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PREFACE 

The Electric Energy Systems Division orgaiizationally reports to the 
Assistant Administrator for Conservation. In turn, the EES division 
has three Assistant Directorates; Systems Management and Structuring, 
Transmission, and Utility Applications. This two volume set results 
from an 18 month research effort sponsored by the Assistant Director 
for Systems Management and Structuring in an attempt to classify and 
rank factors influencing utility expansion. The results of this 
t·esl:!arch were revl.ewed· at a :3 day workshop, and areas for further 
research were suggested. 

Volume 1 contains a workshop Gummary, and the repc.Hts l:;ubmitted by 
Systems Control, Inc. and Power Technologies, Inc. The Systems Control 
report studies the growth of interconnected systems from a historical 
perspective with a view to identifying those factors which led to 
successful interconnection. The Power Technologies' report su~gests 
study procedures and data requirements for large-scale system studies. 

Volume 2 consists of the report submitted by General Electric Company~ 
This report identifies the factors which should be considered in 
planning interconnected systems~ and discusses how these factors 
relate to one another. 

* On October 1, 1977, the Electric Energy Systems Division was trans-
ferred to the Department of Energy under the Assistant Secretary for 
Energy Technology. 
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SUMMARY 

There is perhaps no other planning activity that compares with the 
complexities involved when planning the creation of, or additions to, 
bulk power systems. The size alone of the interconnected power system 
of the United States, which is almost completely interconnected, is one 
characteristi-c alone that indicates the complexity of the task. One 
action, either in operations or planning, will impact on systems hun
dreds of miles away over wide geographic areas and millions of power 
system components. For instance, a generation unit tripped out in New 
York will influence the frequency in Chicago; a power delivery scheduled 
between Tennessee and Ohio will affect the power flows in Ontario, 
Canada; a generating unit system tripped out suddenly in California will 
affect the frequency in Salt Lake City; and the trip-out of a transmis
sion circuit in Ontario cascaded into the major NOrtheast blackout of 
November 9, 1965. 

Power systems also have unique behavior patterns that take them out 
of the realm of common experience when going about the solving of their 
planning problems. For instance, when transmitting electricity from a 
generating plant near Syracuse to New York City, the power flows near 
Phladelphia are affected. As another example, the rotating machinery in 
the Pacific States, Utah, and Colorado have on occasion slowly increased 
and decreased speed together on a cycle of about one minute. In both 
cases, the actions are imperceptible to consumers but are quite notice
able to the operators of the power system. In addition, electric power 
flow in a network is the only commodity that does not go in at one end 
and out the other end of the distribution system with traceable flows. 
In an electrical network we cannot identify which gen!rator is ~roducing 
power for which customers. 

This report will describe the factors involved in planning the 
electric utility system; a system in which every part affects every 
other part in some small, perhaps imperceptible way, and, occasionally, 
in rather large dramatic ways. 

There are no simple approaches to power system planning or even to 
organizing the information about planning. There are a great many 
factors and they are interrelated in their changes and in their effects 
on planning decisions. Their importance in a planning decision has to 
be determined during the planning process, meaning there is an art as 
well as a science to utility planning. 

The approach of this report is to identify, discuss, and provide 
references to important writings about each planning factor. Factor 
trees are used to relate the factors to one another and to the important 
facility addition questions of when, how much, what type, and where. 
These factors are analyzed by relating them to these planning questions 
and to the system measures of reliability and cost. 
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The report begins with an overview of system planning followed by a 
discussion of interconnections, the new system considerations they 
bring, and the factors .in their planning. Gen~ration planning with 
interconnection is reviewed and the many factors analyzed. A discussion 
of the factors involved when planning transmission with interconnections 
completes the report. 

SYSTEM PLANNING OVERVIEW 

The overview of system planning includes the components of electric 
energy; the performance characteristics of electrical bulk-power sys
tems, the types of facilities to be planned, and the relationship of the 
major planning questions to reliability and cost measures. Power gener
ation and storage facilities and the network of transmission circuits . 
are of primary interest. Planning identifies when these facilities will 
be needed, how much capacity will be required, what type of generation 
and what voltage level for transmission should be used, and where should 
the generating units and transmission circuits (including interconnec
tions) be located. The measures of reliability and cost are introduced 
along with the constraints which include financial, interconnection 
coordination, government regulation, public pressure, and fuel. 

The driving force requiring the planning of new facilities is 
electricity demand, its growth, and.its changing pattern use on a daily, 
monthly, and yearly basis. This demand is to be served by the future 
system of generation and transmission facilities composed of the pre
sently existing facilities and any possible future additions. 

Dynamics of Planning 

System planning of utilities is, or should be, a continuing activ
ity, with the current work base~ on the results and experiences of past 
studie~. Also, the system operation after tacilities are placed in 
service influences planning. Planning studies include long range con
ceptual studies to identify strategies in generation mix, transmission 
network growth, and interconnection development. Shorter range studies 
define specific facilities to be constructed and any modifications of 
in-service dates for facilities under construction. 

A future year will be studied many times before the facilities to 
add in that year are selected. Thus, there is a continual learning· 
.process as recent.experiences and replanning of future years bring new 
insights into strategies for reliable and economic expansion. 

Uncertainty 

If there is one word that characterizes the ~ew planning environ
ment, it is "uncertainty". The uncer.tainty in the future demand has 
increased in'the last few years because of the change in the traditional 
growth rate. There is now a wider range of uncertainty which spans the 
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old growth rate of typically seven percent down to the nea~ly zero 
growth rate experienced in 1974 and 1975. Greatly increased lead times 
for new facilities, which are also more uncertain, magnify the impact of 
load growth uncertainty. Drawn out public hearings and the longer 
construction times prevent utility systems from rapidly adapting to tne 
increasing demand. These longer lead times also increase the amount and 
the uncertainties of cost estimates. Also the recent rapid inflation of 
facility and fuel costs have raised the question of whether this new 
inflation rate is the trend of the future or just an aberration of a 
transient nature. 

Public Pressure 

Public pressures have become increasingly important in determining 
where facilities may be located,· what facilities may be constructed and 
the costs and lead times to bring new faciiities on line. Intervenor 
actions and confrontations are i~creasing. Utility plans require more 
documentation, including descriptions.of the planning process and the 
alternates considered and rejected. The diverse interests and values of 
the public make it nearly impossible to determine a plan acceptable to 
all public interest groups. 

Report Focus 

This report focuses on three major topics: 

1. Interconnection Planning 
2. Generation Planning with Interconnections 
3. T~ansmission Planning wit4 Interconnections 

INTERCONNECTION PLANNING 

Interconnections are transmission circuits which cross utility 
service territory boundaries. Their existence requires coordination of 
both utility planning and operation to gain the benefits of reliability 
and economy in extended generation and transmission resources. 

Interconnec~ions, like any other transmission circuits, modify the 
technical performance characteristics of the power generation - delivery 
system. Key performance characteristics are stability, load diversity 
between systems, power flows that appear to. circulate in the network, 
and voltage variations. 

The important factors related to interconnnection planning, are 
reliability and cost measures along with financial, coordination, regul
atory, and public constraints. The most important forty-two specific 
factors were listed on a questionnaire and sent .to system planners in 
both public and private utilities iQ the United States. Forty-eight 
planners with private utilities responded along with four planners with 
government owned utilities. The important factors identified by these 
52 responses (listed in order of importance) are: 
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l. Enhancement of Power Transfer Capability 
2. Lower Investment Costs 
3. Provide Parallel Transmission Reserves 
4. Improve Stability Performance 
5. Increase Purchase and Sales Opportunities 
6. Provide Area Backup Transmission Reserves 
7. Lower Operating Costs 
8. Provide Transmission Reserves for Generating Plants 
9. Mutual Trust Between Neighbors 
10. Reduce Generation Reserve Requirements 

Power Transfer Capability -- Once a utility is interconnnected by 
several tr~nsmission circuits, interconnection planning becomes pri
marily the a~ticipation of future power transfer needs and the selection 
of circuit additions which will maintain or increase the transfer capa
bilities. For instance, power transfer capabilities are decreased by an 
increase in.internal transmission lbading and therefore new interconnec
tion facilities may be needed just to maintain a past capability. Any 
weak transmission links will restrict economic and emergency power 
transfers. 

Investment Costs -- Capital savings are important, especially in 
years of tight budget constraints. Future costs of service include the 
charges on past capital investment .. 

Parallel Transmission Reserves -- Two i~terconnections or more 
provide parallel circuits,for increased power flow during the outage of 
internal transmission circuits. 

Improve Stability Performance -- Interconnections help tighten the 
electrical coupling between rotating generators and machines, keeping 
them running together as a single system. They also disperse sudden 
power changes among a.wider set of generating units. 

Increase Purchase an.d Sales Opportunities -- Shortages or excesses 
of low cost electrical energy can be shared among utilities to their 
mutual benefit in lower. costs .. Also emergencies can be. P.revented from 
affecting customer service by power capacity and energy sales ·from one 
utility to another.· 

Area Backup Transmission Reserve --At the adjacent edges of.two 
utilities, opportunities may exist to reduce transmission investment by 
interconnecting across the boundary rather than building circuits inter
nal to each utility. 

Lower Operating Costs -- Load diversities and alternate fuel sources 
provide ways for.utilities to lower power production costs by increa~ing 
interconnection capacity and coordinating operations. 
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Transmission Reserves for Generation Plants -- Power plants located 
in or near another utility's service territory may have multiple route 
transmission service by installing an interconnection. This benefit 
requires that ·both utilities are already interconnnected so that trans
mission circuits exist to bring the power back to the originating util
ity. 

Mutual Trust Between Neighbors -- Interconnected utilities can 
reduce installed reserves and depend on neighboring utilities for emer
gency and economy power. This dependence on other systems requires that 
neighboring utilities trust each other to provide power when needed and 
when economical and to maintain adequate generation and transmission 
reserves. 

Reduced Generation Reserve Requirements -- Diversity of lo~d and 
generating unit forced outages allow utilities to reduce their installed 
generating capacity reserves as a percent of peak demand. This was one 
of the major factors in first establishing interconnections. But once 
interconnections are-established and the generation reserve benefits 
obtained, this factor apparently drops to lower importance. 

Impact of Interconnections 

Planning of both generation and transmission is based on providing 
adequate and reliable service at minimum cost. The 1960's witnessed a 
great increase in the number of interconnections which reduced installed 
~eserve requirements and lowered system costs. Interconnections brought 
with them the contractual arrangements between neighboring utilities, 
increased coordination of ~lanning and operati~ni and an interdependence 
of utilities on one another. The performance of a particular utility 
now depends on the performance of their neighboring utilities. A dis
turbance in one area, such as the.outage in Canada that caused the 
Northeast blackout of 1965, can set up power flows which, if not pre
pared for, could cause customer service to be interrupted in other areas 
as well. Interconnections have enlarged the area for consideration-when· 
planning: the geographical area, the number of facilities to represent 
during system analysis, the variety of contingencies to consider, and 
the opportunities for cost savings. This interconnected environment 
brought some constraints on the freedom of a utility to plan and control 
its own destiny. But the benefits of mutual, coordinated actions have 
joined utilities together to reach the common goal of lower costs while 
maintaining adequate and reliable service. 

GENERATION PLANNING WITH INTERCONNECTIONS 

Reserve Requirements 

The need for more power generating 
demand growth and reserve requirements. 
mine the reserve requirements and these 

facilities is determined by 
Reliability calculations deter

are sensitive to daily peak 
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demand, energy demands, and the generating unit capacities. Capacities 
vary throughout a year due to forced outages, due to 'output deratings 
because of ambient temperature or component outages, and due to planned 
maintenance. Interconnection can lower installed generation reserve 
requirements, but lower reserves bring new importance to un·certainties 
of peak demand and time of occurrence during the year, of maximum unit 
capacities, of forced outage rates, and of the amount of planned main
tenance required. 

Costs 

The cost o·f generation includes capital investment and production 
costs. Capital investments are based on the costs of facilities under 
construction, the supply of available cap1tal and the resulLartL cosL, _ 
inflationary pressures on labor and capital equipment costs and the 
ability to predict future demand so that the most effective utilization 
of existing and planned facilities is possible. 

Production costs are estimated by simulating the operation of the 
generating system, including energy from uncontrolled sources such as 
run-of-river hydro, from controlled but limited energy sources such as 
pondage hydro, from capacity limited (and sometimes energy limited) 
generation such as coal, oil, gas, and nuclear capacity, and from stor
age facilities such as pumped-storage hydro. Fuel cost and availability 
forecasts and forecasts of power and energy demand are important factors 
in production costing. Uncertainties in fuels and the daily demand 
cycles encourage the diversification of generating types so that a mix 
of units are available. 

Wider Variety of Generation Facilities 

The system planner has an increasing variety of technologies to 
consider for the generation and·delivery of electric power. These 
choices include coal, oil, and gas-fired units, nuclear plants, combus
tion turbines, combined-cycle combustion and steam turbines, cycling 
fossil-fired units for frequent start ups and shutdowns, lignite-fueled 
units, and hydro and pumped-hydro units. The newer technologies on the 
horizon include coal gasification, solar, wind, geothermal, and tide 
facilities. The availability, costs, and performance of these new 
generation types have much greater uncertainties than plant types al
ready in operation. 

