
11The North American Electric Reliability Counsel (NERC) has adopted a uniform
nomenclature to denote the ability of a transmission network to transfer energy among regions. 
The term “capability” is used for this purpose.  The term “capacity” is not used, since that often
refers to the thermal capability of a facility.
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IV.  TRANSMISSION PLANNING ISSUES

A. INTRODUCTION

This section discusses some of the factors that are important for transmission planning.  These

are reflected throughout the planning studies that Maryland utilities conduct during the normal course

of business to determine the capability of their transmission systems.11  The fundamental purpose of

the transmission system is to provide the ability to move power from the source of generation, which

is often in areas remote from population centers, to load centers.  The capability of the transmission

system to transfer power is limited.  To the extent that the system is not capable of accommodating

all of the desired transactions, production costs will typically increase.  However, excessive power

flows on the system can damage equipment and increase the exposure of consumers to outages,

thereby adversely affecting the reliability of service. 

The ability of the grid to provide transmission service to third parties takes on increased

importance because of structural changes ordered by the Federal Energy Regulatory Commission

(FERC).  Under FERC’s open access transmission orders (Order Nos. 888 and 888-A, which are

discussed in Section III), utilities must provide transmission service to all eligible entities (e.g., other

utilities, power marketers, and independent power producers) and, if capacity is not available,

construct new facilities or operate off-cost generation to provide the transmission service requested.

 In the short run, however, the ability to offer transmission service may be constrained by the facilities

currently in place.

This is important from a planning perspective for determining whether the grid can

accommodate additional capacity transfers, and from an operational perspective for assuming that

day-to-day transactions do not adversely affect reliability.  As a general matter, the transmission
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system is aware only of the energy flows during any given hour.  The ability to provide firm

transmission, which is needed for capacity transactions, reflects the ability of the system to continue

power flows under peak load conditions, even in the face of outages of critical facilities.  

The balance of this section is organized as follows.  Subsection B describes the various types

of transmission planning studies that are prepared.  Next, in Subsection C, we discuss how

transmission limitations are evaluated.  This includes a discussion of the factors used for determining

transfer limits and the use of first contingency conditions for determining limits on power flows. 

Subsection D describes the loop flow problems associated with the operation of interconnected

transmission systems.  These flows could limit the extent to which firm transmission service is

available.  Finally, Subsection E introduces the concept of Available Transfer Capability (ATC).  The

North American Electric Reliability Council (NERC) has developed this standard for determining

what additional commercial transmission transactions are possible on the grid.  Under the FERC’s

Open Access Same-Time Information System (OASIS) order, Order No. 889, utilities must post on

a publicly available internet web site the ATCs that third parties can use in securing transmission

service. 

B. PLANNING STUDIES

The amount of capacity transfers that a transmission system can accommodate is largely a

function of time.  That is, a transmission system may be capable of accommodating an additional

3,000 MW transfer on a given day, but not capable of accommodating any additional transfers with

a five-year term.  In this regard, there are two general frames of time reference for defining

transmission capability that are commonly used in the electric utility industry.  In the planning

horizon, the transmission system is evaluated under a wide range of conditions to determine the

maximum amount of power that can be transferred from one area to another consistent with accepted

transmission planning criteria, and only recallable (i.e., non-firm) and non-recallable (i.e., firm)

transmission service reservations are known.  In the operating horizon, actual system conditions and

scheduled transactions are generally known.  In either case, the capability of the system is generally
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measured in terms of its ability to withstand the loss of the critical system component, and continue

to reliably move power between systems.

There is also a hybrid system evaluation that relates to both the planning horizon and the

operating horizon.  In operational planning studies, the performance of the existing transmission

system is evaluated from a planning perspective, recognizing that new facilities cannot be added in

response to system problems.  Instead, system operators are normally limited to modifying the system

configuration (by switching lines and/or devices such as capacitors in or out), and altering the output

of generating units to reduce flows and/or increase voltages on the system.  Operational planning

studies typically examine system performance during the subsequent one to two years, and are used

to identify system limits, problems, and corrective actions.

