel operation, The parties hereto agree to
coordinate their operations to assure maximum continuity of service from the Project Generating
Stations, and with relation thereto shall cooperate with one snother in the establishment of '
schedules for maintenance and operation of equipment and shall cooperate in the cocrdination of
relay protection, frequency contral, snd communication and telemetering systeins. The parties
shall build, maintain and operate their respective systemns in such a manner as to minimize so far
as practicable rapid fluctuations in epergy flow among the systems. The parties shall cooperate
with one another in the operation of reactive capacity so as to assure mutnally sahsfactory power
factor conditions among themselves,

. The parties hereto shall exercise due diligence and foresight in carrying out all
matters related to the providing and operating of their respective power resources so as to
roinimize to the extent practicable deviations between actuat and scheduled deliveries of power
and encrgy among their systems. The parties hereto shall provide and/or install on their
respective systems such communication, telemetering, frequency and/or te-line control facilities
essential to so minimizing such deviations; and shall fudly cooperate with one another and with
third parties (such third parties whose systems are either directly or indivectly interconnected
with the systems of the Sponsoring Compamies and who of necessity together with the parties
hereto must unify their efforts cooperatively fo achieve effective and efficient interconnected
systerns operation) in developing and executing operating procedures that will epable the parties
hereto 1o avoid to the extent practicable deviations from scheduled deliveres.

In oxder fo foster coordination of the operation and maintenance of Corporation’s
tansmssmn facilities with those facilities of Sponsonug Companies that are owned or
fimctionally controlled by a regional iransmission. organization or mdependent system operzator,
Corporation shall use commercially reasonable efforts 1o enter into a coordination agreement
with any regional transmission organtzation or tadependent system operator approved by the
Federal Energy Regulatory Commission that operates tcansmission facilities that interconnect
with Corporation’s transmission facilities, and to enfer into a mutually agreeable services
agreement with a regiopal transmission organization or independent system operator to provide
the Corporation with reliability and security coordination services and other related services.

8.04. Power Deliveries as Affected by Physical Characteristics of Systems. Ttis
recogpized that the physicat and electrical characteristics of the transmission facilities of the
interconnecied network of which the transmission systems of the Spensoring Companies,
Corporation, and other systems of third parties not parties hereto are a part, may at times
preclude the direct delivery at the points of intercomnection between the transmission systems of
one or more of the Sponsoring Companies and Corporation, of some portion of the energy
supplied under this Agreement, and that in each such case, because of said characierdstics, some
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of the cnergy wil be delverefd af points which inferconnect the system of one or more of the
Sponsoring Companies with §ystems of companies not parties to this Agreement, The parties
hereto shall cooperate in the development of mutually satisfactory arrangements among
themselves and with such companies not parties hereto whereby the supply of power and energy
contemplated hereunder can Ye Fulfilled,

9.05. Operating Commitiee. There shall be an “Operating Cornmiftes”
consisting of one member appointed by the Corporation and one member appointed by each of
the Spousoring Comparies electing so to do; provided that, if any two or more Spoansoring
Cormpames are Affiliates, thep such Affiliates shall wgether be entitled to appoint only one
member to the Operating Cothrpities. The “Operating Committee™ shall establish (and modify as
necessary) scheduling, operating, esting and maintenance proceduyes of the Corporation in
support of this Agreement, in¢luding establishing: (1) procedures for scheduling delivery of
Available Encrgy under Section 4.03, (i) procedures for power and energy accountmg, (i)
procedures for the reservation and scheduling of firm and non-firm transroission service under
the Tariff for the delivery of Available Power and Available Energy, (iv) the Minimum
Generating Unit Qutput, and (v} the form of notifications relating to power and encrgy and the
price thereof. In addition, the{Operating Committee shall consider and make recommendations
to Corporation’s Board of Dirpctors with respect to such other problems as may arise affecting
the transactions under this Agreement. The decisions of the Operating Commiitee, including the
adoption or modification of iy procedure by the Operating Committes pursuant to this Section
9.04, must eeeive the afﬁrma;ws vote of at Jeast two-thirds of the members of the Operating
Committee, regardless of the fumber of members of the Operating Committee present at 2ny
meeting. i

5.06. Acknowledgment of Certain Rights. For the avoidance of doubt, all of the
parties {o this Agreement aclcn;owiedgc and agree that (i) as of the cffective date of the Current
Agreement, certain rights andicbligations of the Sponsoring Companies or their predecessors
under the Origmal Agreemenfwere chapged, modified or otherwise removed, (ii) fo the extent
that the rights of any Sponsoring Cornpany or their predecessors were thereby changed, modified
or otherwise removed as of the effective date of the Cument Agreement, such Sponsoring
Cormpany may be entitled to xights wnder applicable law, regulation, rules or orders vmder the
Federal Power Act or otherwije adopted by the Federa! Energy Regulatory Commission

{“FERC™), (i1i) as a result of the elimivation as of the effective date of the Ciurent Agreement of

the firm transmnission sexvice previously provided during the term of the Original Agreement to
Sponsoring Companies or thejr predecessors whose transimission systems were only indirectly
comnected to the Corporation’s facilities through intervening transmission systems by certain
Spossoring Companies or their predecessors whose fransmission systems were directly
connected fo the Corporation’s facilities, such Sponsoring Companies or their predecessors
whose transmission systems were only indirectly eommecied to the Corporation™s facilities
through intervening transmission systems shall have been entitled fo such “roll over” firm
transassion service for delivery of their entitlement to their Power Participation Ratio share of
Surplus Power and Surplus Epergy under this Agreement, fo-the border of such Sponsoring
Corupany system and intervesing Sponsoring Company system, as would be accorded a long-
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term fixm poing-to-point transmission service resexvation under the then otherwise 2pplicable
FERC Open Access Transmission Tardff (‘OATT"), (v) the obligation of any Sponsoring
Corapany to maintain or expand transmission capacity to accommodate another Spousoring
Company’s “rofl oves” rights to transmission sexvice for delivery of their entitlement to their
Power Participation Ratio share of Surplus Power and Swpfus Energy under this Agreement
shall be consistent with the obligations if would have for Jong-term firm point-to-point
transmiission service provided pursuast to the then othexwise applicable OATT, and (v) the
parties shall cooperate with any Sponsoring Corapeny that seeks to obtain and/or exercise any
such rights available under applicable law, regulatlon, rules or orders under the Federal Pawer
Act or otherwise adopted by the FERC.

9.07. Term of Agreement. This Agrecement shall become effective upon the
Effective Date and shall tenminate upon the earlier of: (1) June 30, 2040 or (2) the sale or other
disposition of all of the facilities of the Project Generating Stations or the permanenf cessation of
operation of such facilities; provided that, the provisions of Articles 5, 7 atid 8, this Section 9.07
and: Sections 9.08, 9.08,9.10,9.11,9.12,5.14, 9,15, 9.16, 9,17 and 9.18 shall survive the
termyination of this Agreement, and no termination of this Agreement, for whatever reason, shall
release any Spopsoring Compeany of any obligations or habmhcs incurred prior o such
terminztion.

9.08. Access o Records. Corporation shall, at all reasonable times, upon the
request of any Sponsoring Company, grant to iis representatives reasonable access to the books,
records and accounts of the Corporation, and fizmish such Sponsoring Company such
inforroation as it may reasonably reguest, to enable it to determine the acenracy and
reasonableness of payments made for energy supplied under this Agreemmt

9.09. Modification of Agreement Absent the agreement of all parties to tlrus
Agreement, the standard for ehanges to provisions of this Agreement refated to rafes proposed by
a party, a noz-party or the Federal Energy Regulatory Commiission {or & snceessor agepey)
acting sua sponte shall be the “public interest™ standard of review set forth in Unifed Gas
Pipeline Co. v. Mobile Gas Serv. Corp,, 350 U.8. 332 (1956) and Federal Power Comm'nv.
Sierra Pacific Power Co., 350 U.S. 348 (1956).

9.10. Arbitration. Any confraversy, dispute or claim arising out of this
Agreement or the refisal by any party hereto to perform the whole or any part thereof, shall be
determined by arbitration, in the City of Columbus, Franklin County, Obio, in accordance with
the Commetcial Arbiteation Rules of the American Arbitration Association or any saceessor
organization, except as otherwise set forth in this Section 9.10.

The party demanding arbitration shall serve notice in writing upon all other
parties hereto, setting forth in detail the controversy, dispute or claim with respect to which
arbitration is dernanded, and the parties shall thereupon endeavor to agrec upon an arbitration
board, wiich shall consist of three members (“Arbitration Board™). If all the parfies hereto fait
so {0 agres within a period of thirty (30) days from the original notice, the party demanding
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arbitration may, by written notice to all other parties hereto, direct that any members of the
Axbitration Board that have rjot been agreed to by the parties shall be selected by the American
Arbitration Association, or agy successor organization. No person shall be eligible for
appointment to the Arbitration Board who is an officer, employee, shareholder of or otherwise
interested In any of the parﬁd; hcrcto or in the matter sought to be arbitrated.

The Arbm'attop Boald shall afford adequate opportunity to all parties bereto to
present information with respect to the coniroversy, dispute or clair submitted to arbitration and
may request farther information from any party hereto; provided, however, thaf the parties hereto
may, by mutual agreement, specify the rules which are to govern any proceeding before the
Arbitration Board and limit the matiers to be considered by the Arbitration Board, in which event
the Arbitration Board shali bs governed by the terms and conditions of such agreeraent.

The determination or award of the Abitration Board shail be made upon a
determination of a majority of the members thereof. The findings and award of the Arbitration
* Board shall be final and conclusive with respect to the controversy, dispute or claim submitied
for arbitration and shall be binding upon the parties hereto, except as otherwise provided by law.
The award of the Arbitration Board shall specify the manncr and extent of the dmmon of the
costs of the arbitration procesding among the parties hereto,

9.11. Liability. The nghts and obligations of all the parties hereto shall be
several and mot joint or joint 4nd several,

9.12. Foree Meure No party hereto shall be held responsible or lable for any
loss or damage on account oﬂnon—delwcry of energy hereunder at any time caused by an eventof
Force Majeure, “Force Majenre” shall mean the occurence or non-occurence of any act or

. event that could ot reasonably have been expected and avoided by exercise of due diligence and
foresight and such act or event is beyond the reasonable control of such party, inchuding to the
extent cansed by act of God, fire, flood, explosion, strike, civil or military anthority, insurrection
or riot, act of the elements, o failure of equipment. For the avoidance of doubt, “Force
Majeqre” shall in no event be based on any Spensoring Company’s financial or economic
conditions, including withoutjlimitation (i} the loss of the Sponsoring Company’s markets; or (if)
the Sponsoring Company’s inability economieally to use or resell the Available Power or
Available Energy purchased hereunder.

9.13. Govenurszmv Thus Agrecmcnt shall be governed by, and construed in
aceordance wlth, ﬂle laws of the State of Ohio. ,

G. 14_ Kegula.rwy Approvals. This Agreement is made subject to the jusisdiction
of any governmental authority or autherities having jurisdiction in the premises and the
performance thereof shall be pubject {o the following:

@@ "The receipt of all regulatory approvals, in form and substance
safisfactory to|Corporation, necessary to permit Corporation fo perform all the
duties and obljgations te be performed by Corporation herennder. :
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(6]  The receipt of all regulatory approvals, i form and substance
satisfactory to the Sponsoring Companies, necessary to permit the Sponsoring
Companies 1o carry out all transactions contemplated herein.

. 9.15. Notices. Alinotices, requests or other communications under this
Agreement shall be in writing and shall be sufficient in all respects: {f) if delivered in person or
by courder, upon receipt by the intended recipient or an employee that routinely accepts packages
or letters from couriers or other persons for delivery to personnel at the address ideptified above
(as confirmed by, if delivered by courier, the xecords of such courier), (i) if sent by facsimile
transmission, when the sender receives confirmation from the sending facsimile machine that
such facsimile transmission was transmitted to the facsimile number of the addressee, or (i) if
mailed, upon the date of delivery as shown by the return receipt therefor.

9.16. Waiver. Performance by any party to this Agreement of any responsibility

or obligation to be performed by such party or compliance by such party with any condition .
contained in this Agreement may by a written instrument signed by all other parties to this

. Agreement be waived in any one of more instances, but the failure of any party to insistin any
one or more instances upon strict performence of any of the provisions of this Agyeement or 1o
take advantage of any of its rights hereunder shall not be construed as a waiver of any such
provisions or the relinquishment of any such rights, but the same shall continue and remain in
full force and affect,

9.17. Titles of Articles and Sec:fons. The titles of the Articles and Séctions in
this Agreement have been inserted as-a mattex of convenience of reference and are not a part of
this Agreement.

9.18. Suctessors and Assigns. This Agreement may be executed in any number
of counterparts, 211 of which shall constitue but ove and the same document.

9.181 This Agreement shall inure to the benefit of and be binding upon
the parties herefo and their respective successors and assigns, but a party to this
Agreement may not assign this Agreement or any of its rights, fitle or interests in or

. obligations (including without limifation the assumption of debt obligations) under this
Agreement, except 1o a successor to all or substantially all the properties and assets of
such party or as provided in Section 9. 182 or $.183, without the written consent of all the
other parties hereto.

9.182 Notwithstanding the provisions of Section 9.181, any Sponsoring
Company shall be permitted fo, upon thirty (30} days notice to the Corporation and each
other Sponsoring Company, without any further action by the Corporation or the other
Sponsoring Companies, assign all or part of its rights, title and interests in, and
obligations under this Agreement to a Permitted Assiguee, provided that, the assignee and
assignor of the rights, title and interests in, and obligations under, this Agreement bave
executed an assignment agreement in form and substance acceptable to the Corporation
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in its reasonable discrelion (including, without Rmitation;, the agreement by the
Sponsoring Compasy assigning such rights, title and interests in, and obligations under,
this Agreement to relroburse the Corporation and the other Sponsoring Companies for
any fees or expenses reguired under any security issued, or agreement entered into, by the
Corporation as a resultiof such assignment, including without limitation any consent fee
or additional financing costs to the Corporation under the Corporation’s then-existing
securities or agreerents resulting from such assignment).

9.183 Wotwithstanding the provisions of Section 9.181, any Sponsoring
Company shall be permitied to, subject to compliance with all of the requirements of this
Section 9.183, assign all or part of its rights, title and interests in, and obligations under
this Agreement fo a Third Party without any further action by the Corporation or the
other Sponsoring Compagnies.

(8) A Sponsoring Company {(the “Transferring Sponsor™) that
desires tb assign all or part of its rights, tifle-and interests in, and
obligatigns under this Agreement to a Third Party shall deliver an Offer
Notice t6 the Corporation and each other Sponsoring Company. The Offer
Notice shall be deemed to be zn irrevocable offer of the subject rights, title
and intefests in, and obligations under this Agreement to cach of the other
Sponsoring Companies that is not an Affiliate of the Transfeming Sponsor,
which offer must be held open for no less than thirty (303 days from the
date of the Offer Notice (the *Election Period™).

b}  The Sponsoring Companies (other than the Transferring
Sponsoriand its Affiliates) shall fivst have the right, but not the obligation,
1o purchase all of the rights, fitle and interests in, and obligations under
this Agreement described in the Offer Notice at the price and on the terms
specified therein by delivering written notice of such election to the
Transferiing Sponsor and the Corporation within the Election Period;
provided that, imespective of the terms and conditions of the Offer Notice,
a Sponséring Company may condition its election fo purchase the interest
describe in the Offer Notice on the receipt of approval or consent from
such Sp?nson'ng Compauy’s Board of Directors; provided further that,
wiitten notice of such conditional election rnst be delivered {0 the
Transferying Sponsor and the Corporation within the Election Period and
such condifional election shall be deemed withdrawn (as if it had never
been provided) nmless the Sponsoring Company that delivered such
conditional election subsequently delivers writen notice fo the
Transfewring Sponsor and the Corporation on or before the tenth (10%) day
after the, expiration of the Election Period that all necessary approval or
consent of such Sponsoring Company’s Board of Dirvectors have been
obtained. To the extent that more than one Sponsoring Company
exercises fts right to purchase all of the rights, title and interests in) and

eirss ik,
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obligations under this Agreement described in the Offer Notice in
accordance wrth the previous sentence, such rights, title and interests in,
" and obligations vnder this Agreement shall be allotted (successtvely if
necessary} among the Sponsoring Companies exercising such right in
~ proportion to their respective Power Participation Ratios.

{c}  EachSponsoring Compary exercising its right to purchase
any rights, title and interests in, and obligations under this Agreemént
pursuant to this Section 9.183 may choaose to have an Affiliate purchase
such rightts, titie and interests in, and obligations under this Agreement;
provided that, notwithstanding anything in this Section 9.183 to the
contraxy, any assignment to a Sponsoring Company or its Affiliate
hereonder must comply with the requirements of Section 9.182.

(d) . Ifone or more Sponsoring Companies have elected to -
purchase all of the rights, title and interests in, and obligations under this
Agreement of the Transferring Sponsor purspant to the Offer Notice, the
assignment of such rights, title and interests in, and obligations under this
Agreement shall be consummated as soon as practical after the delivery of
the election notices, but in any event no later than fifteen (15) days after
the filing and receipt, as applicable, of al] necessary governmental filings,
comsents or other approvals and the expiration of all applicable waiting
periods. At the closing of the purchase of such riphts, title and inferests in,
and obligations under this Agreement from the Transferring Sponsor, the
Transferring Sponsor shall provide representations and warranties
customary for transactions of this type, including those as to its title to
such securities and that there are no lens or other epcumbrances on such
securities {other than pursiuant 1o this Agreement) and shall sign such
documents as may reasonably be requested by the Corporation and the
other Sponsoring Companies. The Sponsoring Companies or their
Affiliates shall only be required to pay cash for the rights, title and
interests in, and obligations under this Agreement being assigned by the
Transfering Sponsor.

(e}  To the extent that the Sponsoring Companies have not
elected to purchase ali of the rights, title and intesests in, and obligations
under this Agreement described i the Offer Notice, the Transferring
Sponsor may, withini one-hundred and eighty (180) days after the later of
the expiration of the Election Period or the deemed withdawal of a
conditional election by a Sponsonng Company under Section 9.183(b)
hereof (if applicable), enter into a definitive agreement to, assign such
1ights, title and interests in, and obligations under this Agreement to a
Third Party at a price no less than 92.5% of the purchase price specified in
the Offer Notice and on other material terms and condifions no moxe
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favomble to the such Third Party thau those spemﬁed in the Offer Notice;
provided that such purchases shall be conditioned upon: (i} such Third
Party beving long-term unsecured pon-credit enhanced indebtedness, as of
the datg of such assignment, with a Standard & Poor’s credit rating of at
least BBB- and a Moody’s Investors Service, Inc. credit rating of af least
Baal (gmvxdead that, 1f such Third Party’s long-term nnsecured non-credit
enbanced indebiedness is not cuzrently rated by one of Standard & Poor’s
or Moody, such Third Party’s lopp-term unsecured non-credit enhanced
ndebiedness, as of the 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 1east Baa3); (5i) the filing or receipt, as
applicable, of any pecessary governmental filings, consents or other
approvals; (iii} the determination by counsel for the Corporation that the
assignudent of the tights, title or inferests in, or obligations under, this
Agreement to such Third Party would not cause a termination, defauit,
loss oz payment obfigation mder any security issued, or agreement entered
inta, bylthe Corporation prior to such transfer; and (iv) such Third Party
executlng a counterpart of this Agreement, and both such Third Pariy agpd
the Spohsoring Company which is assigning its rights, itle and interests
in, and 6bligations under, this Agreement exetuting such other documents
as may be reasonably requested by the Corporation (inclnding, without
Himitation, an asmgmcnt agrzement in form and substance acceptable o
the Corporation in its reasonable discretion and containing the apreement
by such!Sponsoring Company to reimburse the Corporation ard the other
Sponsoting Companies for any fees or expenses required under any
security| issued, or agreement entered into, by the Corporation as a result
of such Rssignment, Inchuding without hmitation any consent fee or
additional financing costs to the Corporation under the Corporation’s then-
existing securities or agrecments resulting from such assignment). In the
event that the Sponsoring Company and a Third Party have not entered
into a d¢fipitive agreement to assign the interests specified in the Offer
Notice fo such Third Party within the Iater of one-hundred and ¢i ighty
(180} days after the expiration of the Election Period or the deemed
“withdratwal of a conditional election by a Sponsoring Company under
Sectiony 5.183(b) hereof (if applicable) for any reason or if either the price
to be paid by such Third Party would be less than 92.5% of the purchase
piice specified in the Offer Notice or the other material termas of such
assignnjent would be more favorable to such Third Party than the terms
specifidd in the Offer Notice, then the restrictions provided for herein shall
again bf: effective, and no assignment of any rights, title and interests in,
and obligations under this Agreement may be made thereafter without
again offering the same to Sponsoring Companies in accordance with this
Sm:m 9.183.
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ARTICLE 10

REPRESENTATIONS AND WARRANTIES

10.01. Representations ond Warranties. Each Sponsoring Cornpany hereby
represents and warrants for itself, on and as of the date of this Agreement, as follows:

(@)  itis duly organized, validly existing and in good standing
nder the laws of its state of organization, with full corporate power,
" authority and legal right to execute and deliver this Agreement and fo
perform its obligations hereunder;

(by it has duly anthorized, executed and defivered this
Agrecment, and upon the execution and delivery by all of the parties
hereto, this Agreement will be in full foree and effect, and will constitute a
legal, valid and binding obligation of such Sponsoring Company,
eaforceable in accordence with the terms hereof, except as enforceability
may be limited by applicable bankruptcy, insolvency, fraudulent
conveyance, Teofganization, moratorium or other similar laws affecting the
enforcement of creditors’ rights generally;

(¢  Exceptas set forth in Schedule 10.01(c) hereto, no consents
or approvals of, or filings or registrations with, any governmental
authority or public regniatory authority or agency, federal state or local, or
any other entity or person are required in connection with the execution,
delivery and performance by it of this Agreement, except for those which
have been duly obtained or made and arve in full fores and effect, have not
been revoked, and are not the subject of a pending appeal; and

(d) the execution, delivery and performance by it of this
Agreement will not conflict with or result in any breach of any of the
terms, conditions or provisions of, or constitufe a defanit under its charter
or by-laws or any indenfure or other material agreement or instriment to
which it is a party or by which it may be bound or result I the imposition
of any liens, claims or encurnbrances on any of its property.

ARTICLE 11
EVENTS OF DEFAULT AND REMEDIES

11.01. Payment Defaudt. 1§ any Sponsoring Cormpany fails to make full payment
to Corporation under this Agreement when due and such failure is not remedied within ten (10)
days after receipt of notice of such failure from the Corporation, then such faiture shall constitute
a “Payment Defanlt” on the part of such Sponsoring Company. Upon a Payment Defanlt, the
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CorpOraiion may suspend seivice io the Sponsoring Company that has caused such Payment
Default for all or part of the period of continuing default (and such Sponsoring Company shall be

. deemed 10 bave notified the Corporation and the other Sponsoring Companies that any Available
Energy shail be available forischeduling by such other Sponscring Cormpanies in aceordance
with Section 4.032). The Cotporation’s right to suspend service shall not be exclusive, but shall

. be in addition to all remedies available to the Corporation af law or in equity. No suspension of

service of termination of this Agreement shall relieve any Sponsoring Company of its obligations
under this A greement, whichiare absolute and unconditional.