While there are many more types of generating units to choose 
among, there appears to be a decreasing number of sites at which to . 
locate these diverse generating sources. Because of government regula
tions and public pressure, the siting of any generating facility now 
includes the uncertainty of public acceptance, especially in populated 
areas where the load is located. 
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Interconnections widen the resources available for emergency and 
economy operation. The power transfer needs for these two functions, 
emergency and economy, become factors in transmission planning. Test 
cases for network planning include power deliveries over the intercon
nections to encompass the needs identified in generation planning. 

TRANSMISSION PLANNING WITH INTERCONNECTIONS 

Power Delivery Requirements 

There is now a wider range of power delivery requirements than were 
experienced up through the 1960's. The traditional uses of transmission 
are for moving power from generator to load, providing reserve for the. 
random variations and the emergency flows after contingencies, and 
increased power flows for economy and fuel conservation. Because of the 
widening differences in the prices of the various fuels for power gener
ation, utilities are experiencing larger energy cost differences with 
their neighbors, providing incentive for more economy power transfers: 
Also, the need to conserve scarce fuels, either due to embargos, strikes, 
or natural limitations has also increased the use of interconnections 
and internal transmission for major power transfers. Delays in the 
construction of power plants on some systems and the higher than usual 
generation reserve experienced by other utilities have also combined to 
cause large amounts of energy to be exchanged between utilities. This 
wide range of uses brings with it the larger uncertainty in the require
ments for the future. These power deliveries depend upon such factors 
as the demand growth, the timely installation of generating equipment, 
and fuel availability, all of which have become very uncertain in the 
1970's. 

A strong transmission network acts as the electric utility's insur
ance policy to provide reserve for a wide range of possible future 
events. The network capacity must grow to keep step with the growth in 
demand and in sizes of power generating units and stations. The uncer
tainty of obtaining rights-of-way for new transmission circuits has 
greatly increased during the past·few years to become an important 
factor in planning the lead time for new transmission circuits. Again, 
demand and generation uncertainties are increasing at the same time that 
the lead times to install new facilities are increasing, thus amplifying 
the requirements for network reserve. 

The measurement criteria for transmission planning are adequacy and 
reliability and costs. Adequacy refers to the ability to delivery power 
during a wide variety of system load, generation, and transmission 
conditions without exceeding a facility's rating. Reliability refers to 
the dynamic performance of the system requiring that the sudden outage 
of a generating or transmission facility should not cause cascading (the 
additional outages of facilities). The factors involved in these tests 
include demand forecasts at locations, generation location, electrical 
network characteristics, generation dispatches, and power transfer 
requirements. 
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Costs 

The major cost component in transmission is the. Cppital invcstm~nt 
in facilities. The minimization of investment costs requires a look 
ahead to some horizon year system when a voltage level may be completely 
developed or a new higher voltage network established. Then using the 
horizon-year system as a guide, the sequence of new circuit additions 
can be determined. Economic evaluation for only one year will not 
indicate the proper network modification for an economic expansion. 
Economics alone, ho~ever, will not identify the best network expansion. 
Many alternate networks have nearly the same investment costs and losses. 
Therefore, intangibles such as flexibility for operation and adaptation 
to less probable but credible demand growth rates and generation siting 
patterns are important factors in transmission and interconnection 
planning. 

WIDER VARIETY OF TRANSMISSION FACILITIES 

Transmission planning involves a wider range of technologies to 
choose between. Alternatives to increase power delivery capacity in
clude adding a new circuit at an existing or higher voltage level, 
series compensation of existing circuits·, direct current transmission, 
generating control equipment, dynamic braking, synchronous condensors, 
selective pole breaker tripping, and fault current limitation. 

RESEARCH NEEDS 

As this project proceeded, several areas for further research were 
identified and are listed following. 

System Planning 

Public Pressures -- The effects of public pressure on the perform
ance of electric utilities need to be quantified,. especially in their 
impacts on the reliability and costs of service to.customers. The new 
importance of this factor increases the need to explicitly include 
delays, regulations, and other results o£ public pressure it in planning 
studies. An_example is the important problem of balancing public pres
sures for local environmental protection with public pressures for 
national goals, such as energy resource management. 

Government Regulation Consequences -- There are needs. for tech
niques which identify the consequences of various governmental regula
tions including environmental laws, fuel controls, land management, 
income tax laws and safety regulations. Methods are needed to estimate 
the additional revenue requirements, cost of electricity to customers, 
that would result from proposed legislation. 

Uncertainties -- The effect~ of the uncertainty need to be quanti
fied for_many of the factors.used in planning. For example, the amount 
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of generation-unit maintenance to be scheduled and the demand while 
maintenance is proceeding are both uncertain when planning. Generating 
units may require an average of six weeks of maintenance, but some 
maintenance will extend past this period while others may be finished 
ahead of time. Maintenance is also scheduled for off-peak times of the 
year, but the_ off-peak time has great v~riations, as witnessed by the 
peak requirements occurring in January 1977, .supposedly an off-peak 
month for summer peaking utilities. 

Important uncertainties are also associated with fuel costs and 
availabilities, with in-service dates for new facilities, with installed 
costs, with demand peaks, with the shape of the daily demand cycle and 
with the shape of the innual demand cycle. 

Faster Solution -- There is a need to reduce the time required for 
an analysis so that more alternatives may be analyzed. Planning analy
sis methods are needed which can rapidly evaluate both reliability and 
production costs of generation and transmission systems, and thus could 
be used to explore many diverse expansion strategies. This exploration 
should be done quickly before the underlying assumptions and forecasts 
of the future are out of date. In this ever-changing world, this means 
that the studies must b~ completed within a few weeks or even days of 
the time that the estimates are prepared. 

These fast methods will of necessity be more approximate than the 
elaborate final planning techniques. ~here is a danger in approxima
tions in that they are appropriate for only a limited number of condi
tions. The possibility then exists that a simple algorithm to study one 
such sit~ation may be used in an entirely different situation and pro
duce the wrong answers. Therefore, highly detailed planning methods 
must also be provided to confirm the accuracy of fast approximations. 

Generation Planning 

Load Shape Variations New load management techniques, either by 
utilities directly or through rate designs bring the need to include the 
shape of the daily load curve in reliability and operation analyses. 
The uncertainty in magnitude and sequence of loads is now only approxi
mated. 

Energy-Limited Capacity -- There is a need to more adequately model 
energy limited capacity such as hydro electric facilities and the newer 
technologies of solar and wind facilities. Improved meth~ds are needed 
for computing the reliability of generating systems containing these 
energy limited facilities and simulating their effects on production 
costs. 

Energy Storage -- Energy storage devices such as pumped-hydro, 
batteries, and compressed air bring new factors for energy planning, 
especially for reliability measurement, but also for operation simula-
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tion. The replacement energy cost and availability are considered, but 
the uncertainty of cost and availability have only been approximated. 

Multi-Area Analysis -- There is a need for generation reliability 
and production costs simulations which can adequately represent the 
multi-area environment in which utilities now plan and operate. These 
analytical techniques would have as their goal the measurement of relia
bility and production costs for individual utilities interconnected with 
several other utilities and operating under various coordination strate
gies. 

Modeling New Generation Technologies -- Each new power generating 
technology presents new challenges to traditional planning t.echniques. 
For example, the variations in generator output from a solar or wind 
generator have not been encountered in previous types of generating 
equipment, and thus traditional planning techniques need extending to 
take into account factors such as these short-cycle capacity variations. 

Transmission Planning 

Quantifying Transmission Benefits -- A strong transmission network 
provides reserves for the uncertainties of occurrences including higher 
demands than expected, delayed generation capacity, and fuel shortages. 
Better methods are needed, however, for quantifying the benefits of this 
transmission reserve. Network reliability procedures have been sug
gested as one way of quantifying transmission strength. Further re
search is needed-to combine the concepts of power transfer capability, 
protection against cascading outages, and network adequacy into a relia
bility measure. 

Generation-Transmission Combined Planning -- Generating; facilities 
which have widely different siting requirements, such as remote nuclear 
plants compared to fuel cells at load-centers, require an analysi.s 
procedure which incorporates both generation and transmission planning 
capabilities. This non-linear ~equential optimization problem has not 
been solved for more than small academic examples. 
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OBJECTIVE 

This work presents an analysis of the factors impacting the plan
ning of electric utility bulk power systems. The principal emphasis is 
on interconnection planning .. Interconnections impact the planning of 
generation and transmission, thus the factors influencing interconnec
tion decisions will be discussed in the context of generation and trans
mission decisions. The objective is to identify all the factors and 
classify them by their use and importance in arriving at a decision. \ 
This work provides source material for understanding the complexities of 
utility planning and will be helpful to individuals wishing to acquire 
a fuller understanding of utility system planning. 

TASKS 

The objective of surveying, analyzi.ng, and organizing the factors 
influencing the planning of electric utility interconnections, and the 
related. generation and transmission decisions, required completing the 
following four tasks. 

1. Identifying the Planning Factors - From our experience in assisting 
utilities in planning the growth of their systems, many of the 
technical ~nd non-technical factors that affect generation, trans
mission, and interconnection decisions were already known. By 
reviewing past studies, specific factors have been identified and 
examples are given to explain their importance. This list of 
factors was expanded by drawing on the experience of electric 
utility planners through the use of interviews and a questionnaire. 
The questionnaire was completed by system planners in 48 investor
owned utilities and four government-owned utilities. 

2. Organizing the Factors and Decision Impacts - There are so many 
factors involved in system planning that an organization procedure 
is needed to help the reader comprehend both the factors and the 
planning decisions they impact. A factor tree concept is provided, 
relating the factors to each other and to expansion planning de
cisions. 

3. Ranking the Importance of the Factors - Certain factors act. contin
uously as measures of a decision, such as costs, while others act 
only as constraint limits, such as a limit of capital availability. 
Therefore, .the discussion includes the classification of factors by 
the way they enter the decision. The ability to quantify a factor 
and the uncertainty about its future value also affects its impor
tance in decisions. Past experience in planning has demonstrated 
that the importance of a factor differs in each specific facility 
planning situation. Thus only a general ranking was possible, 
based on averaging the 52 responses to an interconnection planning 
questionnai~e. These ·results are a major part of Chapter 3. One 
important function of system planning is to identify the important 
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factors in a particular situation. A previously unimportant factor 
may assume a key role. Planning attempts to foresee the new import
ance of factors and avoid surprises. 

4. Fitting the Factors into the Dynamics of System Planning - De
cisions on the growth of an electric utility system are made on a 
continuing basis, generally following a certain sequence of stud
ies. Each study in the sequence focuses on a set of factors. 
Alternate courses of action are hypothesized and examined, and a 
decision is made to continue examining the alternative, to modify 
it, or to completely reject it. Study sequences ·and the factors 
involved arc presented and analyzed to provide the final classifi
cation of the factors. Past procedures and t~ends for the future 
are discussed in the generation and transmission planning chapters. 

REPORT OUTT.TNE 

The flow of the presentation in this report is diagrammed in Fignrf' 
1-l. This introduction leads into a system planning overview, followed 
by interconnection planning, which, in turn, leads to both generation 
and transmission planning which are affected by interconnection plan
ning. 

Chapter 2 discusses the electric utility system aud its system 
behavior characteristics; emphasizing behavior that affects the planning 
of the bulk power generation and transmission system. The system plan
ning process is discussed and tabulated. The dynamics of planning are 
then reviewed. This review includes mention of the types of planning 
studies performed each year and the number of time any particular year 
is planned before its generation and transmission facilities are com
mitted. The fundamental factors of planning are also discussed, includ
ing cost and reliability measures and the planning constraints such as 
financial, technical, governmental, and public pressures. 

Chapter 3 introduces interconnection planning by discussing the new 
system characteristics brought to operation and planning. The when, how 
much, what voltage level, and where planning questions are related to 
the cost and reliability measures and the planning constraints. Forty
two factors associated with cost, reliability, constraints, and coordi
nation are related to each other by factor trees. Factor trees, display 
the relationship of one factor such as reliability to more detailed 
factors which in turn are further related to individual characteristics 
of facilities. These factor trees provide a structure torthe presenta
tion. 

A questionnaire including the 42 factors was completed by 52 system 
planners from utility companies and government authorities. The results 
of these questionnaires are tabulated and presented with pertinent 
discussion of each factor. Using their expressed opinions, these fac
tors were ranked in importance. 
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Chapter 4 deals with the planning of generation (when, how much, 
what type, and where) recognizing the existence of interconnections. 
Selecting the area to study and· the time span is then discussed followed 
by factor trees relating planning to the demand forecast, the existing 
system with future additions, the measurements of cost and reliability, 
and the constraints. The factors relating to reliability and costs are 
explored in detail. Analytical procedures are briefly mentioned and 
referenced before turning to preparing·design alternatives and the 
selection between alternatives. 