C. TRANSFER CAPABILITY

As previously explained in this report, one of the primary benefits of interconnected operation

of electric utilities is that reliability of supply can be enhanced with less generating capacity as

compared to isolated operation.  This results from the fact that a system experiencing an emergency

will likely be able to import power from adjacent systems to replace lost capacity, and assumes that

the transmission system is capable of delivering adequate amounts of capacity during emergencies.

If not, severe system problems may still result. The amount of power that a transmission network can

reliably transfer between two areas is its transfer capability, and is therefore a limit on the amount of

support that one system can receive from another during an emergency over the transmission facilities

that interconnect the two areas.  During normal  system operations, the transfer capability also serves

to limit the ability of a system to import economical sources of energy.  To the extent that the transfer

capability actually limits desired transfers, higher operating costs result.

Before discussing the transfer capability of the transmission network in detail, it is important

to understand the meaning of certain terms that are frequently used to describe the transfer capability.

The terms First Contingency Incremental Transfer Capability (FCITC) and First Contingency Total



12 VACAR-ECAR-MAAC Study Committee 1996 Summer Operating Study, June 1996,
pp. E-2 and E-3.
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Transfer Capability (FCTTC) are commonly used measures of the transfer capability of the

transmission network, and are defined by NERC as follows:12

First Contingency Incremental Transfer Capability (FCITC):

The amount of power, incremental above normal base power transfers, that can be
transferred over the transmission network in a reliable manner, based on all of the
following conditions:

• For the existing or planned system configuration, and with normal
(pre-contingency) operating procedures in effect, all facility loadings
are within normal ratings and all voltages are within normal limits;

• The electric systems are capable of absorbing the dynamic power swings, and
remaining stable, following a disturbance resulting in the loss of any single
electric system element, such as a transmission line, transformer, or generating
unit; and

• After the dynamic power swings subside following a disturbance that results
in the loss of any single electric system element as described in condition 2
above, and after the operation of any automatic operating systems, but before
any post-contingency, operator-initiated system adjustments are implemented,
all transmission facility loadings are within emergency ratings and all voltages
are within emergency limits.

(emphasis in original.)

First Contingency Total Transfer Capability (FCTTC):
 

The total amount of electric power (net of normal base power transfers plus first
contingency incremental transfers) that can be transferred between two areas of the
interconnected transmission systems in a reliable manner based on conditions 1, 2, and
3 in the FCITC definition above.

(emphasis in original.)
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Thus, the transfer capability between two entities or regions can be thought of in two parts:

the base transfer, which is the normal scheduled transfer, and the FCITC, which is the amount of

power in addition to the base transfer that can be reliably transferred. The FCTTC is simply the sum

of the base transfer and the FCITC. Transfer capabilities are generally defined in terms of "first

contingency" criteria, which means that the system is capable of withstanding the most severe loss

of any single generating unit, transmission circuit, or transformer under peak load conditions with the

specified transfer taking place. If actual transfers exceed the FCTTC under the assumed conditions,

then the sudden loss of a generating unit, transmission circuit, or transformer may result in system

operating conditions outside of the allowable range.  This may then cause automatic operation of

protective devices, and lead to cascading outages such as occurred in the New York City blackout

in 1965. The concept of single contingency analysis for planning purposes is analogous to the use of

the N-1 operating principle for system operation purposes.

Transfer capability is generally defined in terms of the amount of power that can be transferred

between two entities, which may be individual utilities, power pools, regions, or sub-regions.

However, an entity is usually interconnected with more than one other entity. Because of the fact that

the performance (and therefore transfer capability) of interconnected systems are affected by each

other, the transfer capability between two systems will be affected by generation, loads, and transfers

of other interconnected systems. It is therefore necessary to make certain assumptions concerning

such factors in order to quantify the transfer capability between two systems, recognizing that the

actual values may be different, particularly for scheduled transfers. 