11.02. Performance Defard!. If the Corporation or any Sponsoring Company
fails to comply in any materia] respect with any of the material terms, conditions and covenants
of this Agreement {and such failure does not constitute a Payment Defautt imder Section 1 1.01),
the Corporation (in the case of a defanlt by any Sponsoring Company) and any Sponsoring
Company {in the case of a default by the Corporation) shall give the defaulting party written
notice of the default (“Perfo: ce Default™. To the extent that a Performance Defanlt is not
cured within. thirty (30) days after receipt of notice thereof (or within such longer period of fime,
not to exceed sixty (60} additional days, as necessary for the defaulting parfy with the exercise of
reasonable diligence to cure such default), then the Corporation (in the case of a default by any
Sponsering Company) and ady Sponsoring Company (in the case of a default by the
Corporation)) shall have all of the rights and remedies provided at law and in equity, other than
termination of this Agreement or any releasc of the obligation of the Sponsoring Companies to
make payments pursuant to this Agreement, which obligation shall remain absolute and
unconditional. :

11.03, Waiver, No waiver by the Corporation or any Sponsoring Company of
any ong of miore defaults in the pexformance of any provision of this Agreement shall be
construed as & waiver of any pther defimlt or defankts, whether of a like kind or differen natore.

11.04. Limitation of Liability and Damages. TO THE FULLEST EXTENT
PERMITTED BY LAW, NEITHER THE CORPORATION, NOR ANY SPONSORING
COMPANY SHALL BE LIABLE UNDER THIS AGREEMENT FOR ANY
CONSEQUENTIAL, INCIDENTAL, PUNITIVE, EXEMPLARY OR INDIRECT DAMAGES,
LOST REVENUES, LOST PROFITS OR OTHER BUSINESS INTERRUPTION DAMAGES,
BY STATUTE, IN TORT Ok CONTRACT, OR OTHERWISE.

[Signature pages follow}]
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B i Analysis of Operational Events and Market impacts
' During the January 2014 Cold Weather Events

Executive Summary |

January 2014 was an extremel!y challenging month for much of the U.S. energy industry, particulary the electricity
and natural gas sectors. Powe|;1 system operators, power producers and consumers — both within the PJM
Interconnection? footprint and ih surrounding regions — endured prolonged periods of bilterly cold temperatures that
drove up energy use, increase$ uncertainty for grid operators and stressed available power supplies. Throughout
January 2014, PJM experiencejd fight operational conditions and a significantly higher number of forced generator
outages —compared fo a moreitypical January - due to the extreme weather, mechanical problems and natural gas
market inflexibility.

Eight of the ten highesf winter demands for electricity on the PJM system occurred in January 2014. Peak demand
for electricity was 35,000 mega;\ﬂatts, or 25 percent, higher than typical January peaks— an amount approximately
equivalent to the electricity demfand of Chicago, Washington, D.C. and Baltimore combined. On some days, even the
lowest hours of demand were 150.000 MW higher than typical winter peak demands of recent years.

Although PJM and its memberqi successfully met the unprecedented demand, heavy electricity use for heating and
high natural gas prices sharply Prove up the costs of wholesale power. For example, January 2014 fofal net billings to
PJM members were one-third df the entire year's total net billings in 2013.

The 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 demjand record of 141,846 MW the evening of January 7 while dealing with higher than
normal generation outages. Dufing the peak demand hour, 22 percent of generation capacily — including coal, gas
and nuclear — was out of servic@e.

The generation forced outage r%te was two to three fimes higher than the normal peak winter? outage rate of around
7 to 10 percent. Equipment issdes associated with both coal and natural gas units caused the greatest proportion of
forced outages. Natural gas intérruptions comprised approximately 25 percent of the total outages.

Reserves were tight during the !’olar Vortex. Synchronized Reserves {those supplied fo the system from resources
that are synchronized!connecteb to the grid and able to load within 10 minutes) were at their lowest point the mormning
of January 7. For a five-minute _beriod, synchronized reserves were reduced to about 500 MW, compared to a

1,372 MW PJM requirement. Tﬂese are not, however, the only reserves available to PJM. During that hour, FJM had
an additional 1,167 MW of primbry reserves (reserves available in 10 minutes but not synchronized / connected to
the grid) for a total of 1,667 MW, of ten-minute reserves at the lowest point of the hour.

¥
1 PJM coordinates the movement of wholesale electricity in all or parts of Delaware, (linois, Indiana, Kentucky, Maryland, Michigan, New
Jersey, North Carolina, Ohio, Penfisylvania, Tennessee, Virginia, West Virginia and the District of Columbia. The Operations function of
PJM (oversesing the flow of electrcity) resembles an air traffic controller — PJM neither owns nor flies the planes, but instead makes sure
ali the planes can get where they fieed to go without incident. PJM does not own the fransmission wires or the generators, but it directs the
operation of those resources to sefve electricity consumers. The Market function of PJM can be compared 1o a stock exchange. PJM
neither buys nor sells, but operatep the markets in which parties can conduct fransaclions,

2 Normal peak winter outages were ideﬁned by locking at most recent five years December through February forced outage rates.
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Although reserves were low, several steps remained available to operators before electricity interruptions 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 1,100-2,600 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.

Winter Storms

Following the Polar Vortex, a second series of winter storms and extremely cold weather hit the region January 17
through January 28. PJM used its experience from 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 naturai gas-fired generation to meet demand,

Natura! 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 fo 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 Maintained

Throughout January, PJM employed a number 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 interruptions 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 to ensure they had full information and awareness of

system conditions. The value of increased communication and coordination of information 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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While PJM and its members met the challenges from the extreme January 2014 weather, the lessons leamed will be
used to improve operations ang market processes. The PJM community will consider ways to:

Improve generator av#ilability and performance during extreme weather events,
Implement performanée verification or testing of generation in advance of winter operations,

Continue to engage inidiscussions with industry and regulators to improve natural gas and electricity market
afignment, "

Implement market me#hanisms that encourage befter generator availability, such as incentives for ensuring
fuel availability or duali—fuel capability, and

Review the cost aliocation for uplift charges and investigate a mechanism to allocate uplift costs during

emergency operations that minimizes volatility.
i

Organization of this Report

The following report provides tHe operational planning and actions and the market impacts of the extremely cold
weather in the PJM footprint in i.lanuary 2014. The report consolidates data and responses provided to slakeholders,
Congress and the Federal Eneffgy 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 dis@:ussions of the Polar Vortex of January 6-8, the Winter Storms of January 17-29, the
operational conditions and ultiniate 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 becomes more detailed. PJM staff begins
studying transmission and generator outages, load forecasts, weather and other expecied 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 wili analyze,
communicate, study and revise its analysis and operating strategy multiple fimes as needed as more information
about an operating day hecomes avaitable. For instance, PJM may request that fransmission outages in progress be
restored as quickly as possible to prepare for exireme 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 Market. (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 reaHime 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 load serving enfity 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 alse may submit various “virtual fransactions,” which are offers
to buy or sell at particular locations that are not associated with physical generation or customers. Market participants
typically use virtual fransactions to hedge risk, mirror physical commitments 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 operaing
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 allows a generator to adjust its offer prior to the

PJM © 2014 www.pjm.com T|Page


http://www.pim.com

Analysis of Operational Events and Market Impacts
During the January 2014 Cold Weather Events

operating day to better reffect t!ﬁe cost of fuel, The uncertainty of both natural gas costs and availability makes these
types of adjustments necessarg and useful.

Figure 1: Market and Oper+tions Timeline
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As mentioned above, the load levels bid into the Day-Ahead Market typically do not meet the levels expected during
the operafing day. So, after 6 pjm. PJM begins the Reliability Assessment Commitment (informally calfed the
“Reliability Run"}, which ensurep that adequate generation is committed fo meet the demand plus reserves, while
minimizing start-up and no-load cost. (Reserves are used to keep the lights on when unexpected events occur, such
as a large generator going off line.) Using the most up-to-date weather forecast, load forecast, transmission facility
and generator availability, and gther information, PJM commits additional generation, if necessary, to satisfy both
expected loads and the needed reserves for the operating day. PJM also performs additional refiability analysis to
ensure all transmission facilities 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 adequately understand the likefihood that natural-gas-fueled generators would be able to
procure the gas they needed tojoperate.

On a typical winter day, PJM’s‘ieak load for the day averages approximately 106,000 MW, Beyond the expected

demand, PJM also will commit approximately 4,000 MW of reserves. In order to provide a sense of scaie, the
combination would be enough gower fo serve about 91,200,000 homes. {One megawatt is enough power to serve
800 homes. A typical large nuclpar power plant provides 1,000 MW of energy.)

Leading up to and throughout the operating day, PJM examines updated information and system conditions and acts
to continually balance generatign with the need for electricity and maintain adequate reserves to prepare for
unexpected issues. PJM manages changes from day-ahead commitments and schedules in the Real-Time Energy
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Market 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 from the Day-Ahead Energy Market commitments are cleared at price levels determined by
the Real-Time Energy Market.

The Polar Vortex, January -8

Conditions

The January 6-8, 2014, Polar Vortex brought prolonged, deep cold temperafures 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 inferruption,

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 generafion capacity — including coal,
gas and nuclear —was out of service. The generation forced outage rate was two to three times higher than the
normal peak winter outage rate of around 7 to 10 percent. During the coldest two days of the period, PJM called tupon
all available resources: all available generation was scheduled, demand response was called on throughout PJM,
shortage pricing went into effect when reserves were low, and emergency power was purchased above normal offer
caps. Demand response and shortage pricing raised locational marginal prices?, which reflected real-time grid
conditions 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 will review the market outcomes as a direct resulf 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 front 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
meteorologist 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 intemal forecast, used for operational
planning, up o 140,000 MW based on PJM load forecasting experts’ worsi-case analysis.

One lesson PJM implemented from the Seplember 2013 Heat Wave* was to alert PJM's load forecasting experts
when 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 corresponding load forecast errors. On December 31, PIM load

3 Locational marginal price {LMP} is the wholesale price for electricity on different pars of the system, This price includes a system energy
price, fransmission congestion cost, cost of marginal losses and the effect of reserve shoriages,

4 httpriwww.pim.comi~/media/documentsireports/20131223-technical-analysis-of-operational-events-and-market-impacts-during-the-
september-2013-heat-wave.ashx
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load and weather forecast modgls, and experience, the load forecast was adjusted to 140,000 MW for reliability study
and generation commitment pu’rposes This revised load forecast was communicated to PJM's transmission and
generation owners.

forecasting experts were alertet to large temperature changes expected on January 6. Using historical load curves,

Figure2: Cold Tempefaturés Envelope the Region
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In response to actual temperatujres projected to fall near or below 10 degrees Fahrenheit, PJM issued Cold Weather
Alerts. {A Cold Weather Alert isLllhe 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. ]

Operational Planning and Advifanced Communications

PJM held conference calis with J:ransmission and generafion owners as well as neighboring enfities to ensure full
awareness of the pending weather and the projections for load. PJM instructed members to begin taking steps to
ensure availability of all transmifssion and generation resources, which includes cancelling planned outages, recalling
existing outages where possibl+ and communicating to PJM any concerns about equipment, fuel, unit restrictions,
efc. It was very important for PJM to get the messages out prior to the weekend when staffing would have been at
reduced levels, making it more Flﬂ' icult to prepare. PJM requested units which could not acquire primary fuel to switch
to alternate fuel. i

Each day leading up to the Polq'r Vortex, PJM updated its operating plan based on new information on system
conditions. PJM issued alerts, iﬁcreased the frequency of communications with appropriate parties (transmission
owners, generators, natural ga#-pipelines and other relevant stakeholders) and finalized staffing plans.

Waiver to Communicate Freely with Natural Gas Pipelines

In expectation of the high naturgl gas demand due to extremely cold weather and the potential for subsequent
increases in both electric genemtion and heating later in the winter, PJM sought to better coordinate operations with
the natural gas pipelines by sh ring market sensitive information.® On January 3, 2014, PJM submitted two requests

5 The Federal Energy Regulatory mmission recently had issued Order 787 allowing such information exchange, but there had not been
sufficient time to implement the changes to PIM's governing documents before the severe weather events,
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to the Federal Energy Regulatory Commission for waivers of certain provisions of PdM’s governing documents that
would permit PJM to share certain non-public information with natural gas pipeline operators during the forecasted
exfreme 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 could be incorporated into the PJM goveming
documents. FERC responded promptly to PJM's filing, which 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 the capacity on the pipelines
and the natural gas market to be very tight and expressed doubt any interruptible transportation would be available
through most of the coming week and particularly on January 7. However, pipeline operators indicated that firm
fransportation customers would stilt be served. Throughout the course of the Polar Vortex and the Winter Storm later
in the month, PJM held conference calls with all available interstate pipelines and had individual discussions with

some of the pipelines.

Several pipeline operators also issued notices that limited non-firm naturaf gas deliverability. More information about
pipeline notices can be found in
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Appendix C: Natural Gas Syst ; Critical Notices. The effect of these pipeline issues in the electricity market
becomes apparent when examining the generation which was unable o operate on January 7 as discussed further in
the Generator Performance: Odtages subsection on page 24 of this report.

Figure 3: PJM Preparation ;For the Polar Vortex
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Emergency Procedures

PM reliably met the demand on January 6 employing several Emergency Procedures and market mechanisms.
Although the 131,142 MW peakiload on the evening of January 6 was not one of PJM's top ten peak winter load
days, it was roughly 25,000 MW above a fypical winter peak day. The load curve on January 6 also was very unusual
and challenging as the extreme|cold froni moved into the PJM territory during the day. Typically, PJM winter load
curves produce two distinct peaks. This twin peak consists of one peak in the moming and one in the evening, both
usually similar in magnitude ancf each approximately four hours long with a slight valley in between. As the extreme
cold front moved into the PJM rigion throughout the day, the load shape looked more like a summer day, with a
lower moming valley that rampe*d up throughout the day. This steep slope from valley to peak challenged the
operators to keep up with the Io}ad that was coming in fast and high. PJM needed to bring on many units that had not
run in menths: close to 50,000 MW (approximately 175 — 200 units) in a short period and during extreme cold. The
speed and magnitude of the qu'd change coupled with units’ start failures (approximately 45 percent for combustion
turbines) and other issues causbd by extreme weather made the day extremely challenging.

Figure 4. PJM Load, Januaiy 6, 2014
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Figure 5. Emergency Procédures during the Polar Vortex
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A detailed listing of emergency prdcedures faken 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 Alerf® for
Tuesday, January 7 for the entife RTO. PJM also issued at the same time a North American Electric Reliability
Corporation (NERC) Energy Emergency Alert (EEA) Level 1 to inform PJM's neighboring systems that PJM expected
to run all available generating résources to meet the demand for electricity. The Max Emergency Generation Alert
occurs when PJM forecasts tha;i 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 thé reserve amount to be 8,075 MW, PJM issued this alert to nofify all capacity and
energy resources that they IikeILl would be neaded on Tuesday during the peak hours.

At just about 5 p.m. on Mondayj January 6, PJM initiated a synchronized reserve event to maintain system reliability
in response fo the nearly concu_hent, but unrelated, loss of two farge generating units totaling 1,562 MW.” The
Northeast Power Coordinating (:30uncil provided 775 MW of shared reserves to PJM from 5:01 p.m. to 5:15 p.m. fo
assist with the unit losses. |

& The Maximum Emergency Generglion Alert provides a day-shead alert that system conditions may require generation to be loaded above
the maximum economic level anddhat use of the PJM emergency procedures may be implemented. This requirement varies each day and
is used by PJM to ensure adequale backup generation is available for the grid in the event of an emergency. Operating reserve is
generation available from either offline or online units within 30 minutes of PIM's request. Reserves are scheduled to meet operafing
reserve requirements in the Day-Ahead Markel, PJM Manual 13, Emergency Operations, Section 2.

T 8ynchronized reserve is either geferation that can begin producing electricity within 10 minutes or customer use of electricity that can be
removed from the system within 1D minutes. This procedure is used to direct afl available generation resources to quickly increase {or
decrease for demand response resources} their output to respond fo the request.
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In addition to the two large units that were lost, between 5:00 p.m. and 7:30 p.m. on Monday, January 6, PJM lost an
additional 6,400 MW of capacity due fo unit trips, unplanned generator reductions and fuef restrictions. At that fime,
PJM issued a Voltage Reduction Warning?® followed immediately by a Maximum Emergency Generation Action, both
for the entire RTQ. This real-time Voltage Reduction Warning notified members that the available synchronized
reserve was less than the requirement and that a voltage reduction might be required. Synchronous reserves 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 [oad reduced by the Voltage Reduction Action and the power imports
attracted by the Shortage Pricing event heiped 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 throughout the 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 exiremely 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 {o
more typical power imports of 4,000-5,000 MW,

8 A Voltage Reduction Waming {and Reduction of Non-critical Plant Load) informs members that Synchronized Reserve is less than
required and present operation has deteriorated such that a voltage reduction may be required. It is trigger when actual Synchronized
Reserve [s less than the Synchronized Requirement. All secondary and primary reserve {except megawatts in Max Emergency) are first
moved o Synchronized Reserve status.

3 Shortage Pricing is a methodology for accurately pricing energy and reserves so the resulting prices reflect the state of the system both
approaching and during times of reserve shortages.
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PJM participates in two sharedireserves groups®™, Northeast Power Coordinating Council (NPCC) and the Virginia-
Carolinas Reliability Agreement (VACAR). PJM supplies shared reserves when requested by those groups, and PJM
also requests shared reserves 1o help recover from the loss of internal PJM generation, Below are the times on
January 6 when PJM relied on glectricity reserve imports from other systems to meet its own energy needs, outside
of normal operations: |

e Monday, January 6, 2@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 resiored the generation/load balance with internal resources and market-
priced imports. ;

On Monday, January 6, 2014, 9 15 p.m.-9:56 p.m., PJM provided 163 MW of shared reserves to NPCC.

Operations - January 7

Based on the actual conditions |experienced on Monday evening, load coming in as high and as fast as it did and high
forced outage rates (approximdlely 17 percent" during the Monday evening peak), PJM took additional steps to
prepare for operations on Tueséjay. January 7. The Cold Weather and Max Emergency Alerts for Tuesday remained
in place. In addition PJM issueci a Level 2 Statement for Cold Weather for the entire RTO. This statement is a request
to the public to conserve electriicity because of developing power supply preblems. PJM issued the Level 2 Siatement
to the PJM fransmission owner$: the evening of January 6, indicating the request would be for Tuesday, January 7,
during the morning and eveningj peaks.

Tuesday, January 7, was the cdldest day of the week across the PJM foolprint. Daily fow temperature records were
set or tied in Philadelphia, Richfnond, Pitisburgh, Cleveland and Columbus. High temperatures were in the single
digits and low teens for many afeas of PJM, and lows were 10-30° F below normal. On January 7, PJM experienced
the highest winter peak demand in its history.

1 Reserve sharing groups allow enn*les to share reserves on a routine basis and deploy those reserves to recover from a system event such
as loss of generation,

i http.f,fwww.mm.comlo-lmedlaldoc%entsiremgm 40113-pim-response-to-data-request-for-january%202014-weather-events.ashx
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Figure 7: Minimum Yemperature for Each Day in January 2014: Columbus, Chicago, Philadelphia and
Richmond
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The PJM demand curve for January 7, 2014, was 35,000 MW higher than lypical of a January peak load.
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Emergency Procedures — Jar'ruary 7

Early on Tuesday morning, PJ* initiated a number of steps to prepare for the operating day. First, at 12:55 a.m,, PJM
issued a Primary Reserve Warning™ for all day Tuesday. This warning was issued to wam members that the
available primary reserves weré forecasted fo be less than the required amount for the peak later that day and that
operations were becoming critié:al. PJM estimated 1,950 MW of primary reserves were available compared to its
1,980 MW reserve requiremenﬁ;. The Primary Reserve Wamning triggered shortage pricing. (See Energy Prices and
Shortage Conditions Market Odtcome on page 27 for more discussion on shortage pricing.) PJM also issued a
Voltage Reduction Warning at é:51 a.m. for the morning peak to allow time for transmission owners to staff
substations as appropriate. ‘l

Figure9: Reserves - Januéry 7,2014
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While reserves were tight, a Voitage Reduction Action, one of the next emergency procedures to be implemented,
was not needed fo meet the evéning peak because of a combination of the other emergency procedures issued,
such as Max Generation Action|(at 3:00 p.m.), Load Management and pricing changes triggered by shortage pricing,
which attracted additional powey imports.

2 The purpose of a Primary Reserv I Warning is to wam the members that the primary reserve is less than required and operations are
getting critical. 1t is Issued when the primary reserve is less than the primary reserve requirement but greater than the synchronized
reserve requirement. Transmissiof and generafion dispatchers move secondary reserve to primary status (so that it can be producing
electricity within 10 minutes from 3 request) and schedule all available generation. Secondary reserve is reserve capability that can be fully
supplying electricity within 10 to 3¢ minutes following the request of PJM. In addition, Transmission and generation dispaichers ensure that
all deferrable maintenance or tesfing affecting capacity or critical transmission is halted. By deferring maintenance or testing, the
equipment can remain onfine o priovide energy, and the system will not have to draw from emergency backup sources.

More at: hff_g://wmv.gjm.com/—/medf@ aining/core-curriculumip-ops-101/ops-101-capacity-shorfages.ashy. Slide #22

PIM® 2014 www.pim.com 18Page


http://www.pimxom/~/medi%5eaininQ/core%3cunJculutnAp-ops-101/ops-101-capacitY-shortaQes.ash
http://www.pim.com

2 ':_7 ; - :' Analysis of Operafional Events and Market Impacts
P Buring the January 2014 Cold Weather Events

Demand Response

On January 7, 2014, PJM deployed Emergency Load Management, or demand response, twice. PJM's dispatch
personnet first notified DR resources at 4:30 a.m. with a reduction time of 5:30 a.m. for short lead-fime registrations??
and 6:30 a.m. for long lead-time registrations'. The load management event ended at 11:00 a.m. For the second
event, dispatch personnel nofified 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, while only about 20 percent of the demand response
capacity, performed very well. Deploying the Emergency Load Management in addition to the Max Generation Action
at 3:00 p.m. January 7 not only made additional resources available for the evening peak but also attracted
significant additional power imports into the PJM system. The load management deployment in particutar attracted
imports because it set high ptices 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 the abilify to purchase emergency energy from 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:

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

3 Short lead-time applies to any sile registered in the PJM demand response program as & demand resource fype that needs up to one hour
lead time to make its reductions.

" 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 to make its reductions.
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On January 7, PJM also provid%d shared reserves to neighbors during the following times:

e 200 MW: 6:27 a.n‘lp. - 7:30 am. to VACAR
200 MW 8:45 a.m. - 9:28 p.m. fo VACAR
200 MW: 8:49 a.m. - 10:35 a.m. to Duke Energy Progress

PJM had to recall the 200 MW bf shared reserve obligations to VACAR on January 7 due to PJM's own intemal
reserve shortages caused by ahditional units tripping off-line (approximately 900 MW). At this point, PJM was at its
lowest reserve level with approkimately 500 MW synchronous reserves and 1,167 MW primary reserves available.
Once reserves were restored, ?JM offered and reactivated the 200 MW shared reserve flow to VACAR. While it may
appear counter-infuitive to be ir§np0r1 emergency energy from some neighbors while sharing reserves with other
neighbors, system conditions agcross much of the Eastern Interconnection required such teamwork and the ability to
adjust plans in real time as the isituation demanded.