Chapter 5 begins a d1scussion of transmission network planning 
(when, how much, what voltage, and where) by reviewing the area and time 
span to be included in studies of interconnected sys.tems. Th~ planning 
questions are then related to reliability ~nd cost measures and con
straints. Major factors in these reliability and cost measures are the 
demand growths at each substation, the new and existing generation 
facilities, the new and existing transmission facilities.· The reliabil
ity (including adequacy) and cost factors are displayed, using factor 
trees, and are related to both analytical techniques and planning pro
cedures. The chapter ends with a discussion of combined generation
transmission planning. 
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INTRODUCTION 

There is perhaps no other planning activity that compares with the 
complexities involved when planning the creation of, or additions to, 
bulk power systems. The size alone of the interconnected power system 
of the United States, which is almost completely interconnected, is one 
characteristic alone that indicates the complexity of the task. One 
action, either in operation or planning, will impact on systems hundreds 
of miles away over wide geographic areas and millions of power system 
components. For instance, a generation unit tripped out in New York 
will influence the frequency in Chicago; a power delivery scheduled 
between Tennessee and Ohio will affect the power flows in Ontario, 
Canada; a generating unit system tripped out suddenly irt Californla will 
affect the frequency in Salt Lake City; and the trip-out of a transmis
sion circuit in Ontario cascaded into the major Noitheast blackout of 
November 9, 1965. 

Power systems C!lso have unique behavior patterns that take them out 
of the realm of common experience when going about' the solving of their 
planning problems. For instance, when transmitting electricity from a 
generating plant near·syracuse to New York City, the power flows near 
Philadelphia are affected. As another .example, the rotating machinery 
in the Pacific States, Utah, and Colorado have on occasion slowly in
creased and decreased·speed together on a cycle of·about one minute. In 
both cases, the actions are imperceptible to consumers but are quite 
noticeable to· the operators of the power system. In addition, electric 
power flow in a network is the· only commodity that does not go in at one 
end and out the other end of the distribution system with traceable 
flows. In an electrical network we cannot identify which generator is 
producing power for which customers.· 

This report will describe the factors involved in planning the 
electricity system; a system in which every part affects every other 
part in some small perhaps imperceptible way, and, occasionally, in 
rather large dramatic ways. 

The need to plan power systems also lacks a "wait a minute" fea
ture, extant in other, physical, systems, to warn us that the system is 
becoming overloaded. For example, when trying to use a telephone system 
during a bui:iy period, a busy signal tells the user to hang up the phone, 
but ·none'of the then users are affected by this call, which, in essence, 
overloaded the system. In an electric power system, however, as more 
and more people use the system beyond the capabilities of1the facili
ties, lights will dim; motors will run a little slower, and then because 
of the excessive demand, ·an interruption (or outage) will ensue. This 
is entirely unlike the last user of a telephone who only has to wait for 
the next opening. When encountering a severely overloaded condition on 
a power system, there must be some rotation of use (a planned, segmented 
blackout) or no one will receive electric service. Loadings must be 
kept within the capability' of the facilities. 
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Planning is the anticipation of system shortages far enough in 
advance to add any required new facilities. Electric utility planners 
have learned to anticipate these shortages so well that brownouts and 
blackouts have been eliminated almost entirely. Construction of new 
facilities can require from three to fourteen years in lead time. This 
report will describe the many factors that are considered by the trained 
and experienced utility planners. This chapter will consider the over
all system planning activity which is often segmented and accomplished 
by a team of planners. Each of the segments will be described in subse
quent chapters and this ·chapter will serve to integrate all of these 
efforts. 

This chapter on system planning will discuss: 

Interconnected Power Systems 
Planning Process 
Dynamics of System Planning 
Fundamental Planning Factors 
Public Acceptance 

The first section on interconnected systems will discuss the char
acteristics of interconnected power systems, the second will describe 
the process used by the industry to plan future systems and the third 
will pose questions that planners attempt to answer and some of the 
restraints on possible solutions. The fourth section, on dynamics, 
illustrates the constantly changing nature of a utility's plan including 
typical planning studies, critical decisions, and refinement of a year's 
plan. The next section discusses fundamental planning factors, and the 
last section discusses a few of the problems of public acceptance of 
utility plans. 

BASIC CHARACTERISTICS 
Electrical Energy 

INTERCONNECTED POWER SYSTEMS 

The electric utility industry- primarily sells electrical energy. 
Energy is the amount of accumulated power produced or demanded over a 
time period and is measured in megawatt hours (millions of watt hours) 
or kilowatt hours (thousands of watt hours). For example, a 100 watt 
light bulb would use 100 watt-hours of energy in one hour or l kilowatt 
hour (kWh) of energy in 10 hours. Electric power has five characteris
tic measures as listed in Table 2-l. A utility supplies its customers 
at a certain voltage, e.g., 110 to 120 volts at the ordinary house 
outlet. The utility alternates the voltage polarity with a certain 
frequency which, in the United States, is 60 cycles per second (60 
Hertz). This alternating voltage produces alternating current when an 
appliance is connected across the terminals. A current and a voltage 
together provide actiye power to the appliance- lighting light bulbs, 
heating food, and rotating motors - the fundamental benefits of light, 
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Characteristic 

Voltage 

Frequency 

Current 

Active Power 

Reactive Power 

j 

Table 2-1 

Characteristics of Electricity 
(for bulk power systems) 

Typical Range and 
Units of Measurements 

100 to 800 kilovolts 

59.9 to 60.1 Hertz 

Variable by demand, amperes 

Variable by demand, megawatts 

Variable by demand, megavars,, 
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heat, and motion. The current and voltage also provide electric motors 
with the reactive power that is needed to provide the electric field for 
them to operate. 

System planning engineers refer to the voltage at various network 
buses, a bus being a terminal of a transmission line. Voltage does not 
flow, but appears at locations in the network. Voltage supplies the 
potential in an electrical system as pressure is the potential in a 
water system. Voltage, even at the same nominal level, may have a 
different value at each location in the network. On a system rated at 
345 kV, the generating plants may have a voltage of 355 kV at the high 
side of their step-up transformer and the voltage at a step-down trans
former located at a substation 30 miles away may be at 347 kV. 

Frequency, or the alternating of the voltage polarity is nearly 
identical across an entire interconnected system. Ideally, if the 
system was in a.calm, steady-state condition, the frequency would be 
identical across the entire system. It is the slight differences in 
frequency between locations that signal the generating components on the 
system to produce more power or to reduce the power. Frequency is an 
information signal across the network informing the electrical component 
of actions taking place everywhere else on the network. More will be 
said about frequency under "synchronism" in the next chapter. 

The use of electric power is accompanied by a flow of electric 
current. As an electrical appliance is turned on, electric current 
flows through it, the amount depending on the demand made by the appli
ance, measured in amperes. Electrical energy delivery then is accom
plished by first providing a voltage, varying at a frequency of 60 
Hertz, and delivering a current flow to satisfy the power demand. The 
power supplied is a product of the voltage and current (measured in 
watts), one watt equaling the power delivered by one ampere flowing into 
an appliance with one volt applied to it. For more details, see basic 
electrical engineering textbooks such as Stevenson, 1962. 

Active power is a primary variable used in system planning. It is 
forecast as demand, used to rate electrical generators, and is the major 
component of electric power flowing out on transmission lines. Active 
power, measured in megawatts, is the rate of delivery of energy. Active 
power lights, heats, and causes motion. 

Accompanying the active power·delivery on all alternating current 
power systems is a second form of power referred to as reactive power. 
It supplies the electric field associated with electric motors and 
electric capacitors. It is best supplied by reactive power equipment 
located close to the demand. For this reason, capacitors are installed 
on distribution lines to supply the reactive power for electric motors 
and other equipment. 
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In the early stages of planning, the electrical demand and genera
tion are viewed as consisting solely of active power, while reactive 
power planning is left for a l~ter stage. Active power, however, cannot 
be delivered over long distances without reactive power supply equ~pment 
at the receiving end. Shortages of reactive supply equipment have 
limited severely the active power transfer capability of systems in 
times of emergency. The May 1967 blackout in the P-J-M system could be 
attributed, in part, to a shortage of reactive power sources. And. the. 
electric power import capability into New England during the oil embargo 
was limited by the lack of sufficient reactive power sources available 
there. Voltage problems can be solved by local reactive power facili
ties but if they are not, they will hamper the system's ability to 
deliver active power. System planners make the assumption initially 
that in a properly designed electric power system, reactive power supply 
facilities will be available to support voltage during the heavy power 
deliveries. 

Energy Storage 

It is difficult to store electric energy. Electrostatic anp elec
tromagnetic fields store energy, but the amount of power that can be 
derived from them for more than a few ,seconds is very limited. There
fore, energy is stored in the form of ·fuel and as water in elevated 
reservoirs, and electrical energy is produced as demanded. Thus capac
ity reserves of both generation and ,transm~ssion facilities take the 
place of inventories in manufacturing processes. 

Diversity 

Diversity is one of the benefits of dealing with a single com
modity. Diversity refers to the lack of coincidence of individual peak 
demands. Because these individual peaks occur at different times, the 
total demand placed on electric power systems is much less than the sum 
of all the individual peaks. For example, distribution planning engi
neers are most familiar with this fundamental fa~t when deriving the 
peak loading on a distribution circuit. A circuit with 10 identica~ 
homes will have a peak demand of only 40 percent of the sum of. the 
individual peak demands. This dramatic reduction is not present when 
large utilities are interconnected. Reductions in the order of 0 to 5 
percent are to be expected. 

For. system planning, diversity (daily, weekly, and seasonal) is 
important in both demand and facility outages. Demand diyersity lowers 
the peak demand when interconnecting large systems, although not nearly 
as much as for distribution circuits. Interconnecting upstate and 
downstate New York takes advantage of the diversity between the upstate 
winter peaking demand and the downstate summer peaking demand, producing 
a combined system with a summer peak lower by approximately five percent 
less than the sum of the upstate winter and downstate summer peaks. The 
interconnection to Hydro-Quebec from New York State is being constructed 
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to take advantage of the diversity between the summer peaking New York 
State System and the winter peaking Hydro-Quebec system. An BOO-mega
watt advantage has been noted and a contract has been written for capac
ity exchanges. The important point is that both systems can lower their 
installed reserves because of diversity in the time of their peak demand. 

Diversity also plays an important role in the reserve to cover 
generation outages. Because of the single-commodity nature of the 
utility business, each generating facility may substitute for any other 
facility connected to a power delivery network, assuming there are· no 
limitations in the network. The primary function of the power network 
is to integrate the demands and generating capacities to take advantage 
of demand diversity and generation outage diversity. Unfortunately, the 
same is not true of transmission. ·Transmission outage diversity·can 
only be marginally overcome by capacity installed elsewhere in the 
network. This will be discussed in more detail later. 

THE BULK POWER SYSTEM 

Facilities considered in bulk power planning include generating 
plants and transmission facilities. Generating plants may be large 
nuclear installations, coal-fired steam plants, oil- or gas-fired plants, 
and some of the, so far, very unusual types of power generation, such as 
wind power, solar power, geothermal power; in fact, any form of energy 
conversion to electricity. Transmission facilities include transmission 
lines, substations, reactive power supplies, and transformers used in 
the delivery of bulk power. When transmission circuits cross utility 
boundaries they are referred to as interconnections in this report. 

In New York State, for example, the generating units and the 345-kV 
network would be considered part of the bulk power system, as would the 
230-kV and the new 765-kV lines. Some of the 115-kV and 138-kV circuits 
would also be considered as part of the bulk system, if any of these 
lower-voltage circuits will influence the design of the highest and 
second highest voltage transmission networks. 

The fundamental test of whether a facility is in a bulk power 
system is: if the performance of that facility affects the service 
reliability at neighboring substations or throughout the service area, 
then that facility should be considered part of the bulk power system. 
Thus, components that are not in the bulk power system are those that 
affect only the reliability of local service. 

PLANNING PROCESS 

PURPOSE 

Bulk-power system planning focuses on the transmission and genera
tion needs of electric utility systems. The process of system planning 
results in a year-by-year listing of the generation and transmission 
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equipment additions for the next ten to thirty years. The goal of such 
planning is to identify the sequence of installation of generating units 
and transmission facilities which will provide the electric utility with 
operating and planning flexibility to serve the future needs reliably 
and at the lowest possible cost to its customers. 

Long-range planning seeks the minimization of the total cost of any 
new change or addition. The plan has to balance today's capital invest
ments with future operating costs. Some facilities have a high instal
lation cost, but a low future operating cost. Others have a low instal
lation cost, but a high future operating cost. Planning has to balance 
the selection of all types of facilities to meet the needs of the par
ticular system. 

Long-range system plans answer the questions: when will additional 
capacity be needed, how much will be needed, what type of fuel should be 
used, what voltage level should be used for transmission circuits, and 
where should these new facilities be located. The questions are shown 
in. Table 2-2. The answers to these questions over a ten to thirty year 
planning horizon provide guidance for specific generation and transmis
sion facility commitments. The commitments for actual hardware are made 
after what is termed short-term planning and design phases, where exact 
specification for purchase and construction are worked out. 

Long-range generation and transmission plans require utility coop
eration. Planning an interconnected electric power system requires that 
the utility planners in the interconnected network coordinate and share 

·proposed expansion plans with one another. Long-range plans, when 
shared with neighboring utilities, begin the process of modifying and 
adapting the individual utilities own planning to bring together a 
completely integrated system, thereby providing the utility customers 
with reliable service at lowest possible cost. 

