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The generator deliverability test for the reliability analysis ensures that, consistent with the
load deliverability single contingency testing procedure, the Transmission System is capable
of delivering the aggregate system generating capacity at peak load with all firm
transmission service modeled. The procedure ensures sufficient transmission capability in
all areas of the system to export an amount of generation capacity at least equal to the
amount of certified capacity resources in each “area”. Areas, as referred to in the generation
deliverability test, are unique to each study and depend on the electrical system
characteristics that may limit transfer of capacity resources. For generator deliverability
areas are defined with respect to each transmission element that may limit transfer of the
aggregate of certified installed generating capacity. The cluster of generators with significant
impacts on the potentially limiting element is the “area” for that element. The starting point
power flow is the same power flow case set up for the baseline analysis. Thus the same
baseline load and ratings criteria apply. The flowgates ultimately used in the light load
reliability analysis are determined by running all contingencies maintained by PJM planning
and monitoring all PJM market monitored facilities and all BES facilities. As already
mentioned the same contingencies used for load deliverability apply and the same single
contingency power flow solution techniques also apply. Details of the generation
deliverability procedure can be found in Attachment C.

One additional step is applied after generation deliverability is ensured consistent with the
load deliverability tests. The additional step is required by system reliability criteria that call
for adequate and secure transmission during certain NERC category C common mode
outages. The procedure mirrors the generator deliverability procedure with somewhat lower
deliverability requirements consistent with the increased severity of the contingencies.

The details of the generator deliverability procedure including methods of creating the study
dispatch can be found in Attachment C.

2.3.10 Light Load Reliability Analysis

The light load reliability analysis ensures that the Transmission System is capable of
delivering the system generating capacity at light load. The 50% of 50/50 summer peak
demand level was chosen as being representative of an average light load condition. The
system generating capability modeling assumption for this analysis is that the generation
modeled reflects generation by fuel class that historically operates during the light load
demand level.

The starting point power flow is the same power flow case set up for the baseline analysis,
with adjustment to the model for the light load demand level, interchange, and
accompanying generation dispatch. The PJM portion of the model is adjusted as well as
areas surrounding PJM that impact loadings on facilities in PIM. Interchange levels for the
various PJM zones will reflect a statistical average of typical previous years interchange
values for off-peak hours. Load level, interchange, and generation dispatch for non-PJM
areas impacting PJM facilities are based on statistical averages for previous off-peak
periods. Thus the same baseline network model and criteria apply. The flowgates ultimately
used in the light load reliability analysis are determined by running all contingencies
maintained by PJM planning and monitoring all PJM market monitored facilities and all BES
facilities. The contingencies used for light load reliability analysis will include NERC TPL
category B and category C, with the exception of the C3 “N-1-1" criteria. NERC TPL

PJM © 2010
Revision 16; Effective Date: 11/18/2010



v 4

Manual 14B: PJM Region Transmission Planning Process
Attachment C: PJM Deliverability Testing Methods

pattern in the remainder of the system is modeled based on a uniformly distributed outage
pattern.

C.7 Generator Deliverability Procedure

1.0

2.0

3.0

Introduction

To maintain reliability in a competitive capacity market, resources must contribute to
the deliverability of the Control Area in two ways. First, energy must be deliverable,
from the aggregate of resources available to the Control Area, to load in portions of
the applicable PJM region experiencing a localized capacity emergency, or
deficiency. PJM utilizes the CETO / CETL procedure to study this “deliverability of
load”. Second, capacity resources within a given electrical area must, in aggregate,
be able to be exported to other areas of PJM that are experiencing a capacity
emergency. PIM utilizes a Generator Deliverability procedure to study the
“deliverability of individual generation resources”. This document provides the
procedure for Generator Deliverability.

Study Objectives

The goal of the PIM Generator Deliverability study is to determine if the aggregate of
generators in a given area can be reliably transferred to the remainder of PIJM. Any
generators requesting interconnection to PJM must be “deliverable” in order to be a
PJM installed capacity resource.