Operations - January 8

PJM continued to prepare for oi)ld weather operations on Wednesday, January 8. Forecasted load was 134,107 MW
at 9:00 a.m. with forecasted te&peratures slightiy higher across the RTO than the previous day. The expected
conditions prompted PJM to is.d.iue a Cold Weather Alert and a Maximum Emergency Generation Alert. As the
morning foad pickup began, PJM developed a plan to implement specific emergency procedures in order to meet
expected system load. At 5:00 gm PJM called for voluntary demand response resources and posted a NERC EEA
Level 2 o notify other reliabilityl coordinators of its actions.

A Maximum Emergency Gener’ation Action was declared in conjunction with the implementation of voluntary demand
response, but generation ownei's were advised not to load maximum emergency capability until PIM specifically
contacted them. PJM also issuéd a request for emergency energy bids at 5:30 a.m. in order to identify options for
meeting system load and fo 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
cancefled the voluntary demand response. PJM did not need to issue any additional emergency procedures on
January 8. Actual load at the miorning 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 EPmd Challenges

Demand Response and Reneiwables

Although operational condition L ywere tight during the Polar Vortex, some variables exceeded PJM’s expectations in
Teal-time: the availability and nIsponse of voluntary demand response, the response of the stakeholders to the public
appeal for conservation, and tﬂ'e performance of wind-powered generation.

Demand response, afthough th required to respond during the winter this year, did respond and assisted in
maintaining the reliability of thei system. In fact, the total amount of demand response provided was larger than most
generating stations. During thei Polar Vortex, PJM called on demand response three times — the morning and evening
of January 7 and the morning df January 8 throughout the RTO. Even though demand resources were not obligated
to respond during this period, d[ose 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 demonsfrates the year-round
value of demand response.

Figure 11: Polar Vortex Demand Response Performance
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PJM issued a public appeal for conservation 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 stakehoiders. While PJM does not currently have a
measurement of the energy conservation achieved, it befieves the request for conservation had a positive impact on
the real-time conditions.

PJM also saw up 0 4,000 MW produced by 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 fotal 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 i

Managing interchange, or energ}y transfers across the RTO, was a challenge during the Polar Vortex, particularly
during the afternoon of Januaryj?. PJM expected {based on energy imports scheduled four hours ahead) about 5,600
MW of interchange into PJM dufing the evening peak. PJM received almost 3,000 MW more than expected. Hourly
energy prices in PJM during thJ evening peak were $750-$800, and prices in MISO were approximately $400-$500
less than in PJM. The NYISO's prices were approximately $50-$100 less than PJM's prices. Market participants
responded to the disparity in nejghboring prices and began importing power into PJM during the evening peak. In

particular, imports from MISQO increased significantly when compared to imports during the morming peak.

When PJM receives more eneréy transferring 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, generqlion dispatch and costs.

Accurafely forecasting interchar];ge is a chaffenge. PJM operators can see only curren{ energy transfers across the
system with no certainty of end fime or advance notice of future swings. PJM had generation operating with the
expectation of a lower level of ilfnporls given the conditions across the grid. Imports increased substantially in
response to the expectation of !:\igher locational marginal prices set by demand response. This increase in supply
caused LMPs fo drop, and the ¢eneration PJM had operating for reliability was left operafing at costs above the
locational marginal price, resultjng in uplift payments to these generators. Though not a reliability concem, the

situation impacted the economiks of the system, which will be discussed further in the Uplift subsection on page 44.
i
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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 reserves dipped below the PJM reserve requirement prompting PUM to issue a series of
emergency procedures fo ensure adequate reserves on the system. The reserve shortfalls largely were due fo 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 sl:tmall of its primary reserve capability, a Primary Reserve Warning is issued as
notification of the reserve shortage. On the evening of January 6, PJM additionally issued a Voltage Reduction
Warning and Action to maintairi reliability. if needed, PJM could have initiated additional emergency procedures to
regain its reserve capability. Foilowing the Voltage Reduction Action, primary reserves were restored above the

requirement. PJM also had avéilable shared reserves from NPCC and VACAR during this period.

Generator Performance; 0ut§ges

Unplanned generator shutdowﬂ,s and the inability of generators to start — due 1o the cold, the stress of extended run
times, natural gas interruptions=and fuel-oil delivery problems — challenged grid reliabitity and adequate power
supplies during the month, A anerator’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 op#rational conditions and a significantly higher number of forced outages, due to both
mechanical problems and natui!al gas deliverability, throughout January 2014 as compared to a more typical January.
At the all-time winter peak at 7 pm on January 7, PJM experienced a 22 percent forced outage rate, which was far
above the historical average ofl7 percent, with a total of 40,200 MW unavailable due to forced outages.

Figure 15: Generater Outage Rate — January 2014
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All conventional forms of gene ; tion, including natural gas, coal and nuclear plants, were challenged by the exireme
conditions. Generators are reqgired to submit outage data after the outage has occurred. Figure 16: shows that the
42 percent of forced outages were due to equipment failures. The other key reason (24 percent of the forced
outages) was a lack of fuel to sfart up and/or run generating units.

i
¢
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!
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Figure 16: Causes of Forced Qutages - January 7, 7:00 p.m.
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The breakdown 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.'s

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,

15 nstalied capaclty as of December 31, 2013
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Figure 17: Outages by Priméry Fuel - January 7, 7:00 p.m.
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The 9,300 MW of generation thlbt was unavaifable due fo natural gas inferruptions is a larger amount than PJM
reported immediately after Jandary 7. Subsequent to January, PJM worked with generation owners to further validate
the outage reasons, and, baseci on these additional discussions, natural gas issues were found {o be larger than
initially reported largely due to éther generation fuel types being dependent on natural gas and the natural gas
infrastructure. An example is a benerator that burns il but that needs natural gas to start up. In a few cases, this
startup gas was not available. Please see the Lessons Leamed and Recommendations section on page 53 for PJM's
preliminary recommendations ilative to generation forced outages.

Communication !

PJM implemented additional communication procedures based on lessons learned from the September 2013 heat
wave and put those practices irjto effect, such as improved coordination and communication with PJM stakeholders.
Internally, PJM aclivated a newaperation Event Response Team, a cross-divisional group designed {o help prepare
for, respond to and communicai}e about operational events, such as capacity emergencies and severe weather. This
team was in place nearly everyiday in January not only to provide PJM dispatch personnel additional analysis and
data but also fo coordinate infof;rmation through the appropriate internal and external channels.

PJM communicated with state qumissions, state emergency management agencies and state consumer advocates
before, during and after key opérational events. PJM provided information about system conditions and emergency
procedure alerts, warnings and iactions via email and group conference calls in addition to ad hoc discussions.

PJM also provided power supply status updates to member communications staff counterparts, held conference calls
with member communicators and created and distributed news releases and media advisories. In addition, advisories
were provided to the FERC thrqughout 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 Reserve
Warning on January 7. Both actions triggered shortage pricing, a market rule that accurately prices energy and
reserves $o 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 foliowing conditions:

+ The amount of available reserves is below the reserve requirement for a predetermined amount of time and
dispatch systems confirm that the shortage exists. This situation can be due either to the available
synchronized reserve megawatts being less than the requirement or available primary reserve megawatts
tess than required

» AVoltage 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 reserve shortage on the moming of January 7.

Locational marginal prices are determined based on the cost fo 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 curves 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 reserve
shortage. This coordination is necessary because providing another megawatt of energy will cause an additional
megawatt of reserve shorlage.

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 demand response participants responded to calls for emergency energy and high
prices to voluntarily curtail their use of electricity in exchange for curtaiiment payments. Because of the higher offer
caps for demand response?”, LMPs may reach $1,800 per megawatt-hour without the existence of a reserve
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.

16 For more information on the shortage pricing rules, view training material PJM previously has provided at hitp:fwww.pim.com/markets-
and-operationsienerqy/shortage-pricing.aspx,

7 PIM initially had filed to limit demand resources to the legacy $1,000/megawatt-hour offer cap that has existed for some time for af
resources, The FERC conditionally approved PJM's filing subject to several adjustments 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 offer cap that applies to generafion
resources. Instead, these resources can offer up to $1,000 plus two times the reserve penalty factor, 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 Margina Prices are calculated based on five minutes intervals. Although generation usually is
the marginal resource setting tr{e price, on January 7, demand response set prices for 63 five-minute energy pricing
intervals during the day. Additiobal information on interval analysis of prices can be found in Appendix A: Locational
Marginal Pricing Marginal Unit Type intervals.

Ancillary Services: Regulatio{i, Synchronized and Non-Synchronized Reserve

During the Polar Vortex, high prices for regulation, synchronized and non-synchronized reserves occurred at the
same time as high real-time enérgy LMPs. During these stressed conditions, ancillary service prices increased as the
reserve margin decreases, and {system capacity competes to meet the ancillary services requirement while
maintaining power balance. |

b
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Figure 19: Ancillary Service Price and Energy Price
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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 structure 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.
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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 service. Pdﬁormance Based Regulation was designed to calcufate and include resource specific
regulation lost opportunity cost in 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 market cleaiing 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 affributed to the poor
performance factor in the regulation market as high-performing generators were being used for energy and reserves
instead of regulation. The pooré!r performance factor inflates the totai regulation price. Increasing the performance
score requirements is discusse('j in the Lessons Leamed and Recommendations section. The total credit paid for
regulation price and lost opporti:mity cost not included in the regulation price was approximately $65 million for the
month of January 2014,

Reserves

As displayed below, synchronizied and non-synchronized reserve prices hit their maximums, $800 and $400
respectively, on January 7, 2014. These prices reflected system conditions during shortage pricing. The total
Synchronous Reserve Tier Ond Market Price Credit and Synchronous Reserve Lost Opportunity Cost Credif was
$87,890,200. Total non-synchrcjnous reserve cost was nearly $6 million for January 2014.
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Figure 21: Synchronous and Non-Synchronous Reserve Prices
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Winter Storm, January 17-29

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 unavaitability of generation because of forced
outages, during this second cold period, the key contributor fo 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 performance as well as limits on the natural gas infrastructure. The
scheduling of natural gas-fired resources became increasingly difficult through this period because of the rigid and
expensive ferms and conditions generators needed fo accept in order fo procure gas. Certain gas-fired generators
notified PJM that they could get gas only if they committed to operate af 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
exacerbated the fuel procurement-related situation. The timing difference between the gas and electricity markets
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 imes the
previous four months' average. Alternative fuels (usually oil) were a challenge for duai-fuel units for reasons that
included fuel deliverability or minimum allowed run times because of emission limits. Because of the resource
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limitations, PJM made scheduhhg decisions without pricing certainty to ensure thaf sufficient resources were
available to meet forecasted cohdttlons.

Reliability was preserved duriné the entire month of January, buf with record high out-of-market (uplift) costs. The
costs were higher at the end ofjJanuary because of resource fuel limitafions, high natural gas prices, contractual
constraints of gas units and the§ uncertainty of demand and of resource avaflability.

Weather and Load Forecait

The January 2014 Winter Storriin had a more extended duration compared to the Polar Vortex eartier in the month.
Extreme weather conditions were predicted during the last two weeks of January. As shown in Figure 22: , PJM
reached eight of the top 10 winkr peak demands in all of PJM's history in the month of January 2014. Six of these

peaks were set in the later partjof January during the Winter Storm,
Figure 22: Top 10 Historjc Winter Peak Demands
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Near-term weather projections indicated that this stretch of cold weather would be both as severe as the Polar Vortex
and much longer in duration, However, when the Winter Storm dropped over a foot of snow along the East Coast, it
decreased load as many peoplg stayed home due to work and school cancellations. Because the severity and impact
of storms on the population areTvariab!es that often cannot be predicted, load forecasters and system operators often
cannot consider these variableg when committing generation to meet the expected load and reserve reguirements.
As a result, more generation may be scheduled than is needed in real time if the forecasted load does not
materialize, as was the case on January 21 and January 29 because of the snow storm. The market impact of this
forecasting effect is discussed |h Load and Weather Impact to Markets on page 51.

Operational Planning and Advanced Communications

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 avallable, performance from renewables and the potential refief 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 ransmission and generafion 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 alternate fuel. PJM also recognized the need to plan for an extended refiance on fuelimited and
environmentally-fimited generation. To account for this need, PJM closely coordinated with generator owners to
ensure fuel-imited and/for environmentally-limited units were placed into the maximum emergency generator status
and then scheduled to run only when needed.

Natural Gas Markets Coordination

Because temperatures were expected to match the lows of early 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 nofices 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)

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

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

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

(approximately 2,310 MW)

Atimeline of critical notices on the natural gas pipelines in the PJM foofprint can be found in

PIM© 2014 WWW.Dim.com J|Page


http://www.pim.com

E Analysis of Operational Events and Market Impacts
l During the January 2014 Cold Weather Events

Appendix C: Natural Gas Syste}'n Crifical Notices,

In preparation for tighter gas cohditions, PJM coordinated with gas pipelines and generation owners fo ensure
sufficient resources were available. A chailenge with this coordination was the differences between the timing of
generators’ required natural gaT purchase commitments and PJM's Day-Ahead Energy Market 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 coermitment. Sometimes, PJM had to decide whether generators were needed without
forward-looking information av%ilable on the price of natural gas, without certainty the generator ultimately would be
able to procure natural gas witl1 delivery to the plant and without certainty the plant actually would be needed as the
load forecast was updated. Forlexample, on a Friday PJM was told that natural gas would not be available for
purchase by a generator throuqhout the weekend; therefare, PJM needed to decide whether the generator would be
necessary for Monday, on the preceding Friday, so that the unit could determine whether to procure gas.

Other generation owners alerteﬁ PJM that gas marketers required them to buy a weekend package that forced PJM
to run the generator through thé weekend if it was needed on a Monday. Other generation owners required advanced
commitments prior {o the start qff the natural gas day and had to buy a 24-hour package of natural gas that forced
PJM to run the generators !ongér than needed under PJM's least-cost commitment model.

Figure 23: Natural Gas and ¢leciricity Market Coordination Issues
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The market timing issues were further exacerbated by the three-day Martin Luther King Jr. Day holiday weekend.
High electricity demand for was expected the Tuesday and Wednesday momings 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 run in order to ensure
they had naturai 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 1o 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 fo the real-fime 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 the 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 Alerls 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-fime

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. PIM's

analysis identified potential thermal fransmission constraints in the BGE and Pepco zones as power outside of those
zones would flow into them {o replace the loss of local generation. As a result of the expected transmission
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constraints in the BGE and Pepco zones, PJM loaded Maximum Emergency Generation at 2:00 p.m. on January 22
and called for Emergency Load Management for the two zones during for the evening peak hour. PJM also issued a
Voltage Reduction Alert for the BGE and Pepco zones at 8:00 p.m.; however, an actual voltage reduction was not
ordered. PJM reliably met the geak demand on January 22 without additional emergency procedures and provided
shared reserves to the NYISOTH? MW at 5:36 p.m. and 73 MW at 8:56 p.m.). The day's peak demand was
135,061 MW at 7:00 p.m. At th : t time, 6,427 MW of interchange was being imported into PJM.

Thursday, January 23, was an éven more challenging day. In addition to the constraints in the BGE and Pepco
zones, higher loads than Janud:ry 22 throughout the PIM foolprint led to west-lo-east constraints on the transmission
system causing tighter capacity@ conditions in the PJM Mid-Atlantic Region. To meet the forecasted load given the
anficipated system constraints,iPJM foaded Maximum Emergency Generation at 4:30 a.m., called for voluntary
Emergency Load Management{and issued a NERC Alert Level 2 to inform neighbor systems that load management
would be deployed, for the Mid'iAtIantic Region, Dominion and the FirstEnergy South/Allegheny Power zones during
the mormning and evening peakdz on January 23. At 4:50 a.m. PJM requested Emergency Energy bids, which was
cancelled at 8:05 a.m. No emedgency bids were loaded. PJM also issued a request for public conservation of power
for the BGE and Pepco zones fpr 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 §:00 p.m. {The forecasted loads had been 135,579 MW for 9:00 a.m. and 136,572 MW
for $:00 p.m.) Interchange intoT’JM during the peak hours (5,409 MW) was less than the interchange into PJM
January 22, resulting in more iri:ternal resources running to meet the load.

Load and transmission constraii'uts on Friday, January 24, were similar to January 22. Forecasted peak load was
133,902 MW at 9:00 a.m. with an actual peak load of 136,982 MW occuring at 8:00 a.m. The regional temperatures
increased after the Friday morrgng peak. Interchange during the moming peak hour was 4,007 MW info PJM. The
1,783 MW of generation in the BGE and Pepco zones was still out though a partial return was anticipated that
evening. PJM loaded Maximurr Emergency Generation at 4:30 a.m., called for Emergency Load Management for the
BGE and Pepco zones for the rhoming peak on January 24. PJM aiso issued a Voltage Reduction Waming at

7:20 a.m. for the BGE and PEP?SO 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 makrg operations less challenging. The return to service of 1,783 MW of generation in the
BGE and Pepco zones helped alleviate west-to-east constraints previously experienced that week. However,
temperatures across the region|were still colder and demand higher than normal. While the peak on Saturday,
January 25 was 118,275 MW a#d 114,006 MW on Sunday January 26, typical winter weekend peaks are around
90,000 MW. i

On Monday, January 27, a Cold Weather Alert was the only emergency procedure issued. Although the forecasted
peak demand for January 27 was 131,825 MW, the actual peak demand was lower, at 126,379 MW at 8:00 p.m. Total
interchange into PJM during th§ peak was 3,640 MW.

Despite the lower demand on I\*onday, demand for Tuesday, was projected to be similar to January 7, when PJM set
its all-time winter peak of 141 846 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 pr ' pare for Tuesday's expected high demand, PJM on Monday issued a Cold Weather

Alert, a Maximum Emergency c;eneration 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 fo successfully
meet the record demand. -

However, actual demand was less than forecasted on January 28, and generating resources performed 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 pm.As a
result, 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 8:00 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 Warning for the 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 fo control for those constraints. Following the
moming 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 MW at 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 ihe evening peak in the Baltimore Gas and Electric Company and Pepco zones

» January 23 for the moming 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-Atiantic, 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 Responsré during the Winter Storm
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Operational Observations é"d Challenges

Similar to operations during the jPoIar Vortex, some variables exceeded PJM's expectations. Demand response’s
availability and response was obe of those variables. The requests to the general public for conservation again were
considered to have had a positi{/e impact. Wind power again produced at a level above the calculated annual wind
capacity during the January 20-P9 imeframe.
Figure 26: Winter Storm Winlfp Generation
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Generator Performance: Qutages

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 conditions. The amount of
generation available during the Winter Storm improved as compared fo the Polar Vortex but was still worse than
PJM’s historical average winter forced outage rate.

Figure 27: Generator Qutages — 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 alfernate 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 coid weather events. Even with this flexibility, generation owners
encountered issues including run-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 running 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
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limitations was done manually py PJM and the generator owners. There were approximately 1,000 MW of generation
with decreased run times for erission reasons.

The increase in demand for oil ]caused another challenge for generation owners. Many units in the Northeast
switched to oil as gas hecame Lnavailab!e increasing demand for oil. In some cases, oil suppliers began to run low
on inventory or deliveries were klow because increased demand was unexpected and available defivery trucks were
limited. Generation owners foud it difficult to keep oil tanks full on a daily basis and had to limit run hours for their
units. There were approximatel_i{ 2,000-3,000 MW of generation affected by oil supply and delivery issues. Also,
generating units running on oil have an increased failure-to-start rate due to clogged fuel lines.

Contractual Constraints

During January PJM used the Ebay-Ahead Market, load forecasts and the experience of generation outages earlier in
the month to schedule the necéssary resources for reliable operations, Contractual constraints on generators’
availabifity challenged PJM ope}rators and confributed to the January uplift that will be discussed in the Market
Outcomes: Winter Storm sectio:h below. The contractual constraints included natural gas generators with:

 the need for early corrimitment, days ahead of the Day-Ahead Energy Market, to ensure fuel deliverability;
» inflexible scheduling chteﬁa such as 24-hour and multi-day commitment; and, '

+ purchase of gas for ari entire weekend.
Market Outcomes: Winter Storm

Energy Prices

Energy prices were high duringithe Winter Storm but not as high as during the Polar Vortex. Shortage pricing
conditions were not present during the Winter Storm because sufficient generation was available to meet the
forecasted demand. Day-Ahead Energy Market prices were higher than real-time prices during the Winter Storm. The
price difference resulted in partifrom PJM's scheduling of resources to ensure that primary and synchronous reserve
requirements were met throughout the Winter Storm while taking into consideration the uncertainties surrounding
whether loads, interchange, geﬁeration 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 burn 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
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Real-time prices were lower in FJM’s western area compared to the eastern area due to fewer transfer interface
constraints during the Winter S*orm than during the Polar Vortex. Eastern zones had more combined-cycle
generators fueled by natural gak on the margin resulting in higher prices in the eastern zone than in the western
zone. During the Winter Storm,!there was variability in temperatures across the region compared to the Polar Vorlex,
which had persistent, extreme 4old across the entire footprint. In preparation for anticipated high forced outages as
experienced during the Polar V{mex, PJM called on additional generation in the eastern portion of the footprint, The
following chart displays the différence between LMPs in the east versus west,

PIM ©2014 i www.pim.com 2|Page


http://www.pim.com

Analysis of Operationat Events and Market Impacts
During the January 2014 Cold Weather Evenis

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 intervals. 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 all generation capacity resources in PJM that have been committed as
capacity to submit offers into the Day-Ahead Energy Market. The Operating Agreement also iimits generation offers
into the Day-Ahead Energy Market to $1,000/MWh.

These two provisions had not come info 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 exampie, for a combustion turbine in the PJM
region with a roughly average 10,000 Btu/kWh heat rate, $120/MMBtu transiates 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 February 10 to allow cost-
based offers o exceed the $1,000/MWh offer-price cap. The FERC approved both waivers.

8 at Schedule 1, section 1.10.1A(d)
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Uplift ;
PJM expected the possibility of: generator outages similar to those experienced in the Polar Vortex and scheduled
generation accordingly to ensufe reliable operations during the Winter Storm. The lessons learned from the Polar
Vortex were to get natural gas generation online early and keep it online. However, the later part of January had less
extreme weather and better geberation performance coupled with inflexible run times and high fuel prices for natural
gas-fired generation, which ledito upliftioperating 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 demaf'ld resources to operate as requested by PJM, resources that are scheduled by PJM
and follow PJM dispatch instrugtions are guaranteed to fully recover their costs of operation. Uplift cost is created
when market revenues are inSLifﬁcient to cover the costs of the resources following PJM’s direction. Generators told
PJM that, because of gas market constraints, their gas-fired resources in some cases had to be operated at full
output each hour and for a fonger 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 pé:xyments 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 inc!udea* in the pricing signals that are visible and transparent to market participants.

Figure 31. Uplift Breakdownf
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A majority of the uplift cost in January, as shown above, was due lo generators scheduled by PJM running in real-time fo meet
reliabiiity needs,

¥ Balancing includes lost opportunily cost, the difference between what a unit receives when providing regulation or synchronized reserve
and what it would have received fpr providing energy output.

2 Day-ahead upliftincludes black séart tnake whole payments for Automatic L oad Rejection units and reactive credits.
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Thete can be various scenarios in which market revenues are insufficient to cover generators’ costs. The drivers that
contributed to high levels of uplift in January 2014 included:

o Natural Gas Prices ~ High natural gas prices exacerbated the cost of uplift as the units operating at PIM's
direction were more expensive than there historical costs.

e 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 PUIM 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 particutarly early in the month, PJM experienced higher generator outage
rates than had ever been observed. PJM needed fo schedule additional generation to be available to
miigate any potential power shortfalls due to generator forced outages.