These long-range plans also provide to public and governmental 
agencies information needed for proposed new legislation and govern
mental cooperation. It is very important that the planning choices are 
made visible to the regulatory commissions and at other public hearings 
so that the full impact of the various alternatives are apparent to all. 
The trend is toward requiring more and more justification for a specific 
facility. Part of that justification will be how well the generator or 
transmission line fits into long-range plans. Those outside the elec
tric utility industry need to be made aware of the long-term conse
quences of the various actions that are demanded of the electric utility 
industry. 

The long-range planning of electric utility systems is particularly 
important because of the long lead times required for building generat
ing plants and transmission lines. Power demands must be anticipated 
years before they occur and action has to be taken now to maintain 
reliable service at low cost in the 1980's and 1990's. The lead time 
question is discussed in detail later in this chapter. 
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Table 2-2 

Bulk-Power S~stem Planning DeGisions 

GENRATING UNITS 

Size: 

Typ.e: · 

In-service date 

Sit i ne 

Active power capacity 

Fuel, conversion cy.cle 

TRANSMISSION AND INTERCONNECTION C.IRCUITS 

AC or DC f~cility 

Location of terminals 

KV design level 

Capacity 

In-service date 

Cost allocation if interconnected 



Long-range planning is also important in assuring that the individ
ual facilities - the generating plants and transmission circuits - fit 
into a system which will operate together. Fluctuations of demand, the 
startup of equipment,. the sudden outages of generating or transmission 
equipment should not cause a system upset. Generation capacity must be 
greater than maximum demand and transmission capacity must be greater 
than the power delivery requirements to demand points. 

Long-range planning is needed to assure expandability. The system 
must be created with the concept that further expansion is anticipated. 
The system for each year· must have built into it the potential to grow 
in several different directions or shapes as the future unfolds with new 
demands, new technologies, and .new limits on environmental resources, 
such as land, air, and water. 

GENERATION PLANNING 

In generation planning, future generating units are added to the 
system's existing units to supply a total system load which is shaped 
similar to historical loads but differs in magnitude depending on the 
load forecast. Transmission capacity is assumed to be sufficient to 
deliver generated megawatts from any generating unit to any load point 
in the system. Therefore, transmission capacity is not represented 
explicity except in terms of its cost and losses, and the load and 
generators are assumed to be all effectively interconnected. Thus, for 
generation planning, we are interested in assuring that the total gener
ating capacity will be greater than the total load rlPmanrl, anrl will 
supply the demand at the lowest possible combination of investment cost 
and operating cost. It is required to have capacity greater than the 
load by an amount. designated as reserve. This reserve is to cover 
uncertainties such as: 

Generation Outages and Partial Deratings 
Load Variance from Forecast 
Maintenance Scheduling 
Delays of New Unit Additions 

Conceptually, generaiion planning may be.viewed on a single graph 
of annual peak load versus years, such as is shown in Figure 2-l. The 
figure shows that the total installed generation is increased each year 
to maintain a sufficient reserve ahead of the forecasted peak demand. 
This conceptual view gives a measure of the capacity addition needed 
each year to maintain a required reserve margin or reliability index, 
such as loss of load probability. Figure 2-2 is the load curve for a 
single day's operation, showing the three operating levels experienced 
by a utility. 

The determination of the type of generation is the next question 
that must be answered. In the base-load level, certain generators are 
operated for the entire day, day after day. In the mid-range level, 
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certain generators are turned on and operated for a good portion of the 
day, but are usually turned off during the night and on weekends. For 
the peaking level, certain generators are operated only during the hours 
of peak demand, such as from 4 PM to 7 PM on a winter's day. The proper 
mix of generating capacity for base, mid-range, and peaking operation is 
determined by planning studies. 

In summary, generation planning focuses on two important questions: 
the capacity needed for adequate reserve margin and the mix of capacity 

.needed for economic operation. 

TRANSMISSION PLANNING 

In transmission planning, the transmission network is strengthened 
to integrate new generating units into the utility system. New genera
tion is useless unless a system is planned to distribute the energy to 
the load points where it is needed. 

The location of generation, as compared to the locations of large 
bulk-power substations serving major loads, become very important in 
transmission planning. Figure 2-3 illustrates a very simple transmis
sion network. Notice that generation is located at two separate loca
tions in the system, and three of the locations are the major substa
tions for power delivery. 

The criteria for planning transmission is to keep each circuit 
capacity above the maximum need. This c:umpares to keeping the total 

·generation capacity above the total demand. In transmission planning, 
each individual circuit has to be treated. A single comparison of total 
transmission system capacity versus total need, i.e., adding up all 
transmission line capacities, has no meaning in transmission planning. 
Instead, each circuit capacity is compared to the maximum transfer needs 
made up of both the normal power delivery requirements and contingency 
conditions. The contingency reserves are to cover the following uncer
tainties: 

Circuit Outages 
Generation Outages 
Load Variation from Forecast 
Maintenance Requirem~nts 
Circulating Power Flows 
Power Wheeling across the System 

These uncertainties require that the transmission network capacity 
have sufficient reserves to meet these contingencies ·without causing 
power shortages. Because spatial aspects, that is, the location and 
relative distances between generation and load locations, play an impor
tant role in transmission plann{ng, different planning methods are used 
here than in generation planning. 
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INTERCONNECTION PLANNING 

Interconnections, or the installation of transmission circuits 
across utility boundaries, influence both generation and transmission 
planning in each of the corporate entities as illustrated by Figure 2-4. 
The installation of an interconnection impacts generation pianning, 
affecting the amount of capacity required, the reser~e, and the type of 
generating capacity required for operation. Interconnection planning 
also has an opportunity to influence generation planning through the 
installation of equipments owned jointly by neighboring utilities, and 
the planning of larger g~nerating units than would be feasible for a 
single utility without interconnections. 

Interconnection planning influences transmission planning by re
quiring major power deliveries away from, or to, interconnection substa
tions and often the addition of circuits on a utility's internal net
work. Also interconnections or the possibility of interconnections 
affect the choice of a higher voltage level, i.e., a utility should 
consider the voltage plans of its neighbors when choosing its own vol
tage level. 

INITIATING PLANNING 

Recall that the goal of system planning is to identify now the 
actions that are necessary to maintain a supply greater than the demand. 
To accomplish this goal the seven questions in Table 2-3 should be 
addressed. The studies initiated by these seven questions will identify 
the system needs to be met by either generation plant or transmission 
facilities or by interconnection. 

The investigation of facility additions is usually brought on by·a. 
forecast of demands exceeding system capabilities or by studies indicat
ing that increased capacity will lower revenue requirements. 

The planning sequence begins with the identification of the need to 
modify the system, either due to demands exceeding capabilities or an 
economic advantage to be gained by additional capacity. The objective 
of the system planning is to identify what investment action in which 
type of facility would be most economic over the long run. Each study 
will involve a trade-off of today's cost and benefits with benefits and 
some costs of the future. The determination of the new revenue require
ments and the global implications are important questions. 

Planning includes assessing the difficulty of raising capital ·funds 
and the likelihood of increased competition for funds has to be con
sidered. An alternative that appears most economic over the long run 
m~y require more capital than the utility can raise. (Several of the 
utility planners interviewed mentioned this capital budget limitation as 

'-a· ni;ajor factor in today' s planning environment .. ). The next concern is 
\ .. att~ining public approvals for a new facility' an area of increasing 
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Table 2-3 

MAJOR SYSTEM PLANNING QUESTIONS 

1. When will demands exceed the system's capabilities? 

2. What capital investment actions might be taken to increase 
the capabilities? 

3. Will additional capacity decrease revenue requirements? 

4. Which investment action is ·most likely to be globally economic, 
including capitai and operat:lng cost. now ami .iu the fut·urc? 

5. Can the facility be financed? 

6. Can the facility gain public approval? 

7. What new government regulations must be met? 

8. What investment action should be taken now? 
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problems. The increasing number of new articles demonstrates that 
obtaining public approvals will probably become even more difficult in 
the future. And new government regulations are of significant import
ance; particularly related to the environment and to fuels. 

The final ·question in Table 2-3 is a call for action to make the 
investment that should be taken now. 

PLANNING ACTIONS 

Planning future facilities is initated by forecasts of demand 
exceeding system capabilities or by studies indicating lower revenue 
requirements with future additions. This need is perhaps the most 
common but is only one of six system problems listed in Table 2-4. 

The first two refer to the capability to serve peak and energy 
demands which is usually, but not necessarily, supplied by generation 
capacity. The third indicates a power delivery network overload or 
instability problem and is usually overcome by installing transmission 
capacities, such as new lines. Area generating capacity, however, may 
also be used to reduce a transmission deficiency or power system stabil
izers may temporarily reduce the problem. 

The fourth problem states that substation voltages may be too high 
or too low during future operation. Some type of local reactive power 
supply equipment will be required for voltage control or generation or 
transmission capacity in the area. Substation voltages are not usually 

·considered a major bulk power system problem but are included in the 
transmission design phase. 

In the fifth instance, the system freque~cy may vary beyond accept
able limits if the system is not interconnected. This problem may be 
solved by requiring generation with load-following capacity to meet the 
normal fluctuations in demand and the sudden changes in demand if a unit 
trips off. Power frequency controls may be installed on more of the 
generating units, or preferably, interconnections may be installed to· 
limit the system frequency excursions by providing a source of emergency 
power. 

The last problem is tie-line power flows varying beyond acceptable 
limits. NAPSIC (North American Power Systems Ingerconnection Committee) 
has set up guidelines for power flow variations and, in 1976, these were 
being reviewed. This tie-flow problem is considered more of a design 
problem than a system planning problem. Where large power flow varia-. 
tions are encountered, however, and the action requires either opening 
or stengthening the interc~nnection, this problem does then become a 
factor in system, planning . 

. The important point to be made by Table 2-4 ·is that there is ·no 
unique solution to any one of these system problems. This report will 
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Table 2-4 

Possible Actions When Demands Exceed System Capabilities 

FUTURE PEAK DEMANDS EXCEED SYSTEM CAPABILITIES 

Increase generation capability 
Increase interconnection import capability 
Increase energy storage capability 
Modify peak demand using rates, appliance control, government regulations, 

voltage reduction 
Change planning criteria for a short.time 
Prepare operating procerlun~s to rotate service interruptions 

FUTURE ENERGY DEMAND EXCEED SYSTEM CAPABILITIES 

Increase generation capability 
Increase interconnection import capability 

·Reduce energy demand using pricing, government regulation, 
public appeals 

. . 
POWER DELIVERY NETWORK OVERLOAD OR INSTABILITY DURING FUTURE OPERATIONS 

Increase transmission capacity 
Inc~ease generation capacity for local area 
Install metering and control equipment to allow operation closer 

to limits 
Install power system stabilizers on generators 

SUBSTATION VOLTAGES TOO HIGH OR TOO LOW 

Install voltage control equipment locally 
Increase transmission capacity 
Increase local generation capacity 

SYSTEM FREQUENCY VARIES BEYOND ACCEPTABLE LIMITS (Not Interconnected) 

Increase load-following capacity 
Distribute power-frequency control over more. generation 
Interconnect to neighboring systems 

TIE-LINE POWER FLOWS VARY BEYOND ACCEPTABLE LIMITS 
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Increase load-following capacity 
Install power system stabilizers on generators . . 
Distribute power-frequency control over more generation 
Strengthen interconnection so that variations are within limits 
Open interconnection 
Change operating criteria.· More variation may be better, requiring 

less generator control activity 



concentrate on. the first three types of problems - peak demands, energy 
demands, and power network overload or instability. The solution for 
these kinds of problems may be more generation or more transmission; 
either internal or as interconnections and the planner must always be 
aware of the many alternatives available. 

DIFFERENCES 

Earlier in this section on the Planning Process, generation, trans
mission, and interconnection planning were briefly described. To give 
further insight into generation and transmission planning in particular, 
a discussion of the differences between the two planning problems would 
be useful. This discussion will prepare the reader for the detailed 
discussion of specific planning in the following chapters. 

Table 2-5 shows several differences between generation and trans
mission planning. The first and most obvious difference is that genera
tion systems produce power while transmission systems do not. Transmis
sion systems can only move power from one location to another. There
fore, transmission can only be used to solve a generation shortage if 
excess generation can be located and tied into the network. Generation, 
however, can often solve the transmission problem. If an area is short 
of power because of a transmission bottleneck, local area generation may 
be justified. 

\ 

The second difference between generation and transmission is the 
ability to control the loading of the facility. Generation can be 
loaded or dispatched as controlled while a-c,transmission cannot. A 
1000 MW generating plant can be dispatched to the hourly needs of the 
system; that is, its output can be adjusted from perhaps 400·megawatts 
up to 1000 megawatts as system requirements change. A 1000 MW transmis
sion circuit in a network, however, will carry the power as determined 
by its electrical characteristics, resistance and impedance, the elec
trical characteristics of the other transmission circuits around it in 
the system, the generation dispatched at the terminals of the network, 
and the load demand at other terminals in the network. Thus, there is 
no direct way of dispatching the loading on ac transmission circuits 
except for phase-shifting transformers which can be used to control 
power flow on an individual circuit, but they are expensive and bring 
dynamic performance problems. HVDC circuits can be dispatched if there 
is only the one de circuit leading to each control terminal. 