Transfer capabilities are often presented as “non-simultaneous” limits, which means that

transfers between entities other than the two entities being studied are assumed to be constant and

equal to the base values. Additional studies may be performed to determine the effect of changes in

transfers between other entities on the transfer capability being determined. Such studies may be used

to determine the "simultaneous" transfer capability between two entities over a range of scheduled

transfers between other entities. Because of numerous uncertainties inherent in estimating transfer

capability at any point in time, the values do not reflect absolute and precise limits, but rather are
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somewhat judgmental, based upon numerous operating studies and experience.  The term “import

capability” is sometimes used to refer to the simultaneous transfer capability into an area from all

other areas under an assumed set of conditions.

There are three general classifications of transmission system limitations that affect the amount

of power that can be transferred reliably: thermal limits, voltage limits, and stability limits. The

reliability of the bulk transmission network is also maintained through the use of the "N-1 operation

principle.”  Although the N-1 operation principle further limits the amount of power  that can be

transferred over the bulk transmission network (as compared to the theoretical limit) by holding some

transmission capability in reserve, it is intended to avoid exceeding the limits of the network under

contingency conditions, thereby improving reliability.  While these four concepts are used for

determining the FCTTC, which is also referred to as the Total Transfer Capability (TTC) of the grid

between two areas, the availability of space for further commercial activity is governed by the

Available Transfer Capability (ATC).  This result makes a number of important downward

adjustments to the TTC to ensure reliability and to reflect prior commitments.

1. Thermal Limits

Each transmission line has a maximum amount of power that can flow over it without causing

damage to it. As electricity flows through a transmission line, heat is produced due to the flow of

current through the resistance of the conductor. Electric stoves and resistance heaters employ this

same phenomenon to produce heat. As the current flowing through the conductor increases,

additional heat is produced which causes the temperature of the conductor to increase. If the

conductor becomes too hot, one of two problems may result. First, excessive heat may result in

permanent damage to the conductor. Second, the elongation of the conductor that occurs as a result

of increasing temperature may cause the line to sag below design levels, resulting in increased risk

of injury and damage, as well as line outages.

In order to protect against the problems resulting from thermal overloads on transmission

lines, utilities install relays. A relay senses the amount of power flowing through a transmission line,



13 Rebuttal testimony of Mr. W. G. Thompson, Public Service Commission of Maryland,
Case 9241, Phase II, July 19, 1991, p. 4.

14 For transmission lines, it is normally the flow of reactive power (vars), rather than real
power (watts), that is the primary cause of voltage drop. This is particularly true of large high-
voltage transmission lines, where the reactive component of the line impedance is much larger
than the resistive component. As a result, utilities generally try to minimize the flow of reactive
power over bulk transmission lines. In some instances, real power may be flowing in one direction
of a given transmission line, while reactive power is flowing in the opposite direction. In such
instances, it is possible that the voltage at the end of the line that receives real power may be
higher than at the sending end.
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and operates a circuit breaker to interrupt the power flow on the line if it exceeds the thermal limit

of the line. Because the power will then flow through parallel paths, the loading on such parallel paths

will increase, creating the potential for an overload condition on other transmission lines. If the

system is not properly designed, operated, and maintained, thermal overloads can lead to cascading

outages of transmission lines and system breakup.  The New York blackout in 1965 was caused by

cascading outages resulting from thermal overloads and a failed relay.13

2. Voltage Limits

In order for reliability to be maintained, it is important that voltages throughout the system

remain within an acceptable range at all times. The flow of power through a transmission line

generally results in a voltage drop, so that the voltage at the receiving end of a line is lower than at

the sending end.14  If large amounts of power are transferred over long distances, such as is the case

with the ECAR to MAAC transfers, the bulk transmission system may not be capable of maintaining

adequate voltage at the receiving end (MAAC).