« Interchange Volatility — Variable imports and exports of energy, which reacted fo 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
1o ensure adequate generation is available,

In the current 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 if 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 adequaie operating supply pius additional capability for reserves. Day-
ahead and real-time operating reserve credils 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-ime 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 fo the tight supplies in the natural gas market,
many PJM generators were kept on-line to mitigate the risk of not being able {o obtain natural gas after shutfing
down. Some of these generators were run overnight because they could not shut down and re-start again due to fuel
or weather issues.
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Figure 32. Balancing Operaf?ng Reserve Credits
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There are two general types of balancing operating reserve charges. if a generator is called to run after the close of
the Day-Ahead Market and during the Reliability Assessment Commitment performed after the Day-Ahead Market
results are posted, it is dispatched either for prudent operations or “load plus reserves.” If a generator is dispatched
for prudent operations, then the upiift cost associated with the generator running is categorized as a reliability credit.
if a generator is needed for Ioa} plus reserves, then its uplift cost is categorized as a deviation credit. When a
generator is committed to run dring 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.d. its cost-based offer is higher than the current LMP), then its associated uplift cost is
categorized as a refiability credft :

Figure 33: Balancing Operaﬁng Reserve Credits for Deviation and Reliability
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The overwhelming majority of bialancing operating reserve credits during the Winter Storm was for reliability credits.
Overlaying the natural gas pricgs on top of just the refiability credits demonstrates the impact on the uplift costs of the
high natural gas prices, which @ere exacerbated 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 fo mitigate the risk of losing generators and worked with generators
which had inflexible parameters fo keep them online to ensure reliability wouid be mainfained. 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 run 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 downfime), and how long it needs to know in advance
when PJM will needs it online {fime to start). During the Polar Vortex and Winter Storm, many generators that can
typically operate very flexibly had to operate on significantly 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 burn offers due to natural gas terms and conditions.

PJM scheduled generation resources during January using the Day Ahead Market and Reliability Run but also
scheduled resources manually 1o cover forecasted load and generation outage levels experienced earlier 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 fo ensure a reliable level of unit commitment prior to the close of the day-ahead
market.

The PJM procedures used to make such commitments include 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 generatiob 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 Operat:ﬁng Reserve Megawati-hours and Locational Marginal Prices in January

Mwh $/Mwh
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The megawatt-hours associated wfth real-time reliability credits are shown in the light blue added on top of the megawati-hours
committed prior to the operating da*y. which are represented in dark blue. The maximum real-time locafional marginal price is
shown by the green line overlaid 0+l the reliability energy.

In the early part of January, the lmarginal 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 ReductionlAction, which triggered setting energy and reserve prices consistent with shortages
of all reserve products. This Volkage Redugction Action resuited in LMPs in excess of $1,000/MWh that evening,
Additionally, PJM deployed emérgency demand response resources during the morning and evening periods of
January 7. During the moming ﬂiaeak period on January 7, emergency demand resources set LMPs across PJM near
$1,800/MWh. Similar system cdnditions occurred the same evening but for a much shorter period of time due to the
increase in interchange. I

In the latter part of January, PJM scheduled generation based on the load forecast and expected generation outages.
But the inflexible terms 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. Aithough PJM
deployed emergency demand resources during the latter portion of the month, they were not marginal as frequently
during this period and, thereford, did not produce the high LMPs seen earlier in the month.

If a generator, such as the gas-fired generators with inflexible supplies, is required to run and would not be the next
economic megawatt that PJM would 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 the system even more
uneconomical.

Figure 36: Balancing Operating Reserve Credit by Storm
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A majority of the real-time or balancing operating reserve and lost opportunity cost expense was during the winter storm in the
fatter 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 terms 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 generation 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 from their systems in even, incremental
amounts over a 24-hour natural gas day, 10:00 a.m. fo 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 the 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

1 Peak gas demand days: January 68, 21-23, and 27-28
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of the operational issues highliJhted above. These generators could not cycle on and off from hour to hour and were
kept onling through the overnight and uneconomic periods in order fo be available during peak electricity demand
hours. :

Figure 37: Balancing Operaéing Reserve by Generator Type

Combined Cyc;e. -—— 318
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The majority of the balancing ope : ting reserves payments went fo combined-cycle generators®, Much of the uplift to combined-
cycle generators was due fo limitations on the types of natural gas contracts that could be procured during the storm. Some

combined-cycle generator owners z&fo.‘d PJM that to ensure their availability they would need fo run 24 hours.

Interchange Impact to Markets

Electricity flowing into or out of FJM from neighboring areas, known as interchange, also can lead to uplift when it
differs significantly from the exdectation PJM operators use to schedule and dispaich resources to maintain reliabifity.
An interchange transaction canieither be an import, meaning power is purchased from a neighboring area and sold
into PJM, or an export, where dZower is purchased from PJM and sold in an external area. These transactions can be
submitted with as little as 20 mi}mtes notice and are only curtailed or limited due to refiability concems. In contrast,
deploying emergency demand #eSponse under today's rules requires upto two hours’ nofice. 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 significantly differs from actual system conditions, it can
create upliff. |

Fer example, on January 7 at ZTOO p.m. PJM identified the need for emergency demand response and all available
generation at the evening peakibased on its load forecast, generator availability and an expectation of receiving

5,600 MW of power imports frofn neighboring areas during the evening peak. However, during the evening peak,
i

generator. Combined-cycle generptors usually are larger and can produce more megawatts than individual combustion turbines alone;

2 Combined-cycle plants are naturs] gas-fired generalors that typically consist of one or more combustion turbines that exhaust into a steam
they also are generally used throughout the day and not just to generate during the peaks like & combustion turbine would be used.
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PJUM actually received in excess 8,600 MW of power imports from 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 run 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
difficuit because each day has two peak load periods, moming and evening. Triggers, such as the temperature
forecast changing by 7-10 degrees from one day to the next, cause PUM load forecasters and operators to reanalyze
and update the load forecast. This updated forecast may necessitate scheduling additional generation, which can
increase uplift if the scheduled units are not flexible or the forecast is not accurate.

Figure 38: Forecast and Actual Peak Load
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Generator Quiages

Generating units that do not perform on peak days are assessed performance penalties that affect current year
capacity revenues. An explanalion of these penaliies is in Appendix D: Peak-Hour Period Availability Assessment,
The total estimated Daily PeaktHour Period Availability Charges before the January outage events were $45,586 and
including January 2014 increased to $112,388.

|
Figure 39: Forced Outages ?nd Baiancing Operating Reserve Cost
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AN Analysis of Operationa} Events and Market Impacts
- Buring the January 2014 Cold Weather Events

Appendices

Appendix A: Locational Marginal Pricing Marginal Unit Type Intervals

The PJM Real-Time Market is a spot market in which instantaneous locational marginat prices are calculated every
five minutes based on actual grid operating conditions. The table below shows the number of five-minute infervals
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 Each Resource Type Set LMP

Demand Emergency

Day Generator Response Purchase
Jan. 7 225 63 0
Jan.22 280 7 0O

Appendix B: Locational Marginal Prices in Shortage

This table shows the intervals in which the real-time security constrained economic dispateh 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

First Last

Day Hour Interval interval
Jan. 6, 2014 19 12 2
vt ———————— 20 | SSRORORRR 9.
Jan.7,2014 7 S 2
.8 3 12

L9 L e

10 1 12

n 1 °

21 4

17 12 12

18 T 2
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Appendix C: Natural Gas Sérstem Critical Notices
January 6, 2014 :
Columbia:

Restricting n:%n-ﬁrm natural gas deliveries in Ohio delivery points on through Tuesday (1/7).

Dominion:

Maintaining tl{leir restriction on non-firm natural gas deliveries onto the Texas Eastemn pipeline in
western Penijsylvania.

Maintaining tiiheir restriction non-firm natural gas deliveries into two Local Distribufion Companies
(Peoples Natiiral gas Company and East Ohio Natural gas).

Texas Eastern:
Restricting ndn-ﬁrm natural gas deliveries off of Leidy line.
Restricting ncin-ﬁrm natural gas deliveries east of Chambersburg, Pa.

Warned that an operational flow order could be issued, which would restrict the flow of non-firm
natural gas. |

f
Restricting nq'n-ﬁrm natural gas deliveries from producets in Marcellus and Dominion/Rockies

Express pipejnes due to natural gas quality issues.
Transcontinental: |

lssued 2 systéem—wide operaticnal flow order beginning today. The OFQ restricts shippers (including
power plants)ﬁ from faking any natural gas over and above their nominated quantities on an hourly
basis. :

January 7, 2014 :
ANR Pipeline (flows into Chicago):
Emergency niaintenance will be partiafly restricting flows into Chicago by 15 percent

Released thei previously set OFO, but maintained an advisory that generators rate takes off of
pipeline. |

Injections ha\}e been limited at Jofiet and Woodstock, IL, which will lower pressures on the pipeline
on points nor!hward.

Columbia:
Restricting nc_i;n-ﬁrm natural gas deliveries in Ohio delivery points on through Tuesday (1/7).

Restricting aI‘ non-firm natural gas deliveries at several delivery points throughout Ohio on Tuesday
(1.

Restrictions dn all nonfirm natural gas deliveries into eastern Virginia on Tuesday (1/7).
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T b,

Dominion:

Maintaining their restriction on non-firm natural gas deliveries onto the Texas Eastem pipeline
{which flows into NYC) in western Pennsylvania.

Maintaining theit restriction non-firm natural gas deliveries into two Logal Distribution Companies
{Peoples Natural gas Company and East Ohio Natural gas).

Requesting that ali shippers maintain offtakes from the system at or below their nominations.

Texas Eastern:

Restricting non-firm natural gas deliveries off of Leidy line.
Restricting non-firm natural gas deliveries east of Chambersburg, Pa.
Restricting non-firm 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 deliveties from producers in Marcellus and Dominion/Rockies
Express pipelines due to natural gas quality issues.

Issued a nolice on the moming 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 onfine 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 1akes off the pipefine after 4:30pm to their uniform hourly
nominated quantity.

The Unionville Compressor station near Pittsburgh is out. Details are currently unavailable on the
effect on operations, but it should affect natural gas delivery east of Pittsburgh.

Transcontinentat:

PIM©20714

Issued a system-wide operational fiow order (OFQ).
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 wilt
get cut first),

Suspending the nomination reductions caused by lower injections from producers.
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January 21, 2014
ANR:

Issued an “Extreme Condition” warning, which will limit a consumer’s hourly takes from the pipeline
to their hourly nominated quantity.

Columbia:
Declared a "E%ritical Transport” advisory for northern Ohio and westemn Pennsylvania today (1/21)
through Thurgday (1/23).

Dominion; :

Warning that Ftarting 6pm, January 16, and into the next week, that generators need to limif takes
from the pipeline to equal of their hourly nominated quantities. If not, Dominion may issue an
operational ﬂéi)w order to maintain pipeline reliability.

Restricting n&n-ﬁrm detiveries into two LDC systems: East Ohio and the People’s Natural gas
Company. |
Restricting n4n-ﬁrm deliveries into the southern portions of its pipeline system.

Natural gas Pipetine hf America:

Issued an operational flow order starting Monday (January 20).

Texas Eastern: i
Restricting ncin—ﬁrm natural gas deliveries east of Chambersburg, Pennsylvania.
Restricting nc}n-ﬁrm natural gas deliveries into Philadelphia.

Requiring geilerators to limit takes off pipeline in Market Area 2 and 3.

Transcontinental:

Issued an opérational flow order, effective starting today (1/21), which requires generators to limit
takes off the bipeline or face a penalty rate of $50 per MMBtu.

January 22, 2014 :
ANR:

Issued an "Ei;ctreme Condition” wamning, which will imit a consumer's hourly, takes from the

pipeline to théir hourly nominated quantity.

Columbia:

Declared a “Critical Transport” advisory for northern Ohio and western Pennsylvania through Friday
(1/24), which|will limit natural gas availability.

Dominion;

Advising generators to limit takes from the pipeline to equal of their hourly nominated quantities.

¥
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Restricting non-firm deliveries into two LDG systems: East Ohio and the People’s Natural gas
Company.

Restricting non-firm 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 Pennsyivania).

Restricting non-firm natural gas deliveries east of Chambersburg, Pennsylvania,

Restricting non-firm natural gas deliveries into Philadelphia.

Requiring generators fo 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
penally rate of $50 per MMBtu.

January 23, 2014
ANR:

Issued an “Extreme Condition” warning, which will limit a consumer’s hourly, takes from the
pipeline to their hourly nominated quantity.

Columbia:

Declared a “Critical Transport™ advisory for northern Ohio and western Pennsyivania through Friday
(1/24), which will limit natural gas availability.

Dominion;
Eliminating non-firm deliveries at several points in Pennsylvania and Ohio.
Advising generators to limit takes from the pipeline to equal of their hourly nominated quantities.

Restricting non-firm deliveries into two LDC systems: East Ohio and the People’s Natural gas
Company.

Restricting non-firm 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 defiveries east of Chambersburg, Pennhsylvania.

PIM@ 2014 wWww.pim.com 61|Page


http://www.pim.com

Analysis of Operational Events and Market lmpacts
During the January 2014 Cold Weather Events

Restricting ngn-firm natural gas deliveries into Philadelphia.
Requiring ge:herators fo 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 ¢f $50 per MMBtu.

January 24, 2014 i

ANR: ;
Issued an “E;preme Condition” warning in Chicago, which will limit a consumer’s hourly takes from
the pipeline. |

Columbia:
Declared a "Qritical Transport” advisory for northern Ohio and western Pennsylvania through Friday
(1/24), which gwill limit natural gas availability.

Dominion: |

Eliminating nq%:n-ﬁrm deliveries at several points in Pennsylvania and Ohio.

Advising genérators fo limit takes from the pipeline.
Natural gas Pipeline bf America:

Issued an opgrational flow order (OFO).

Saturday (1!265), NGPA is limiting firm through some southern segments of its pipeline.
Texas Eastern: |

Restricting ndfn-ﬁrm natural gas deliveries east of Leidy (in central Pennsylvania).

Restricting nq%n-ﬁrm natural gas deliveries east of Chambershurg, Pa.

Restricting ndjn-ﬁrm natural gas deliveries into Philadelphia.

Requiring gedierators to limit takes off pipeline in Market Area 2 and 3 (Ohio to New Jersey).
Transcontinental: i

Issued an ope}rational flow order that requires generators fo fimit takes off the pipeline,
|
January 27, 2014

ANR: :

Issued an “Exitreme Condition” warning in Chicago.
Columbia:
Declared a “dritical Transport” advisory for northern Ohio and western Pennsylvania,

Restricting stérage withdrawals of natural gas due fo 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 (OFQ).
Texas Eastern:
Restricting non-firm natural gas deliveries east of Leidy (in ceniral Pennsylvania).
Restricting non-firm natural gas deliveries east of Chambersburg, Pennsyivania.
Requiring generators to limit takes off pipeline in Market Area 2 and 3 {Ohio to New Jersey).
Transcontinental:
Issued an operational flow order that fimits 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 (OFQ).
Texas Eastern:
Restricting non-firm 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 Period Availability 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 avaifability during the peak-period of that
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delivery year? relative to its exiJected availability, and a Capacity Market Seller is credited or charged to the extent
the crifical peak-period availabi!ity of its committed Generation Capacity Resources exceeds or falls short of the
expected availability of such reéources.

The peak-period equivalent for(::ed outage rate (EFORp) is the measure of a generation resource’s unavailability
during the peak-period of the c{pmmitment delivery year. This rate is compared to the resource’s expected
unavaitability rate as measured§ by the resource’s five-year average equivalent forced outage rate (EFORd-5). For
purposes of this assessment, tlie EFORp and EFORd-5 exclude outages deemed outside management control. In
addition, for single-fueled, natuhl gas-fired units, a failure fo perform during the winter-peak shall be excluded if it
¢an be demonstrated that such]failure was due to non-availability of natural gas to supply the unit.

Generation unit availability for the commiiment delivery year (Committed installed capacity * (1~ EFORp)) is
compared to expected generatibn unit availability {Committed installed capacity * (1 —~ EFORd-5)) to determine the
excess or shorffall in Peak-Hmi Period availability for each generation capacity resource?. The net Peak-Hour
Period availability shorifall or excess for each Capacity Market Seller in each locational delivery area is the net of the
shortfalls and excesses of all ot! the seller’s resources in that locational delivery area.

A Peak-Hour Periad Avaffabiiftinharge shall be assessed on each Capacily Market Seller with a net shortfall in an
locational delivery area, where {such charge is equal to the shortfall quantity times the Seller's weighted average
Resource Clearing Price for thd; locational delivery area.

Preliminary Peak-Hour Period Availability determinations have been made to determine the impact of high forced
outage rates experienced in Jaﬁuary 2014. The estimates are very preliminary and subject to change upon
finalization of EFORp values fof delivery year 2014 buf the resulis do show higher EFORp values and higher Peak-
Hour Period Availability charge$ for 2013/14 Delivery Year relative to two prior delivery years.

1112 Daily Peak-Hour Period l;ivaiiability Charges: $12,838.57

12113 Daily Peak-Hour Period é\vailability Charges: $25,822.98

13/14 Preliminary Daily Peak-l-liour Period Availability Charges: $45,585.71

13114 Preliminary with January{:DaEIy Peak-Hour Period Availability Charges: $112,387.99

the calendar months of June throdgh 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 February. This peak-period definttion encompasses approximately 500 hours in a delivery year.

% The shortfall determined for any Generation Capacity Resource shalt not exceed an amount equal to 0.50 times the Unforced Capacity of
such resource; provided, howevet, that if such limitation is triggered as to any Generation Capacity Resource for a Defivery Year, then the
decimal muitiplier for this calculation as to such resource in the immediately succeeding Delivery Year shall be increased to 0.75, and if
such limitation again is triggered i such succeeding Delivery Year, then the multiplier shall be increased to 1.00. The muttiplier shall
remain at either such elevated lede! for each succeeding Delivery Year until the shortfall experienced by such resource is less than 0.50
times the Unforced Capacity of sch resource for three consecutive Delivery Years.

4 For purposes of this assessmenjlhe peak-period is defined as hours ending 3 p.m. through 7 p.m. for each non-holiday weekday during
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Appendix E: Emergency Procedures in January

.......................................................................

' @; Primary Reserve Warning

e
w

: @ Primary Reduction Warning Reduction

: of Non-Critical Plant Load
! @ Manual Load Shed Warning
: @ Emergency Mandatory Load

. 7 Management Reductions
: @ Maximum Emergency Generation

........................................................................

SONINGVYM

-------------------------------------------------------------------------

: @, Energy Only Option Emergency
! 7 Load Response

g Curtailment of Non-Essential
: Building Load Voltage Reduction

. Manual Load Shed
..................................................................... +

Wednesday, January 1

SNOILDY

9:10  Cold Weather Alert issued for 12/30/13-01/03/14, ComEd Control Zone
%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 Canceled: 1/4/2014 12:41
10:55 Cold Weather Alert issued for 1/6/14, PJM - RTO (Except MidAtl & Dom} Canceled: 1/7/2014 4:10Q
11:00 Cold Weather Alert issued for 1/7/14, PJM- RTO Canceled: 1/7/2014 22:56
Saturday, January 4
12:41 TLR Level 0 PIMRTO Canceled:1/4/2014 17:57
Monday, January 6 .
11:25 EEA1 and Max Emergency Generation Alert PJM - RTO Canceled:; 1/7/2014 22:56
17:01 Spinning in PJM -RTO Canceled: 1/6/2014 18:08
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17:02
19:27
19:33
19:50
21:18
21:20
2318
23:21

30
i

Shared Reserves Sgheduled from NPCC — 775 MW PJM - RTO
Voltage Reduction V{ilarning PIM-RTO

Max Emerg Gen - R@I’O

Voltage Reduction Aiction of 5% PJM - RTO

Shared Reserves Sc’itheduled to NPCC - 163 MW PJM - RTO
Spinning Reserves |h MIDATL

Spinning Reserves ih RTO

Shared Reserves Séhedufed from NPCC — 800 MW

Tuesday, January 7t

0:55
1:53
2:51
4:30
4:30
4:30
6:27
6:27
8:14
8:20
8:45
9:38
11:00
12:00
13:30
15:00
15:00
15:00
15:00

Reserve Reqt -2433MW, Estimated Reserve 1950 MW

Energy Request for iDB:OO through 11:00 hours EPT today

Voltage Reduction ViVarning

Max Emerg Gen

EEAZ and Emergen{f::y Mandatory Load Management wit.ong Lead Time
EEA2 and Emergené;y Mandatory Load Management w/Short Lead Time
Spinning in PJM fori\dax Gen

Shared Reserve; -2(;)0MW with VACAR

Shared Reserve: -zéJOMW with VACAR

Spinning in PJM for !}Unit Trip

Shared Reserve: -2:$OMW with VACAR

Cold Weather Alert for 1/8/2014

Member to call Meniber Relations during cold weather operations

EEA1 and Max Emeérgency Generation Alert

Energy Request for§17:00 through 21:00 hours EPT

Max Emerg Gen =

EEA2 and Emergerifcy Mandatory Load Management w/lLong Lead Time
EEAZ and Emergerjcy Mandatory Load Management w/Short Lead Time

Max Emerg Gen Aciion Trans

Wednesday, January 8
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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: 1/7/2014 12:12
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: 1/7/2014 6:38
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: 1/8/2014 10:35
Canceled: 1/8/2014 18:35
Canceled: 1/7/2014 18:16
Canceled: 1/7/2014 18:16
Canceled: 1/7/2014 18:16
Canceled: 1/7/2014 18:16
Canceled: 1/7/2014 14:52
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500 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 EEAT 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 Reserves: 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, PIM- RTO
14:00 EEAZ and Emergency Load Management w/Short Lead Tm BGE /PEPCO
14:00 EEA? and Emergency Load Management wfl.ong Lead Tm BGE/PEPCO
14:00 Max Emerg Gen  BGE/PEPCO
17:20 Max Emerg Gen BGE / PEPCO
17:36 Shared Reserves: -117MW with NY1SO PJM-RTO
17:54 Spinning in MIDATL for Transfers
19:30 EEA1 and Max Emergency Generation Alert AP/MidAtVDom
20:03 Voltage Reduction Alert BGE/ PEPCO
20:56 Shared Reserves:-73MW with NY1SO
Thursday, January 23
4:30 EEAZ2 and Emergency Load Management: Short AP /Mid-Atlantic /Dom
4:30 EEAZ and Emergency Load Management: Mid-Atlantic
4:30 EEAZ and Emergency Load Management: Long AP/Mid-Atlantic/Dominion
4:30 EEAZ2 and Emergency Load Management: Short AP
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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

Canceled: 1/22/2014 21:00
Canceled: 1/22/2014 21:00
Canceled: 1/22/2014 21:00
Canceled: 1/22/2014 21:00
Canceled: 1/22/2014 18:00
Canceled: 1/22/2014 18:02
Canceled: 1/24/2014 0:14

Canceted: 1/24/2014 0:14

Canceled: 1/22/2014 21:06

Canceled: 1/23/2014 4:58
Canceled: 1/23/2014 8:29
Canceled: 1/23/2014 4:58
Canceled: 1/23/2014 8:29
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4:30 EEA2 and Emergen by Load Management: Long Dominion
4:30 Max Emerg Gen AP/Mid-Atlantic/Dominion
4:30 EEAZ2 and Emergenty Load Management: Long AP

4:30 EEA2 and Emergeni:.y Load Management: Long Dominicn
4:30 EEAZand Emergené:y Load Management; Long Mid-Atlantic
4:50 Emergency Energy Fequest PJM -RTO
12:00 Cold Weather Alert for RTC on 1/23/2014
14:00 Max Emerg Gen Acﬁon Trans AP /Mid-Atlantic / Dominion
14:.00 EEA2 and Emergeni:y Load Management: Short AP /Mid-Atlantic /Dominion
14:00 EEAZ and Emergeni:y Load Management: Long AP /Mid-Atlantic /Dominion
1915 EEA1 and Max Emd:rgency Generation Alert Mid-Atlantic
Friday, January 24
4:30  Max Emerg Gen APjIMid-Aﬂanticl Dominion
430 EEA2 and Emergené:y Load Management: Short AP/Mid-Atlantic/Dominion
430 EEAZ and Emergen:by Load Management: Long AP/Mid-Atiantic/Dominion
720  Voltage Reduction \/jlarning BGE ;PEPCO
12:00 Cold Weather Alert pr RTO on 1/24/2014
Saturday, January 25 :
0:22  Spinning in MlDATLifor Transmission West transfers Mid-Atlantic
22:30 TRL Level 3a PJMRTO
Sunday, January 26 ;
528 TRLLevel 1 PIM - RTO
823 TRLLevel0 PUMHRTO
12:11  Spinning in PJM foriUnit Trip PIM-RTO
Monday, January 27
8:45 Voltage Reduction Afulert PJM-RTO
845 Primary Reserve Alért, PJM-RTO
8:45 EEA1 and Max Em%rgency Generation Alert PJM - RTO
16:24 C2 Statement for Ci:ld Weather emergency
Tuesday, January 28 :
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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: 1/23/2014 19:00
Canceled: 1/23/2014 19:00
Canceled: 1/23/2014 19:00
Canceled: 1/25/2014 1:36

Canceled: 1/24/2014 8:45
Canceled: 1/24/2014 8:45
Canceled: 1/24/2014 8:45
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: 1/26/2014 12:11

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 Canceled: 1/30/201414:15
Thursday, January 30

5:51  Max Emerg Gen, Mid-Atlantic/Southem Canceled: 1/30/2014 9:06

6:50 Voltage Reduction Warning, PJM - RTO Canceled: 1/30/2014 7:34

14:15 TLR Level 0, PIM-RTO Canceled: 1/30/2014 14:15

17:49 Shared Reserve: -83MW w/ NYISO Canceled: 1/30/2014 18:05

Friday, January 31
10:05 Spinning in MIDATL for Unit Trip Mid-Atlantic Canceled: 1/31/2014 10:17
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Executive Summary

The winter of 2015 marked the second consecutive year in which extreme cold weather conditions affected the PJM
interconnection footprint. In 2015, those conditions occured in both January and February while in 2014 the polar
vortex and winter storms took piace in January.