The third conceptual difference between generation ahd transmission 
involves the use of reserve capacity. In generation systems, it is 
economical to turn off generating units when they are not needed for 
supplying load or to meet system reserve requirements. In transmission 
systems, it is economical to leave all circuits in service, even at 
times of low demand. Occasionally, special operating conditions, such 
as high voltages during light loadings, may make it more economical to 
switch off circuits at night. It is not typical to find transmission 
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Table 2-5 

Conceptual Differences Between Generation and Transmission 

GENERATION TRANSMISSION 

l. Produces power. Cannot 

2. Loading (output) can be Cannot 
dispatched. 

3. Economical to turn off when Economical to leave in service. 
not needed. 

4. Single requirement _question. Two requirement questions. 

5. 

6. 
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How much? 
Demand megawatts 

The sum total of generation 
capacities in a system is a 
meaningful quantity for 
plannin.g. 

Economies of scal~.through 
large sizes can be accommo
dated by enlarging system -. 
interconnecting. 

How much? 
Flow megawatts. 
Where? Origin and 
destination. 

The sum of transmission circuit 
capacities has no useful meaning 
for planning. 

Economies of scale th~ough large 
sizes, a new voltage, must be 

. grown into bY the local system. 

'. 



circuits out of service on standby reserve in the same way that genera
tion units may be out of service and on standby reserve. Power system 
losses are reduced by load sharing among transmission facilities, and 
therefore, generally the more facilities in service the lower the trans
mission losses. 

The fourth difference is especially important to planning. Genera
tion is installed essentially to meet a single requirement question. 
That is, how will the demand placed on the generating system compare 
with the available generating capability. This assumes that sufficient 
fuel is available to supply the energy requirements. Transmission 
planning involves two requirement questions. How much flow capacity 
will be required in the future, and where in the system will this flow 
originate and terminate. The presence of the second question "where" 
makes transmission planning more difficult than generation planning. 
Digital computer programs used in .generat_ion planning answer the ques
tion "how much" by comparing two numbers, capacity and demand. The 
application of computer programs to transmission planning. is frustrated 
by. the question of "where"'because there ·are not two system numbers to 
compare. Digital computers have been an essential tool in analyzing 
transmission systems to determine .future network flow patterns and 

\ lately some advances have been made in computer programs to select 
circuit additions based on flow patterns. 

The fifth conceptual difference contrasts the system wide impact of 
generation with the more limited impact of transmission. Generation 
capabilities can be summed together to provide a meaningful value for 

·system planning. In contrast, adding transmission capabilities together 
does not provide a meaningful value for system planning. 

The sixth difference concerns larger sizes of generating units and 
high voltage, and thus larger capacity transmission circuits. The cost 
savings of larger generating units can be obtained by enlarging the 
system using transmission interconnections. Similarly, the cost savings 
of using a higher voltage level for transmission may be indicated if, by 
enlarging the system reserve generation must be transmitted longer 
distances. When generation and load in a certain region have reached a 
large enough size, then a new higher voltage may be introduced economi
cally. In the first few years of the service, however, new transmission 
lines may not be loaded to their full capability. The increased loading· 
on these lines will come with generation additions and load growth. 

One consequence of these differences between generation planning 
and transmission planning, as shown in Table 2-5, is the continual need 
to keep transmission in a region in balance with the generation in a 
region. For example, Figure 2-5 is a sketch of two conceptual capacity 
curves, one for generation and one for transmission. The sketch is 
conceptual, for, although generation capacity can be measured in mega
watts, there is no single number that can be used to measure total 
transmission capability. In 1970, the generation capability in a region 
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may be above the transmission capability. Two years la~er (1972) new 
transmission circuits may have been added while no new generation has 
been added in the region and now transmission capacity is ahead of the 
generation capacity. Different problems are encountered in these two 
different situations. In the first situation, with generation capacity 
ahead of tranpmission capacity, stability problems will be a prime 
concern. A weak transmission system coupled with strong generation 
leads to unstable operating conditions. Later, when transmission capac
ity is strong and generation capacity is less in relation to load, 
generation reserve problems will be the prime concern. 

OPERATIONAL CONSTRAINTS 

Planning future system capability should not proceed without con
sideration of the operational requirements of the system being designed. 
If the planned system is built, it must be possible to operate it satis
factorily. The planner must continually consider whether the system can 
be operated once it becomes actual hardware. 

The goals of the system operator may be paraphrased as: 

Do not interrupt load. Take all possible measures to continue 
serving demand. 
Maintain the integrity of the system. Prevent cascading 
outages even if it requires some ·load interruption. 
Prepare for the rapid return of service in case the load is 
interrupted. 

These three operating criteria form a guideline for planning future 
systems for reliable operation. The planner should ask, "will there be 
very little chance of load interruption without requiring extreme ac
tions?" When generation and demand are out of balance, will there be 
both automatic and manual means to maintain the integrity of the system? 
Can the system as planned be rapidly returned to service in the case of 
load interruption? Specific operating policies have been prepared by 
each utility company and these policies are an important factor in 
system planning. NAPSIC publishes an operating manual for the use of 
its member companies in the United States and Canada. Their basic 
principles speak to the need for planning sufficient capacity that can 
be operated to maintain the balance between generation and demand (NAP
SIC, 1977). 

DYNAMICS OF SYSTEM PLANNING 

Planning studies are being updated and changed continually to 
incorpqrate new forecasts and new facility decisions. Thus planning is 
a dynamic process, adapting continually to changes as they occur. 

To illustrate this continuing process, the following discussion 
will first detail the planning activities for a typical year,.and follow 
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it with an illustration of the number of times a particular.year is 
studied before the planners settle on a definite plan for ·that year. 

PLANNING ACTIVITIES DURING ONE YEAR 

Since it is necessary to assure that any facilities installed in 
the future will fit into an expansion pattern that makes sense in the 
long run, it is necessary to study the long run. In electric utility 
planning, the long run is studying twenty to thirty years into the 
future to fit today's capital expensiture decisions into tomorrow's 
expansion pattern. Then each decision is reviewed continually as the 
planning proceeds toward the in-service status. Delays and changes are 
possible. For instance, a year that ha~ new facilities already con
tracted will have to be restudied if the in-service date of the con
struction has been delayed, with perhaps the addition of some short 
lead-time generation capacity to meet the demand until the scheduled 
capacity is completed. Perhaps a new forecast of load indicates a 
slower load gro~th than had been expected, allowing plants to be delayed 
in construction; or the load forecast may show more rapid growth, re
quiring a speedup in construction schedules where possible or the in
stallation of short lead-time generation. 

The current year's planning will advance the over-all study by one 
year over the past year's study term. For example, in 1976 the study 
term covered may be the years 1979 through 2000. In 1977, the term 
would then be 1980 through 2001. Thus, the study team has before it the 
total years that the utility feels is necessary for proper planning for 
the future. This does not, of course, preclude the study team lengthen
ing or shortening its study term as experience or changing events might 
dictate. 

Since last year's study, new factors and forecasts have become 
available, which will affect the study parameters. Environmental regu
lations and requirements may have come into sharper focus; some may have 
been relaxed and others tightened. A new load forecast is available. 
The cost and performance characteristics of generating and transmission 
facilities may be changed to reflect new information, such as increased 
inflation of installed costs or higher forced-outage rates than fore
casted previously. These ~hanges in forecast are based on actual expe
rience on newly installed facilities and the maintenance and forced
outage data received from the operating department. The new information 
also includes performance records from other utilities, particularly 
those with similar facilities. 

Preparing For Study 

Table 2-6 lists twelve general considerations in preparing for a 
system planning study. Planning studies begin with a review of ~he data 
used in the previous planning studies. Previous expansion studies for 
both generation and transmission become the basis for this year's stud
ies. 
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Table 2-6 

Steps to Prepare for System Planning Studies 

l. Define decisions to be studied. 

2. Define study time span. 

3. Define study area. 

4. Prepare demand and energy forecasts, MW and MWh. 

5. Prepare available technology characteristic fore~asts. 

6. Prepare fuel cost forecasts and availability forecasts. 

7. Prepare facility capital cost forecast~. 

8. State reliability criteria. 

9. State operating rules. 

10. List existin~ generation characteristics. 

ll. List existing bulk-power transmission characteristics. 

12. List specific new facilities to be studied. 

13. Rank the new facilities by social and political acceptability. 
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In the first planning step in Table 2-6, the planners will identify 
the decisions to be studied. The problems to be studied include those 
listed earlier in Table 2-4. 

The second step in Table 2-6 is the definition of the time span the 
study will encompass. Experience has shown that a twenty to thirty year 
span balances the need to demonstrate expandability and flexibility with 
the need to hold down data requirements and manpower·and associated 
costs. A balance must be struck, usually by asking the question, "Will 
a result or cost saving in the year beyond the end of the study be able 
to affect a decision made this year?" Since many generation facilities 
require ten years or more in approval and construction and before they 
go into service, and then will have a significant effect on revenue 
requirements tor the next ten to twenty years of their service life, 
many utilities .are using study periods of twenty to thirty years into 
the future. 

The third step in preparing for a system planning study is to 
define the scope of the study area. For instance, in generation plan
n1ng, 1s 1t time to change from a single company definition to one that 
will include interconnection to another utility. This will be deter
mined, in part, by the contractual relationships that are currently in 
force or are being considered. Power pools face a similar generation 
planning question, whether to include any of the generation from the 
neighboring power pool. Determining a system's boundaries will be 
discussed further in the chapter 6~ generation planning. 

In transmission planning, the study area must account for not only 
the internal network but also any external networks to which it is 
interconnected. The power flows on the internal network will be deter
mined by both internal generation, load, and the network itself and by 
the interconnected generation, load, and network. The study area should 
include the entire interconnected network - the only question is the 
depth of detail. In steady-state studies of network flow, radial por
tions of the network and regions far from the study area may be approxi
mated. At the start of any study an important consideration is whether 
further interconnections have increased the need to represent a larger 
study area in this year's planning studies. 

The next four steps (4 through 7) listed in Table 2-6 prepare the 
different forecasts required in system planning studies. These include 
demand forecasts, available technology forecasts, fuel cost forecasts, 
and forecasts of the installed costs of new facilities. These will be 
discussed in the following chapters. 

Steps 8 and 9 in Table 2-6 call for a review of the reliability 
criteria and operating rules used in previous studies. For generation 
expansion studies, the reliability criteria quite often will be a ''loss
of-load probability," while in transmission planning the criteria will 
be a set of contingencies which all designs must pass to be considered 
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reliable. The operating rules refer to the starting and stopping of 
generating plants, the proper operation for hydro-electric plants, 
maintenance scheduling rules, and environmental discharge rules. 

The final four steps in Table 2-6 refer to a reyiew of the .existing 
generation and t~ansmission within the study area. This should include 
modification of last year's study to reflect any changes in status of 
current or future construction. For example, an 800-MW, fossil-fired 
plant may have slipped one year in completion date. These preparations 
are made and documented as the study proceeds. 

Types of Studies 

The types of studies that a utility might perform during a year are 
listed in Table 2-7. Generation planning studies include reliability, 
production costing, and investment costing, with and without intercon
nections. Transmission network expansion studies include both power 
flow and loss evaluations and investment costing studies, with several 
system definitions and stability evaluations. Transmission planning 
generally involves several layers of study area definitions, perhaps 
beginning as low as a single company and increasing to include neighbor
ing companies, the power pool, neighboring power pools and an entire 
interconnected region. Chapter 5 on transmission plannin.g will detail 
these studies and the factors that are important in them. 

The studies in Table 2-7 will also be performed with varying de
tail, depending on the time frame of the study. For e~ample, in concP.p
tual studies where the mix of generation or a new transmission voltage 
level or a different unit-siting philosphy is to be examined, or perhaps 
even a general expansion direction for a utility, a very general level 
of detail is usually involved. The thought here is to keep the data 
preparation as simple as possible to make the study easy to perform 
repeatedly when investigating many variables with many different values. 
Thus, generating units may be given only one rating, rather than both 
summer and winter ratings and may have just one or two-step incremental 
cost curves, instead of the several steps used in more detailed studies~ 
Transmission networks may be limited to just the bulk system, the high
est two voltage levels, with the third lower voltage level represented 
only where it is the sole interconnection between generation and load. 
For twenty to thirty year look-ahead studies, neighboring systems may be 
represented is only broad-brush terms, except where interconnections are 
the subject of the study. 

The amount of detail in a study should decrease as the distance 
into the future increases. Nearer years should be represented in greater 
detail than those twenty and thirty years in the future. 

The first three to five years of an expansion plan would be done in 
great detail to examine thoroughly the specific facilities about to be 
committed. For example, production simulation of the next four or five 
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Table 2-7 

Types of Planning Studies 

GENERATION PLANNING 

Generation reliabilitY 
Generation production costs 
Generation investment costs 
Generation reliability with interconnections 
Generation production costs with interconnections 
Environmental impact studies 

TRANGtHG!HON I'LANNINC 

Transmission power flow and losses 
Transmission investment costs 
Transmission power flow and losses Within po6l, region and 

eniire interconnection 
Powe~ transfer capabilities 
Power system stability 
Reactive supply 



years on a very detailed hour-by-hour, day-by-day, month-by-month basis 
may be performed to check the operation of the next generating facility. 
In these studies, both fuel costs and the number of startups and shut
downs of all the generating units are of great interest. Conversely, 
the far end of the 20 to 30-year study may require only estimates of the 
total energy output and not require details of individual unit startups 
and specific generator outputs. 

