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If a procedure change is necessary, a new revision will be approved and issued with steps revised to

address the required changes.

IF an immediate process change is required AND revisions to the Procedure can NOT be completed

quickly enough, THEN perform the following:

¢ Notify Transmission to issue a Work Directive to dictate the interim process.
o Use the Work Directive as a modifier to this procedure.

e Update the procedure as time permits.

The following table documents the version history for this procedure:

Revision
Date Description of Change
Number P 9
0 8/14/2000 Original
1 9/1/2003 Add End User Facility Requirements
2 9/25/2006 Change Company Name to Duke Energy
Updates to reflect new MISO Interconnection process and
3 6/3/2009 NERC Standards
4 9/1/2009 Updates to clarify Section contents
5 11/30/2011 Added PJM Interconnection process
Minor clarification changes to Section 4 and 8, New Logo
6 1/16/2014 and Page number correction
7 10/31/2018 | Reword introduction, add FAC-001-3 R3 language
Added language to metering section regarding BAL-005,
8 12/31/2020 PMU and communications
Updated to latest version of Transmission Level
000 2/1/2022 Procedure Template
Initial publication into Enterprise Fusion.
Updated for changes to FAC-001-3 effective 1/1/23
001 10/31/2023 Note: FAC-001-4 effective 1/1/2024
Control Element Revision performed by document
management staff to update the Revision History table for
002 11/9/2023 Revision Number 001 Description of Change to add a
note.
003 07/18/2024 | Added grounding language to section 3.5
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1. INTRODUCTION

The purpose of this document is to establish the minimum requirements for, new or qualified changes, all
facilities connecting to Duke Energy Midwest transmission systems, which is comprised of, Duke Energy
Indiana (DEI), Duke Energy Ohio (DEO) and Duke Energy Kentucky (DEK) transmission systems. The location
of the connection and its impacts on the transmission system or other interconnected utility systems determine
the specific requirements. These technical requirements are designed to ensure the safe operation and
reliability of the Duke Energy Midwest transmission systems.

The North American Electric Reliability Corporation (NERC) has issued a number of standards and operating
policies for owners and operators of transmission systems. One such NERC Standard, FAC-001 — Facility
Interconnection Requirements, states that Transmission Owners and applicable Generator Owners must
document and make facility interconnection requirements available so that entities seeking to interconnect will
have the necessary information. This document is written to comply with NERC FAC-001. This document also
ensures comparability in the requirements imposed upon the various entities seeking to connect to the to Duke
Energy Midwest transmission systems. It facilitates uniform and compatible equipment specifications, design,
engineering, installation, and operating practices to promote the safety and reliability of service. This document
is not intended as a design specification or an instruction manual.

1.1. Scope

This document addresses the technical requirements for connecting new facilities to the Duke Energy
Midwest transmission systems. It applies to new interconnections or existing interconnections seeking to
make a qualified change, of existing generating units or transmission interconnections as well as existing
and new end-user facilities and delivery points. It also applies to incremental additions of generation
intended to serve native load. Duke Energy generators, co-generators, qualifying facilities, merchant
plants, and non-utility generators are covered under this section.

This document provides a general overview of the functional objectives and requirements to be met in the
design of facility connections. These requirements are written to establish a basis for maintaining reliability,
power quality, and a safe environment for the general public, power consumers, maintenance personnel
and equipment. The requirements and guidelines found in this document are consistent with those used
by Duke Energy when installing new Duke Energy facilities or modifying existing Duke Energy facilities.
These standards also require those entities seeking to add facilities or connect to the interconnected
transmission system to comply with the following documents and standards: Duke Energy Midwest Facility
Connection Requirements document; the NERC Reliability Standards, RF Standards, and depending on
location MISO and PJM documents.

This document is limited to the technical requirements for connected facility design and operation. The
MISO and PJM Tariffs and Generation Interconnection Business Practices Manuals (BPM) or PJM
Manuals includes processes and procedures necessary to establish a generation interconnection and to
reserve and secure transmission service and/or generation deliverability. Transmission service and/or
generation deliverability is required to move the output of the generator(s) onto or out of the Transmission
System. The owner of the Facility securing the generation interconnection need not be the same
customer securing Transmission service or deliverability.

Detailed, Interconnection Facility specific requirements will be developed as part of an Interconnection
Studies and other applicable documents such as, MISO and PJM documents, RF and NERC Planning
Standards, applicable National Electrical Safety Code, and applicable State Public Service Commission
Rules that apply for Qualifying Facilities wishing to interconnect to the Duke Energy Midwest transmission
systems.

Requirements that are specific to generation facilities are noted in the appropriate sections; otherwise this
document applies to generation owners, end users or transmission entities requesting to connect to the
Transmission System.
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1.2,

1.3.

1.4.

Procedures for Requesting Connection to the Transmission System

1.2.1. Application: A request from a transmission owner connection to DEI transmission system or end
user to connect to any of the Duke Energy Midwest transmission systems must be submitted by
written Application addressed as follows: Attention: Director, Midwest Transmission Planning,
Duke Energy, 1000 E. Main Street, Plainfield, IN 46168.

For generation facilities connecting to the Duke Energy Indiana (DEI) transmission system the
MISO Generation Procedures and

Requirements can be found at:

https://www.misoenergy.org/planning/generator-interconnection/

For generation and transmission facilities connecting to the Duke Energy Ohio (DEO) or Duke
Energy Kentucky (DEK) transmission system the PJM Tariff and Manuals can be found at:

https://www.pjm.com/planning/service-requests

1.2.2. Completed Application: The following information is required on the request:

e The proposed project name;

e The location (with drawing), type, size (Voltage at point of interconnection, MW and MVAR),
and other characteristics of the load such as arc furnace type, power factor of the electric
generator(s) or project, proposed interconnection location which indicates specific Duke
Energy Midwest transmission line and location of proposed connection point for transmission
interconnection requests;

The expected in-service date;
Company name and address; and
e Company representative as contact with mailing address, e-mail address and phone number.

Connection Studies

MISO or PJM are the Transmission Providers for the Duke Energy Midwest transmission systems. As
such, all requests for generation interconnections to the Duke Energy Midwest transmission systems must
be filed with MISO or PJM. Generation interconnection and transmission service requests over the Duke
Energy Midwest transmission system will follow MISO BPM or PJM Manual and the scope of the
connection studies is determined by MISO or PJM and is generally based on the type, location, and power
level of the proposed facility. As part of the MISO and PJM processes Duke Energy Midwest and
representatives from other impacted transmission systems will participate in these studies through an ad-
hoc study group. A report documenting the assumptions, results, and conclusions of the connection
studies will be made available to the requester of the generation interconnection study and will be posted
on MISO’s or PJM’s website. Duke Energy Midwest with coordination with MISO and/or PJM and other
impacted transmission systems representatives will generally form an ad-hoc group and perform studies
and provide a written summary of the results of the studies involving end user requests to connect to the
Duke Energy Midwest transmission system or studies involving requests from other transmission entities
to connect to the Duke Energy Midwest transmission system. These studies generally include power flow,
short circuit, power quality and stability analysis as required for the particular installation. Duke Energy
Midwest will notify adjacent transmission owners, MISO and/or PJM that may be affected by the connection
to form an ad-hoc study group. Duke Energy Midwest will share any results of the studies including
notification of any new or qualified changed facilities with the ad-hoc study group within required code of
conduct rules. These impacted systems may decide to perform their own additional studies. Any disputes
between the connecting party and the impacted party must be resolved between the two parties. Duke
Energy Midwest will provide any information required to facilitate the dispute resolution.

Responsibilities

All Facility Owners will be responsible for the costs associated with connecting to the Transmission System.
This will include both the costs of the Facility Owner’s facilities and all costs of modifications and/or
additions to Duke Energy Midwest transmission facilities required to integrate the facilities. Cost
assignments related to generation connections or for customers taking service under the MISO or PJM
tariffs will be handled pursuant to the MISO or PJM latest tariff.
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1.5. Definitions

a)

b)

d)

¢))

“Change of Ownership” means the point where one owner’s rights begin and the
other owner’s rights cease.

“‘Duke Energy Midwest” means Duke Energy Business Services, Inc., acting as
agent for and on behalf of Duke Energy Ohio (DEO), Duke Energy Kentucky (DEK)
and Duke Energy Indiana (DEI)., and its permitted successors and assigns.