System performance 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 resuft of
analysis, lessons leamed, and implementation of recommendations from the 2014 experience. With generation
outage rates remaining above historical norms? in 2015, PJM continues to see the need for sustained incentives to
improve generation performance, particularty during peak winter demand periods.

Key points from the report are summarized below.

Temperatures and Peaks

The winter of 2015 was marked by cold temperatures similar to the winter of 2014 - with the coldest temperatures
experienced during February 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 all-ime winter peak of 142,863 MW set Jan. 7,
2014. Some of the individual transmission zones within the PJM footprint also set ali-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 actuaily feit coider just
about everywhere when compared to 2015, especially in Columbus, Cleveland and Chicago, where effective
temperatures were between 14 and 16 degrees warmer in 2015. The significant wind chill experienced during 2014
could have contributed to the higher amount of generator forced outages encountered in 2014, By comparison, the
less severe warmer effective temperature, wind chill, in 2015 may have contributed to improved generator

performance.

Generator Performance

Generator performance in February 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 “normal” winter peak ottage rate of between 7 and 10 percent.

The performance 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 for dual-fuel and infrequently run units, a winter-

1 The PJM Capacity Performance proposal currently pending before FERC is designed to address the lack of generation performance incentive
that currently exists in PJM region,
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preparation checklist program, i)etter communication of fuel status and increased coordination with natural gas
pipelines. f

A total of 168 units (3,919 MW} participated in the pre-winter operational testing. Units that participated in the pre-
winter operational testing had ajlower rate of forced outages compared to those that did not test.

While the 2015 improvements Vere effective, PJM does not believe that short-term measures are adequate to ensure
long-term generation performaq/ce improvements on a sustained and dependable basis, As PJM explained in its
Capacity Performance discussi?ns, the current performance generation incentives are inadequate and longer-term
solutions are necessary. |

Operations :

PJM used winter of 2014 data '1’ its load forecasting tool to improve the accuracy of its forecasting this winter.
Accurate forecasting is one of fﬁe most important aspects of planning and preparing for daily operations and is the
primary driver for scheduling ge}neration. The average load forecasting error for the four highest peak days in
February 2015 was 1.52 percelit, 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 peak, the new all-time winter peak, with internal capacity and interchange without the
need for emergency demand response, shortage pricing, emergency energy purchases or emergency procedures
beyond a cold weather alert. PUM also maintained its reserve requirements at all times,

Gas/Electric Coordination ;

PJM reviewed the availability of:f natural gas and liquefied natural gas as well as gas restrictions issued in the PJM
footprint, plus the price of natur{al gas and heating oil. In summary, more natural gas and liquefied natural gas was
available in the PJM markef arda in 2015 compared to 2014. Natural gas sforage increased in 2015. Prices for both
natural gas and heating il werg lower than winter of 2014 prices. The highest natural gas spot price observed in
2015 was about $75/MMBtu; 2414 spot prices went higher than $126/MMBtu. The highest heating oil prices
observed in 2015 was equivale*nt to about $13/MMBtu while 2014 spot prices went up to $22/MMBtu.

Despite more natural gas, LNGiand storage, there were just as many, if not more, restrictions issued by the pipelines.
Units that had gas supply restrigted by their pipelines were forced to iake an outage, ask for an exception to some of
their unit parameters (e.g. minifum run time} or run on an altemate fuel, if the unit was capable of doing so and the
altemnate fuel was available. On the moming of Feb. 20, forced outages from gas issues totaled 7,420 MW, or 29.9
percent of total forced outages.|In comparison, at the Jan. 7, 2014, peak, 9,300 MW of gas-fired capacity was out of
service because of natural gas }.mavailability, or about 25 percent of the tofal outages.

PJM established a gas-electric koordination team, as recommended in the 2014 Winter Report, to establish closer
coordination with natural gas pipelines and assist PJM Dispatch in factoring gas availability data into its cold weather
planning and scheduling with generators. Dispatch also benefited from improved reporting on gas status by
generators. i
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impact on Market Operations

Due fo 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 regulation and reserves, frended 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 February 2015 compared to the same period in 2014. Uplift for the combined
months of January and February 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 operationat inflexibiiity 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 performance in winter 2015, PJM has
identified areas for continued improvement. These include:

¢ Continue with the irhpiementation of the Capacity Performance proposal to address resource performance
incentives on a sustained basis

o 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 checldist 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 Performance, Naturai Gas Conditions,
Market Outcomes, Emergency Procedures, Reserves, Interchange and Bulk Electric System Status, followed by a
summary of implemented 2014 recornmendations and their impacts, new recommendations from the winter of 2015
and appendices.
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Weather and Load

The winter of 2015 was marked by cold temperatures similar to the winter of 2014, with the entire PJM
interconnection footprint experibncing its coldest temperatures during February 2015. Numerous cities throughout
PJM hit their daily low temperat!ure record during February 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 demand for heating needs. In addition, some of the individual zones within the PJM

footprint also set all-ime recorc' winter peaks.

While temperatures in the PJM ?footprint during January 2015 were slightly below statewide average temperature
ranges, temperatures in Februd.ry were significantly lower than the average.

Cities — including Philadelphia, Washington D.C., Richmond, Cleveland, Columbus, Lexington and Chicago — hit their
daily low temperature record orl Feb. 19 and 20. On Feb. 19, Philadelphia (8 degrees Fahrenheit), Washington, D.C.
(11 degrees F), Richmond (9 degrees 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 degreds F), Columbus (minus 8 degrees F), Lexington {minus 18 degrees F) and Chicago
{minus 7 degrees F) experiencé?d their record daily low temperatures. The cold temperatures were persistent, and
most of these cities also experi;énced the extreme cold temperatures for muttiple days.

Figure 1. 2015 Lowest Temp%fatures {Fahrenheit)
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Figure 2. Statewide Average Ternperature Ranks February 2015

Statewide Average Temperature Ranks

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 fop 10 winter peaks), with one of them being the new
wintertime peak demand record of 143,086 MW set the morning 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 the RTO winter péak records set this winter, some of the individual zones within the PJM footprint also
set all-time record winter peaks?, PP&L, BG&E, Pepco, DP&L, AEP, EKPC and Dominion zones set new all-time
winter peak demand records during the winter of 2015.

Figure4.  Zones with All-Tinje Winter Peaks

2ona All 'I‘iin’e W?;‘ptér Peak - E Previous Winter Peak

Feb. 20,2015 Metered Load (MW) - - Metered Load (MW)
PP&L T A : . TATTQMI007)
BG&E : - e712 6,347 (2/1/2007)
Pepco | o . 6086 - 5,606(2/1/2007)
DP&L 4,114 3,603 (2/1/2007)
FE South (AP) | 9,594 8,664 (211/2007)
AEP 24,739 24,434 (1/1/2009)
EKPC j S s - 34900 2478 (171/2013)
Dominion 21,608 18,079 (2/1/2007)
Load Forecasting

Load forecasting and the accur$cy of the forecast are critical to PJM operations. The forecasted load is the basis
upon which generation scheduling decisions are made. Any error, high or low, can significantly impact both reliability
and prices. PJM's goal is fo forécast load with a less-than-3 percent error rate. The average load forecast error for
winter the peak days in 2015 leas 1.62 percent.

PJM uses a neural net load foreipcasﬁng model, which uses historical data, including “similar load day” and “similar
weather day” to develop the forpcast. A PJM dispatcher and on-staff meteorologist review the forecast and make
adjustments based on experienlf:e and system conditions to develop the published forecast. This process begins a
week prior fo an operating day and continues until the operating day. Puring that ime, PJM monitors weather
projections and historicat load [;ﬂems to update the published load forecast, sometimes muliiple times per day.

Although the average load fore&ast error for the winter peak days in 2015 was 1.52 percent, there was one outlier
day on the evening peak of Jan{ 7, 2015, which was 3.98 percent under forecast. The chart below shows the forecast

accuracy for each peak during $he winter of 2015.
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Figure 5. 2015 Peak Error

Peak Load Peak Forecast Peak Error
Date Rank Peak Hour  Actual (MW) {1800 hrs.} (%}
11712015 9 20 13619 - 130703. - - ... 3898
V82015 3 8 136,660 135651 o
Meizts 7 0 M080 - 140855 T 0@
20202015 1 8 143826 141851 o am
: Average . - 452

In 2015, PJM improved its load forecasting over the winter peaks from an average 2.29 percent emor 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 the winter of 2014, as input into the neural net, was
the key factor in this improvement.

By contrast, at the time of the 2014 Polar Vortex, virtually no similar days existed in the past 10-fo-15 years for the
neural net to reference, and the load forecasting model accuracy was negafively impacted. With similar weather and
load days in its recent history, the neural net and operater 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, wind chill, duration of
extreme cofd weather days and progression of temperatures and their impact on load.

Temperatures by Month

The months in the respective winters with the extreme low temperafures were January 2014 and February 2015.
When compared to January 2014, in February 2015 temperatures were slightly colder in the east and south by 4-6
degrees F but milder in Ohio by 1-3 degrees F and northem Hllinois by about 8 degrees F. The milder areas were still
well befow zero degrees F. Comparing the two coldest months across the two years, the femperatures were similar, if
not slightly colder on average, in 2015.
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Figure 6. Lowest Temperatures by Month 2014 and 2015 (Fahrenheif)

. 19" to 15"
. 14" to -10°

-9° to-5"

Jan. 2014

J

Feb. 2014

Feb. 2015

Wind Chill

In addition to the exfreme temp#:ratures, 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 anaryjiz yielded contradictory data that indicated January 2014 actually felt colder just
about everywhere when compated to 2015, especially in Columbus, Cleveland and Chicago. The wind power output
during January and February isjreviewed in the Generation Section of the report. in both years, the wind power

output was greater than the 13 percent capacity factor.

Wind can have a significant im;iact on generator performance. Wind carries the heat away from improperly, poorly or
uninsulated surfaces faster thad cold still air, Wind could cause a higher rate of fuel bum for a fossil-fueled plant,
possible freezing of drain and jater supply piping, river water intake problems for steam plants and possible
formation of frazil ice for steamrnd hydro plants. Coal plants could expetience an increase in problems with ash-
handling equipment and associ#ted pollution control equipment as well. Wind chill impacts are amplified for

generators and component equ'pment that are not constructed with building enclosures.

The significant wind chill experi&nced during 2014 (as shown in the table below} could have contributed fo the higher
amount of generator forced out#ges encountered in 2014. The warmer effective temperature, or wind chill, in 2015
also could have helped improvq generator performance.
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Figure 7.  Wind Chill Comparison 2014 and 2015 {(Fahrenheit}

January 2014 February 2015

Lowest " Lowest

. LowestTemp - Effective - " Effective Effective Degrees

N , : "~ LowestTemp - L o warmer(+)/colder (-} in
Philadelphia 4 -10 2 8 2
Washington; DC 7 2 s 0 Ta A
Richmond 4 0 5 0 0
Cleveland - -30 43 B
Columbus 1 24 -10 -10 14
teingon 5 44 R T 4
Chicago -16 =31 8 17 14

Extreme Cold Weather Days and Persistence of Cold Weather

PJM aiso reviewed the number of extreme cold weather days, defined as any day when the effective temperature
was below zero degrees F. January 2014 and February 2015 are comparable in the number of sub-zero days
observed 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 fo issue a cold weather alert. Almost
every city experienced slightly more extended cold weather in 2015 versus 2014. PJM has observed that extended
exireme 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 buildings, which drives HVAC load changes, and changes in
human behavior as extreme weather persists, such an increasing or decreasing thermostats and staying inside using
more electricity. In addition, the net energy usage also was evaluated. Out of January and February 2014 and 2015,
January 2014 had the highest net energy usage, but, when looking at the total for January and February 2014
compared to January and February 2015, 2015, had higher net energy usage.

Figure 8.  Number of Days with Effective Temperatures Less than 0 Degrees F {Note — coldest months in 2014 and
2015 are next to each other for better comparison)

January 2014 February 2015 February 2014 January 2015

\ . 'Days with Effective Ternp. <0 i
Philadelphia 4 2 ' 0 0
Washington, DC 1 2 0 0
Richmond 0 0 0 0
Cleveland 12 9 6 6
Columbus 10 9 3 4
" Lexington 4 7 0 2
Chicago 14 15 9 7
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Figure 9. Maximum Number lnf Consective Days below 10 Degrees (Fahrenheit)
Max Number of Consecutive Days below 10-degrees
el L ] 2014 - B o205
Philadelphia 4 7
Washington, DC 7 4 o 2
" Richmond - 3 o 3
Cléveland L 10. ' _ .}
Columbus 5 ' 10
Lexington ] o T
Chicago I_ 9 17

P
Temperature and Peak Load #’rogression

One of the most notable differehces between the two years is the progression of temperature and load changes in
the period of fime leading up toithe peak. The top two winter peak days, Jan. 7, 2014, and Feb. 20, 2015,
experienced drastically different temperature changes across the PJM footprint from the prior peak period.

For example, the temperature d;rop in Philadelphia between Jan. 6 and Jan. 7, 2014, was 38 degrees in 10 hours,
dropping from 30 degrees to minus 8 degrees. In contrast, there was only a 14-degree drop from 7 degrees to

minus 7 degrees leading info “E morning of Feb. 20, 2015. The drastic temperature drop was consistent across most
of the cities in 2014 versus 201p. This temperature drop at the onset of the Polar Voriex in 2014 translated to a major
and rapid increase in system lobd. The chart below shows the progression of the peak load for five days leading up
to, and including, the peak winter days in 2014 and 2015.

Even though the peak load valq_:es were similar for the two peak days in each year, the substantial change in load
leading up to the peak in 2014 |!nade a big difference. The two-day foad change just before the Polar Vortex in 2014
was greater than 32,000 MW (242 percent change) compared to an approximate 16,000 MW load change two days

prior to the peak day in 2015. |

The rapid load change requiredia correspondingly rapid amount of generation to come on-line. PJM experienced the
majority of the unit failures dun'ftg the time of the largest load increase leading into the 2014 peak. In 2015, there was
a slower progression of load chiange leading to the al-time peak, allowing generation to come on line more gradually.
PJM experienced 40 percent Iefs forced outages in 2015 during the peak period. Generation performance is
discussed in the section below. |
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Figure 10. Day to Day Peak Load Progress for 2014 and 2015

Megawatt
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140,000 {| — Feb. 20, 2015 Peak Load Progression

130,000 prom smmeemeeem -5

120,000

10,000

100,000

Peak -5Day  Peak -4 Day Peak -3 Day ~ Peak-2Day = Peak -1Day Peak Day

Figure 11. 2014 Temperature Drops {Fahrenheit)

Jan, 6, 2014 18:00 Jan.7,201418:00  Change in Temp.

Philadelphia 30 4 %
Washington, DC 2 16 1
Richmond 39 13 26
Cleveland - 21 -8 13
Columbus -15 0 15
Lexington -7 ' 4 o i
Chicago -28 5 23

Figure 12, 2015 Temperature Drops (Fahrenheit)

N Feb. 19, 2015 8:00 ' Feb.20,20158:00 .. © ©  Changein Temp

Philadelphia 3 7 10
Washington, DC 6 0 6
Richmond 8 0 8
Cleveland 4 11 7
Columbus -8 -i0 1
Lexington -1 o 16 5
Chicago A7 8 11
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2015 Generator Performance

As stated in the Weather and I.ioad analysis section of this report, the winter of 2015 was similar to the winter of 2014
in terms of temperatures and Had a higher all-time peak load. The performance of the generation fleet improved in
2015 compared to 2014 but th¢ generation performance in winter of 2015 remained below historical norms. To better
understand what contributed tq the improved performance from the winter of 2014 to the winter of 2015, PJM
reviewed the online generationi, outage amounts and causes, and implementation of lessons leamed from the winter
of 2014 and their impacts, |

Generation Online

P.JM was able to reliably meet §he ali-time peak load and maintain reserve requirements in winter of 2015 without the
need to activate emergency dei‘nand response resources, use of market mechanisms such as shortage pricing,
purchase of emergency energyi, or taking emergency procedures beyond cold weather alerts. There was also a
1,200 MW net decrease in inst%d!ed generation from 2014 due to unit retirements. Improved generator performance

was a key contributing factor td this outcome.
i

The following amount of gener:ition was online in the PJM footprint during the all-time peak on Feb. 20, 2015:

DatefTime Installed Generation (MW) Generation Online (MW)
02/20/2015 08:00:00 185,462 138,796

Figure 13.  Breakdown of ger+;ration cnline for all fuel types during the Feb, 20, 2015 peak

wind, 2%,
%\ |
Solar. 0% \ — Coal, 41%
Other, 1% —___ gyilil8 |

Nuclear, 23% —— J

@ Natural Gas, 26%

This generation mix is similar to' the generation mix that was online at the peak in 2014 with a small increase in coal
generation output in 2015.
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The chart below shows the trending wind generation output during the Jan. 6-7, 2014, and Feb, 19-20, 2015, winter
peaks compared o the total capability and capacity of the wind generation resources in PIM. (Note that currently in
PJM the average wind capacity factor is 13 percent of total wind capability.} Wind production over the 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 factor of 38 percent).

Figure 14. Wind Generation Petformance at Peaks (2014 Vs 2015)

MW
7,000 oo - e e
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Performance of Retiring Generation

Environmental regulations havip resulted in approximately 11,560 MW of generation retiring between 2015 and 2018.
Until the units retire, they are s_hi!l available for PJM dispatch to meet load. The table below indicates how the units
scheduled to retire performed i!uring the winter peaks of 2014 and 2015.

Figure 15.  Retiring Generatilm during the winter peaks of 2014 and 2015
!

Retiring Generation Jan. 7, 2014 19:00 Feb. 20, 2015 08:00
installed Generation | 1403 - ' 11,560

Generation Online 7,273 (52%) 5,655 (49%)

Total Outages {Planned, Maintena’nce, Forced) 5,333 (38%) 3.549 (31%)

Forced Outages 5,222 (37%) 3,496 (30%)

NotCalled . l \ 1,041 (7% 19T (1T%)
i

The forced outage rates for reti_}ing units in 2015 was not as high as the forced outage rate for retiring units in 2014,
but the pool of retiring resources was also reduced by unit refirements in 2014. More noteworthy, the forced outage
rate for retiring units confinues io be significantly higher, at 31 percent, than the entire generation fleet average,
which was 13.4 percent at the \Q.rinter 2015 peak. These results indicate a need for improved generation performance
incentives to ensure generation| capacity resources remain operationally dependable for the entire period for which
they are receiving capacily payinents.

Generator Outages |

As mentioned earlier, the bigge‘st difference in generator performance between winter of 2014 and winter of 2015
was a reduction in generator foiiced outages. Outages can be planned?, mainfenance?, or unplanned?, Unplanned, or

forced, generator outages chall{ange grid reliability and are the most difficult to manage in real-fime operations.
i

The chart below shows the trenfling of forced, maintenance and planned® outages during January and February
2015. As indicated in the chart, forcedfunplanned outages are respensible for a large portion of the generator
unavailability, similar to the winter of 2014

2 Planned Outage - The scheduled renloval from service, in whole or in part, of a generating unit for inspection, maintenance or repair with

approval of PJM. Planned outages mair last for several weeks and usually occur only once or twice per year,
i

3 Maintenance Outage - The schedulec* removal from service, in whole or in part, of a generating unit in order to perform necessary repairs on
specific components of the facifity withiapproval of PJM. Maintenance outages may be deferred beyond the next weekend and are typically
misch shorter than planned outeges. |

!
4 Unplanned/Forced Qutage - An immddiate reduction in output of capacity or removal fram service of a generating unit by reason of an
emergency or threatened emergency, +nanﬁcipated failure, or other cause beyond the control of the owner or operator of the facility.

5 Training on forced, maintenance, anq;planned outages can be found in the 2014 Winter Webinar Training
hﬂp:h‘www.nim.conﬂ~lmedialtraininqi!p!;bexdocumentsiwinler-weather-procedure-chanqes.ashx
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Figure 16.  Forced Gutage Peaks: January — February 2015
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The forced outages at the peaks on Jan. 7-8, 2015, aligned with colder temperatures that occusred during the first
part of the month. Prior fo that extreme cold-weather period, there was a rise in temperatures that was most
pronounced in the Southern and Eastern regions of PJM, which resulted in the cycling of marginal coal units. The
extreme cold temperatures on Jan, 7-8, 2015, resulted in the restart of the higher-cost marginal coal/steam units. As
these units returned online and run times increased, the failure rate from fube leaks increased over the following
week, with 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 less generation {o
meet demand. This provided an appropriate time for generation owners to make repairs, as evidenced by the
increased number of maintenance outages in the graph above. Towards the end of January, the number of planned
outages began fo increase. The increase primarily reflects the increase in environmental refrofit outages needed for
spring 2015 compliance dates,

The forced outage peaks on Feb. 19, 2015, and Feb. 20, 2015, aligned with even colder temperatures experienced
on these days. During the new all-time winter peak load on Feb, 20, 2015, the forced oufage rate was 13.4 percent,

representing 24,805 MW.