The same increase in detail occurs with transmission system plan
ning. The next five to ten years of transmission networks are set up in 
great detail, year-by-year, and are studied for those conditions that 
past experience has shown are important, plus any that intuition and 
judgment indicate may be growing in importance. This, of course, is an 
important area where years of transmission network planning experience 
come into play to select items that, although they have not been criti
cal in the past, may become critical in the future. These first ten 
years of network studies include in detail the exact plans of the com
pany and its neighbors. Stability, as well as steady-state operation, 
is.checked for summer and winter seasons, off-peak and on-peak condi
tions, and for facility outages, such as the loss of a transmission 
tower~ the loss of an entire transmission right-of-way, and even the 
loss of a substation. This assures that the system either will continue 
to serve all loads during the outages, or at the most, the outage of 
service may be confined to a limited area so that the system may be 
returned to service quickly. 

Listed in Table 2-8 are general types of planning studies that 
might have been made by a typical utility cQmpany in 1976. This is a 
composite from many interviews and experiences with various utility 
companies. It is made up of generation planning studies for the twenty 
year period from 1980 to 2000. These studies were made of the power 
pool of which the utility is a member rather than only the utility 
itself. An expansion plan was developed based on approximately thirty 
different generation-mix studies. A load management study investigated 
the effect of load shape variation on the type of generation to be 
planned, as well as defining the generation plant and noting how the 
load shape would affect the cost forecast and fuel consumptions. A 
study of nuclear mix versus coal fuel costs was performed. A new 1000-
MW pumped-hydro plant was investigated. The generation reserve levels 
were investigated to include the effects of interconnection with neigh
bQring pools, as related to a stand-alone reliability. 

The long-range transmission planning studies, as contrasted with 
the short-term transmission network design studies, included those 
listed in Table 2-8. Conceptual transmission plans ~f the power pool 
from the years 1980 to 2000 were developed, using several different 
siting plans identified in the previous generation studies. Network 
power flow calculations of the entire pool were carried out for the 
years 1978 through 1985, year-by-year, both summer and winter seasons. 
Specific circuit additions and alternates were tested for normal and 
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Table 2-8 

Typical System Planning Stuqies in 1976 

GENERATION PLANNING STUDIES 

Generation Expansion 1980-2000 
Load Management Effects on Fuel and Costs 
Nuclear/coal Plant Mix Versus Coal Price 
New 1000 MW Pumped Hydro Plant 
Various Risk Levels with Interconnection to Neighboring 
Uti.li ti P.S 

TRANSMISSION PLANNING STUDIES 

ConcP.ptual Pool F.xpansion ·1 YRCl-2000 with VariotJS Generation. 
Sites and a Higher Voltage Level 
AC Power Flow Studies of Pool 1978-1985, 1990, 1995 and 
2000, 
AC Power Flow Studies of Reliability Region 1978, 1979, 1980 
and 1985. 
AC Power Flow Studies of Multi-region 1978 and 1980. 
Stability Studies of 1978, 1980, 1985 
Transfer Limit Studies of 1978, 1980. 



outage conditions. Spot checks by network calculations were also made 
in the years, 1990, 1995, and 2000, for the most likely transmission 
pattern selected from the conceptual studies. 

Power flow studies were conducted of the region of which this pool 
is a member. The years 1978, 1979, and 1980 were studied, in detail, 
including power transfer capabilities, and 1985 was studied for the 
normal peak load condition. Also a complete multi-regional power trans
fer study was carried out for 1978, and a new study of a similar nature 
initiated for 1980. These multi-regional studies are being made to 
confirm the ge~eral direction of transmission expansion plans and to 
identify any limitations that may not have been located in regional and 
sub-regional studies. For a further review of the regional reliability 
studies carried out by utilities, refer to. the annual reports of the 
National Electric Reliability Council (NERC, 1975). 

In addition to power-flow studies, utilities conduct system stabil
ity studies, examining the power oscillations occurring after the sudden 
loss of a major transmission circuit or a large generating unit. Trans
fer limit studies identify emergency power delivery capabilities during 
circuit outages. 

Facility Decision Dates 

The goal of planning is to assure that ~resent action decisions 
make economic sense over the long term. What then are the present 
action alternatives. Lead times or major facilities will influence the 
present action decisions. For example, in the present we can only 
continue, delay, or cancel facilities under construction. No new gener
ation or transmission can be placed in service currently whose construc
tion was not begun a sufficient number of years ago. Lead times for 
various generation and transmission facilities are shown in Table 2-9. 
For instance, combustion turbine power plants require action two to four 
years ahead of installation data; transmission circuits require action 
three to ten years in advance; fossil power plants require action six to 
nine years before installation; and nuclear power plants require action 
eight to fourteen years before they are expected to be in service. (See 
NERC, 1974, Fourth Annual Review, page IV-5). Pumped-storage hydro 
plants require action eight or more years before installation. New 
technologies, such. as solar, wind, and storage batteries, appear at 
present to have at least ten years more time in development before 
installations of significant size can be considered for system planning. 

The lead times in Table 2-9 illustrate that a 1977 action for one 
facility, such as a fossil power plant for 1984, may be compared with an 
alternative based on combined-cycle units and combustion turbines having 
perhaps a four or five year lead time, and thus a decision may be post
poned for two more years. Deciding in 1977, however, to not add the 
fossil unit in 1984 effectively closes that alternative for 1984 instal
lation because of its lead time. Combined-cycle units will be an alter-
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Table 2-9 

Critical Decision Dates for 1987 Based on the Lead Times for 
Constructing New Generating Plants and. Transmission Lines 

Average Critic,al 
Decision for 1987 Lead Time Study Ye<~;r 

Nuclear Power Plant 10 yrs. .19)7 

Coal Power Plant 7 yrs. 1980 

Combined Cycle Power Plant 6 yrs. 1981 

Transmission 5 yrs. 1982 

Combustion Turbine Plant 3 yrs. 1984 

Energy Contracts 1 yr. 1986 



native for two more years, and combustion turbines for 1984 will be an 
alternative possible until 1982. 

As the latest NERC annual report (NERC, 1976 a) and electric util
ity trade magazines are reporting, lead times for facilities are length
ening, due to the approval process, installation delays, and continually 
changing environmental regulations for air, water, and waste products. 
There is now more uncertainty in the lead times and these lead times 
vary over wider time frames. As an example, Figure 2-6 shows the proba
bility of in-service by year graphed against the number of years to 
installation of EHV transmission circuits. The figure shows that before 
1972 there was a very good certainty of installing a new EHV transmis
sion line in three years and a 50 percent probability it would take only 
two years. By 1976, a new EHV circuit had a 50 percent chance of taking 
four years from the decision to build until the line goes into service, 
and the uncertainty has spread out to include dates as late as eight, 
nine, or even ten years after the initial decision to build the line. 
Examples are the Keeney-Salem 500-kV aerial crossing of the Delaware 
River, originally scheduled for service in 1971, and the Gilboa-Leeds 
345-kV line in New York 'State, also scheduled for service in 1971. In 
1976, both were still awaiting the outcome of licensing hearings. 

Steam-turbine generator lead times have also been known to vary 
from as short as two years to as long as five years, due to manufactur
ing backlogs caused by the bunching of steam-turbine orders. Generation 
planners are continually in touch with the manufacturers to learn the 
exact dates when an urdt:!r may be placed so that unit delivery will be 
made at the utility's installation 'date. 

YEAR STUDIED MANY TIMES 

Up to now the discussion has been on system planning studies made 
in a particular year, which included decisions to be made in several 
different years in the future. Now turn to a different aspect of plan
ning dynamics which is the number of times a particular year is studied 
as decisions are made. In Table 2-10 is listed a composite example 
based on the experiences of several different utilities. This is a 
fictionalized account to dramatize how one year might be studied many 
times by electric utility system planners. 

The year 1976 was first studied in 1956. This was a generation 
expansion study of production costs only, using a 22 percent reserve 
rule to study the years 1958 to 1978. In that study, a 400-megawatt 
unit was planned in 1976. The next study was made in 1958 of the years 
1960 through 1989. This again was a generation stud~ and considered the 
400-megawatt oil-fired unit for 1976. In 1960, the utility company 
began preliminary studies with its neighbors, contemplating the forma
tion of a power pool. The group of utilities studied 1965 to 1985, and 
decided on an 800-megawatt oil-fired unit instead of the 400-megawatt 
unit. These generation expansion studies were repeated each year with 
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Year 

1956 

1958 

1960 to65 

1964 

1966 and 67 

1967 

1968 to 71 

1970 to 73 

1972 

1974 

1974 

Table 2-10 

Planning Studies of 1976 
(Hypothetical Example) 

Planning Studies Made 

1958-1978 Generation Expansion Study, 400 MW ' 
unit shown in 1976. 

1960-1980 Generation Expansion Study, 400 ·MW 
unit shown in 1976. 

1965-1985 Pool Generation Study, 800 MW unit 
shown in 1976. 

1980 Transmission Study, 345-kV 
Conceptual network beyond 1976. 

1968-1990 Generation Study, 800 MW Nuclear in 
1976. 

1980 Transmission Study, 345 and 765-kV 
Conceptual network beyond 1976. 

1970-1995 Generation Study. Order placed for 
a ... 90.0. MW .nuclear __ p],ant. 

1972-1982 Transmission Study, 345 and 765-kV. 
Detailed conceptual network for 1976. 

1974-2000 Generation Study, 85 MW of Combustion 
Turbine plus 900 MW nuclear unit on 
order. 

1975-2000 Generating Study, no units for 1976. 
(Nuclear plant delayed because of 
licensing hearings.) 

1975 and 1976 Limit Studies, 1976 network 
finalized. 
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no significant change in unit size for 1976. Actually, the study was of 
1980 and it was a preliminary load flow of. a normal peak load case for 
that year made to confirm the general direction for the transmission 
expansion. It showed 345 kV as the highest voltage level necessary. In 
1966, the generation expansion studies, which were now using the loss
of-load probability method for reliability and a much more sophisticated 
production costing simulation, changed the 800-megawatt oil-fired unit 
to a nuclear unit for 1976. In 1967, a transmission study was·made of 
1980, again using 345-kV, as well as a network using 765-kV. In 1968, a 
study of the 1970 to 1995 period confirmed a 900-megawatt nuclear plant 
for 1976. Based on a decision at that point, action began to construct 
the nuclear plant for 1976. In 1970, a network power flow of 1976 was 
included as part of a 1972-1982 sturly. This pnwPr flnw ~hnwP~ 345-kW a~ 

the highest voltage in one plant with an alternate plan based on using 
765 kV. In 1972, the load forecast for 1976 was such that the reliabil
ity calculations indicated a need for about 85 megawatts additional 
capacity. Combustion turbines were studied as a means to stabilize the 
reserve in 1976, but no orders wer:P. placerl. Jn 1.974, plans for combus
tion turbines were tabled due to the decrease in expect.erl lnacl growth. 
By this time, the nuclear unit construction had been delayed one year 
due to licensing hearings~ 1976 was now being studied as having the 
same capacity as 1975. 

FUNDAMENTAL PLANNING FACTORS 

FACTORS 

Up to this point the discussion has been on the characteristics of 
an electrical system that are important in its planning process anrl the 
dynamic nature of the entire process. Now attention should be given to 
some additional planning factors, for the technical constraints are only 
one component of the planning package. 

The general categories of planning factors are illustrated in 
Figure 2-7. This conceptual view of the process will be used again in 
each of the following chapters. The scope of the system t.o be planned 
refers to the need to define the service area ·of the system and any 
neighboring power systems if the utility is interconnected, and how far 
beyond neighboring systems the generation or transmission study must 
encompass. For example, if a utility is not interconnected with another, 
then its gene~ation and transmission planning studies will include only 
the generation and transmission needs in its o~n service area. For most 
interconnected utilities in the United States, however, selecting the 
proper scope of the system to be planned is a very important factor 
affecting the resulting plan. With the advent of the power pool, gener
ation planning involves all the utilities in the pool, and interconnec
tion studies now encompass the neighboring pools. 

The second major factor in power system planning is the forecast of 
the growth in the electricity demand for the planning area. This growth 
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will be detailed by peak forecasts for the years to be studied, as well 
as daily peak demand and hour-by-hour demand throughout each year. 
Transmission studies in 1974 confirmed that the 1975 network, as plan
ned, was sufficient for a new 1976 load forecast, and so no additional 
equipment was committed specifically for 1976. Several 1975 circuit 
additions had been delayed in construction and were now scheduled for 
completion in 1976. Transfer limit studies were·made of 1976 in both 
1974 and 1975 to confirm the reliability and adequacy of the transmis
sion system and to identify bottlenecks for the system operators. The 
nuclear unit scheduled originally for 1976 is now scheduled for 1978. 
With the system loads in 1976 not much above their 1973 values, the 
system experienced no significant load interruptions while operating 
through l<J7n. 

This story of 1976 illustrates 'the many times that a year is stud
ied before a decision is made and how, afterward, the decision is moni
tored and modified as necessary. Future years have been and are being 
studied even more often than 1976 as system planning·methods mature, as 
the uncertainties increase, and as the lead times lengthen. More para
meter variations are being studied over a longer time period. 