“‘Duke Energy Midwest-Owned Interconnection Facilities” means all those facilities
or portions of facilities owned by Duke Energy Midwest, from the Interconnection
Point up to the Delivery Point, which, in conjunction with the Facility-Owned
Interconnection Facilities, are necessary to effect the transfer of power between the
Facility and the Transmission System and the provision of ancillary services to the
Facility, and shall include any modifications, additions, or upgrades made to those
facilities.

“Control Area” means an electric power system or combination of electric power
systems to which a common automatic generation control scheme is applied in order
to:

= match, at all times, the power output of the generators within the electric power system(s) and

capacity and energy purchased from entities outside the electric power system(s), with the load
within the electric power system(s);

= maintain scheduled interchange with other Control Areas, within the limits of Good Utility
Practice;

= maintain the frequency of the electric power system(s) within reasonable limits in accordance
with Good Utility Practice; and

= provide sufficient generating capacity to maintain operating reserves in accordance with Good
Utility Practice.

“‘Delivery Point” means the point at which the Duke Energy Midwest-Owned
Interconnection Facilities are connected to the Transmission System.

“Direct Assignment Facilities” means facilities or portions of facilities that are
constructed by the Duke Energy Midwest for the sole use/benefit of a particular
Facility Owner requesting a connection to the Transmission System.

‘Emergency” has the meaning customarily attributed to it in the electric utility
industry in the United States. It includes, without limitation, any condition on the
Facility, the Interconnection Facilities, the Transmission System or the Transmission
System of other utilities which is likely to result in imminent significant disruption to
service to consumers or is imminently likely to endanger life or property.

‘EMS” means Energy Management System, a data acquisition and control
computer system maintained and used by Duke Energy Midwest to gather real time
information regarding the Transmission System and to provide remote control of
individual Duke Energy Midwest switching devices and generating units. The EMS
also acts as an accounting and detailed calculation platform to refine and store data.
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“Facilities Construction Agreement” means the agreement that details the costs,
construction schedule and responsibilities of each party during the construction of
the Interconnection Facilities.

“Facility” means the substation, generation (if applicable) and other facilities to be
constructed, owned, and operated by the Facility Owner.

“Facility-Owned Interconnection Facilities” means all those facilities or portions of
facilities owned by Facility Owner, from the Facility up to the Interconnection Point,
which, in conjunction with the Duke Energy Midwest-Owned Interconnection
Facilities, are necessary to effect the transfer of power between the Facility and the
Transmission System.

“Facility Owner” means the organization that is the actual owner of the facilities
being connected into the Transmission System.

“Flicker” means low frequency voltage fluctuations that can be observed through
changes in intensity or color of illumination. Flicker is measured using an IEC flicker
meter.

“Generation” means the electrical capacity and energy produced at the Facility, if
applicable.

“Generator Capability Curve” means the production of megawatts and megavars
throughout its output range, which is typically provided by the manufacturer of the
generating unit.

“Good Utility Practice” means any of the practices, methods and acts engaged in or
approved by a significant portion of the electric utility industry in the United States.
These practices may occur during the relevant time period, or any of the practices,
methods and acts, which, in the exercise of reasonable judgment in light of the facts
known at the time the decision was made. They could have been expected to
accomplish the desired result at a reasonable cost consistent with good business
practices, reliability, safety and expedition. Good Utility Practice is not intended to
be limited to the optimum practice, method, or act to the exclusion of all others, but
rather includes all acceptable practices, method, or acts generally accepted in the
region. Good Utility Practice shall include, but not be limited to, NERC, RF,
applicable MISO or PJM, and National Electrical Safety Code criteria, rules and
standards, as they may be amended from time to time, including the rules and
guidelines and criteria of any successor organizations.

“‘Harmonics” means the content of a signal whose frequency is an integer multiple
of the actual system frequency, i.e. the main frequency produced by the generators
or for the United States, 60 cycles per second.
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“Interconnection Agreement” means the agreement that documents the physical
interconnection between the Facility Owner (if a generator owner or transmission
entity) and Duke Energy Midwest and defines the continuing responsibilities and
obligations of the Facility Owner and Duke Energy Midwest during the term of the
agreement.

‘Interconnection  Facilities” means the Duke Energy Midwest-Owned
Interconnection Facilities and the Facility-Owned Interconnection Facilities
collectively.

“Interconnection Point” means the Change of Ownership point at which point the
Facility-Owned Interconnection Facilities are connected to the Duke Energy
Midwest-Owned Interconnection Facilities.

“Metering Point” means the point at which the amount of Generation delivered to
the Transmission System is measured, or the amount of load delivered to the
customer or the amount of power exchanged between Duke Energy Midwest and
another transmission entity.

‘MISO” means the Midcontinent Independent Transmission System Operator, Inc.
or any other independent system operator or regional transmission organization or
group to which the Transmission System becomes subject to or parts of, or any
successor organization(s).

“‘“NERC” means the North American Electric Reliability Corporation or any successor
organization.

“‘OATT” means the Duke Energy Midwest or the MISO Open Access Transmission
Tariff or PdJM Open Access Transmission Tariff as filed with the Federal Energy
Regulatory Commission, and which may be modified from time to time.

‘Party” means Facility Owner or Duke Energy Midwest, and their permitted
successors and assigns.

‘PIJM” means PJM Interconnection or any other independent system operator or
regional transmission organization or group to which the Transmission System
becomes subject to or parts of, or any successor organization(s).

“Qualified Change” MISO and PJM are the Planning Coordinators for Duke Indiana
and Duke Ohio and Kentucky respectively as such Duke Indiana will follow the MISO
definition, while Duke Ohio and Kentucky will follow the PJM definition.

“‘RF” means ReliabilityFirst Corporation or any successor organization.
“‘SCADA” means Supervisory Control and Data Acquisition system.

“Transmission System” means the transmission facilities owned, operated or
controlled by Duke Energy Midwest, including conductors, circuit breakers,
switches, transformers and other associated equipment used to control the transfer
of energy from one place to another, and shall include any modifications, additions,
or upgrades made to those facilities.
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ee) Any term used in the plural has the same meaning as the singular definition.

2. TYPES OF CONNECTED CIRCUIT CONFIGURATIONS

The typical connection between the Facility-Owned Interconnection Facilities and the Transmission System will
be designed in a way to minimize the adverse reliability impacts to the Transmission System. It will also allow
Duke Energy Midwest to operate the Transmission System without degradation in the event of failure of the
Facility. Typical arrangements for facilities connected to existing Duke Energy Midwest substations include but
not limited to a breaker and a half bus, and a breakered ring bus. Actual configurations may vary depending
on the location of the Interconnection Point and the Transmission System schemes already in place.

3. DESIGN REQUIREMENTS FOR CONNECTION

The Facility Owner is responsible for installing appropriate equipment and facilities so that the Facility does not
degrade Duke Energy Midwest’s safety and operating standards. The Facility Owner is also responsible for
meeting any applicable federal, state, and local codes along with any applicable NERC, RF, MISO or PJM
requirements. The minimum Transmission System connection requirements are as follows. Additionally, for
inverter-based resources, those Projects must also meet the Inverter Based Resource
Interconnection Requirements as defined by MISO for Duke Energy Indiana connections and PJM
Requirements for Duke Energy Ohio and Kentucky connections.

3.1. Frequency

Generators shall provide balanced, symmetrical, three-phase power at a nominal frequency of 60 Hz.

3.2. System Protection

Protective relaying is required to protect personnel and equipment from the effects of hazards introduced
to the Transmission System through natural and man-made events. The protective relaying should be set
such as to isolate the piece of faulty equipment as quickly as possible by operating the minimum number
of devices and minimizing the effect to the rest of the interconnected power system. The Facility Owner is
responsible for providing adequate protection to its facilities and to Duke Energy Midwest-Owned
Interconnection Facilities under any transmission operating condition, whether or not their facilities are in
operation. Configurations which result in a “three terminal” protective relaying scheme are generally not
permitted because of degraded fault clearing performance on the Duke Energy Midwest transmission
system and the added complexity of the schemes. See Section 5 for more protective relaying
requirements.