Another way to look at generator performance is by the number of hours during which forced outages were equal to,
or greater than, 10 percent of the installed generation. Seven percent is the historical average winter outage rate.
Using 10 percent as a threshold is a statistically significant amount above the historical average. The table below
shows the hours for January and February in 2014 and 2015, as well as the average forced outage rate.
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Figure 17. Number of hours dhring January and February when forced outages were equal or greater than 10 percent
of the installed generation

2014 2015
Number of Hours >=10% Force OutageRate 639 158
Average Forced Qutage Rate {Jgn-Feb) 10.05% 6.5%

Also shown below are the tobljoutage rate (sum of forced, maintenance and planned outages expressed as percent
of installed generation) comparjsons between 2014 and 2015.

Figure 18.  Total Outage Rate|
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Forced Qutage Causes

Generators are required to sub‘nit forced outage data after the outage has occurred. From this data, PJM can
analyze and understand the cayise of the outage, as designated by the unit owner. As was the case in 2014, the
extreme conditions of 2015 challenged all conventional forms of generation, including natural gas, coal and nuclear.

The charts below breakdown trt forced outages by generator primary fuel at the two winter peaks across the two
years, Feb. 20, 2015, and Jan.I , 2014
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Figure 19.  QOutages by Primary Fuet Feb, 20, 2015
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Figure 20. OQutages by Primary Fuel Jan. 7, 2014

Natural Gas interruptions -—-—--——#§
! _——— Nuclear
9,300 MW, 23% 1,443 MW, 4%
—— Other

6,100 MW, 15%

Jan. 17, 2014
Total Primary Fuel
COutages
40,200 MW

Gas Plant Qutages —@,

9,700 MW, 24%
e Coal

13,658 MW, 34%

Note: “Other” includes heavy oil, kerosene, fandfill gas, light oil, waste, water, wood, ambient corrections, wind, solar
and batteries.

The charts below provide a more detailed breakdown of the forced outages at the 2015 and 2014 peaks, based on
cause or reason for the outage. The outage codes used in the charts below are assigned by the generation
owner/operators, and there may be some difference in interprefation between owners/operators regarding which

outage codes to assign.
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Figure 21.  Causes of ForcedOutages (MW) Feb. 20, 2015, 08:00
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Figure 22.  Causes of Forced butages {MW) Jan. 7, 2014, 19:00
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- There was an overall reduction In total forced outage megawatts for each component type in 2015, when compared
with 2014, Whils there are som!p differences in certain outage causes between 2014 and 2015, these differences are
difficult to analyze when compaLed on a percentage basis, given the smaller total megawatts involved. However, a

few areas with more significant ifferences are further discussed below.
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Weather-related outages that may have been caused by extreme cold temperatures, such as problems 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 weather programs initiated by PJdM, which include a cold weather 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 that experienced coal-related issues, such as coal
exposure to extreme weather, Any wet coal or coal-quality events may have been considered weather-relaied since,
once crushed, 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 mitigafing efforts of the cold weather preparation programs mentioned above did not mitigate the risks of
fuel exposure to the elements.

Although the amount of gas interruptions slill was significant in 2015, several factors conbributed fo the better
management of these interruptions over the peaks. These confributing factors include enhanced communications
among PJM, the gas pipelines and the natural gas plant owner/operators; befter performance by dual-fuel capable
units; and independent actions taken by the generation owners to improve performance and availability. The
enhanced communications, facilitated by the PJM gas/electric coordination team, will be further discussed in the
Natural Gas Conditions section of the report.

The actions taken this winter by the Generation owners as well as by PJM to improve generator performance and
communications were effective. In many cases however, these actions were voluntary and may not be sustainable
over time. PJM believes a longer-term solution is required to ensure resource performance at times when it is most

needed.

Dual-Fuel Unit Performance

In 2015, there were fewer forced outages for dual-fuel units than in 2014 (approximately 13 percentin 2015 and
30 percent in 2014).

Figure 23. Dual Fuel Forced Outage Rate- 2014 vs. 2015

Percentage
357

2015
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Dual-fuel units experienced sejleral problems in 2014 for both primary and alternative types of fuel, including gas
availability issues, low oil inveritories, run-time limits related to permit-defined environmental restrictions, oil resupply
challenges, as well as increase}d failure rates for units starting on their altemative fuel. While gas availability still was
a challenge in winter of 2015, 4ome of the oil-related issues experienced in 2014 {2,000 - 3,000 MW of generation
affected by oil supply and delivlpry issues} did not reoccur in 2015.

Reasons for this change inc!ud;F:

o  Generafors actively rrJanaged their oil inventoties by proactively procuring and maintaining higher inventory
levels, even taking deliveries during the winter, and monitoring run times on oil more closely to maintain oil

inventories. ;
|

o Less expensive oil prié:es (see Natural Gas Conditions section of this report) that made it more cost-effective
to procure and run on/oil than in 2014.
!

»  Generators more actively managed their emissions throughout the year (by managing run times on oil) to
enable them to better prepare and have more flexibility in the winter. {See below: 5 percent forced outage
rate for emissions in 2p14 compared to 3 percent at its highest in 2015.)

¢ Lesssnowandicein 4_ome areas that, in 2014, impacted truck and barge deliveries.

»  Cold weather testing eixercise, during which the majority of dual-fuel units that tested performed the exercise
~ on their dtemate ft‘l‘e!.i(See Cold Weather Operational Exercise appendix.)

Contractual Constraints I

Units that did not have dual-fue} capability had fewer options for handling gas restrictions. The impact on generators
of gas delivery restrictions wereé defined in the 2014 winter report, as contractual constraints. Contractual constraints
are constraints realized by gen#rators because of the type of gas and delivery service they have. Generators without
firm service could experience oberational restrictions when pipelines issue operational fiow orders (OFOs) or critical
notices. A generator could expgtience the following conditions:

o theneedtotfakea forcied outage because of the inability to get gas

¢ the need for early corrﬁnitment, days ahead of the Day-Ahead Energy Market, to ensure fuel deliverability

¢ inflexible scheduling ciiteria, such as limited dispatchable range, 24-hour minimum run time and multi-day
commitment. :

In 2015, approximately 7,400 MW of generation was unavailable because of lack of natural gas, compared to 9,500
MW in 2014, which stilt equatesj! to about 30 percent of the 2015 total forced outages. Of the unavailable generation
in 2015, 1,760 MW had day-ar:iad commitments. A significant difference between 2014 and 2015, however, was the
impact of the contractual constrgints 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 the
generator can get gas. If PJM anticipates needing that unit to meet the peak, it would then be czlled on by PJM, in
advance of the operating day and outside of the energy market.

During the winter of 2014, PJM called on units approximately 140 times outside of the Day-Ahead Market compared
to 47 times in 2015. Units called outside of the Day-Ahead Market, include units calied before the Day-Ahead Market
and after the Day-Ahead Market during the Reliability Assessment Commitment.

In addition to longer notification times, there are other reasons a unit may be called on outside of the market; for
example, to help controt a local constraint or to support a reactive interface. The majority of the units brought on
outside of the market, however, are to help meet anticipated demand and reserve requirements. In 2015, because
generator owners updated the notification and minimum run parameters fo reflect accurately the unit's capabilities,
based on both physical and contractual constraints, PJM could rely on the results of the reliability assessment
commitment fo schedule the appropriate amount of generation {o meet the requirements.

In January 2014, PJM anticipated high forced outage rates, high demand and tight reserves. As not all unit
operational parameters were accurately reflected in the PJM systems, PIM relied less on the reliability assessment
commitment results to schedule generation and scheduled additional units oulside of the market fo meet the
anticipated operational conditions. Some of these units had limited operational flexibility because of gas pipeline
restrictions, which impacted unit parameters such as nofification times, minimum and maximum run times, and the
ability to cycle on and off during uneconomic times. This inflexibilify, in tum, impacted the market outcomes,
specifically balancing operating reserves ($478 million during January 2014), a large portion of which was attributable
to confractual constraints. Market impacis and differences between 2014 and 2015 will be further reviewed in the
Markets Qutcomes section of the report.

While PJM sfill anticipated peak load days in 2015, differences in a few key faclors resulted in PJM scheduling less
generation outside of the market:

» Improved generator petformance and availability
» More accurate reporting of unit avaitability and operaficnal parameters in the PJM systems

¢ More insight inte the gas pipeline conditions and impact on generation

Combustion Turbine Availability

Normal combustion turbine availability in PJM is over 30,000 MW, which was the case in January 2015. Even leading
into the cold weather, more than 20,000 MW of combustion furbines were available. PJM uses combustion turbine
availability as a gauge for whether to call on units with a long lead time. Because of the lack of performance
incentives for resources, Operations’ conservative rule of thumb is fo assume a 50 percent start-up failure for
combustion turbines.
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For 2015, even with a more conservative estimate of 10,000 MW of combustion turbines available, PJM had
sufficient generation availalzﬁnd did not call for long-lead units. Even at the peak on Feb. 20, 2015, (at 0800
hours), with 13,000 MW of ‘ bustion turbines available, PJM did not need to call long-lead generation.

In contrast, combustion turbine availability in early January of 2014 was approximately 6,000 MW. Adding to the
challenge was the lack of transparency info unit availability, as many of these outages were not entered into the PJM
systems in advance. instead, they were communicated to Dispatch over the phone during the operating day heading
into the peaks. Toward the latter part of January 2014, combustion turbine avaitability was in the 15,000-16,000 MW
range. However, Dispatch was conservative in its scheduling decisions based on the most recent history and unit
performance availability from earlier in the month.

Reporting of Unit Availability

Another lesson learned from 2014 was fo reinforce the need for, and provide the ability to, generators to report
availability, unit parameters ang operational restrictions accurately in the PJM tools®. Throughout the winter of 2015,
generator reporling improved regarding unit availability, fuel inventory, operational restrictions and more accurate unit
parameters.

PJM developed a generator database fo consolidate the information fo further leverage the more accurate
information being provided. This single source enabled more timely tracking and reporting of unit performance to
PJM real-ime operations. Information such as forced outage rates that had taken days to see in real-ime operations
during the winter of 2014 was available to PJM operators the next day in 2015 as a result of these improvements,

Cold Weather Operational Exercise

PJM also implemented the 2014 recommendation fo develop a cold weather exercise designed fo give generators
that run infrequently or have dual-fuel capability the opportunity to test their units prior to the onset of cold weather.
The goal of the testing is to ideptify and resolve starf-up, operational and fuel switching issues to improve unit
reliability during peak periods. Further defails on the exercise can be found in the Appendix,

Generation resource owners were given the opportunity to voluntarily exercise some of their generation resources to
determine their readiness fo respond to PJM’s dispatch instructions in cold weather. Generation resource owners
were compensated based on the cost-based schedule for the identified fuel type. Alternatively, a generation resource
owner could elect to self-schedule a resource to validate its cold weather operation.

In total, 168 units with a combined 9,919 MW (11,054 MW ICAP) performed the cold weather generation operationa
exercise. The total cost of these tests was approximately $4,883,000.

& Link to Problem Statement hitp:/fwww.pim.com/~imedia/committees-groupsicommitiees/oc/20 150407/201 50407 -item-21-gas-fired-unit-
commirlment-coordinalion-nrob]em—sﬁlemenl.ashx
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Correlation of PJM Cold Weather Operational Exercise to Forced Outages in 2015 and 2014:

To determine the exercise’s impact, PJM analyzed unit winier performance in 2014 and 2015 relative 1o participation
in the cold weather operational exercise. The chart below shows a percentage breakdown of forced outages for
January and February 2015 by megawatis and shows that eligible units that performed the exercise had a lower
magnitude of forced outages compared to those that did not fest.

Figure 24.  Percentage Breakdown of Forced Outage MW for January and February 2015

80% {8 BB — _ - - ‘,
R RN R EEsEsE

] - - g < '. -
o | B n B B B - -

Jan.hﬁ_;ian. ' Jan. 7Jan.mr Jan. Jan. Jan. Jan. Jan. Jan. Feb. Feb. Feb. Feb. Feb. Feb, uneb. k
4 5 - 6 7 8 8 9 10 11 n 16 16 19 19 20 20 24
1900 1900 1900 20000 08:00 1900 %00 19:00 0%:00 19:00 10:00 19:00 08:00 20:00 08:00 20:00 08:00

Comparing unit performance in winter of 2015 with winter of 2014, PJM looked af ihe forced outage rate of units that
fested and those that did not, over the twa peaks, Jan. 7, 2014, and Feb. 20, 2015. The chart below shows all of the
exercised and declined units that experienced forced outages during either the 2014 or 2015 peak. This analysis
shows that units that elected to participate in the cold weather operational exercise expetienced fower forced outage
rates during the peak in February 2015 than those units that declined to pesform the cold weather operational
exercise. These results indicate that generation performance can be improved i specific actions are taken. While the
short term efforts to improve performance through voluntary testing were effective, it is another volunfary action that
may not be sustained over time.
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Performance of Winter Exercised and Declined Units with Forced Outage Rates

s Exercised |
m Deciined

February 20, 2015
08:00

Cold Weather Resource L"reparation Checklist
PJM also implemented a cold \Leather generation checklist program in the fall of 2014, which required resource

owners fo confirm the completi

on of the PUM checklist in Manual M14D or a substantially equivalent one developed

and maintained by the generation resource owner. This program’s intent was to increase awareness of winter

preparedness and provide gen
the 2014 cold weather events.

identify areas with potential exp
address them accordingly.

The response levet across the
91 percent of all generation res
generation owners noted that P
support within the company for
performance through awarenes
performance incentives and req

srators & guide to reduce and hopefully eliminate similar problems experienced during
Generation resource owners were fo review their plant designs and configurations,

Josure to the elements, ambient temperatuses, or both, and tailor their plans to

PJM footprint on the cold weather generation checklist was very good. Approximately
ources confirmed completion of either the PJM checklist or equivalent checkiist. Many
JM’s winter exercise and the checklist program raised awareness and gamered

more thorough testing and winter preparation. While the efforts to improve

s were effective, PJM looks to ensure sustained improvement over time through
uirements.

Summary of Generation

PJM reached out to several ge

for improved unit performance
*

Whenever possible, g

Starting units eatlier

Keeping stations in se
stay warm and on-line

PIM© 2015

&
taking more time f0 sﬂrt.

Owner Cutreach

ieration owners in the PJM footprint fo understand winter operations and the reasons

om their perspective. Some of these observations are summarized here:

lnerators would start on gas then switch to oil instead of attempting to start on oit.

n expected, due to anticipated colder temperatures, helped to mitigate the risk of

fvice overnight, with a reduced oulput level, was beneficial to ensuring the unit would
when needed for the peak.
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« More thorough testing of the plant and more testing on the alternate fuel, if applicable, proved effective in
proactively identify issues.

s  Proactive staffing of typically unmanned stations enabled more rapid response.

PJM ® 2015 WWw.pim.com 29|Page


http://wvw.pim.com

2015 Winter Report

ons 2015

r Performance 2015 and Reserves sections of the report, PJM saw 7,420 MW of
forced outages at the peak on [Feb. 20, 2015, resulting from natural gas interruptions. While fewer than the 9,300 MW
of forced outages Jan. 7, 2014, it is still a large number of megawatts. In order to better understand what may have
contributed to these cutages, PJM reviewed the availability of gas and gas restrictions issued in the PJM footprint, as
well as the price of natural gas and heating oil.

Natural Gas Conditi
As highlighted in the Generato

Natural Gas and Liquid Natural Gas Availability and Storage

Pipeline capacity, natural gas storage, and availability of liquid natural gas (LNG) were reviewed to understand gas
availability for the 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 service areas. This pipeline serves approximately 11,000 MW of PJM installed generation

capacity.

acterized by lower generation loads, which contributed to increased storage injections.
om where they were the previous winter. During the winter of 2014, the pipelines also
5s storage injections. The increase in storage meant more mainline transportation
enerators. The surplus of storage inventory was as follows:

The summer of 2014 was char.
The storage levels increased fi
permitted their customers exce
capacity was available to the g

Figure 26. Storage Comparisgn
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Operators of LNG facilities also

arranged for late-season imports, increasing access to LNG supplies in the winter of

2015. Distrigas, the owner/operator of the Everett LNG facility in Boston, imported 8 Bef of supply in January 2015,

as compared to 5.5 Bef in 2014)

received its first LNG shipment

PJM © 2015

Excelerate’s Northeast Gateway facilities, located in the Massachusetts Bay,
since 2010.
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While these LNG additions at facilities in New England more directly benefited New England units, other units in the
same gas market area received an indirect benefit. Within the market area, there was more capacity available from
the pipelines that ran through the PJIM region and info the New England area, due fo less offtakes from units that also
had access to the LNG supply.

The Cove Point LNG facility in the Dominion zone, which directly supplies some PJM units, also received LNG
shipments of 6 Bef in December 2014 versus none in 2013. This was an increase in the availability of LNG in the
PJM area in the winter of 2015 that was not available during the 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 pipetines that also serve electric generation. Pipeline operators and local distribution companies then
issue criical notices and operational flow orders and reshict inferruptible services in anficipation of adverse weather,
which have the potential to restrict natural gas fired generators access to supplies.

Generators located behind local distribution companies are additionally challenged. Local distribution companies’
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 fo get gas in
any way during these conditions.

The following pipeline operators and local distribution companies issued ciitical notices restricting natural gas
availability in the PJM footprint during the cold periods of Jan. 7-8 and Feb. 18-20, 2015, due {o anticipated
temperatures and pipeline conditions. A timeline of critical notices and operational flow orders can be found in
Appendix. At a high level, there were 13 operational flow orders effective across all but one of the pipelines in the
PJM footprint during January 2015 and eight operational flow orders effective during February 2015.

Figure 27.  Number of Effective Operational Flow Orders in PJM

Pipeline  #ofEffective OFOs (or Force Majeure) in PIM _

Jan-14 Jan-15 Feb-14 " Feb15
Transco 4 3 1 2
TCO 0 ! : 0 -0
ANR 0 9 0 0
'NGPL 2 1 -0 1
TETCO 3 1 0 2
TGP 0 4 0 2
bl 4 3 0 1
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The operational flow orders and critical notices often included ratable take restrictions, which required units to
purchase gas evenly across all hours of the gas day. PJM generators connected to those restricted pipelines with
interruptible service or those located behind local distribution companies were most impacted by these restrictions.

On forecast peak load days, there were consistent constrained areas that limited the ability to get gas to some units
in the PJM footprint. These areas tended fo persist throughout the winter and became effective starting in the
December timeframe as temperatures dropped. Most at-risk generation was geographically located in areas behind
local distribution companies or constrained by the physical pipeline limits. The northeastern part of the PJM footprint
tends to be where most of the constrained areas occur, and will most likely continue to ccour, unti! additional pipeline
capacities are added. This is an area of concern as more generation within PJM is projected to use natural gas as its

primary fuel.

In reviewing specifically the pegk load days in January and February 2015, the split between interstate pipeline and
locai distribution companies’ resfrictions was nearly even with respect to installed capacity megawatts. Another
observation in 2015 was that the same units were consistently affected throughout the cold days.

Natural Gas and Heating Oil Prices

The prices of natural gas and heating oil for 2015 were approximately 50 percent lower than in 2014 when compared
fo the average. The chart belosY shows the prices of natural gas and heating oil for the past two years for comparison

purpeses. |

Figure 28.  Prices of Natural (%as and Heating Oil

Year Nat\El Gas Spot Natural Gas Daily Natural Gas Daily Heating Oil Prices
Price ($/MMBtu) Max ($/MMBtu) Average $MMBtu {equivalent $/MMBtu)
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The following trends were noted in comparing prices to the winter of 2014 to the winter of 2015:

e 2015 natural gas spot{prices did not reach the 2014 levels. (In 2014 spot prices were greater than
$125/MMBtu; in 2015 the highest price observed was approximately $75/MMBtu.)

» The 2015 nafural gas daily average for Market East? prices did not reach 2014 levels as shown in the figure
below. (In 2014 the highest daify average was a little over a $100 doflars; in 2015, slightly over $30 dollars.)

o 2015 heating oil prices were lower this year than the winter of 2014, In 2014, the price for oil was around
$22/MMBtu gas equivalent; in 2015, the price was closer to $13/MMBtu gas equivalent prices.

7 Market East is an average of the following recsipt locations: TETCO-M3, TRANCO-Z6 (NY) and TRANSCO-ZS {non-WGL); healing oil is the
daily heating oil average converted toy MMBIu,
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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 primarily driven by the relationship
between supply and demand. In 2014, natural gas was in high demand and there was less supply; 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, lower oil prices offered dual-fuel capable generators a less-
expensive fuel supply option. PJM also called on fewer units outside of the Day-Ahead Market with long lead unit
times, and less flexible unit parameters such as minimum run times, which may have contributed to more stable and
lower prices.

2014 Compared to 2015

To summarize the observations from the previous section, there seemed to be more natural gas and LNG available
in the PJM market area in 2015 compared to 2014. Thete was an increase in storage in 2015. Prices for both natural
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 the pipeiines, however.

The gas industry may have done some things differently both in preparations for and during real-ime operations for
the winter of 2014 / 2015 that had an impact on generators. For example, they added operational flow orders to
reinforce firm transporiation contractual rights on the pipeline and to manage pressure on the pipelines more actively.
In 2014, the pipelines also limited the withdrawal from sforage because of the effect on the operations of the storage
facilities. In 2014, the pipelines required their customers to first fil} their firm capacity from welthead supply points,
then from storage. This past winter that was not a requirement because of increased natural gas storage levels.
When the pipelines require their customers take from the wellhead first, it limits the amount of capacity for generators
to get access {o supplies,
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So while there were some actions taken by the pipelines to maximize capacity, there were also actions taken to
ensure the capacity and pressure was available for firm transportation contractual rights. PJM units, particularly those
who had non-firm service or were in operational flow order situations, were still impacted,

Units that had gas supply restricted by their pipelines either had to make themselves unavailable, ask for an
excepfion to some of their unit parameters (e.g. minimum run time}), or run on an afternate fuel, if the unit was
capable and the altemate fuel available. As mentioned in the Generation section, there were approximately 7200
MWs of gas units that wese unavailable because of their inability to get gas. This was less than the 9,300 MW forced
out for the same reasons in 2015, but sill 30 percent of the total forced outages for gas units in 2015.

Parameter Limited Schedules and Exceptions

Generators have the ability to request exceptions to parameter limited schedule values due to conditions that impact
the operations of their plant. This process is explained in detail in Section 6.6(f) of Attachment K-Appendix of the PJM
Tariff, Section 6.6(f) of Schedule 1 of the Operating Agreement and Manual 11, but in summary, a generation
resaurce may request an exception to certain parameters, stich as minimum run fime and turm down ratio, when
conditions impact a unit’s physical operational parameters.

One of the recommendations coring out of the winter 2014 operations was to allow generators, under a pipeline
operational flow order or critical notice to use the unit parameters and parameter imited schedule exception process
to communicate their operational conditions to PJM. PJM stakeholders approved this recommendation as part of the
Gas Unit Commitment Coordination stakeholder group under the Operations Committee®. Units that elected to use
this process could request a temporary exception o certain unit parameters to reflect their operational conditions
because of pipeline consfraints

The primary reason for the exceptions requested during the winter of 2015 were due to ratable iakes, or a pipeline
restriction requiring units to take gas at an equal amount for every hour of the gas day. The number of parameter
limited schedule exceptions requested because of gas restrictions is shown below. This information is not available
for 2014 because gas-related parameter limited schedule exceptions were not pemmitted at that time.