A third set of factors encompasses a description of the existing 
system. In generation planning, the listings would include the generat
ing units in the system currently. For transmission planning, the 
existing network would be described. 

A fourth set of factors includes lists of possible future addi
tions. For generation, this list would include future units as they are 
expected to be available. Transmission would include possible future 
networks, taking into account decisions such as whether to use existing 
voltage levels or go to a higher voltage level. Also included in plan
ning for the latter, would be future generation siting. 

The fifth category in planning factors is the constraints placed on 
the system plan: financial, technical, regulatory, public, and fuel. 
Financial constraints include the capital budget and the future operat
ing costs and revenue requirements. Technical constraints can be de
fined as the overall behavior of the electric equipment when connected 
together as as a system. Included are Kirchoff's Laws for network 
flows; the rate-of-change of power delivery that the system can sustain 
and still remain stable; the ability to start and stop generating units 
as demand changes; and the load-following capabilities of the generating 
units when turned on. Regulatory constraints encompass definitions of 
service territory, allowable generation and transmission options, envi
ronmental requirements, land acquisition requirements, and the length
ened lead times caused by regulatory hearings. Public pressures through 
interventions (lawsuits) have delayed and changed utility plans and are 
a new major factor in planning. This factor is discussed later in this 
chapter. Fuel constraints appear as the availability and cost of gas, 
oil, coal, nuclear fuel, and water, as well as the state-of-the-art of 
new types of generation like solar and wind. 
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With these definitions of the system and the increases in demand 
which must be planned for, the planning process considers two factors in 
optimizing the plan. The first is the minimizing of future costs while 
meeting a specified set of reliability measures. The second is to 
maximize the reliability measures subject to cost restraints, usually a 
yearly capita} budget. 

The result is a projected plan.of action over the next ten to 
thirty years. Factored into this search for the optimum plan are the 
experience, judgment, and intuition of the system planners and utility 
executives who review these plans before they are approved. There is a 
discussion phase within the utility company where opinions of various 
individuals are balanced against one another to arrive at a corporate 
position on plans for the future years. There are certain generating 
units and transmission circuits in these plans whose lead times require 
that a decision be made this year. These near-term facilities requiring 
decisions are given a thorough evaluation before they are placed in the 
yearly construction budget. The remaining generating units and circuits 
shown in the long-range plan serve only to .assure that near-term deci- . 
sions fit into a growth possibility. Part of the experience and judg~ 
ment is also related to £itting these elements into a flexible expansion 
plan that contains the most expansion alternatives for the future and 
places the planner in a better position to adapt to future variations in 
demand, fuel, regulatory, and financial constraints. 

COST AND RELIABILITY MEASURES 

Factors that impact bulk power system planning are cost and relia
bility. Costs include both the installed investment costs of facilities 
and the operating cost to be incurred in the future. The cost of gener
ating plants, transmission lines, substation land, circuit breakers and 
many others are included in capital costs of facilities. As the system 
is operated, fuel costs will usually be the largest component of operat
ing cost, but there will also be the costs of maintenance, energy loss, 
and waste management~ 

Reliability refers to the ability of the power system to keep 
serving the demand through almost all conceivable events. These events 
include the normal variations in demand during each day and from season 
to season, the starting and stopping of generation to follow the de
mands, and the planned and unplanned outages of equipment. Reliability 
also includes the ability of the transmission network ~o deliver the 
power from generation to demand regardless of the outages 1 of transmis
sion facilities that may be reasonably expected, whether planned or 
forced. 

A fundamental activity of system planning is se.eking the proper 
balance between reliability and costs. System expansion plans, both 
generation and t.r('!nsmission, are drawn up with the goal of minimizing 
revenue requirements, which include both capital costs and operating 
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costs, while meeting the reliability criteria. With the plans for 
minimum cost given a reliability criteria, the capital requirements in· 
these plans are compared against capital limitations facing the utility 
company. Since about 1973, the capital available in some cases has been 
smaller than the minimum cost plans, requiring that investments in new 
equipment be reduced. The problem then becomes one of minimizing the 
reduction in reliability given the amount of capital to be spent in one 
year. This requires some very difficult judgments on the part of the 
system planner. It may mean postponing the addition of some generating 
units or.the postponement of the addition of a transmission circuit. 
The question, in the case of budgeting capital dollars, becomes one of 
where the system can be cut back for one year with the least jP.opar.rly to 
customer loads and overall system performance. 

The personnel in the utility's operating department would certainly 
warn.both the system planner and the financial executive of the many 
consequences of lowering reliability. Since this would cause overwork 
of the equipment in place, there would be an increase in the number of 
failures, with a resultant increase in maintenance costs. The system 
operators would be running the system in an emergency state, where any 
single incident might cause either a cascading breakup of the system or 
customer interruptions or both. Thus, the system planner has the prob
lem of keeping within the capital budget, while providing a viable 
system for continuous operation with options for expansion in following 
years. 

Reliability and cost must also be balanced within the legal re
quirements and restrictions placed on the utility by the local, state, 
and federal governments. These legal responsibilities of the utility 
are to its customers, its owners and creditors, and its employees. Also 
included are recent legal requirements placed on n~tural resource man
agement, fuels, air, water, and waste "discharges. Land management has 
also brought restrictions on the sites that a utility may consider. 

Cost and reliability are the two important categories of planning 
. and impact the four planning decisions: when will more capacity be 
needed, how much capacity should be installed, what types of capacity 
are needed, and where should it be located. The following discussions 
show how the two planning measures, cost and reliability, impact the 
decisions to build generation, transmission, and interconnections. 

GENERATION PLANNING MATRIX 

The two planning measur~s of cost and reliability relate differ
ently to the individual decisions for generation, transmission, and 
interconnection. In Table 2-ll, cost and reliability relate to the four 
decisions for generation planning: when, how much, what fuels, and 
where to site the units. The relative importance of planning factors 
are indicated by the size of the dot in Table 2-ll. A large dot relates 
the "when" decision to the reliability factor because the need for new 
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generating capacity is triggered by the forecasted demand for electric
ity above the level that the generation can carry reliably. The year in 
which demand exceeds capability is identified by a reliability calcula
tion. How much capacity to install in this shortage year is also strong
ly related to reliability considerations. That explains the medium-size 
dot in the column under the reliability in Table 2-ll. The amount of 
capacity, however, may be increased above that required by reliability 
so that the unit size will fit the system economically. For example, a 
reliability calculation for a utility may show a system de£iciency of 
about 200 MW but because of economies of scale, the utility may select a 
400 to 500 MW unit size which is large enough to serve two years' load 
growth. More commonly today power pools find that the annual load 
growth equals or exceeds the largest unit size available requiring at 
least one large generation unit addition each year. 

The selection of the type of fuel to be used in powering the elec
tric generators is based heavily on cost considerations. That is why in 
Table 2-ll we indicate a large dot in the last column. There may be 
o~casions where fuel selection is based on the reliability of the source 
of fuel or to diversify the types of fuel available on the system. 

The question of siting a new generating plant is almost entirely 
determined by cost factors, such as transmission, cooling water, fuel 
delivery, and land, as indicated by a large dot in the cost column of 
Table 2-ll. Generation reliability considerations are not a factor in 
most siting decisions. 

TRANSMISSION PLANNING MATRIX 

The two basic measures of cost and reliability are related to 
transmission planning as shown in Table 2-12. Again, as in generation 
planning, the timing of the transmission additions, i.e., the year for 
installation, is selected mainly on reliability considerations. The 
amount of capacity or circuit rating installed is based both on cost and 
reliability, thus shown with a check in both cost and reliability col
umns. For example, reliability considerations may indicate that about 
250 MW of power delivery capabilities is needed between two parts of the 
system. Cost considerations, however, may indicate that 1000 MW of 
capacity, a 345-kV circuit, is most economical, since it provides addi
tional capacity for future load growth and transfer requirements at a 
very low cost. The economies of scale for transmission circuits are 
such that it is more economic to install larger circuit capacity than is 
required at any one year. By looking ahead several years, the system 
planner may have determined that additional power t~ansfer capability 
will be needed and that adding increments of transmission capacity each 
year is more costly than adding one large circuit in the first year that 
new capacity is required. 

The voltage levels for transmission circuits are selected ofi a 
basis of cost comparisons as indicated by the third entry in Table 2-12. 
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Table 2-11 

Generation Planning Measures 

GENERATING PLANNING MEASURES 
DECISIONS COST RELIABILITY 

When (year) • • 
How Much Capaciity • • · (unit sizes) 

What Fuels • • 
Where to Site • • 

Table 2-12 

Transmission Planning Measures 

TRANSMISSION 
DECISIONS 

When (year) . 

How Much Capacity 
(circuit ratings) 

· What Voltage 

Where 
(select terminals) . 

PLANNING MEASURES 
COSTS RELIABILITY 

• • 
• • 
• • 
• • 



Continuing to build circuits at an existing voltage level is based on 
cost considerations. The change to a new voltage level, however, is 
based both on cost and reliability factors. Thus, reliability does play 
a small role in determining the voltage levels to be used. 

The location for new transmission circuits by the selection of the 
two terminals for"the circuit is based on both cost and reliability con
siderations. These two factors seem to play an equal role in determin
ing .. the location of new transmission circuits. Power flow calculations 
made t6 determine the reliability of the network will identify the 
generation area or interface where new transmission capacity is needed. 
Cost considerations will identify the specific terminals of the new 
circuit. 

INTERCONNECTION PLANNING MATRIX 

Attention is now focused on interconnection planning and the rela
tion of cost and reliability when making an interconnection decision as 
shown by Table 2-13. Reliability considerations play an important role 
in determinining when to make an interconnection, but cost is also a 
consideration. It is a tradeoff between generation and transmission, 
within a particular power pool or utility, agains the savings and relia
bility improvement possible if an interconnection is made. The capacity 
for the interconnection again is determined equally by cost and relia
bility considerations. Reliability considerations identify both the 
capacity needs in the first year of service and the increasing needs for 
years beyond the installation date. After a minimum capacity is decided 
upon, economy of scale may indicate a larger capacity, which is able to 
meet future needs, is more economical for the system. The voltage level 
for the new interconnection is determined largely by cost considera
tions. The most likely candidate is the highest voltage level already 
in use in the two systems being interconnected. Occasionally, reliabil
ity considerations and the need to transfer large amounts of power may 
indicate that a higher voltage level should be introduced. The location 
for the terminals for a new interconnection is determined equally by 
cost and reliability considerations. The new interconnection to meet 
the reliability requirements must share the load with the other circuits 
in the network, provide back-up capacity in case of outages on other 
circuits, and also be backed-up by network circuits in case of an outage 
on the new interconnection. The cost considerations include both the 
installation costs of the new interconnection and the sharing of this 
cost between the two parties, and also the cost of any additional trans
mission capacity internal to the two systems that may be required to 
make effective use of the interconnection. 

A detailed breakdown of the factors that are included under the 
general categories of cost and reliability for interconnection planning 
is discussed in Chapter 3. 
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Table 2-13 

Interconnection Planning Measures 

INTERCONNECTION 
DECISIONS 

When (year) 

How Much Capacity 
(circuit ratings) 

What Voltage 

Where 
(select terminals) 

PLANNING MEASURES 
COSTS RELIABILITY 

• • 
• • 
• • 
• • 



PUBLIC DESIRES 

Public acceptance has assumed a new importance in recent years and 
perhaps has become one of the major factors in electric utility plan
ning. Therefore in this chapter on system planning factors, public 
acceptance will be discussed in some detail. The more traditional 
constraints of financial, technical, fuel, and regulatory factors will 
be discussed in the following chapters. For example, it is sometimes 
difficult for the public to accept that an important fundamental of 
utility planning is the tradeoff between the large capital expenditures 
during installation and the lesser operating costs resulting later. 
Also, the goal of improved cost savings and reliability over the long 
range would seem to be agreeable to most, the greatly enlarged spectrum 
of conc~rned parties with somewhat diverse goals makes it extremely 
difficult for the utility to arrive at an acceptable plan of action. 
Accordingly'· today' s construction must pass the critical eye of many 
diverse groups in the. public sector instead of only the professionals 
who understand fully the technical aspects involved. 

To justify new facilities requires visible planning. More public 
awareness and understanding is the key to better acceptance. For exam
ples of detailed year-by-year tables of proposed generation installa
tions, transmission circuits, and transmission maps see the reports 
issued by the New York Power Pool (NYPP, 1976). As justification of the 
proposed facility, it is now also necessary to describe alternative 
facilities that were considered and the reasons why they were set aside. 
This requirement to document the planning process is being met by Con··· 
sumers Power Company in Michigan, using decision analysis techniques 
(Esser and Ghose, 1977). 

Researchers in management science have also begun to recognize some 
of these difficulties in quantifying planning. Milan Zeleny in his 
article "Managers Without Mangement Science" (Zeleny, 1975)· notes: 

"Insight, understanding, ranking of priorities and a "feel" for the 
complexity of an area are as important as precise, beautifully 
elegant mathematical models and in fact usually infinitely more 
useful and indeed even more "scientific"; they reflect the reality 
of the manager's universe and of his tasks." 