3.3. Interrupting Device/Breaker Duty

The Facility Owner shall provide three-phase circuit interrupting device(s) with appropriate protective
relaying systems (as stated in Section 5). The device(s) shall isolate the Facility from the Duke Energy
Midwest electrical system for all faults, loss of Duke Energy Midwest supply, or abnormal operating
conditions (listed in Section 3.2) regardless of whether or not the Facility is operating.

This device shall be capable of interrupting the greater of the maximum available fault current at that
location available from the Transmission System or from the Facility. Duke Energy Midwest will provide
the following short circuit data for the Delivery Point: 3 phase fault MVA and single line to ground fault
amps. The three-phase device shall interrupt all three phases simultaneously and shall have maximum
operation time of 2 cycles or less from time of energization of the trip coils(s). The tripping control of the
circuit-interrupting device shall be powered independently of the Transmission System or Facility AC
sources in order to permit operation upon loss of the Transmission System connection or the Facility AC
supply. The protective trips to the interrupting device should be arranged into two independent trip circuits
including separate relay trips, separate DC control busses and two trip coils. (see Section 3.6).

Generally, automatic reclosing of the Facility’s interrupting device is not desired. If the Facility’s
configuration requires automatic reclosing, Duke Energy Midwest will provide the specific reclosing times
for the Facility’s interrupting devices. It is the Facility Owner’s responsibility to design and maintain their
interrupting device(s), contingent on Duke Energy Midwest approval, to properly isolate the Facility upon
loss of the Duke Energy Midwest connection until the appropriate Duke Energy Midwest facilities are
returned to service.
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The minimum substation/line Basic Insulation Levels (BIL) and arrester ratings are shown below to be
used for insulation coordination.

Substation/Line BIL Ratings For Equipment

Nominal Substation Transformer | Transmission | Transmission Switch Transformer
System Bus B.I.L. Arrester Line Arrester Line (BIL) Rating Winding/bushing
Voltage KV (MCOV) (MCOV) KV (KV) (kV)
KV KV

69 350 48 48 350 69 350/350

138 550 88 88 650 138 550/550

230 900 152 152 1050 230 900/900

345 1300 220 220 1550 345 1050/1300

765 - - - N/A 765 2050/2550

3.5. System Grounding

The Facility must be electrically grounded in such a way that coordination is maintained with the Duke
Energy Midwest protective relay system, and that Duke Energy Midwest facilities will be protected from
deleterious voltages during fault conditions. GSU winding arrangement must either be Y-grounded / A (Y-
grounded on the transmission side of the GSU), or Y-grounded / Y-grounded / A tertiary.

Each interconnecting facility shall have a ground grid that is solidly connected to all metallic structures,
fencing and other non-energized metallic equipment. The grounding system design shall also limit
surface potential gradients to levels that will not cause step/touch/transfer voltage safety hazards for
people or damage equipment which are in or nearby the station under normal and fault conditions.
If the interconnecting facility is physically close (<10’) to a Duke Energy substation, it is required that the
two ground grids be connected, separation distances >10" are recommended to have the grids bonded if
facilities are within approximately 50’ of each other and the below grade connection is feasible. The
interconnecting cables shall have sufficient capacity to handle the expected fault currents. Duke Energy
shall approve any physical connection to a Duke Energy substation ground grid.
¢ If the ground grids must be isolated for operational reasons, there must be no metallic ground
connections between the Duke Energy substation and the interconnecting facility. Cable shields,
cable sheaths, station service ground sheaths, overhead transmission shield wires, fiber optic tracer
wires, and metallic cable trays can all inadvertently connect ground grids.

o Inthe case where the interconnected facility is physically close (<10’) to a Duke Energy
substation but the ground grids are isolated, the interconnecting facility shall demonstrate
that the ground grids are properly isolated and in compliance with all applicable codes and
standards. Separately grounded systems that are physically close can present hand to hand
touch voltage scenarios that shall be investigated and mitigated appropriately.

Any interconnecting facility owned transmission line structures that may have significant public exposure
shall be adequately bonded and grounded to control step and touch voltages in compliance with the latest
revision of IEEE 80. All interconnecting facility owned transmission line structures shall be adequately
grounded and provide adequate lightning performance. All transmission lines should have continuous
overhead ground wires (OHGWs), not relying on earth as the primary conductor, to transfer fault current
between structures, substations, and plant switchyards. Any exceptions to a continuous OHGW shall be
verified with a documented system study that is communicated to appropriate stakeholders. All ground
wires and bond wires must be adequately sized to handle anticipated maximum fault currents and duty
without damage.

New interconnections or modifications to existing interconnects may substantially increase fault current
levels seen at nearby substations, transmission line structures and OHGWs. Modifications to the
grounding systems of existing substations, transmission line structures or OHGWs may be necessary due
to the new or modified interconnection. The interconnection studies will determine if modifications are
required and the scope/cost of the modifications.
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The interconnecting facility owned grounding systems shall be designed, when applicable, in accordance
with the latest version of IEEE 80, IEEE Guide for Safety in AC Substation Grounding. The constructed
grounding system designs integrity and performance shall be verified by tests in accordance with the latest
version of IEEE 81, IEEE Guide for Measuring Earth Resistivity, Ground Impedance, and Surface
Potentials of a Ground System. The items listed below shall be provide to Duke Energy to satisfy these
requirements:
e Engineering report showcasing compliance with the latest revision of IEEE 80, IEEE Guide for Safety
in AC Substation Grounding
e Test report showcasing constructed grounding systems IEEE 80 compliance based on tests from the
latest version of IEEE 81, IEEE Guide for Measuring Earth Resistivity, Ground Impedance, and
Surface Potentials of a Ground System.
The interconnecting facility shall also provide final grounding plan drawings for Duke Energy records.
e If the interconnecting facility is nearby a Duke Energy facility, then preliminary grounding plan
drawings shall also be provided to Duke Energy for their grounding system design efforts.

3.6. Voice Communication Circuit

The Facility Owner may be required to establish a dedicated voice communication circuit from the Facility
to the Duke Energy Midwest Energy Control Center (“‘ECC”) to permit coordination of the synchronization
and operation of the Facility.

3.7. Disconnecting Devices

All generator connections to the Duke Energy Midwest system require a three-phase motor operated air
break switch. The disconnecting device is to be supervisory controllable from the Duke Energy Midwest
ECC. The disconnecting device shall be mechanically lockable in the open position with a Duke Energy
Midwest padlock in order to provide a visible, physical electric isolation of the Facility. When the
disconnecting device is operated to the open position, Duke Energy Midwest must be able to remotely
disable all tripping signals and return Duke Energy Midwest’'s system to a normal operating state. The
disconnecting device shall be identified with a designated equipment number acceptable to Duke Energy
Midwest naming convention and must be accessible to Duke Energy Midwest at all times. For non-
generator connections to the Duke Energy Midwest system, Duke Energy Midwest may require that the
disconnecting device be equipped with motor operators and with capability to be supervisory controlled
from the Duke Energy Midwest ECC.

3.8. Disturbance Monitoring

In order to determine the performance of the overall Transmission System and to determine causes of
system disturbances, RF may require the installation of disturbance monitors at specific locations and
specific types (e.g. fault recording or dynamic recording). The Facility must install disturbance-monitoring
equipment with sufficient capability to permit adequate analysis of electrical disturbances on the
Transmission System as required by RF. The Facility Owner is responsible for meeting RF requirements
related to disturbance monitoring equipment per NERC Standard VAR-002 (available at www.rfirst.org).

3.9. Transient Stability Performance

Transient stability performance of generators is the responsibility of the generator owner. Transient stability
performance should be in accordance with Duke Energy Midwest's transient stability criteria, which is
provided in Duke Energy Midwest's FERC Form 715.
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3.10. Excitation Control

For generators, each unit in the Facility must be equipped with an Automatic Voltage Regulator (AVR).
The excitation system must always be operated in the automatic voltage control mode unless approved
otherwise by Duke Energy Midwest or MISO or PJM. Generating plants with a total net summer
demonstrated capacity of less than 100 MW will be exempt from this requirement. In addition to the normal
excitation system and automatic voltage regulation equipment, the following controls are also required for
each synchronous generator:

3.10.1. Overcurrent Limiter

The excitation system is to be provided with a current limiting device which will supersede or act in
conjunction with the AVR to automatically reduce excitation so that generator field current is maintained at
the allowable limit in the event of sustained under-voltages on the Transmission System. This device must
not prevent the exciter from going to and remaining at the positive ceiling following the inception of a fault
on the power system. The amount of time that the exciter is allowed to remain at the positive ceiling shall
be provided to Duke Energy Midwest upon request.