8 Link to Gas Unit Commitment Coordination Problem Statement htip:/www.pim.com/~/media/commitiees-
groups/committees/oc/20140603/20140603-item-09-gas-fired-unit-cormmitiment-coordination-problem-statement.ashx
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Figure 30. Number of Parameter Limited Schedule Exception Requests for Winter 2015
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Approving a unit's exception request allowed a unit {o remain available that otherwise may have been forced out or
unavailable fo produce MWs to serve load. The process also increased the transparency to PIM dispatchers of the
unit’s true operational parameters, which allowed for more informed PJM Dispatch scheduling decisions,

Dual-Fuel Units

The high forced outage rafes in winter of 2014 were a catalyst for PUM fo better understand primary and secondary
fuel types as well as more details about gas units and their gas supply, such as natural gas pipeline connection,
location relative to a local distribution company, fuel supply contract (e.g. firm or interruptible}, and dual-fuel
capability. Implementing a 2014 winter recommendation, generators were required to provide this information to PJM.

As of March 1, 2015, approximately 40,000 MW's of generation within the PJM footprint were connected to interstate
pipelines, and 22,000 MW's of generation were connected fo a local distribution company. These numbers represent
generation capable of buming natural gas as the primary fuel; they do not include generation that requires gas to
start, typically large coal units that use natural gas as an igniter source.

Approximately 14 percent of the PJM fleet is dual-fuel capable, which means the unit is capable of running on a
primary or altemative fuel source. Aimost 60 percent of the generation located behind a local distribution company is
capable of burning an alternate fuel. PJM obsetved that, during the cold weather peaks in Jatwary and February of
2015, a significant percentage of units located on a pipeline or behind a local distribution company that were at risk of
getting gas because of pipeline or local distribution company-issued restrictions, were, in faci, able to run at some
point during the cold weather events. (See the Generation section for outage information for dual-fueled units.) At the
fime of the report, there was no way to determine what type of fuel units were running on because the eMKT
application change requiring units to designate fuel fype on each schedule was not implemented untii April 1.

While there is no direct measurement of the number of units running on their alternate fuel at this time, several
indirect measurements point to improved generator performance for reasons that could include running on an
alternate fuel. Those measurements include reduced forced outage rates and sufficient reserves, leading to a
reduced number of emergency procedures. During informal interviews conducted by PJM, generation owners also
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shared information that pointed to low oil prices, their own proactive oil inventory and emissions management, more
prudent start-up procedures, and additional testing on altemnate fuels, facilitated by the cold weather festing exercise,
as reasons they elected to run more often on their alternate fuel when gas availability was restricted.

PJM Gas-Electric Coordination Team

One other change from 2014 that PJM believes contributed fo improving the overall perfformance of the RTO this
winter was the establishment of a2 PJM gas-eleciric coordination team. PJIM established the team in response to a
2014 winter recommendation to improve PJM's tools and processes for two-way communication with the gas
industry. Ilts mission is to enhance situational awareness and better understanding the impact of gas conditions to
PJM generation,

The team provides regular communication to PJM Dispatch about natural gas-fired generation units that are at risk of
obtaining gas based on available pipeline capacity. The team summarizes this unit and pipeline information daily and
communicates to PIM markets, operations and dispatch groups. Addifionally, as system and gas condifions change,
the team conducts further analysis, examining scheduled gas on pipelines for the multiple nomination cycles
throughout the day.

Another primary function of the team is to improve communication with the nafural gas pipelines so the pipelines and
PJM are more aware of grid conditions, estimated gas demands, and availability. Since the winter of 2014, PJM has
established communication protocols with the majority of the pipelines located within the 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 rule, which prohibits disclosing non-public transmission-function information (e.g. day-
ahead commitments) to marketing-function employees.

Acting on this newly established protocol, the team conducted regular calls with all the major pipelines fo discuss gas
conditions and generator impacts. Included in these discussions are any effective critical notices, capacity constraints
or operational flow orders, units located in those constrained areas with Day-Ahead Energy Market commitments,
and natural gas scheduled quantities by generator by gas pipeline nomination cycle. This information helps
determine whether generation, potentially needed for the moming and/or evening peak, has purchased the required
fuef to bumn for their day-ahead unit commitment, and thus the risk to unit availability.

The team also monitors natural gas prices throughout the trading day as well as the daily average gas prices for key
hubs and receipt points in order to determine the fuel supply sisk. The higher the prices, the more constraints
expected, and the higher the risk to generators with non-firm gas contract to procure gas.

The goal of this analysis is to determine the risk level of avaitable units to meet the RTO load. PJM Dispatch will
conduct analysis o determine the impact of the at-risk generation units and then reach out to generators that may be
required for additional discussion on availability. PJM believes the daily risk profile of gas-fired generation units
improved dispatcher scheduling decisions, enabled well-informed discussions with generation owners about unit
flexibility, and contributed to improved generator availability and performance.
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An important note is that generators located behind a local distribution company are much less transparent to PJM
and, unless dual-fuel capable, are much more at risk of not being availabie during emergency conditions. Of the
7,420 MW of forced outages on the moming of Feb. 20, 2015, 60 percent of the units were located behind a local
distribution company. PJM currently does not have any communication protecol in place with any local distribution
companies in the PJM footprint. PJM is unable to see which generators behind a local distribution company have
scheduled gas. Local distribution companies have a policy which gives higher priority to heating customers on
exireme cold days. The “priority on human needs" policy was utilized to prioritize residential heating over gas-fired
generators, For these reasons, a recommendation for this team is to work on increasing transparency and
coordination with local distribution companies in the 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 clearing prices (MCP) reflected
systems conditions throughout the duration of the winter. Increased LMPs and MCPs for regulation, non-
synchronized reserve and synchronized reserve occurred close to the 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 calculation
systems jointly optimize energy, reserves and regulation fo ensure that all system requirements are met using the
least cost resource set. This construct allows accurate reflection of price signals with 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 Marginal 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 realfime energy market prices exceeded the average RTO day-ahead energy market prices
consistently for the evening peak on Jan. 7, 2015, and the 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 frend 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 sefting prices. On average,
RTQ real-time LMP exceeded that of RTO day-ahead LMP cousistenly from Jan. 1, 2015, through Jan. 14, 2015,
while this pattern reversed itself during the second half of January 2015 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 market and increased constraints in
the eastern portion of the PJM system lead to the differences in the RTO real-time and the RTO day-ahead prices.
Under-bid load and lower fuel prices in the PJM Day-Ahead Market could have dampened the day-ahead prices
while an increase in congestion in the PJM Real-Time Market would have the effect of increasing prices. Real-time
prices were lower in PJM's western area compared to the eastemn area due to congestion on the bulk power system,
a result of heavy fransfers of energy across the RTO from the western portion of the footprint to the eastem

portion. This necessitated the operation of more resources on the margin in the Eastern Region resulting in higher
prices in that region compared to the rest of the foolprinf.
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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 the evening peak of Feb. 19, 2015, the RTO real-time LMP reached $399.76 per megawatt-hour (hour
beginning 2000). Subsequently, on the moming of Feb. 20, 2015, the RTGC real-time LMP, due to the record setting
winter peak, hita high of $418.67 per megawatt-hour (hour beginning 0600). On the other hand, from the evening
peak on Feb. 19, 2015, to the morning peak on Feb. 20, 2015, the RTO day-ahead LMP decreased by 30.78 percent
{maximum price of $396.89 per megawaﬂ-hour (hour beginning 1800}).

The reduction of day-ahead LMP during the evening peak of Feb. 19, 2015, to the morning peak of Feb, 20, 2013,
could be attributed to the lower fuel costs, under- bid load and units back in service from outages. Also contribufing to
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lower day-ahead prices was the low number of iong lead units that needed to be calied outside of the Day-Ahead
Market. The reduced number of fong lead units that needed to be called outside of the Day-Ahead Market was
attributed by the increased amount of day-ahead self-scheduled units that were avaitable 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 ieads 1o a harmonized set of prices that are reflective of actual system conditions.

During both the winter of 2015 and 2014 Polar Vortex, the high clearing prices for regulation, synchronized and non-
synchronized reserves occurred around the same time as real-time energy LMPs peaks. During these stressed
conditions, ancillary service prices increased as the reserve margin decreased, and system capacity competed to
meet the ancillary services requirements while maintaining power balance. Unlike 2014, PJM did not experience
exireme ancillary services prices during the winter of 2015; the 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 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.

During the winter of 2015, the top three highest regulation market 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 three of these high-regulation market clearing price spikes
occurred close fo the real-time energy price peaks.

Figure 36. Regulation Market Clearing Price for January and February 2015
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The spike in the regulation market clearing price on the moring of Jan. 7, 2015, of $214.03 per megawatt-hour (hour
ending 0600) was due to a lacalized transmission constraint that ecurred in the Jersey Central Power & Light zone.
Real-time LMP for that zone reached a high of $175.69 per megawatt-hour (hour beginning 0600) on the morning of
Jan, 7, 2015,
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The spike in the regulation market clearing price on the moming of Feb. 20, 2015, of $516.13 per megawatt-hour
{hour beginning 0600} was in part a combination of higher load and increased in regulation lost opportunity cost.
Regulation lost opportunity cost is the revenue foregone or increase in costs relative to the energy market for
providing regulation service.

Regulation [ost opportunity cost was the primary contributing factor fo the increase of the regulation prices during the
winter of 2015. During the 2014 Polar Vortex, the increase of regulation prices was due to the poor performance
factor in the regulation market as high-performing generators were used for energy or reserves instead of regulation.
Performance-based regulation was designed to calculate and include resource specific regulation lost opportunity
cost in the regulation market clearing price on a real-time five-minute basis (simifar {o real-time LMPs),

Reserves Pricing

Reserve market clearing prices frended 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 prices. The rising energy prices were a result of the high
loads and a reserve event that occurred during this hour. Reserve events typically produce higher energy prices due
to the short-term need for more energy on the system.

Figure 37.  Synchronous and Non-Synchronous Reserve Prices
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During February, prices for hoth synchronized and non-synchronized resesves peaked on Feb. 20, 2015, along with
the morning and evening peak cycle. 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. In anficipation
of high loads for the moming of Feb. 20, PJM carried excess resetves on the system fo ensure system reliability.
These excess reserves resulted in fower synchronized reserve prices during the moming peak. During the evening
peak, because of lower forecasted demand, PJM did not need to carry excess reserves. This had the effect of slightly
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 PIM and follow PJM dispatch instructions are guaranteed to fully recover their costs of operation, Upiift
cost is created when market revenues are insufficient to cover the costs of the resources following PJM's direction.

The level of uplift for the combined months 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 the amount of uplift as
PJM forecasted a greater need for generation in the day ahead, given load demand and extreme weather, 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 noficeable uplift reduction compared to the same period in 2014.
The uplift reduction can be attributed to numerous factors: improved generator performance and flexibility, improved
communication and transparency with the natural gas pipelines, improved data accuracy from generators about their
operational fiexibility, and iower fuel prices that enabled dual-fuel units to run on oil during times of gas pipeline
restrictions. These improvements provided PJM the ability fo enhance energy scheduling accuracy and minimize the
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 sysfem control
because only resources that operate at PJM's direction are eligible for uplift payments. For reliable operation, PJM
requires supply resources to follow directives without hesitation. When resources follow dispatch instructions, uplift is
sometimes necessary fo guarantee that supply resources cover the totaf value of their energy offer. These payments
are outside of the market and are not included in the pricing signals that are visible and transparent to market
participants. Therefore, PJM strives to minimize uplift costs and operate the system so that the vast majority of a
resource’s costs of operation are reflected in transparent market clearing prices.

Some scenarios that lead o increased uplift involve PJM committing resources for expected extreme system
conditions. As a result, more expensive resources are sometimes required to cover reserves and operate at their
minimum output levels. In such cases, these resources are placed at the bottom of the supply stack and sometimes
suppress LMPs. PJM may need to schedule additional generation to be available fo mitigate any potential power
shortfalls due to generator forced outages. The additional generation needed and committed after the execution of
the Day-Ahead Energy Market increases the differences between day-ahead and real-ime energy prices, but also
creates situations where the resources called fo supply reserves are not marginal, causing them to operate at their
economic minimums. This may require uplift payments fo these generators when EMPs are not adequate o cover

their operational costs.

Operating reserve costs are payments made to economic demand resources and generation resources, which foliow
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.
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Figure 38. Total Lost Opportunity Cost and Operating Reserve Janvary/Februacy 2015

LQc
$31,694,171.31

Day Ahead OR . — -,J
$54,288,318.00

Total Lost
Opportunity Cost \NEEEa

and Operating .. RTO Reliability BOR
Reserve $17,349,267.38
p East Reliability BOR
_ $663,394.95
Ext. Transactions. 4@/ \yest Reliability BOR
$163,514.96 $478,658.1N
West deviation BOR___ ¢ ' .
$676,692.86 )
East deviation BOR/ RTO deviation BOR
$966,29963 $£44,223 906.61

There can be various scenarios in which market revenues are insufficient fo cover generators’ costs. The drivers that
contributed to high levels of uplift particulaily during February 2015 included:

« Confractual Constraints — At times, due to gas delivery operation inflexibility restrictions, some resources
operated within strict megawatt output levels during periods when they were unecoromic to ensure they
were available during peak conditions. The winier of 2015 experienced less contractual constraints than the
winter of 2014.

¢  Prudent Operations — During February 2015, based on the extreme weather forecast and expected system
conditions, PJM committed resources to meet the forecasted load and maintain system reserve
requirements. Such operations are typical during cold weather alerfs, resulting in the scheduling of reserves
to account for increased load demand. Additional resources that were committed fo meet the increased load
demand plus pfanned outages, unplanned oufages and expected fransmission congestion resulted in
elevated balancing operating reserve deviation charges.

In addition, the fower fuel prices seen in 2015 compared to 2014 prompted some genetation owners to start
their resources early and self-scheduled those resources in the PJM market prior to the anticipated extreme
weather conditions to ensure their availability in the PJM market. Throughout February, particularly the latter
part of the month, PJM procured adequate generation to meet forecasted load and maintain system reserve
requirements. The Day-Ahead Market committed much of this generation in the Western Region of PJM in
the form of combustion furbines based on the market-clearing engine. In real-fime operations, there was a
large amount of energy imports across the westem border, resuiting in heavy west-to-east fransfers across
the PJM system. These energy imports displaced the need for the combustion tutbines committed in the
Day-Ahead Markef, which then were de-committed in real time. The heavy transfets across the system also
caused the real-ime LMPs fo be higher in the Eastern Region of PJM. These issues contributed to the
overall total energy uplift credits.

Uplift is an important feature in the PJM Energy Market design due to the number of variables associated with
dispatching the system and maintaining control. While there is a tradeoff between lower energy prices and uplift
because, generally, as uplift is reduced, energy prices will rise, and vice versa. No solution eliminates uplift
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completely. Through the Energy Market Uplift Senior Task Force, PJM and its stakeholders have made progress fo
provide solutions for the reduction of uplift. The task force has focused on uplift credit methodology and specific units
parameters that would enable the reduction of upkit.

Balancing Operating Reserve Credits

There are two general types of balancing operating reserve charges. If a generator is called to run after the close of
the Day-Ahead Market and during the reliability assesstent commitment performed after the Day-Ahead Market
results are posted, it is either dispatched for prudent operations or “load plus reserves.”

If a generator is dispatched for prudent operations, the uplift cost associated with the generator running is
categorized as a reliability credit. If a generator is dispatched for foad plus reserves’, the uplift cost is categorized as
a deviation credit. When a generator is committed fo run duting 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
operafing day, if a generator is not economical (i.e. its cost-based offer is higher than the current LMP}, its associated
uplift cost is categorized as a refiability 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 the Day-Ahead Market
+ Generator committed during the operating day and is out of the economic merit order

« Generator is needed 1o meet anticipated load plus reserves

¢ Generator is commitied during the operating day and cost is greater than locational marginal
prices most of the time

Figure 40.  Balancing Operating Reserve Credits for the months of January and February 2015
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PJM did experience higher-than-average operating reserve credits this winter. However, in comparison, February
2015's operating reserve credits were less than 20 percent of the credits for January 2014.
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Figure 41, Comparison of 2014 to 2015 Operating Reserves Credits
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Large contributing factors to the decreased operating reserve dollars, despite the similar weather conditions, were
the improved unit performance, a result of winter readiness and preparation activities, as well as more informed

dispatched scheduling decisions, a result of improved communications, better coordination with generators and gas
pipelines and improved data accuracy.

The majority of the balancing operafing reserve credils incurred during February 2015 were for deviation credits.
Units that are called on by PJM can incur balancing operafing reserve costs that can either be allocated as part of the
reliability analysis or as patt of the operating day. During the latter part of February, the majority of balancing
operating reserve credits was allocated as part of the reliability assessment and specifically under load plus reserves

deviation credits.

Figure 42, Balancing Operating Reserve Credits in January and February 2015
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-

Jan4 - Jan 10 A $11,045.414.00 $2567 61000

Total Month Jan 2015 $19,355,43.00 $5,373,935.00
Feb 15 - Feb 21 $22,649,517.00 $19,167,610.00
Total Month Feb 2015 - $45,002,726.00 1$26,320,236.00

The cold weather spikes Jan. 4-10, 2015, and Feb. 15-21, 2015, represented the majority of balancing operating
reserve credit and lost opportunity cost credit for each respective month, February 2015 exhibited a high amount of
lost opportunity costs, as resources scheduled in the Day-Ahead Market were not run in real time and subsequently
compensated via lost opportunity cost based on the existing market rules.

Lost Opportunity Cost

Lost opportunity cost is an uplift cost and results primarily from PJM scheduling a resource to operate in the Day-
Ahead Energy Market but then not calling the resource to operate in real time. For example, a resource may be
committed in the Day-Ahead Energy Market to operate during specified times but is not needed in real time due to
factors such as anticipated lower demand, increased supply from interchange transactions, or increased self-
scheduled generation that was not modeled in the Day-Ahead Energy Market.

A resource is compensated for lost opportunity cost if it received a Day-Ahead Energy Market award but was not run
in real time. This payment covers the resource’s Day-Ahead Energy Market 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 fime
due to an operational issue on the system. In these cases, if the real-ime L MP does not reflect the resource’s offer
during the time its oufput is reduced, the resource is made whole {o the amount it could have earned had it operated
at a level of output corresponding to the real-time LMP.

Figure 43. Lost Opportunity Cost in January and February 2015
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Figure 44. February 2015 CT Lost Opportunity Gost
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The majority of lost opportunity cost expense was during the end of February 2015. The cause of the increase in lost
opportunity cost expense was a combination of prudent operations and challenging load projections. Heavy west-fo-
east transfers across the system restricted the ability for PJM to load already committed interal western generation.
The impact of not being able to run these generators impacted both real-time LMPs and lost opportunity cost for

those generators.

Figure 45. Balancing Operating Reserve Credit by Unit Type
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Figure 46. Balancing Operating Reserve by Unit Type in January 2015
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Figure 47. Balancing Operating Reserve by Unit Type in February 2015
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Offer Cap

The PJM Operating Agreement requires all generation capacity resources in PJM that have been committed as
capacity to submit offers into the Day-Ahead Energy Market. The Operafing Agreement also limits generation offers
into the Day-Ahead Energy Market to $1,000/MWh.

During the winter of 2014, PJM market participants experienced excessive high spikes of natural gas prices that
could make electricity generation costs that could exceed the $1,000/MWh offer cap. To help alleviate this issue,
PJM filed a temporary waiver with the Federal Energy Regufatory Commission (FERC} on Feb. 10, 2014, that
allowed cost-based offers to exceed the $1,000/MWh offer-price cap. The FERC approved the waiver.

In preparation for the winter of 2015, on Dec. 15, 2014, PJM filed a temporary waiver with FERC that allowed cost-
based offers to exceed the $1,000/MWh offer-price cap but capped at $1,800. On Jan. 16, 2015, FERC accepted the
filling which was effective through March 31, 2015.
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During the winter period from January 16 through March 31, PJM received 54 cost-based offers that 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 warrant running those 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 alerts and warnings, which are designed to increase awareness and readiness for weather conditions.
The cold weather alert was the most-frequently issued emergency procedure during January and February. PJM
issues a cold weather alert in advance of an actual operating day when forecasted temperatures are 10 degrees
Fahrenheit or lower, so market participants can prepare for the extreme weather condifions. There were 27 cold

weather alerts?® issued in January and February.

Figure 43. Emergency Procedures in January and February 2015
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One of the most significant actions PJM takes in response to a cold weather alert is the deferment of scheduled
transmission and generation outages and the commitment of long-lead generating units as needed. Once PJM
issues a cold weather alert, it reviews scheduled outages and contacts transmission and generation owners to defer
maintenance on an as-needed basis. During the winter of 2015, some transmission owners wete able to defer
transmission system maintenance once PJM issued the cold weather alert.

9 Link o the IMM Informational Filing re: Offer Caps Docket EL13-31-000
htp:ffwww.monitoringanalytics.com/reports/Reports/2015/IMM_Informational Filing Docket No EL15-31-000 20150505.pdf

10 This total includes alerts called for the entire RTO and separate regions in the RTO
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PJM also reviews generating units with long lead times to assess if there is a need to commit those units to ensure
availability during the peak. There were very few units called on for this reason in 2015,

PJM issued two other emergency procedures during the winter of 2015 to prepare for weather conditions. They were:

Heavy Load Voltage Schedule Warning

PJM issued a heavy load voltage schedule waming™ for the afternoon of Jan. 7, 2015, (at 1505). This emergency
procedure is designed to improve the voltage profile on the exira high voltage (345 kV and above) system and
prompts transmission and generation owners fo take the following actions:

o Transmission owners take all appropriate actions on distribufion 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 the
230 kV and below voltage levels. All units connected to the 345 kV and higher voltage levels adjust reactive
power accordingly.

o Generation owners report reactive capability and voltage regulator status changes fo fransmissions owners.
There are no costs with taking this action.

As the load came down and system conditions normalized, PJM cancelled the heavy load voltage schedule 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 warning for the AEP transmission zone. This action
was taken due to a contingency on the Cloverdale T-10, 765/345 kV fransformer for the loss of Joshua Falls T-1,
165/138 kV transformer. PJM and AEP developed a contingency plan and had the Joshua Falls T-1 765/138 kv
transformer relayed out of service. The manual load dump warning was in effect from 0624 to 2205 when the
contingency cleared. No further action was required.

2014 Compared to 2015

The winter of 2014 was drastically different in the severity and use of emergency procedures. The chart below
highlights the peak days in early January 2014 and the different types of emergency procedures that were required.
They ranged from alerts to actions, including voltage reduction, emergency demand response, shortage pricing, and
public appeals for conservation.

" Manual 13, Section 5.1.2
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Figure 49, Emergency Procedures During the Polar Vortex 2014
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There were several reasons for the differences in number, severity, and type of emergency procedures needed in
2014 versus 2015, despite the all-time peak load being set in 2015. Those reasons include better generator
performance, lower forced outages and more available generation, both infernally and externally. PJM did not need
to rely on emergency procedures in 2015 to reduce the load or call on more capacity; it relied on the generation

available, either online or as resefves.