An additional concern with respect to transmission voltages involves changes in voltage as

a result of outages of critical facilities. If a sudden outage of a transmission line occurs, power will

flow over less efficient alternative parallel paths. As a result, the voltage drop occurring on the

transmission system will increase, and there will be an abrupt change in the voltages at the receiving

end. MAAC operating criteria specify a maximum 500 kV system voltage drop of five percent from



15 VACAR-ECAR-MAAC Study Committee 1996 Summer Operating Study, June 1996,
p. D-6.
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pre-contingency to post-contingency conditions.15 Based upon the results of the VACAR-ECAR-

MAAC  Study Committee 1996 Summer Operating Study, this limit is reached when ECAR to

MAAC transfers are approximately 4,300 MW. However, AP reactive limitations and other thermal

limitations are generally more restrictive than this voltage limitation. 

3. Stability Limits

Normally, all generators on an interconnected system operate in synchronism. That is, each

generator operates at precisely the same frequency (60 Hertz in North America). System

disturbances, such as load changes or facility outages, will cause the speed (frequency) of one or

more generators to change relative to other generators. Normally, generator controls will sense such

changes and change the power output of the affected generators to bring them back into synchronism

with the system.

There are two types of conditions under which this will not occur: steady-state instability and

transient instability. Steady-state instability occurs when the system is not capable of returning to

synchronous operation because of excessive power flows.  The speed of some generators changes

relative to others, causing system separation, a breakup of the transmission system, or a blackout.

Transient instability occurs when a major disturbance (such as a short circuit on a transmission line

or the loss of a large generating unit) is experienced, causing generators to oscillate relative to each

other. If the system if not capable of damping the oscillations quickly, for example, by changing the

output of generators, the oscillations will increase, causing large fluctuations in line loadings and

system voltages. The result is the same as for steady-state instability. These events are not now

common in modern transmission networks, primarily because of the planning and coordinated

operations that typify such systems.



16 Cassazza, Shultz & Associates, Inc. Report for the Office of Technology Assessment,
Congress of the United States - Case Studies on Increasing Transmission Access, March 18,
1988, p. II-14.
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It is important to note that the transfer capability of the grid is based upon the minimum value

consistent with thermal, voltage, and stability limits.  Moreover, these limits are dynamic, changing

from moment to moment as system conditions change. 

4. N-1 Operation Principle

The PJM bulk transmission system is normally operated so that the sudden loss of any

component of the system will not result in unacceptable system conditions that threaten reliability.

This is referred to as the "N-1 operation principle."  The N-1 operation principle is applied even in

situations where one or more other system components may already be currently out of service. For

example, if one transmission line is out of service, the N-1 operation principle requires that the system

be capable of withstanding the loss of any remaining component without experiencing unacceptable

system conditions.

The N-1 operation principle is intended to improve system reliability by ensuring that the

thermal, voltage, and stability limits of the system will  not be exceeded under any single contingency

condition. That is, under the N-1 operation principle, there is no single component in the system the

loss of which will cause voltage collapse or system breakup. The N-1 operation principle is a

"preventive" mode of operation, and is used by the great majority of utilities in the United States.16

Under the N-1 operation principle, a portion of the transmission system is effectively held in "reserve"

for emergencies. Where transfers are limited under the N-1 operation principle, its use imposes an

economic penalty on the utilities by limiting economic transfers and forcing the use of more expensive

alternative sources of energy.

The N-1 operation principle can limit transfers between two systems, such as from AP to

PJM, or within a single system such as PJM. In the former case, PJM is limited in the amount of

economy energy that can be imported into the system, causing total operating costs to be higher. In



17 Ibid.
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the latter case, PJM is not able to achieve total economic dispatch of its resources, and therefore must

operate generating units with higher operating costs.

In some situations, a "corrective" mode of operation is employed, in which immediate

automatic action is take in response to and after a particular contingency occurs. A corrective mode

of operation is used when the economic penalty of the preventive mode of operation is great.