3.10.2. Underexcitation Limiter

A limiter to prevent instability resulting from generator underexcitation is required.

3.10.3. Power System Stabilizer

MISO, PJM, and/or Duke Energy Midwest studies may identify the need for the use of power system
stabilizers, depending on the plant size, excitation system type and settings, Facility location, area
transmission system configuration and other factors. This will be determined on a case-by-case basis.

3.11. Speed Governing

All synchronous generators connected to the Duke Energy Midwest transmission system shall be equipped
with speed governing capability. This governing capability shall be unhindered in its operation consistent
with overall economic operation of the Generation. Overspeed protection in the event of load rejection is
the responsibility of the Facility Owner.

3.12. Dynamic Performance Data

For generators, dynamic performance data shall be made available to MISO or PJM and Duke Energy
Midwest. This data is required to evaluate the system dynamic performance of the Facility, which includes
but is not limited to transient stability. The Facility Owner shall submit dynamic performance data per MISO
Tariff Attachment X or PJM Open Access Transmission Tariff Attachment N.

3.13. Generator Step-Up and Auxiliary Transformers

For generators requesting connection to the Duke Energy Midwest transmission system, the owner must
supply tap settings, available tap ranges and impedance data for generator step-up and upon request for
auxiliary transformers. Duke Energy Midwest may require changes to the tap settings and will notify the
generator owner of the change along with a technical justification for the change. Generating plants with a
total net summer demonstrated capacity less than 100 MW will generally be excluded from these reporting
requirements.

3.14. Automatic Generation Control (AGC)

For generators, depending upon various Control Area factors applicable to tie line and frequency
regulation, provisions for dispatch control of Generation by Duke Energy Midwest, AGC system may be
required. This will be considered on a case-by-case basis and any provision for control by AGC shall be
included in an Interconnection Agreement between the Facility Owner, MISO, PJM and Duke Energy
Midwest.
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3.15. Black Start Capability

For generators requesting connection to the Duke Energy Midwest transmission system, depending upon
the Facility connection, location and other factors applicable to system restoration in the event of a
blackout, the provision of black start capability may be desirable. A black start capable generation facility
is one that can be started without the aid of off-site power supplied by the Transmission System. However,
with or without black start capability, the generator is expected to participate in system restoration efforts
in the event of a system wide blackout. As a minimum, the generator will be expected to have the ability
to synchronize units to the Transmission System in the frequency range identified in section 4.1. The
generator must also be capable of operating at low output levels and participate in frequency control of the
system instead of base loading the unit. Responsibilities of the generator for black start capability will be
addressed in the Interconnection Agreement.

3.16. Sub-Synchronous Torsional Interactions or Resonances

For generators, depending upon the specific location of the Facility in the Transmission System, close
electrical proximity to series compensated transmission lines or FACTS devices may result in undesirable
or damaging sub-synchronous currents. Also, the provision of high-speed reclosing following transmission
line faults may result in excessive torsional duties. The generator must provide Duke Energy Midwest with
immunity from damaging torsional oscillations resulting from all Transmission System operations and
insure that the turbine-generator is not excited into resonance by normal system operations. The
Interconnection Agreement shall address these matters.

3.17. Unbalanced Electric Conditions

3.17.1. Voltage Balance

For generators, all three-phase generation shall produce balanced 60 Hz voltages. Voltage unbalance
attributable to the Facility’s combined generation and load shall not exceed 1.0% measured at the
Interconnection Point. Voltage unbalance is defined as the maximum phase deviation from average as
specified in ANSI C84.1, “American National Standard for Electric Power Systems and Equipment —
Voltage Ratings, 60 Hertz.”

3.17.2. Current Balance

Phase current unbalance attributable to the Facility’s combined generation and load shall not exceed that
which would exist with balanced equipment in service, measured at the Interconnection Point.

3.18. Harmonics and Flicker (Power Quality)

3.18.1. The Facility Owner shall take responsibility for limiting Harmonic voltage and current distortion
and/or voltage Flicker! caused by their equipment. Specific Duke Energy Midwest Harmonics and
Flicker criteria are given in Section 17.

3.18.2. Limits for Harmonic distortion (including inductive telephone influence factors) are consistent with
those published in the latest issues of ANSI/IEEE 519, "Recommended Practices and
Requirements for Harmonic Control in Electrical Power Systems."

3.18.3. Acceptance of Flicker emissions by the Facility Owner shall follow IEC 61000-3-7, “Assessment
of emission limits for fluctuating loads in MV and HV power systems.” Compatibility levels for LV
(<1 kV) Flicker are Pst = 1.0 and PIt = 0.8. Planning levels for MV (1kV<V<35kV) Flicker are Pst
=0.9 and PIt 0.7. Planning levels for HV and EHV (>35kV) are Pst = 0.8 and PIt = 0.6.

3.18.4. Depending upon the nature of the Facility and its location, Duke Energy Midwest may require the
installation of a monitoring system to permit ongoing assessment of compliance with these criteria.
The monitoring system, if required, will be installed at the Facility Owner’s expense.

3.18.5. Situations where high voltage Flicker, high harmonic voltages and/or high harmonic currents
originate from the Transmission System are to be addressed in the Interconnection Agreement.

" Flicker is low frequency voltage fluctuations that can be observed through changes in intensity or color of illumination.
Flicker is measured using an IEC flicker meter.
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4. REQUIREMENTS FOR OPERATION

The Facility Owner will be responsible for operating their Facility in a safe manner, and with full cooperation
under the supervision of the Duke Energy Midwest operation centers, security coordinators or independent
regional system operation center. The Facility will notify the Duke Energy Midwest ECC and Duke Energy
Midwest’s Control Area Operations before any planned startup or shutdown of generation at the Facility and as
soon as practical after the onset of an unplanned shutdown or trip of the facilities. For generators, the Facility
Owner will also notify Duke Energy Midwest as soon as practical regarding the removal of any faulted equipment
from the Facility associated with the high voltage side of the step-up transformer. A Facility generator shall not
synchronize to, nor supply power into, the Transmission System unless a specific agreement has been made
to supply power to the Transmission System in accordance with appropriate open access transmission tariffs.
Additionally, for inverter-based resources, those Projects must also meet the Inverter Based Resource
Interconnection Requirements as defined by MISO for Duke Energy Indiana connections and PJM
Requirements for Duke Energy Ohio and Kentucky connections.

Only under the direct supervision of the ECC will the Facility at any time energize any part of the Transmission
System facilities that have been de-energized. Failure to comply has the potential to cause hazard or injury to
personnel or to the public as well as damage to equipment and thus make the Facility Owner liable for such
damages.

The minimum requirements for operation of facilities on the Transmission System are contained herein.

4.1. Synchronization

The Facility Owner will own, test, and maintain equipment that will synchronize the facilities to the
Transmission System. The Facility Owner assumes all responsibility for properly synchronizing their
facilities with the Transmission System. Upon loss of the Duke Energy Midwest supply, the Facility shall
immediately be separated from the Transmission System. Synchronizing of facilities to the Transmission
System may be, at Duke Energy Midwest’s discretion, performed under the direction of the Duke Energy
Midwest ECC.

4.2. Net Demonstrated MW Capability - Generators

The Facility Owner shall provide the net demonstrated real power capability annually to Duke Energy
Midwest in accordance to testing procedures outlined in the NERC Standard MOD-025. Other generator
parameters must also be provided as required.

4.3. Voltage Schedule or Reactive Control Requirements

For generators, Duke Energy Midwest will provide a voltage range schedule to the Facility that will be set
on a time of day and day of week basis and may be revised from time to time by Duke Energy Midwest.
Any necessary deviation from the schedule for the safe and reliable operation of the Transmission System
will be communicated to the Facility by the Duke Energy Midwest ECC. In general, this voltage schedule
will not request operation outside plus or minus 5% of the nominal Transmission System voltages of 345,
230, 138, and 69 kV.

Under certain conditions where a voltage schedule is inappropriate, Duke Energy Midwest may substitute
adherence to a specified voltage schedule with a specified power factor.