General Procedures and Assumptions
Step 1: Develop Base case

The RTEP base case is developed for a reference year 5 years in the future. All
RTEP identified system upgrades and Supplemental RTEP Projects are included in
the system model. Load is modeled at a non-diversified forecasted 50/50 summer
peak load level reduced by energy efficiency as per the latest load forecast. All
approved firm interchange is included with roll-over rights. Generation and Merchant
Transmission projects that have proceeded at least through the execution of the
Facility Study Agreement stage of the interconnection process are considered in the
model along with any associated network upgrades. The starting point dispatch is
developed as explained in the next step. PJM uses a uniform reduction of generation
in place of discrete forced outages for this test due to the significant bias any one
specific outage pattern can have on the final overload results.

Step 2: Establish initial RTEP dispatch for unit under study

Place all in-service capacity resources (those that have procured capacity delivery
rights) on-line at a generation value equal to their installed capacity x (1 — PJM
average EEFORd). Wind units with capacity delivery rights are derated to their
granted capacity rights (either 13% beginning with the “U” queue or 20% for prior
gueues) representing the combined effects of wind variation and outage
characteristics. The target generation value is the projected load + losses + firm
interchange. (See addendum 1 for treatment of transmission withdrawal and injection
rights). If all in-service capacity resources de-rated by the PJM EEFORd are greater
than the target generation value, then all in-service capacity resources should be
uniformly reduced to meet the target generation value. If all in-service capacity
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resources de-rated by the PJIM EEFORJ is less than the target generation value,
then place all capacity resources with an executed Interconnection Service
Agreement (ISA) on-line at a generation value equal to the installed capacity x (1 —
PJM average EEFORJ). If all in-service and ISA capacity resources de-rated by the
PJM EEFORA are greater than the target generation value, then all these resources
should be uniformly reduced to meet the target generation value. If all in-service and
ISA capacity resources de-rated by the PJIM EEFORJ is less than the target
generation value, then place all capacity resources with an executed Facility Study
Agreement on-line at a generation value equal to the installed capacity x (1 — PJM
average EEFORJ). If all in-service, ISA and Facility Study capacity resources de-
rated by the PJIM EEFORd are greater than the target generation value, then all
these resources should be uniformly reduced to meet the target generation value.

All resource requests in the study queue ahead of the unit under study are set at 0
MW but available to be turned on. The resource request under study is also set at 0
MW but available to be turned on. Resource requests queued after the unit under
study are not modeled. The loading on each transmission line that results from this
dispatch and the application of a contingency is the base loading of the facility. (See
Addendum 2 for treatment of Common Mode Outage Procedures).

Step 3: Determine potential overloads

PJM uses a linear (DC) power flow program to analyze each facility for which PIM is
responsible to determine whether any contingencies can overload the facility
(including comprehensive flowgate-analysis of single, towerline, bus, and stuck
breaker contingencies.). These results are utilized to determine which flowgates will
be used in the generator deliverability analysis. i.e., the program examines each PIJM
flowgate (contingency / monitored element pair) on the entire PIM footprint. The
procedure below explains conceptually how the program works; following the
procedure below would yield the same results as the program. The procedure uses a
load flow set up according to step 2.

Determine the distribution factor for each generator on each flowgate. The
distribution factor for a particular generator is referenced to the PJM online
generation. For each flowgate, multiply the distribution factor of each generator by
the offline portion of the generator to obtain the MW impact the generator would have
on a particular flowgate if it were ramped from its output in the initial load flow to its
full output. This result will be referred to the ramping impact of a particular generator
on a particular flowgate. For all flowgates determine the cumulative ramping impact
of generators with greater than a 1% distribution factor. The total amount of ramped
generation is capped to limit the number of potential overloads to a reasonable
number of the worst impacts. A typical cap for the total ramping is 10,000 MW but
the actual value can vary to establish a reasonable scope for the potential overloads.
For each flowgate, add the cumulative ramping impact to the initial DC loading. If the
resulting DC loading is greater than the flowgate rating, then this flowgate is a
potential overload.