However, use of the corrective mode of operation requires the automatic implementation of a specific

protection scheme for each contingency, and results in less reliable service than the preventive mode

of operation.17 

D. EFFECTS OF INTERCONNECTED OPERATION AND PARALLEL FLOWS

The existence of an interconnected AC transmission network allows power to flow freely

between systems. The power flows between systems occur for two different reasons.  In the absence

of any scheduled power interchange between systems (and assuming that each system maintains a

precise balance of generation and loads), power flows between systems will necessarily result because

of the fact that electricity flows through all parallel paths and does not recognize the physical

boundaries between systems. Although the net power flow through all of a system's interconnections

may be zero, this will occur as a result of some interconnections experiencing power inflows while

others experience power outflows. 

The second reason that power flows between systems in an  interconnected network is the fact

that power transfers are generally scheduled between systems, so that the net power flow through all

of a system's interconnections is not equal to zero, but is instead equal to the net scheduled transfer.

These scheduled transfers will also flow through all parallel transmission paths, so that power flows

on many systems in the region may be affected, as well as on the systems of the buyer and seller of

power, even if the buyer and seller are directly interconnected.
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One of the consequences of parallel flows on an interconnected transmission system is that

the operation of a utility's system will be affected by scheduled transfers between other utilities. This

is true even if the first utility is not on a direct path between the latter utilities. For example, transfers

from Ontario Hydro (OH) in Canada to the New York Power Pool (NYPP) have a significant impact

on transmission facilities in PJM, even through PJM is to the south of both OH and NYPP.  

Utilities can determine the extent to which certain transfers impact each individual

transmission system by performing power flow studies which simulate the operation of the

interregional bulk transmission network. The percentage of a scheduled transfer that actually flows

through the interconnections of a particular system or a transmission interface is referred to as the

“response” of that transmission path to the transfer. Table IV-1 below provides the PJM transmission

path responses under 1996 summer operating conditions for several potential transfers. 

Table IV-1 shows that several of the transfers that do not involve PJM members directly still

have a significant impact on power flows through the transmission systems of PJM members. For

example, for a transfer from ECAR to OH, 19 percent of the transfer flows over the AP Eastern

Interface, which would reduce the amount of power that could be imported into MAAC from ECAR.

Thus, a 1,000 MW transfer from ECAR to OH will cause the flows  on the critical PJM-ECAR

interface to increase by approximately 190 MW. This means that the capability of PJM members to

import power from ECAR is reduced by 190 MW during such a transfer, possibly resulting in

increased operating costs and reduced reliability for PJM members if deliveries from ECAR are

restricted.
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Table IV-1

PJM Tie Line Response to Transfers

                    Transfer                                  Percentage Response (+ in, - out)              

 From     To    
AP/PJM

   Interface   

AP/PJM/
  VCAR

  Interface  
PJM-NYPP

     Interface     

ECAR VP  37% -34%    2%

MAAC VP -21% -63%   -8%

ECAR Duke/CP&L  17% -18%    2%

ECAR MAAC  58%  26%    2%

NYPP MAAC  14%    9%  53%

ECAR TVA    8%   -9%    2%

ECAR OH  19%    8% -14%

VP BGE/PEPCO  25%  68%    2%

                        

Source: VACAR-ECAR-MAAC Study Committee 1996 Summer Operating Study, June
1996, pp. B-4 through B-19.

Transfers that cause significant flows on the already heavily loaded PJM-ECAR interface are

of concern to the Maryland electric utilities. Such transfers reduce the amount of power than can be

reliably delivered into Maryland, and therefore restrict access to sources of emergency and economy

power from the west. In some instances, facilities may be installed to reduce the adverse impacts of

parallel path flows. For example, two devices that limit flows on specific transmission lines called

phase angle regulators (PARs) were installed on the PJM-NYPP interface to help control parallel path

flows on other systems caused by transfers between PJM and NYPP.  It should also be noted that

transfers into PJM will affect tie line loadings for other regions. The AP Evaluation of System

Performance filing in FERC Form No. 715 also suggests that substantial parallel flows on its system

have resulted from power transfers between third parties, and that AP has limited control over such

transfers and the concomitant effects on reliability.