4.3.1. Automatic Voltage Regulation - Generators

Unless otherwise agreed to, the Facility Owner will operate the generators with automatic voltage
regulators in service and controlling voltage, consistent with Good Utility Practice. The voltage regulators
will control voltage at the Interconnection Point consistent with the voltage schedule provided. Status of
automatic voltage regulator (auto/manual or normal/abnormal condition) shall be provided to the
Transmission Provider via EMS.
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4.4,

4.5,

4.6.

4.3.2. Voltage Range

Generators must be capable of continuous non-interrupted operation within a steady-state voltage range
at the high side of the generator step-up transformer during system normal and single facility outage
conditions. This range is from 90% to 105% of the nominal transmission voltage. Duke Energy Midwest’s
nominal system voltages are as indicated in Section 4.3 above. During Emergency and/or transient system
conditions, when voltage may temporarily be outside of the 90% to 105% range, all reasonable measures
should be taken to avoid tripping the Facility due to high or low voltage. Duke Energy Midwest's
transmission system is designed to operate between 90% and 105% of nominal voltage during normal and
single contingency conditions. If the requirements of the Facility Owner’s equipment are more restrictive
than these limits, then Duke Energy Midwest recommends the Facility Owner consider the installation of
voltage regulation devices.

4.3.3. Reactive Power Factor and Power Factor Control

Unless otherwise agreed to, generators are to have the capability to sustain operation with an under-
excited power factor of -0.90 (lagging) or less and over-excited power factor of 0.95 (leading) or less, as
measured at the high side of the generator step-up transformer. The generator must be able to achieve
these rated power factors throughout its output range in accordance with testing outlined in NERC
Standard MOD-025. For end users, the expected power factor of their load must be provided to Duke
Energy Midwest. Depending on the location on the transmission system, Duke Energy Midwest may
require the end user to improve its power factor and power factor control. For connections with
transmission systems, reactive flow between the two systems will be addressed in the interconnection
agreement. In general, the connecting transmission system shall acquire sufficient reactive resources
within its system to protect the voltage levels under normal and contingency conditions. This includes the
transmission system share of the reactive requirements of interconnecting transmission circuits.

Frequency Range

Unless otherwise agreed to, the generators must provide support to maintain system frequency at or near
60 hertz. The Facility must be capable of continuous operation in the frequency range of 59.5 to 60.5
hertz. The facility’s control equipment shall be set such that the voltage and frequency ride-through
capability is in accordance with NERC Reliability Standard PRC-024-1 Attachment 1 (for frequency) and
Attachment 2 (for voltage) and FERC Order 828 (Requirements for Frequency and Voltage Ride Through
Capability of Small Generating Facilities). Settings will be coordinated with Duke Energy Midwest’s Under
Frequency Load Shed plan. Anti-islanding schemes shall not be employed unless they meet the specified
voltage and frequency ride-through requirements.

Scheduled Outages and Maintenance Coordination

The Facility Owner is to consult with the Duke Energy Midwest System Operations Center (“‘ECC”) for any
scheduled Facility outages that affect the Transmission System and provide the annual
outage/maintenance schedule for generators. The ECC will consult with the Facility Owner regarding the
timing of scheduled maintenance of the Transmission System facilities that might reasonably be expected
to affect the Facility-Owned Interconnection Facilities.

Switching, Tagging, Grounding, and Isolation Rules

The Facility will comply with Duke Energy Midwest’s Switching, Tagging, and Isolation Procedures as Duke
Energy Midwest may modify them from time to time. Duke Energy Midwest will provide the Facility Owner
an initial one-time training of these procedures. Details of requirement and additional training requests will
be covered under the Interconnection Agreement.
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4.7. Other Applicable Operating Requirements

In order to assure the continued reliability of the Transmission System, the Facility may be requested to
adhere to other operating requirements and/or common operating practices. These may include the
performance not to exceed a specified forced outage rate, operations procedures during system
emergencies, participation in Control Area operating reserves, provisions for backup fuel supply or storage,
and provisions for Emergency availability identified by the North American Electric Reliability Council.
(NERC)? Duke Energy Midwest may require the Facility to provide Interconnected Operation Services.
Such requirements shall be addressed in the Interconnection Agreement with the Facility.

Conformance with applicable requirements in NERC and RF Standards and Documents, particularly
Standards MOD-025, VAR-002, PRC-002, is required. All data reportable to RF and/or NERC shall also
be made available to Duke Energy Midwest.

4.8. Break-Before-Make Transfer

In the cases where the Facilities have connections with another transmission system, the Transmission
System will not be operated in parallel with this other transmission system by any action of the Facility
unless such an agreement is in place between the Facility, the other transmission system, and Duke
Energy Midwest. All Facility connection transfers between Duke Energy Midwest and the other
transmission system must be a de-energized transfer (break-before-make type of transfer). Requests for
any hot transfer (make-before-break transfer) or interconnected operation with another transmission
system will be addressed in the Interconnected Agreement.

4.9. Transmission Tariffs

Duke Energy Midwest is a member of both MISO (Duke Energy Indiana), and PJM (Duke Energy Ohio
and Kentucky). Connection to, and utilization of the Duke Energy Midwest transmission system is governed
by the Open Access Transmission Tariffs of MISO and PJM, relative to the operating companies listed
above.

4.10. Operating Restrictions

Duke Energy Midwest reserves the right to request that the Facility reduce its output of Generation or to
disconnect service to any Facility when consistent with Good Utility Practice and when necessary to
alleviate any transmission constraint or Emergency. This will also be addressed in the Interconnection
Agreement.

5. PROTECTIVE RELAYING AND COORDINATION

The protective relaying scheme for interfacing with Duke Energy Midwest facilities will be determined on a case-
by-case basis, based on the location, size of the facility, interconnection voltage, and configuration. Duke
Energy Midwest will provide functional and performance requirements and in some cases relay settings for
protective relays at the Facility Owner facilities that can have an impact on the reliability of the Transmission
System. The functional requirements and relay settings will be based upon those outlined in NERC Standards
PRC-001, -004,-005 and Duke Energy Midwest's protection philosophy. Duke Energy Midwest reserves the
right to specify the protective relay type and manufacturer.

5.1. Owner Facilities

The Facility Owner is solely responsible for protecting its own equipment in such a manner that electrical
faults, disturbances, inadvertent phase unbalance, single phasing, or operations on the Transmission
System do not cause damage to the Facility Owner’s equipment.

The Facility Owner’s protection scheme shall be designed to separate their system from the Transmission
System under the following conditions:

e For faults within the Facility Owner’s equipment in the protection zone which overlaps the
interconnection.

2 North American Electric Reliability Council, “Reliability Considerations for Integrating Non-Utility Generating Facilities
with the Bulk Electric Systems,” January 1992.
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e For faults in the adjacent Duke Energy Midwest owned or operated system which overlaps the
interconnection.
o Whenever the Duke Energy Midwest supplied electrical source is unavailable.

The interconnect relays must be dedicated to protection of the interconnection and separate from any
relays applied to the facility, even if this results in redundant relay functions.

The protective relays required by Duke Energy Midwest and any auxiliary-tripping relay associated with
those relays shall be utility-grade devices. Utility grade relays are defined as follows:

1. Meet ANSI/IEEE Standard C37.90, "Relays and Relay Systems Associated with Electric Power
Apparatus."”

2. Have relay test facilities to allow testing without unwiring or disassembling the relay.
3. Have appropriate test plugs/switches for testing the operation of the relay.

4. Have targets to indicate relay operation.

Duke Energy Midwest may elect to specify settings, or alternatively may elect to review and approve
Facility Owner specified relay settings for the Duke Energy Midwest-required relays to assure coordination
between the Facility protective equipment and the Transmission System relays. It is the Facility Owner’s
responsibility to determine that their internal protective equipment coordinates with the required Duke
Energy Midwest protective equipment and is adequate to meet all applicable standards to which the Facility
is subject. Duke Energy Midwest further reserves the right to modify relay settings when deemed
necessary to avoid safety hazards to utility personnel or the public and to prevent any disturbance,
impairment, or interference with Duke Energy Midwest's ability to serve other customers.