Step 4: Determine 80/20 DC loading

The number of generators having greater than a 1% distribution factor in Step 2 is
often large enough that having them all simultaneously outputting their full installed
capacity would be extremely improbable. As a result, in this step the number of
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Attachment D: PJM Reliability Planning Criteria

The PJM Reliability Planning Criteria consist of multiple standards and applicable planning
principles that include PJM planning procedures, NERC Planning Standards, NERC
Regional Council planning criteria, and the individual Transmission Owner FERC filed
planning criteria. PJM applies all applicable planning criteria when identifying reliability
problems and determining the need for system upgrades on the PJM system. Details of
specific criteria applicable to the various stages of reliability planning are discussed along
with the corresponding discussion of each procedure found elsewhere in this manual.

I.  The PJM Transmission Owners are required to follow NERC and Regional Planning
Standards and criteria as well as the Transmission Owner FERC filed criteria.
References to the various planning standards and criteria can be found at: PJM - NERC
and Regional Compliance and http://www.pjm.com/planning/planning-criteria.aspx.

- ReliabilityFirst Approved Standards will be applied for all ReliabilityFirst
Bulk Electric System facilities.

« SERC Reliability Criteria will be applied to all SERC networked
transmission systems rated 100 kV and higher.

« Transmission Owner standards filed in their FERC 715 filings will be
applied to all facilities included in the PJM Open Access Transmission
Tariff facility list. Also, interconnections to Transmission Owner facilities
are subject to owner standards found at:
http://www.pjm.com/planning/design-engineering.aspx (these are
technical interconnection requirements and do not factor into near-term
and long-term planning analyses.

PJM maintains a list (http://www.pjm.com/markets-and-operations/transmission-
service/transmission-facilities.aspx) of all PJM Open Access Transmission Tariff facilities
along with which facilities are included in the PJM real-time congestion management control
facility list. Both facility lists are referenced in the PJM Reliability Planning Criteria.

II. The PJM Generator Deliverability Procedure and Load Deliverability Procedure will be
applied to all facilities in the PJM real-time congestion management control facility list.

lll. Facilities included in the PJM real-time congestion management control facility list but
not included in the applicable regional council planning criteria as defined in section |
above will be evaluated against the following criteria. For all tests, PIM will not accept a
planned loss of load of more than 300 MW. Attachment D-1 contains a description of the
various load loss types referred to in this document. This criterion is in addition to, not in
place of, each Transmission Owners Planning Criteria as reported in the FERC 715
filing.

1. The loss of any single transmission line, cable, generator, or transformer may not
result in any monitored facility exceeding the applicable emergency rating or
applicable voltage limit. (The applicable emergency rating and voltage limits will
be as defined in PIM Operations.) The single contingency test will be applied as
per the RTEP Generator Deliverability Procedure. (See Attachment C of this PIM
Manual 14B.)
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« The RTEP base case which includes a 5-year horizon system
representation and non-diversified forecasted 50/50 summer peak load
will be used for this analysis.

. System load will be represented at an area or zone wide minimum power
factor of 0.97 lagging as measured at the transmission / distribution
interface point.

« The 300 MW load limit referenced above does not include load that is
immediately restored via automatic switching to adjacent substations.

« Automatic or supervisory switching as proposed by the Transmission
Owner to sectionalize the system for single contingency events must
receive acceptance by PJM Operations.

. During normal conditions with all facilities initially in-service, no
uncontrolled load loss or load loss due to automatic schemes is allowed
for a single contingency event. Consequential load loss is allowed.

After the occurrence of the transmission line, cable, generator or transformer
outage, the system must be capable of re-adjustment such that no facility
exceeds the maximum continuous rating or voltage limits as defined in PIM
Operations.