18 North American Electric Reliability Council, Available Transfer Capability Definitions
and Determination, June 1996.
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Careful coordination between utilities in planning and operating their respective systems is

critical to their  economic and reliable operation. Significant efforts are undertaken to address

potential operating problems on the interregional bulk transmission network. In addition to internal

studies performed by PJM and its members, PJM (through MAAC) participates with adjacent

reliability councils in performing interregional operating studies. Representatives of MAAC, ECAR,

and VACAR perform joint operating studies twice a year, as do representatives of MAAC, ECAR,

and the Northeast Power Coordinating Council (NPCC). These joint operating studies provide a

valuable forum for the participating systems to identify and address potential problems before they

become critical. 

E. AVAILABLE TRANSFER CAPABILITY

Available Transfer Capability (ATC) is a measure of the transfer capability remaining in the

physical transmission network for further commercial activity over and above already committed uses.

 In 1996, NERC published a paper describing the framework that should be used for determining

ATC18.  According to NERC, a number of principles are important for determining ATC.  Among

other things, NERC found that:

• ATC calculations must produce commercially viable results.  ATCs produced by the
calculations must give a reasonable and dependable indication of transfer capabilities
available in the electric power market.

• The determination of ATC must accommodate reasonable uncertainties in system
conditions and provide operating flexibility to ensure the secure operation of the
interconnected network.

In particular, NERC found that in order to apply its precepts, it could be necessary for the

transmission provider to reserve a portion of the transmission network’s transfer capability in the

form of a Transmission Reliability Margin (TRM) and a Capacity Benefit Margin (CBM).
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The first step in the determination of the ATC is the derivation of the network’s Total

Transfer Capability (TTC).  This is essentially identical to the First Contingency Total Transfer

Capability (FCTTC) that was described above.  ATC is then defined as TTC less TRM and other

existing commitments.  These would include any previous commitments and the capacity benefit

margin.  In the case of PJM, for example, committed uses would include PEPCO’s 450 MW purchase

from Ohio Edison and the reservation of 3,500 MW that the Pool reserves for all its members.

Mathematically, ATC is expressed as: 

ATC =  TTC - TRM - Existing Transmission Commitments (including CBM)

The Transmission Reliability Margin (TRM) is defined as that amount of transmission transfer

capability needed to ensure that the network is secure under a reasonable range of uncertainties in

system conditions.  In PJM, the TRM computation involves three factors: (1) the load forecast

uncertainty margin; (2) an unanticipated loop flow margin; and (3) the normal operating margin.  The

load forecast uncertainty margin is included in the computation simply to reflect historic under-

forecasted maximum monthly average loads.  According to Section 2 of the PJM Transmission

Service Request Manual, PJM uses a forecast uncertainty margin of 2.5 percent for the computation

of the ATC a day ahead, and a six percent margin for longer periods.  The unanticipated loop flow

margin reflects the parallel flow problem that was discussed above.   Because such loop flows can

have an adverse effect on system reliability, the ATC computation must provide a buffer to manage

these unpredictable flows.  This margin is computed by comparing historic loop flows with those

reflected in the base case planning models.  Finally, PJM adds a normal operating margin of five

percent.  PJM is considered transmission limited if power transfers exceed 95 percent of the safe

operating point.  This margin is intended to provide a margin against the effects on transmission flows

of instantaneous changes in loads or generation.

The Capacity Benefit Margin (CBM) is defined as that amount of transfer capability reserved

by load-serving entities to ensure access to generation from interconnected systems to meet

generation reliability requirements.  The reservation of CBM thus allows load-serving utilities to
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reduce their installed generating reserves below what would be necessary without access to

generation in interconnected systems.