5.2. Duke Energy Midwest Facilities

If at any time it is determined that the use of the above relay systems cannot provide adequate protection
to the Duke Energy Midwest system, the Facility Owner shall, at their expense, furnish and install additional
relaying as requested by Duke Energy Midwest. This may include a transfer trip receiver(s) at the Facility-
Owned Interconnection Facilities to receive tripping signals originating from a Duke Energy Midwest
location(s). This additional protection would also necessitate, at the Facility Owner’s expense, the
purchase and installation of transfer trip equipment at the Duke Energy Midwest location(s) and a
communication channel between the Duke Energy Midwest location(s) and the Facility.

5.3. Other Protection Requirements
See NERC Standards PRC-001, -004, 005 and VAR-002 (Available at www.nerc.com )

6. TESTING AND MAINTENANCE COORDINATION

A Duke Energy Midwest approved organization shall test and maintain the relays, devices, and control schemes,
provided by the Facility Owner, for the protection of the Transmission System. The equipment to be tested and
maintained may include circuit breakers, circuit switches, power fuses, instrument transformers, switches, surge
arresters, bushings, relays, and associated equipment (including battery and battery charger). The testing and
maintenance may include any initial set up, calibration, and check out of the required protective devices,
periodic routine testing and maintenance, and any testing and maintenance required as the result of changes
to protective devices by the Facility Owner or Duke Energy Midwest.

Duke Energy Midwest reserves the right to be present for all testing and maintenance performed by the Duke
Energy Midwest approved organization. A copy of all test and maintenance reports shall be forwarded to Duke
Energy Midwest.

If the Facility Owner’s testing and maintenance program is not performed to the satisfaction of Duke Energy
Midwest or at the required maintenance interval, Duke Energy Midwest reserves the rights to inspect, test, or
maintain the protective devices required for the protection of the Transmission System. If the Facility Owner’s
protective relaying is determined to be unsatisfactory, Duke Energy Midwest reserves the authority to
disconnect the Generation from the Duke Energy Midwest system.

All costs associated with the testing and maintenance of devices provided by the Facility Owner for the
protection of the Transmission System, including costs incurred by Duke Energy Midwest in performing any
necessary tests or inspections, shall be the responsibility of the Facility Owner.
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See NERC Standards PRC-001, -004, 005, for information on maintenance and testing of protection schemes.

7. METERING

7.1. Responsibilities

It is the responsibility of the Facility Owner to make appropriate arrangements with MISO or PJM, as the
Balancing Authority, for the following: a) ensuring that their new or qualified changed Facilities are within the
BA metered boundaries, which also serves to facilitate the process of the coordination between the two entities
that will be required under numerous other standards upon the start of operation; b) proper coordination with
MISO or PJM so that MISO or PJM, as Balancing Authority, can ensure that any associated Tie-Line, Pseudo-
Tie, and Dynamic Schedule with an Adjacent Balancing Authority is equipped with a common source to provide
information to both Balancing Authorities for the scan rate values used in the calculation of Reporting ACE per
the requirements of NERC Reliability Standard BAL-005, R7.1.

At Facility Owner’s expense, Duke Energy will install, own, operate, and maintain all metering and telemetering
equipment. Facility Owner shall also provide space for required equipment. Additional metering and RTU and
communication requirements for transmission interconnections are provided in the Interconnecting Facilities —
Metering and Data Exchange Requirements. A copy of this document will be provided to the requesting
transmission entity.

Equipment Requirements

Such metering equipment shall include standard types of meters, potential and current transformers, test
switches, and such other appurtenances as necessary to provide instantaneous values of megawatts and
megavars and an automatic record of megawatt-hours for each clock hour. To the extent there is a possibility
of flows of electricity in either direction, such metering equipment shall provide metering data for each direction
of flow. The timing devices of all meters shall be maintained in Eastern Standard Time (EST) and shall be
synchronized as closely as practicable. Such metering shall also include a Phasor Measurement Unit (PMU)
device that provides synchronized phasor and frequency measurements.

Phasor measurement units (PMU) and a high-accuracy satellite clock will be required for a proposed new
generation facility that will be connected to the transmission system. At Duke Energy’s discretion for generators
less than or equal to 20 MW and for all generators greater than 20 MW, a phasor measurement unit (PMU) will
be required on both the customer side and the Duke side of the Connection Point. A PMU is a device that
measures the electrical waves at a location using a common time source for synchronization. Upon request,
Duke Energy will provide the Facility Owner the type of device currently being applied to the Duke Energy
Transmission System.

A PMU shall be installed on the Duke side of the Connection Point. The PMU must be capable of performing
phasor measurements at a minimum of 30 samples per second which are synchronized via a high-accuracy
satellite clock. A local phasor data collector (PDC) is not required at the substation.

The customer shall install and maintain a PMU, at its expense, on the low side of the generator step-up
transformer. The PMU must be capable of performing phasor measurements at a minimum of 60 samples per
second which are synchronized via a high-accuracy satellite clock. A PDC is required to aggregate the data
and be able to store the PMU data locally for thirty days and to transport the information to the Transmission
Provider. To the extent the customer installs similar quality equipment, such as relays or digital fault recorders,
that can collect data at least at the same rate as PMUs, and which data is synchronized via a high-accuracy
satellite clock, such equipment would satisfy this requirement.

Upon request from the Transmission Provider, the customer shall provide all requested PMU data, including,
but not limited to, the following: (a) gross MW and MVAR measured at the customer’s side of the generator
step-up transformer or other location approved by Duke Energy; (b) generator terminal voltage; (c) generator
terminal frequency; and (d) generator field voltage and current, where available. Additional details regarding
the requirements and guidelines of PMU data and telecommunication of such data are contained in NERC'’s
ReliabilityGuideline for PMU Placement and Installation.

(https://www.nerc.com/comm/RSTC Reliability Guidelines/Reliability%20Guideline%20-%20PMU%20Placement.pdf).
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7.2.

7.3.

7.4.

7.5.

Accuracy

The accuracy of the instrument transformers will be 0.3 percent or better, and the accuracy of the meters
and transducers will be 0.2 percent or better. The secondary wiring and burdens of the metering equipment
will be configured so that they do not degrade the accuracy of the metering equipment. Revenue meters
will be equipped with mass memory storage for backup data in the event of communications problems. If
any metering equipment is found to be inaccurate by a margin of greater than that allowed under any
applicable MISO, PJM, RF, or Duke Energy Midwest criteria, rules and standards, Duke Energy Midwest
shall cause such metering equipment to be made accurate or replaced. In the event of a conflict between
MISO, PJM, RF, or Duke Energy Midwest criteria, applicable MISO or PJM criteria shall govern.

Testing and Sealing of Meters

All revenue metering equipment installed shall be routinely tested and calibrated, and its accuracy of
registration maintained, by Duke Energy Midwest in accordance with Good Utility Practice, applicable
MISO and PJM and Duke Energy Midwest criteria, rules and standards. All meters shall be sealed and
may be broken only by Duke Energy Midwest on such occasions when the meters are to be inspected,
tested, calibrated, or adjusted. Each Party shall comply with any reasonable request of the other
concerning the testing, calibration and sealing of meters, the presence of a representative of the other
Party when the seals are broken and tests are made, and other matters affecting the meters. If either
Party believes that there has been a meter inaccuracy, failure, or stoppage, that Party shall immediately
notify the other.

Location of Equipment

Unless otherwise agreed upon, the location of the metering equipment will be at the Interconnection Point.
If the Metering Point and the Interconnection Point are not at the same location, the metering equipment
shall record measurements in a manner that accounts for losses occurring between the Metering Point
and the Interconnection Point. Losses occurring between the Metering Point and the Interconnection Point
shall be allocated pursuant to the applicable tariff.

Cost For Additional Equipment

Any additional required facilities, including required communication channels and equipment, shall be
furnished and installed at the Facility Owner’s expense.

Data Acquisition and Control Information

7.6.

7.7.

Responsibilities

At Facility Owner’'s expense, Duke Energy Midwest approved telemetering and backup telemetering
equipment will be installed at the Metering Point to provide real-time data to Duke Energy Midwest's EMS
and to all other participating parties. Facility Owner is also responsible for providing data to Duke Energy
Midwest's EMS, by means of a remote terminal unit (“RTU”) or other approved method.