During maintenance of any single transmission line, cable, generator,
transformer, bus or circuit breaker, the loss of a transmission line, cable,
generator, or transformer may not result in any monitored facility exceeding the
applicable emergency rating or voltage limit (The applicable emergency rating
and voltage limits will be as defined in PJM Operations.) However, for practical
purposes, PJM Planning will only include a specific bus or circuit breaker
maintenance condition in all future analysis if PJM Operations experiences
operational problems as a result of the bus or circuit breaker maintenance
condition.

« Pre-contingency generation redispatch will be considered acceptable for
mitigation of a potential overload or voltage limit.

. This test will be applied at 70% of the diversified forecasted 50/50
summer peak load, as modeled in the RTEP base case, unless the
Transmission Owner provides information to PJM Operations
demonstrating sufficient maintenance windows at a lower load level.

« No cascading or uncontrolled load loss is allowed under any
circumstance.

« Consequential load loss is allowed.

After occurrence of the maintenance outage and the subsequent facility outage
as defined in the previous test #3, the system must be capable of re-adjustment
such that no facility exceeds the maximum continuous rating or voltage limits as
defined in PIJM Operations.

IV. —The PJM Light Load Reliability Analysis Procedure will be applied to all facilities in the

PJM real-time congestion management control facility list.
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Attachment D-1: PJM Reliability Planning Criteria Methods
D.1 Light Load Reliability Analysis

The light load reliability analysis tests the ability of an electrical area to export generation
resources to the remainder of PJM during light load conditions. The export generation is
selected by using the historical mix of generation that operates at the light load level. This
test is applied to ensure that generation capability, including renewable generation capability
that typically operates at light load such as wind, pumped hydro, or other emerging storage
technologies are not "bottled" from a reliability perspective.

The light load reliability analysis, from the perspective of individual generator resources,
ensures that, under light load system conditions, their ability to provide energy to the system
has a probability of not being limited by the typical dispatch of other generation resources
that operate at that demand level, including resources in neighboring systems. The
Generator Deliverability Test and Common Mode Outage procedure have a similar objective
at the summer peak forecast load. While deliverability under all possible system conditions
is not in the purview of the RTEP, analyzing the system performance under this wide range
of forecasted demand levels improves overall deliverability of generating resources.
Consideration will be given to the capacity factor by fuel class during this period, as
described in Table 1. This test does not quarantee that a given resource will be able to
deliver energy at the light load condition. Rather, the purpose is to demonstrate that typical
light load generating capabilities in any electrical area can be run simultaneously, at light
load, and that the excess energy above demand in that electrical area can be exported to
the remainder of PIJM. In short, the test ensures that bottled capability conditions will not
exist at light load, limiting the availability and usefulness of a range of resources available to
system operators, including renewable resources. In actual non-emergency operating
conditions, the economic dispatch serves load.

D.2 Light Load Reliability Analysis Procedure

1.0 Introduction

To maintain reliability and operational flexibility during the light load period, resources
within a given electrical area must, in aggregate, be able to be exported to other
areas of PJM. PJM utilizes a Light Load Reliability Analysis procedure to study the
system performance during typical light load conditions. This document provides the
procedure for Light Load Reliability Analysis.

2.0 Study Objectives

The goal of the PIJM Light Load Reliability Analysis study is to determine if the
aggregate of generators in a given area can be reliably transferred to the remainder
of PJM during light load conditions. Generators requesting interconnection to PJM
must pass this test in order to become a PJM capacity or energy resource.

3.0 General Procedures and Assumptions

Step 1: Develop Base case

The RTEP base case is developed for a reference year 5 years in the future. All
RTEP identified system upgrades and Supplemental RTEP Projects are included in
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the system model. PJM load is modeled at 50% of a non-diversified forecasted 50/50
summer peak load level reduced by energy efficiency as per the latest load forecast.
System Interchanges will be determined by PJM through the use of data, including
statistical averages based on historical data for off-peak load periods for typical
previous years. Generation and Merchant Transmission projects that have
proceeded at least through the execution of the Facility Study Agreement stage of
the interconnection process are considered in the model along with any associated
network upgrades. The starting point dispatch is developed as explained in the next
step. PJM uses a combination of uniform reduction of coal powered generation and
discrete outages for this test.