Shared Reserves

PJM participates in two shared reserves groups, Northeast Power Coordinating Council (NPCC) and the Virginia-
Carolinas Reliability Agreement (VACAR). PJM supplies shared reserves when requested by those groups, and PJM
requests shared reserves 1o help recover from the loss of infernal PJM generafion. PJM did not experience an
activation of VACAR shared reserves during the winter of 2015. However, PJM activated NPCC shared reserves on
one occasion for the loss of a PJM unit: On Wednesday, Feb. 14, 2015, from 2002-2012, PJM received 500 MW from

NPCC.
PJM supplied shared reserves to the NPCC on the foliowing occasions:

Figure 5¢. 2015 PJM Supplied Shared Reserves to Northeast Power Coordinating Council (NPCC)

pl!edshared r_e'_'éérjves to f.thetNF"C-C on the follo’ﬁing occasions:
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Shared Reserves 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 early January 2014. On one occasion,
PJM provided about 150 MW of shared reserves to NPCC.

While shared reserves were not needed with VACAR in 2015, work had been done throughout the year with
VACAR's reliability coordinator, transmission operators and the reserve sharing group members to improve
emergency procedures and protocols, data sharing, and communication between entities as far as expectations of
roles and responsibilities. This helped to improve the overall communication and understanding of the VACAR
sharing agreement, particularly when the parties were in tighter capacity situations.

Reserves

PJM maintains sufficient reserves to handle unexpected conditions on the system. Reserves are defined as capacity
that is not currently being used but can be quickly available for an unexpected loss of generation or a grid
confingency. To ensure the refiable 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'3 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 & Anciltary Services Market 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 imes, and no emergency procedures were required. The graph below shows
the primary reserve and synchronized reserves for the 24-hour period during which the new all-time winter peak was
set (1200 Feb. 19-1200 Feb. 20).

12The Primary Reserve Requirement is capability, consisting of synchronized and non-synchronized resources, which can be converled fully
into energy within 10 minutes from the request of PJM. The current PJM value for this objective is 150 percent of the largest single contingency
in the RTO.

13 The Synchronized Reserve Requirement is capability, comprised only of synchronized resources, which can be fully converted info energy
within 10 minutes from the request of PJM, The curent PJM value for this objective is 100 percent® of the largest single contingency in the
RTO.
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Figure 51, RTO Reserves
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The graph shows the PJM primary and synchronized resetves estimates and their associated requirements, While
the primary and synchionized reserves eslimates remained above the NERC/RF/SERC requirements at all times,
there were brief periods when the synchronized reserves estimates dipped below the PJM requirement, which is
higher than the NERC/RF/SERC requirements. No emetgency procedures were triggered during these fransient
periods as the synchronized reserves remained above the ReliabilityFirst requirement.

These fransients occur mainly because of the look-ahead nature of the PJM Reserves Mariet, which schedules
generation in advance to meet both the energy and system reserve requirements. In real lime, as system conditions
change (e.g. a brief load spike, a sudden swing in inferchange, unit trips, failed unit start, or a unit starting later than
scheduled), synchronized reserves may be used for short periods of time uniit additional generation is brought online
or catches up. For this reason, PJM sets ils reserve requirements higher than the compfiance standards dictate.

2014 Compared To 2015

System conditions in January 2014 were significantly worse than the winter of 2015; at times, the reserves
requirements were not met. As a result, PJM issued several emergency procedures in January 2014, including a
primary reserve warning, voltage reduction waming and acfion, and a maximum emergency generation action, and
triggered shortage pricing. PJM also relied on shared reserves from neighbors.

Improved generator performance was the key confribufing factor to the improved reserves condition in 2015, despite
the higher load value on Feb. 20, 2015. With 50 percent fewer outages, more generation online and more generation
available than 2014, the primaty and synchronized reserve requirements were mef without implementing any
emergency procediires.
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Interchange

Managing interchange (energy transfers across the RTO) was not operationally challenging or significant for PJM on
the peak winter days in 2015. Interchange for the peak days of January and February are reviewed below as well as
a comparison with conditions in 2014.

Figure 52,  LMP Interchange for Peak Days of January and February 2015
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2014 Compared To 2015

Managing interchange during the peak winter days of 2015 was much less challenging 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 dramafic impact on energy prices.
While PJM LMPs were high compared to neighbors’, the difference in prices was not as extreme as when PJM
implements emergency procedures.

PJM'’s unit commitment decisions are made based on expected interchange. The lack of emergency procedures
meant that prices were more stable, more expensive intemal units were not needed, and in turn, inferchange was
more manageable.

By contrast, during the evening peak on Jan. 7, 2014, actual interchange into PJM increased 3,000 MW above the
forecasted interchange, which was the result of high LMPs set by the call for emergency demand response. While
interchange volatility can make operations more challenging, the impact is greater on the economics of the system.

The sudden increase in less-expensive supply, resulted in PJM operators releasing very expensive committed units,
before meeting their minimum run times, causing uplift payments to the generators. PJM did not have this same
issue in 2015 during the peak.
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A recommendation from the winter of 2014 was to implement an interchange volatility cap that gives PJM the ability
during emergency procedures to restrict the 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 without compromising reliability.

PJM did not need to use the 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 pracedures — which points back to more available generation and befter
unit performance.

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 reliability and congestion. The PJM Peak Period Outage Scheduling Guidelines
indicate transmission owners should avoid scheduling transmission outages that may result in increased risk to
system reliability during the winter peak periods.™

For outages that transmission owners needed to schedule over the 2015 winter peak, PIM performed a detailed
analysis on each outage request, under winter peak system conditions, fo ensure system reliability could be
maintained before approving the outage. The detailed analysis also included an assessment of congestion impacts. If
there was a significant congestion impact for the 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
communicaed long-duration 500 kV or above transmission outages (e.g. those scheduled for the entire season), and
projected impacts to PJM members through the PJM commitfee process.

Prior fo the 2015 winter season, PJM performed a winter operations study with the transmission owners as part of the
Operations Assessment Task Force. The study results indicated the PJM RTO bulk power fransmission system could
be operated reliably during the 2015 winter peak load period in accordance with the operating principles and
guidelines contained in the PJM manuals. The task force also performed sensitivity sfudies fo simulate extreme
system conditions that PJM might encounter during the winter season. The 2015 winter sensitivity studies included
the following scenarios: gas pipeline restrictions, high winfer foads tlose fo the peak experienced in 2014, and high
generation outages. The study results showed all contingencies identified in the sensitivity studies were controliable.

Key Transmission Outages in 2015: Planned and Unexpected Outages

PJM's analysis of transmission outages in this report did not directly comelate to any operational events in 2014 or
2015. However, for completeness, the impacts of the outages over the winter period are reviewed. In January and
February 2015 there were 36 outages on 500 kV or above transmission lines and transformers. Twenty-six of the
outages were planned outages, and 10 were unplanned emergency outages. Sixteen of the outages, mostly planned,
lasted more than five days.

The three transmission outages with the mast operational impacts during the winter of 2015 were:

" Manual 3: Transmission Operalions, Section 4: Reportable Transmission Facility Qutages, 4.2.6 Peak Period Qutage Scheduling Guidefines
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2015 Scheduled Outage:
The Dooms - Lexington 500-kV line (Sept. 8, 2014-June 15, 2015)
This scheduled outage is fo rebuild the 500-kV line to accommodate Chesapeake and Yorktown 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 deacfivation to December 2014. The Dooms - Lexington project now is scheduled to
be completed in December 2015, The major impact of this outage is restrictions on Bath County pump-
storage hydro plant operations due to stability concermns. PJM implemented a special protection scheme
(SPS)'® to minimize the stability impact en Bath County operations during the 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 tock aut of service the Keystone #3 500/230/20-kV transformer, which is
located in the Pennsylvania Electric zone. The fransformer remained out of service until Feb. 6, 2015. This
emergency outage required PIM to increase the reserve requirement by about 400 MW to cover the
potential foss of both the Keystone #1 and Keystone #2 units. The reserve requirement increased from
approximatefy 1,300 MW to 1,700 MW. During this emergency outage, PJM aiso was required to monitor
and control the single contingency loss of both Keyslone units, the Juniata-Keystone (5004} 500-kV fine and
the Conemaugh-Keystone {5003) 500-kV line. This contingency resfricted energy transfer into the eastern
portion of the RTO and required more frequent off-cost operations, especially on the Bedington-Black Oak
transfer interface,

The Black Oak-Hatfield 500-kV line Feb. 9, 2015-Feb. 12, 2015)

The Black Qak-Hatfield 500-kV line, located in the FirstEnergy —~ South control zone, was removed from
service due fo emergency overhead bus work 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 fransrnission outages of 500 kV or above in 2015 than in 2014. There were 36 outages on
500 kV or above transmission in January and February 2015, compared with 52 outages in January and February
2014. In 2014, 33 of the outages were planned outages and 19 were unptanned emergency oufages. Nineteen of the
outages lasted more than five days.

15 Glossary of Tetms Used in NERC Reliability Standards — SPS is an automatic protection system designed to detect abnormal or
predetermined system conditions, and take correclive actions other than andlor in addition to the isolation 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 3. Winfer Peak 500 kV or above Transmission Outage Comparison for January and Febroary, 2014 and 2045
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Many of the planned outages in 2014 were to upgrade the infrastructure to support generator refirements occurring
by April 2015. There were fewer of these types of outages in 2015. There were also fewer long-term 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 transmission outages with the most operational impacts was about three times
greater than the congestion impact observed for the 2015 outages. The lower price of fuel contributed to this
difference, as did the greater number and duration of outages in 2014.

The four 500 kV or above transmission outages with most operational impacts during the winter of 2014 include:

2014 Scheduled Outages:
Doubs-Mt. Storm 500-kV line (Sept. 3, 2013-June 3, 2014)
The Doubs-Mt. Storm 500KV line is an internal ie-fine between the Dominion and FirstEnergy-South control
zonies. This 500 kV or above transmission line reconstruction project was a PIJM RTEP backbone project
required due fo aging infrastructure. The original outage schedule spanned 2012 {o 2015. The approval of
the requested 2014 winter outage allowed the line reconstruction work to be completed one year ahead of
the original schedule. This outage reduced the energy transfer capability across the PJM footprint, causing
congestion and requiring more frequent off-cost operations.

Branchburg-Ramapo 500-kV line (Feb. 7, 2014.Feb. 23, 2014)

Branchburg-Ramapo is an exiernal tie-line between P.JM and New York. Branchburg substation is located in
the northem Public Service zone in New Jersey. This outage was necessary fo install a new 500-kV
Hopatcong substation, which is part of the Susquehanna-Roseland RTEP backbone project. This outage
caused some local fransmission constraints in the Public Service zone.

Bath County-Lexington 500-kV line (Feb. 2, 2014-March 21, 2014)
The Bath County-Lexington line is located in the Dominion control zone. The outage was necessary due to a
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circuit breaker replacement project at the Lexington substation. This outage caused some operational
restrictions on the Bath County pump storage hydro plant due to stability concems.

Keeney AT50 500/230-kV transformer (Feb. 9, 2014-June 18, 2014)

Keeney substation is located in the Delmarva Power zone in Delaware. The four-month outage was
necessary to replace the AT50 500/230-kV transformer. The outage started in February to ensure the new
transformer could be ready for service before the 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 Performance, currently under consideration by the FERC, would create stronger performance incentives for
committed capacity resources. The incentives would ensure more operational availability and flexibility during peak
power system conditions.

Generator performance issues during peak conditions in the winter of 2014 identified the need for a more robust
capacity product to ensure system reliability. Capacity Performance addresses issues of generation fue security,
performance, 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 improvernents were voluntary, such as
winter testing and preparation. Improvements also were a result of lower fuel prices.

To ensure performance, a Capacity Performance resource must defiver energy in all hours if scheduled by PJM, or if
self-scheduled, when PJM declares a Hot or Cold Weather Alert and/or a Maximum Emergency Generation Alert.

Had the Capacity Performance Construct Been in Place

PJM provides the following high-level information relative to the winter of 2015 to help understand impacts of the
Capacity Performance construct had it been in place during this winfer.

A cold weather alert was issued on 19 days during January and February 2015.

Based on the filed Capacity Performance rules for a unit's total start time (nofification time plus start time), a unit
must be available for scheduling with a maximum of a 14-hour total start ime. Had the Capacity Performance rules
been in place for the winter of 2015, based on current data:

e Approximately 1,123 units would have had total start imes 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 starfing themseives earlier, 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’s, On Feb. 21, 2015, PJM issued a manual load dump wamning 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,

16 Performance Assessment Hours are delineated by PJM's declaration of Emergency Actions, which are defined as, any emergency action for
locational o system-wide capacity shoriages that either utilizes pre-emergency mandatory load management reductions or other emergency
capacity, er initiates a more severe action including, but not limited o, a Voltage Reduclion Waming, Voltage Reduction Action, Manual Load
Dump Warning or Manual Load Dump Action.
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765/345 kV transformer for the loss of the Joshua Falls T-1, 165/138 kV fransformer because PJM would have
required a reduction in load to control the facility post-confingency.

PJM may issue a manual foad dump waming in all or 2 portion of the footprint for two primary reasons.

1) Iithere is a system-wide capacity shortage such that efther the primary reserve quantity is less than
the largest single generator contingency, or, the loss of a transmission facility jeopardizes reliable
operations after all possible measures are taken to increase reserves, PJM will issue a manual load
dump warning to notify members that a manual load dump action may be necessary to maintain
reliability.

2) Ifthere is a transmission facility that is greater than 230 kV that cannot be controlled post-contingency
affer without a reduction in foad in the affected area after all other measures are taken, PJM will issue
a manual ioad dump warning in particular transmission zones that will relieve the overloaded facility.

Because the manual load dump waring was issued only in the AEP zone due fo the post-contingency overload, only
capacity resources in the AEP zone would have been eligible for over-performance credits or under-performance
charges under the Capacity Performance rules. Under Capacity Performance, the under-periormance charges could
have been assessed against any units in the zone on a forced outage or units not following PJM dispalch
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
pricr 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 expectalions, 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 nofification and start-up times {up to six days}, PJM
examines expected system conditions to determine if it will be necessary to nolify these genesators that they are
expected {o be needed.

In the winter of 2015, PJM began conducting weekly calls with six interstate pipelines. 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 operafing day, PJM staff begins studying fransmission and generator outages, foad 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 information about an operating day becomes available. For example, PJM may request
that transmission outages in progress be restored as quickly as possible fo prepare for 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 the operating day in the model for the Day-Ahead Energy Market. (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 risks of exposure to real-time prices.}

When the Day-Ahead Market closes at noon on the day prior to an operating day, PJM begins clearing the market,
and the resuls 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 fimits 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 alfows a generafor to adjust its offer prior to the
operating day fo better reflect the cost of fuel. The uncertainty of both natural gas costs and availability makes these

types of adjustments necessary and useful.

Figure 54.  Market and Operations Timeline

R T T e
d Operations Timeli

{} Load forecast

* Outage analysis
% Forward reliability analysis i

Two Siays {““ESet conditions for day-ahead market
prior |

Day i~"I'% By noon: participants enter bids
prior i and offers to day ahead

% Noon - 4 p.m.; PJM clears
day-ahead market

: © 4 -6 p.m.: re-bidding period
i % 6 p.m. - Midnight: Reliability

j

Assessment Commitment

i ? Real-time aperations and dispatch
Al | Realtime energy market

Because the load levels bid into the Day-Ahead Market typically do not meet the levels expected during the operating
day, after 6 p.m. PJM begins the reliability assessment commitment (informally called the “reliability run™}, which
ensures that adequate generation is committed to meet the demand plus reserves, while minimizing start-up and no-
load cost. {(Reserves are used to keep the lights on when unexpected events occur, such as a large generator going
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off line.) Using the most up-fo-date weather forecast, load forecast, transmission facility and generator availability,
and other information, PJM commits additional generation, if necessary, to satisfy both expected loads and the
needed reserves for the operating day. PJM also performs additional reliability analysis to ensure all transmission
facilities will be operated within their equipment limits when committing generation. During severe winter weather
events, PIM also communicates extensively with both generation owners and gas pipeline operators in order to
adequately understand the likelihood that natural-gas-fueled 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 '7. Leading up to and throughout the operating
day, PJM examines updated information and system conditions and acts to continually balance generation with the
need for electricity and maintain adequate reserves to prepare for unexpected issues. PJM manages changes from
day-ahead commitments and schedules in the Real-Time Energy Market using the offers from generation resources
and demand resources fo joinfly 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 determined by the Real-Time Energy Market,

Appendix 3: Locational Marginal Pricing — Marginal Unit Type Intervals
Figure 55.  Type of Marginal Resources in the Day-Ahead Energy Market

Generation  Dispatchable  Up-to Congestion. . DecrementBid. . Increnient.Offer- . Price-Sensitive

‘ . Transaction  Transaction e .- Dertiand
Jan 14.2% 0.5% 1% 6.9% 6.3% 0.1%
Feb 131% 04% S BA% o IT% . - 56% . 04%

Mar * 10.2% 0.6% 735% 10.7% 5.1% 0.0%
. *March 1 through March 11 o R _ o ' : :

17 To provide a sense of scale, the combination would be enough power to serve about 81,200,000 homes, {One megawatt is enough power to
serve about 800 homes, A typical large nuclear power plant provides 1,000 MW of energy.)
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Appendix 4: Natural Gas System Critical Notices

In addition to the individual gas pipeline websites listed below, PJM also has a too) which provides a summary of the
Critical Notices. Please see the following website on pjm.com: https://gaspipe.pjm.com/gaspipe/pages/dashboard jsf

Pipeline Website

Columbia http:/fwww.columbiapipeinfo.com/infopost/

Dominion hitp:/lescript dom.comfjsp/info_post.jsp?&company=dii#

Texas Eastern https:#finfopost.spectraenergy.com/infopost/TEHome.asp?pipe=TE&mode=1
Natural Gas Pipeline of America http://pipeling.kindermorgan. com/rnfcpostmqlnotlces aspx?tvpe—RECENT
ANR - ‘ hitp://anrebb.franscanada.com/

Tennessee Gas http:/fwebapps.elpaso. comlPortaIUI!DefaultKM aspx‘?TSP‘TGPD

Nicor hitps:/fwww nicorgas.com/ '

National Fuel

htip:/isbsprd2 natfuel.comisupplyfinfopostfinfopost_frame.htm

Appendix §: Emergency Procedures

Please see Emergency Procedures page on pjm.com for a description of the message and further details.

https:/femergencyprocedures.pim.com/ep/pages/dashboard.isf

Message ID. - | Start Time End Time Region
94390° - - | 34/2015-8:53 3/6/12016-23:31 Westem - Region
94389 3412015 - 8:44 31512015 - 23:30 ComEd - Control Zone
94238 . | 2/24/2015-9:45 212712015 - 23:53 Westemn - Region
94214 212312015 - 12:55 202712015 - 3:17 DLGO - Control Zone
T ] ATSI - Control Zone
" 54190 | 2r22r2015 - 10:28 212412015 — 23:56 PJM -RTO
S4161 2202015 - 8:01 212412015 - 0:00 Westem - Region
94071 1 217205911 2121/2015 - 0:44 PIM-RTO
94058 2/16/2015 - 9:08 220/2015 - 0:41 PJM-RTO
94057 216/2015-9:08 21972015 - 0:18 AEP - Contro} Zone
AP - Controt Zone
ComkEd - Control Zone
DAYTON - Confrol Zone
DLCO - Conirol Zone
Western — Region
ATSI - Control Zone
CPP - Control Zone
" DEQK - Control Zone
EXPC - Control Zone
93973 2M22015-8:31 2/18/2015 - 0:00 Mid-Atlantic - Region
83972 21122015 - 8:31 21712015 - 0:01 PJM-RTO
93871 2/12/2015-8:29 2/16/2015 - 0:00 Mid-Alantic — Region
] Westem - Region
93970 | 2f12/2015 - 8:21 2152015 - 0:00 AEP - Conirol Zone
AP - Conirol Zone
ComEd - Control Zore
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‘Message ID

Start Time

End Time

Region

DAYTON - Gontrol Zone
DLCO - Control Zone
ATS! - Control Zone
CPP - Control Zone
DEOK - Control Zone
EKPC - Control Zone

93969

21212015 -8:17

2114/2015 - 0:50

AP - Control Zone
DLCO - Control Zone
ATSI - Control Zone

93849

252015 - 12:10

2/6/2015-11:53

Mid-Adlantic - Region

93829

2/4/2015 - 10:02

2/52015-23:19

ComEd - Contro! Zone
DLCO - Control Zone

93811

1/30/2015 - 15:21

212015 - 19:48

PJM-RTO

93810

1/30/2015 - 10:24

2/1/2015 - 19:48

PiM-RTO

93809

1/30/2015 - 10:21

1/30/2015 — 15:39

PJM-RTO

93649

11472015 -10:02

1115/2015 - 11:30

ATSI - Controt Zone

93630

1113/2015 - 10:06

11412015 - 9:55

Western - Region

93629

111372015 - 10:06

11412015 -23:58

Westemn - Region

93560

1/8/2015 - 8:21

111112015 - 0:58

Westem - Region

83578

11812015 - 8:21

1102015 - 4:36

Westem - Region

93551

1/7/2015 - 8:16

118/2015 - 23:43

PJM-RTO

93530

1/6/2015 - 7:44

V72015 -9:15

AEP - Control Zone

AP - Confro) Zone
ComEd - Confrol Zohe
DAYTON - Conlroi Zone
PLCO - Control Zone
Westem — Region

ATSI - Control Zone
CPP - Control Zone
DEOK - Control Zone
EKPC - Contfrol Zone

93529

11612015 - T:43

1/8/2015 - 0:35

AEP - Control Zone

AP - Conmol Zove
ComEd - Confrol Zone
DAYTON - Control Zone
DLCO - Control Zone
Westem — Region

ATSI - Control Zone
CPP - Control Zone
DEOK - Control Zone
EKPC - Conirol Zone

93500 _

1152015 - 9:05

1712015 - 0:05

Com€Ed - Controt Zone

93489

1/4/2015 - 8:05

1/6/2015 - 0:12

ComEd - Confrol Zone

Appendix 6: Cold Weather Operational Exercise

As described in the 2015 Generator Performance section, PIM also implemented the 2014 recommendation to
develop a cold weather exercise designed to give generators that run infrequently or have dual fuel capability the
opportunity to test their units prior to the onset of cold weather. In total, 168 units with a total of amount of 9,919 MW
(11,054 MW ICAP} performed the cold weather generafion 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 the 214 units initially eligible and interested in
participating in the exercise, 46 units were unable fo participate either because of warm weather on the day
scheduled or subsequent ineligibility because they ran in real-time during the cold days during the month of
December 2014. The final number of units exercised this fest was 168.

Figure 56. 2014 Winter Exercise Participation Unit Counts

Total Efigibie Units As ~ Eligible Units That - - Eligible Units That::* - - Eligible Units That Did Not.
Of Dec.1,2014 ° .- Wanted To.Participate .. Declined To Participate.. :Respond .
Unit Count 443 214 210
ToallCAP - pp b e e i
MW - 450 S 1.5’:558;;.;. L

Figure 57. Exercise results were analyzed and the success / failure 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 {Inifial Failure; Success by Unit Count } of those 26 units, were able to correct
the issue and subsequently successfully completed the exercise. The fotal unit success rate of 94 percentincludes
these 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: failed to fire, water injection problems,
failed to synchronize, high temperature, vibration, lube oil leak, and thermocouple failures. The majority of units that
failed were repaired and retested on the same day or within the same week. Several of the units that failed asked for
a retest later during the program. Many other generation owners elected {o self-schedule shortly after the repairs
were made, which means they were compensated for the MWs but not for the test.
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Figure 58.  Cold Weather Operational Exercise — Causes of Failures

Liguid fuel
handling problems, 31%

Miscellanecus, 27% --

Conftrol system .
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