Required Equipment

Telemetering equipment could include a combination of transducers, RTUs, modems, telecommunication
lines, and any other equipment providing equal or better functionality. The RTU, or equivalent device, must
have multiple serial ports capable of DNP 3.0, in addition to any regular communication ports used for
normal station communication. This will allow simultaneous communications for all participating parties.
This device shall accommodate Duke Energy Midwest's data communication, protocol, and rate
requirements referenced in the Duke Energy Midwest's Interconnection Metering and Data Exchange
Guide. Additional meters, RTUs, and communication links compatible with Duke Energy Midwest's
communication system will be provided in case of problems with the primary equipment. The Primary Meter
will utilize dedicated instrument transformers separate from any other metering data to provide accurate
MW and MVAr values. Required Data

Data acquisition and control information will typically include, but not limited to:

1. Desired Generation MW set point for generators.
2. Automatic Generation control (AGC) status for generators.
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Generator availability for generators.

Generation gross MW, MVAr output for generators.

Auxiliary MW, MVAr data for generators.

Generator minimum and base MW capability for generators.

Generator MW AGC high/low limit for generators.

Interconnection Point breaker and disconnect switch status/control/alarms.
Interconnection Point MW, MVAr, voltage, and amperes.

. Generator (if applicable) and substation metering (MWhr and MVArhr) data.
. The PMU will typically include, but is not limited to: frequency, frequency rate of change, 3-phase voltage,

3-phase currents, calculate positive sequence phasors, and calculate 3-phase voltage and current
angles.

8. VOICE COMMUNICATIONS AND PROCEDURES

Voice communications in the event of a transmission facility Emergency shall use the dedicated voice circuits,
if available or public telephone network and phone number(s) designated for Emergency use.

8.1.

8.2.

f)

In the event of a Transmission System or capacity Emergency, the Facility Owner may be notified by
Duke Energy Midwest’'s ECC. Specific instructions may also be given regarding the operation of the
Facility Owner’s equipment. It is the Facility Owner’s responsibility to ensure that the unit operators
follow all instructions given by Duke Energy Midwest’'s ECC during these emergencies.

All generating facilities and transmission facilities are required to have in place a means of transmitting
monitoring, accounting, and control data where appropriate to the Duke Energy Midwest control
center(s) as noted below:

Telecommunications system utilized to support SCADA data exchange between Duke Energy
transmission substation facility and Duke Energy Midwest ECC will consist of wireline based primary
data circuit with cellular based backup data circuit.

Telecommunications system utilized to support SCADA data exchange between the Duke Energy
transmission substation facility and Facility-Owned Interconnection facilities will consist of point-to-point
fiber-optic connections. All SCADA communications between facilities shall utilize DNP 3.0 protocol via
RS232 transport with fiber-optic transceivers.

For revenue-accuracy metering, a compatible and reliable communication media must be provided and
maintained to enable Duke Energy to interrogate the meter, collect, merge, and store metering and
usage data with Duke Energy remote metering and data acquisition system. Modes of communications
could be, but not limited to, fiber optics, Ethernet, wireless modem, etc.

Communications for protection must function at the full performance level before, during, and after any
power system fault condition (Service Performance Objective Class A per IEEE SA - 487-2015 - IEEE
Standard for the Electrical Protection of Communications Facilities Serving Electric Supply Locations -
- General Considerations).

Throughput operating times of the telecommunications system must not add unnecessary delay to the
clearing or operating times of protection or remedial action schemes. Maximum permissible clearing
times for faults are specified in Protection Requirements section of this standard. The throughput
operating times of the telecommunications system is only a portion of that total clearing time.

In order to provide maintainability and operability between the Facility-Owned Interconnection facilities
and Duke Energy, tele-protection terminal equipment such as transfer trip units shall be functionally
compatible. "Tone' equipment must be of the same manufacturer and type. The need or implementation
of peripheral capabilities such as signal counters, test switches, etc. are not required to be identical to
those used at Duke Energy facilities. Duke Energy prefers the use of terminal equipment that is the
current Duke Energy standard for the control application. Duke Energy will consider the use of
alternative equipment and/or technologies as proposed by the Facility Owner as long as the equipment
is suitable for the purposes of the control application required

TECP-EGR-TRM-00078 Rev. 003 (07/2024) Page 21 of 25

© 2024 Duke Energy



d~ DUKE
T ENERGY.

AUTHORIZED COPY

9. COSTS INCURRED

The Facility Owner shall reimburse, pursuant to the OATT where applicable, all costs incurred by Duke Energy
Midwest to provide an interconnection of their Facility to the Transmission System. The costs include but are

not limited to:

1. Each review of the engineering and engineering drawings associated with the Facility.

2. All metering not covered under the OATT of general applicability.

3. All necessary facility modifications on the Transmission System to adequately accommodate the
interconnection of the Facility Owner’s facilities.

4. All communications circuits required for telemetering, protective relaying, and/or voice communications
with the Facility.

5. All protective relaying and devices required for the protection of the Transmission System due to the
addition of the Facility.

6. All protective relaying required for protecting the Facility from faults and abnormal system operating
conditions.

7. Duke Energy Midwest equipment replacements or modifications due to an increase in available short
circuit fault current directly caused by the addition of the Facility Owner’s equipment.

8. Calibration, testing, and maintenance of relays and protective devices provided by the Facility Owner for
the protection of the Transmission System.

9. All telemetering equipment to provide necessary telemetry to the Duke Energy Midwest ECC.

10. All studies performed by Duke Energy Midwest pertaining to the Facility.

10. DESIGN REVIEW

The Facility Owner is responsible for submitting all specifications and detailed plans to Duke Energy Midwest
for review and approval prior to receiving permission to connect to the Transmission System.

Duke Energy Midwest requires notification in letter form for the proposed installation of any Generation,
including an Emergency generator utilizing a make-before-break transfer switch. In order to allow for timely
exchange of information, this notification should be provided during the preliminary planning stages of the
proposed Facility.

10.1.

Notification of Intent

Within at least six (6) months prior to the proposed in-service date of the facility, the Facility Owner is
required to complete and forward a Notification of Intent to Install and Operate Facilities (NIOF) to the
Director, Bulk Transmission Planning with all necessary attachments, which shall include:

1.

A summary signed by the Facility Owner management that provides a general description of the intended
manner of operation for the Facility.

Three copies of drawings and specifications prepared and approved by a registered professional engineer
adequately detailing the Facility location and proposed location of the facilities with respect to the Facility
Owner’s desired Interconnection Point and the appropriate disconnecting devices identified in Section
3.6.

Three copies of a comprehensive single-line diagram prepared and approved by a registered professional
engineer. This information must comprehensively show the Facility Owner’s intended configuration for
operation including switching devices, transformers, protective devices, metering devices, capacitors,
proposed conductor sizes, etc.

Duke Energy Midwest will review the information supplied with the NIOF and provide appropriate
engineering and operational comments and/or concerns that must be addressed and jointly resolved with
Duke Energy Midwest. This review will also include a summary addressing other tangible responsibilities
and associated estimated costs the Facility Owner will incur as reflected in Section 9 of this document.
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10.2. Facility Data/Including Equipment Ratings

At least three (3) months prior to the in-service date, Duke Energy Midwest shall receive the following data
as listed below. If the data is not available three months prior to the in-service date, the Facility Owner
shall provide estimates based on their design information. Such data shall be identified, as "estimated"
and replaced with actual data by the Facility Owner as it becomes available prior to installation.

The purpose of Facility data to be provided to Duke Energy Midwest by the Facility Owner is to ensure
proper coordination to protect against equipment or facility damage, to mitigate safety hazards to utility
personnel and the public, and to minimize disturbances, impairment, or interference with Duke Energy
Midwest’s ability to serve other Transmission System users.

10.2.1. Data on Equipment to be Installed

a. Interrupting Devices and Relays - Complete manufacturer's data for interrupting devices and
relays or fuses used for the protection of the Duke Energy Midwest system and the Facility.

b. Power Transformers - Complete nameplate or test sheet data, including manufacturer, serial
number, high- and low-side voltage taps, kVA ratings, impedance, load loss and no load loss
watts, high- and low-side voltage winding connections, low-side voltage winding grounding (if
used), and high voltage inrush current.