Step 2: Establish initial RTEP dispatch for unit under study

Existing PJM Resources: Place all in-service nuclear resources on-line at a
generation value equal to their installed capacity. Wind units are derated in the initial
dispatch to 40% of their nameplate capability. Coal units are initially derated
consistent with Table 1. Queued Units in the PJM queue that have an ISA will be
placed on-line consistent with Table 1. The target generation value for each
Transmission Owner (TO) zone in the model is the projected load + losses +
historical interchange for the light load period, as calculated by PJM. If necessary,
coal resources in each TO zone are then uniformly de-rated or increased from the
initial dispatch until the target generation value is met.

Existing MISO Resources: Model all existing wind generation in the MISO area
online at a 100% capacity factor. Sink all MISO generation uniformly to maintain the
target interchange. MISO generation dispatch utilized to serve MISO load will reflect
a typical yearly statistical average for off-peak periods for interchange between MISO
West, Central, and East.

Queued Resources in PIJM and neighboring systems: Model all non-ISA queued
generation offline. Model all ISA queued generation online. If selected by the test
procedure, gueued MISO wind resources will have the potential to be dispatched to
100% capacity factor. Similarly, if selected by the test procedure, queued PJM wind
resources will have the potential to be dispatched to 80%.

For queued interconnection studies, all gueued resources in the study queue ahead
of the unit under study are set at 0 MW but available to be turned on per the
Generator Deliverability procedure and Common Mode Outage test procedure. The
resource request under study is also set at 0 MW but available to be turned on.
Resource requests queued after the unit under study are not modeled. The loading
on each transmission line that results from this dispatch and the application of a
contingency is the base loading of the facility. (See Addendum 2 for treatment of
Common Mode Outage Procedures).

Table 1 — Light Load Base Case

Network Model Current year + 5 base case

Load Model Light Load (50% of 50/50 summer peak)
Nuclear — 100%

Coal >= 500 MW — 60%

Coal < 500 MW — 45%

Capacity Factor for Base Generation Dispatch
for PJM Resources (Online in Base Case)
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QOil = 0%

Natural Gas — 0%

Wind — 40%

All other resources — 0%
Pumped Storage — full pump

Capacity Factor for Base Generation Dispatch

for MISO Resources (Online in Base Case) Wind — 100%

Interchange Values Historical values

Contingencies NERC Category A, B, C (except C3)
Monitored Facilities All PJM market monitored facilities

Step 3: Determine potential overloads

The method to determine potential overloads is similar to the methods used for the
generator deliverability test. Also, the Common Mode Outage procedure is applied
to include the effects NERC Category C events such as bus faults, faulted breakers,
and double circuit towerline outages.

Step 4: Determine 80/20 DC loading

This portion of the test is the generator deliverability procedure except only wind
generation is considered with a maximum ramping from the base dispatch of 40% to
80% of nameplate capability.

Step 5: Determine Facility Loading Adder

This portion of the test is the generator deliverability procedure except only wind
generation is considered with a maximum ramping from the base dispatch of 40% to
80% of nameplate capability.

Step 6: Determine Final Flowgate Loading

This portion of the test is the generator deliverability procedure except only wind
generation is considered with a maximum ramping from the base dispatch of 40% to
80% of nameplate capability.

Attachment D-:’L;: Load Loss Definitions

Uncontrolled Load Loss — Uncontrolled load loss would require operator interaction to
prevent system cascading or to return the system to applicable ratings or voltage limits.
Manual load dump as defined in PIJM Operations would be included in this category. The
PJM Reliability Planning Criteria does not allow for the system design to permit Uncontrolled
Load Loss for any contingencies that are studied.

Examples:
« Voltage collapse

« A facility overload without automatic schemes to drop load and with no
available generation to re-dispatch pre-contingency.
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