C. Power Capacitors - Location, kV and kVAr rating of capacitor banks, number of units, and
bank configuration.

10.2.2. Data on the Facility protection equipment, including make-before-break transfer switches, fuses,
breakers, relays, relay settings associated with the proposed Facility, and detailed schematic
diagrams of protective relaying proposed for the Transmission System.

Complete manufacturer's data and specifications for make-before-break transfer switches,
including transfer times and conditions of transfer, testing procedures, equipment schematics, and
backup protection.

10.2.3. Information on characteristics of load, such as initial and near future expected load (MW and
MVAR), power factor of such load, voltage level at point of interconnection, and dynamic (Flicker,
Harmonics, etc.) character of such load.

10.2.4. Minimum and maximum required operating voltages.

10.2.5. Generator Data (if applicable):

Type (synchronous, induction, dc with solid-state inverter, etc.)

Nameplate data and ratings, including any rectifying, regulating, or inverting equipment
Harmonic content at full rated output

Detailed Generation Dynamic Performance Data

Real and reactive capabilities at scheduled voltages

® o0 T o

10.2.6. Electric one-lines and schematic diagrams showing the Facility, the Interconnection Facilities, the
Transmission System, and the protective relaying.

11. INSPECTION REQUIREMENTS (EXISTING OR NEW)

Duke Energy Midwest personnel must inspect and approve the Facility before it can be energized. The
inspection will focus on all substation equipment from the first protective fault-interrupting device to the
Interconnection Point. This may include circuit breakers, circuit switchers, power fuses, instrument
transformers, switches, surge arresters, bushings, relays and associated equipment (including battery and
battery chargers). The inspection will consist of a visual inspection of all major equipment as well as review of
required test results.
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12. FINAL DOCUMENTATION

Duke Energy Midwest shall receive final documentation of the Facility that replaces the above specifications
and data submitted for the design review under Section 10.2 once the Facility is ready for operation.

Prior to operation of a Facility, the Facility Owner shall supply to Duke Energy Midwest three copies of all-final
electric one-line diagrams, equipment data, and schematic diagrams. Subsequent revisions affecting the
Facility shall be documented with three copies of the revised electric one-line and schematic diagrams.

13. APPROVALS

Duke Energy Midwest reserves the right to review and approve/accept the equipment used, design,
construction, testing, and maintenance of the protective equipment provided by the Facility for protection of the
Transmission System.

Prior to the connection with, energizing of, or operation of the Facility, the Facility Owner shall obtain approval
from or acceptance by Duke Energy Midwest for the Facility, electrical equipment specifications, and operating
procedures.

Duke Energy Midwest will issue final approval for operation of the Facility. For generators and transmission
interconnections, a signed Interconnection Agreement with Duke Energy Midwest is required for final approval
of the interconnection and before connection of the Facility to the Transmission System. Duke Energy Midwest
reserves the right to refuse operation of the Facility for failure of the Facility Owner to meet any of the
requirements stated herein to Duke Energy Midwest’s satisfaction.

Duke Energy Midwest’s review, approval, or acceptance of the proposed Facility specifications, equipment,
design, and plans shall not be construed as confirming or endorsing the design or warranting the safety,
durability, reliability, adequacy, or otherwise of the Facility Owner’s Facility.

14. SPECIAL PROVISIONS

Special provisions may be made with operators of small power production facilities and other co-generators
pursuant to rules of the Federal and/or State agencies of the applicable regulatory jurisdiction.

15. COORDINATION WITH OTHER CODES, STANDARDS, AND AGENCIES

The information contained in this document is supplementary to and does not intentionally conflict with or
supersede the National Electric Code (NEC) as approved by the American National Standards Institute (ANSI)
or such federal, state and municipal laws, ordinances, rules or regulations as may be in force within the cities,
towns or communities in which Duke Energy Midwest furnishes electric service. It is the responsibility of the
Facility Owner to conform to all applicable national, state, and local laws, ordinances, rules, regulations, codes,
etc.

16. INDEMNIFICATION

The Facility Owner, for itself, its successors, assigns and subcontractors will be required to pay, indemnify and
save Duke Energy Midwest, its successors and assigns, harmless from and against any and all court costs and
litigation expenses, including legal fees, incurred or related to the defense of any action asserted by any person
or persons for bodily injuries, death or property damage arising or in any manner growing out of the use and
reliance upon the information provided by Duke Energy Midwest. Reliance upon the information in this
document shall not relieve the Facility Owner from responsibility for the protection and safety of the general
public.

The use and reliance upon the information contained in this document shall in no way relieve the Facility Owner
from the responsibility to meet NEC and NESC requirements governing their design, construction, operation,
and materials.
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17. VOLTAGE FLICKER CRITERIA AND HARMONIC DISTORTION CRITERIA

This document summarizes Duke Energy Midwest policy on voltage Flicker and harmonic distortion for
customers connected to the electrical system via a Company dedicated transformer or a Customer owned
transformer. The term Company is defined as Duke Energy Midwest. The term Customer is defined as the
Party connected to the Duke Energy Midwest system. Additionally, for inverter-based resources, those Projects
must also meet the Inverter Based Resource Interconnection Requirements as defined by MISO for Duke
Energy Indiana connections and PJM Requirements for Duke Energy Ohio and Kentucky connections.

171.

17.2.

17.3.

POINT OF COMPLIANCE — The point where the Company dedicated transformer or Customer owned
transformer connects to the Company system will be the point where compliance with the voltage
Flicker and harmonic distortion requirements are evaluated.

VOLTAGE FLICKER CRITERIA - The Company requires that the voltage Flicker occurring at the point
of compliance shall remain below compatibility levels in LV systems and below planning levels in MV,
HV, and EHV systems. Acceptance of Flicker emissions by the Facility Owner shall follow IEC 61000-
3-7, “Assessment of emission limits for fluctuating loads in MV and HV power systems.” Compatibility
levels for LV (<1 kV) Flicker are Pst = 1.0 and PIt = 0.8. Planning levels for MV (1kV<V<35kV) Flicker
are Pst = 0.9 and PIt 0.7. Planning levels for HV and EHV (>35kV) are Pst = 0.8 and PIt = 0.6.

The Facility Owner agrees it will adhere to these limits at the 99% compliance level. The Facility Owner
further agrees that under no circumstances will it permit the Facility contribution to voltage Flicker to
exceed the Duke Energy Midwest criteria, whether or not complaints are received or service/operational
problems are experienced on the Duke Energy Midwest sub transmission or Transmission System.
Should complaints be received by Duke Energy Midwest or other operating problems arise, or should
the Facility Flicker exceed the Pst and PIt limits, the Facility Owner agrees to take immediate action to
reduce its Flicker to a level at which Flicker complaints and service/operational problems are eliminated.

Corrective measures could include, but are not limited to, modifying production methods/ materials or
installing, at the Facility Owner’s expense, voltage Flicker mitigation equipment such as a static var
compensator. Duke Energy Midwest will work collaboratively with the Facility Owner to assess
problems, identify solutions and implement mutually agreed to corrective measures.

If the Facility Owner fails to take corrective action after notice by Duke Energy Midwest, then Duke
Energy Midwest shall have such rights as currently provided for under its tariffs, which may include
discontinuing service, until such time as the problem is corrected.

HARMONIC DISTORTION CRITERIA - Duke Energy Midwest also requires that the Facility Owner’s
operation be in compliance with the Duke Energy Midwest Harmonic Distortion Guidelines (see Exhibit
2). These requirements are based on IEEE Standard 519, “IEEE Recommended Practices and
Requirements for Harmonic Control in Electric Power Systems”. In addition, the Facility’s operation
shall not cause interharmonic currents in excess of those limits for even Harmonics.

The Facility Owner agrees that the operation of motors, appliances, devices or apparatus served by its
system and resulting in harmonic distortions in excess of Duke Energy Midwest's requirements will be
the Facility Owner’s responsibility to take immediate action, at the Facility Owner’s expense, to comply
with Duke Energy Midwest's Harmonic Distortion Requirements. Duke Energy Midwest will work
collaboratively with the Facility Owner to assess problems, identify solutions and implement mutually
agreed to corrective measures.

If the Facility Owner fails to take corrective action after notice by Duke Energy Midwest, then Duke
Energy Midwest shall have such rights as currently provided for under its tariffs, which may include
discontinuing service, until such time as the problem is corrected.
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