In summary, decisions base·d on intuition, experienc:e, and judgment 
may be acceptable to the professional as his experience allows him to 
judge the plan for himself. The layman's experience in the field of 
electric utility planning is so limited, however, and utility planning 
is so difficult to comprehend that there appears to he a gulf between 
the utility planner and the public. Utilities have a new public visa
bility, and understanding of their planning procedures needs to be pro
moted. 
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RESEARCH NEEDS 

Public Pressures -- The effects of public pressure on the perform
ance of electric utilities need to be quantified, especially in their 
impacts on the reliability and the future costs of service to customers. 
The new importance of this factor increases the need to explicitly 
include it in planning studies. 

Government Regulation Consequences -- There are needs for analyti
cal techniques which identify the consequences of various governmental 
regulations including environmental laws, fuel controls, land manage
ment, income tax laws, and safety regulations. Methods are needed to 
e$t:i,.mate the additional revenue requirements (cost of elect.ricity to 
customers) that will be required because of various proposals for 
legislation. 

Uncertainties -- The effects of the uncertainty need to be quanti
fied for many of the factors used in planning. For example, the amount 
of·generation-uni~ maintenance to be scheduled and the demand while 
maintenance is proceeding are both uncertain when planning. Generating 
units may require an average of six weeks of maintenance, but some 
maintenance will extend past this period while others may be finished 
ahead of time. Maintenance is also scheduled for off-peak times of the 
year, but the off-peak time has great variations, as witnessed by the 
peak requirements-occurring in January 1977, supposedly an "off-peak" 
month for summer peaking utilities. 

Important uncertainties are associated with fuel costs and availa
bilities, inservice dates for new facilities, installed costs, demand 
peaks, the shape of the daily demand cycle and the shape of the annual 
demand cycle. 

Faster Solutions -- There is a need for planning analysis methods 
which can rapidly evaluate both reliability and production costs of 
generation and transmission systems, and thus could be used to explore 
many diverse expansion strategies. This exploration should be done 
rapidly before the underlying assumptions and forecasts of the future 
are out of date. In this ever-changing world, this means that the 
studies must be completed within a few weeks or even days of the time 
that the estimates are prepared. These methods will of necessity be 
more approximate than the elaborate final planning techniques. But 
there is a danger in approximations. They are appropriate for only a 
limited number of conditions. Thus there is the possibility that a 
simple algorithm to study one such situation may·be used in an entirely 
different situation and produce the wrong answers. For this reason, 
simplified methods in the hands of a skilled planner can produce good 
results, while in the hands of one unfamiliar with electric utility 
planning could produce wrong results. Therefore, highly skilled plan
ning methods must also be provided to confirm the accuracy of fast 
approximations. 
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SUMMARY 

This chapter has discussed the complexity of the electric utility 
planning problem, the nature of electrical energy and the bulk power 
system used to generate and deliver that energy,- the planning process 
from generation, transmission and interconnection viewpoints and some 
significant differences, the initiation of planning and the resultant 
actions. 

The dynamic ever-changing plan illustrated by typical p~anning 
activities in one year and as directed to one year's decisions and a 
preliminary look at some fundamental planning factors. 

The subject of planning complex bulk power systems is designed to 
answer four basic questions: 

When? 
How Much? 
What Kind? 
Where? 

These fundamental questions are answered for generation, transmission 
and interconnection planning. The system' to study must be scoped or 
bounded, electricity demand growth forecasted, the existing system 
defined, future additions identified.and future systems checked using 
the constraints -'-financial, technical, regulatory, public, and fuel --
to arrive at a planning solution. · 

Subsequent chapters will elaborate on interconnection planning and 
then generation planning and transmission planning, both with intercon
nections. 
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INTRODUCTION 

Interconnection of the electric utility systems of the United 
States and Canada is now a well accepted procedure. The previous chap
ter emphasi~ed the size of the electric utility system as one indicator 
of its complexity. Interconnection has increased the size, complexity, 
and problems but, on the other hand, has increased the industry's abil
ity to perform its task of supplying energy in a usable form very reli
ably and at lowest possible cost. 

This chapter on interconnnections planning will discuss: 

Interconnection Definition 
Interconnection Performance Characteristics 
Interconnection Planning Factors 

The definition of interconnections will explain the usefulness of 
interconnections in extending both generation and transmission capabil
ity. ~he decision of performance characteristics will ~xplain some of 
the operational feat~res ·and problems - problems that are unique to 
interconnected systems. The section on interconnection planning factors 
will review the planning questions and factors. The general categories 
of planning factors will be described in detail using factor trees which 
list all factors graphically showing their interrelationships. The 
influence of interconnection on generation planning and transmission 
planning will be introduced to .be thoroughly discussed in Chpaters 4 and· 
5, respectively. 

Finally, the questionnaire on interconnection planning will be 
described. ·This major effort of the study lists some 42 interconnection 
factors which were weighted in influence by 52 utilities participating 
in the survey. Eighteen other factors describing use of interconnec
tions were also evaluated. 

This. chapter will provide the background necessary to understand· 
the effect of interconnections on generation and transmission planning 
which are discussed in Chapters·4 and 5. 

3-1 



INTERCONNECTION DEFINITION 

An interconnection can be defined as a transmission circuit between 
two utilities as shown in Figure 3-1. The interconnection crosses a 
corporate boundary and joins two operating systems. This is in contrast 
to an internal transmission circuit which begins and ends at substations 
owned by the same utility. 

An interconnection further requires that the cost of constructing 
the transmission circuit be allocated between the two-parties. It also 
requires that the two parties agree on the date of installation. For 
example, Utility A may need the interconnection in 1980, while Utility B 
does not require the interconnection until 1982. Utility A may·agree to 
pay the carrying charges, or the costs associated with using capital 
funds and paying taxes on equity earnings and property, for two years or 
the interconnection may be postponed until 198L. The interconnecLion 
will rarely be located equally in both areas. It may be 85 percent in 
the service territory of Utility B, for example. After negotiations, 
the two partie~ agree that' the carrying charges will be split between 
the two companies. Each company will normally own the transmission 
circuit within its own service territory and be responsible for its 
maintenance. 

The utility also negotiates an operating policy, and an agreement 
on how to use the interconnection. For example, in Figure 3-2, the two 
utilities are each serving their own. load with their own generation and 
controlling the tie flow to be zero. The interconnection benefit is the 
backup capacity in case of a sudden generator outage. 

POWER INTERCHANGES 

CouUolled Tie Flow 

For economy or emergency reasons, Utility B may decide to purchase 
20 megawatts from Utility A, Figure 3-3. The power dispatcher for 
Utility B telephones the power dispatcher for Utility A and requests a 
20 megawatt power transfer. They will usually negotiate the price at 
the same time, but if it is an emergency transfer, the price may be 
included in the written contract covering this interconnection. Either 
way, the two dispatchers agree to transfer 20 megawatts at the boundary 
point between the two utilities. A power flow meter will have been 
installed on the interconnection for this purpose. The dispatcher for 
Utility B backs his generation off from the original 62 megawatt di~patch 
to approximately 42 megawatts and at the same time Utility A's dispatcher 
raises the generation in his area from 83 megawatts to approximately 103 
megawatts. Each dispatcher will watch the power flow meter as well as 
the system frequency meter. Figure 3-3 indicates the balanced solution 
with 20 megawatts crossing the service territory boundaries and Utility 
A generating 20.1 megawatts and Utility B, receiving at their load bus, 
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19.8 megawatts. The losses, 0.3 MW are supplied partially by both the 
sender, Utility A, and by the receiver, Utility B. The cost of losses 
will be included in the negotiated price of the contract. 

Free Flowing Tie 

To illustrate the other tie policy, that of a free flowing tie, 
assume that the same two utility companies have agreed to operate under 
one dispatcher. He will set the power generation schedule to minimize 
the economic costs including both fuel and power losses. The dispatch 
shown in Figure 3-3 may then result. The single dispatcher would have 
determined that this is the most economic power delivery schedule. A 
recalculation of the division of costs will have to be made later to 
d~termi!lP hnw tn l'li.vide the generation cost between Utilities A and B. 
This is no simple matter, as illustrated by Happ and Hour, 1975. 

In either event, whether the utilities agree to control the tie 
flow or to operate with.free flowing ties, agreements will be worked out 
to allocate bnth these operating costs and the carrying charges due to 
the inst~]lAtion of a transmission circuit. 

Multiple Ties 

Controlling and coordinating power flows between two companies 
becomes more complex when a network is involved, as in Figure 3-4. In 
this figure the .net power transfer between the two utilities is again 
zero comparable with Figure 3-2. Because there is now a network of 
interconnections, however, there is some power transfer into Qtility B 
and out again as Utility A attempts to move 83 megawatts from its gener
ator at bus A to bus C. The circulating flow of three megawatts compli
cates the operation and thus the planning of interconnected networks. 
(Power does not really circulate as the total power is only taking two 
parallel paths from generator to load. Engineers sometimes call it 
circulating because the power is flowing in a path where they don't want 
it to flow.) Utility B must now plan to make available additional 
transmission capability so that it can operate interconnected with 
Utility A and carry the additional three megawatt burden necessary for A 
to supply :i.ts loads. Utility A does not need as much transmission 
capacity in this case. The burden, three megawatts in Figure 3-4, will 
change from hour to hour and day to day as the network is operated. 
Utilities study, negotiate, and agree on conditions for minimizing this 
burden or make financial adjustments to compensate each other for one 
utility's use of another utility's transmission facilities. A normal 
solution is to admit that at certain times of the year one will be using 
another's lines and at other times of the year, the situation will be 
reversed, netting to a balance requiring no financial payments between 
the two utilities for these circulating flows. These agreements, however, 
do not minimize the complications caused by circulating flows in a 
multi-interconnected system. 
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EXTENDING GENERATION RESOURCES 

The use of interconnections can extend generation resources. In 
most cases, less capacity is needed by the interconnected systems. 
Larger generating units may be used with a savings in investment dollars 
per kilowatt. The units may be jointly or individually owned. A di
versity of energy sources results. 

DEMAND DIVERSITY 

An interconnection makes it possible for two utilities with peak 
demands in different seasons of the year to ta.ke advantage of seasonal 
load diversity. In an example, Figure 3-5, Utility A has a summer peak 
load of 2000 MW and Utility B has a. winter peak load of 1500 MW. If 
these two utilites were to interconnect with sufficient transmission 
capacity, the combined power pool of Utility A and Utility B would have 
a peak load of 3100 MW. Assuming for illustrative purposes that a 20 
percent reserve, or excess capacity, above the peak load is required for 
both utilities, the capacity reqired when the utilities are isolated is 
2400 MW for Utility A and 1800 MW for Utility B as shown in Table 3-1. 
The total capacity required for the two isolated utilities is 4200 MW. 
If sufficient transmission capacity is installed between the two utili
ties, the resulting system peak load of 3100 MW requires only 3720 MW to 
meet the 20 percent reserve rule. The savings in generation capacity 
due to load diversity is thus the different between 4200 and 3720 MW, a 
savings of 480 MW. Daily diversity of peak loads may also provide some 
reduction in installed capacity and there are a few instances when 
hourly diversity within the same day has provided a small ·reduction in 
installed capacity. The major source, however, of capacity reductions 
from load diversity occur with seasonal differences. An example is the 
1977 plan to interconnect the New York Power Pool with Hydro-Quebec, a 
summer peaking system to a winter peaking system. 

OUTAGE DIVERSITY 

Another way in which capacity is reduced is by sufficiently inter
connecting two systems so that the generation base is composed of both 
systems instead of each system acting alone. For the same reliability, 
in terms of the number of days per year that there is a loss of load, 
the reserves required may be reduced when operating on an interconnected 
basis. Table 3-2 is an example illustrating this more subtle effect. 

There are two utilities that are not interconnected. Utility C 
requires 25 percent reserve to meet its generation reliability criteria, 
i.e., 25 percent capacity above the annual peak load forecast. Utility 
D requires 27 percent to meet the same generation reliability criteria. 
Utility D requires the higher reserve because it is a smaller company 
with fewer generating units, each one a larger percent of the system 
when compared with Utility C. If these two utilities were to intercon-
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TABLE 3-1 

GENERATION CAPACITY SAVINGS 
DUE TO LOAD DIVERSITY 

Peak Load 

2000 MW 

1500 

3100 

Capacity 
Required 

2400 MW 

1800 

4200 MW 

. 3720 MW 

Savings due to load diversity 48.0 MW 
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Figure 3-5. Seasonal peak-load diversity 
between Utilities A and B 
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nect completely with sufficient capacity to meet any probable continency, 
the combined system of C plus D might require only 22 percent reserve to 
meet the previous generation reliability criteria. Table 3-2 shows 
question marks where the reserve should be listed for each individual 
utility. The reserve of the combined companies is lower because there 
are more units in backup if some units.are lost due to forced or planned 
outage. Mathematical calculations can determine the individual reserve 
requirements if not interconnected, and the reserve requirement for the 
entire interconnected pool, but mathematics alone cannot determine the 
proper reserves for each individual utility. Utility reserves in a 
power pool planning environment are set by negotiation rather than by 
engineering mathematics. 

The point that Table 3-2 is making is that generation reserve 
requirements decrease as initial interconnections are made, and this has 
been a major factor in the growth of interconnections. See for example 
the description of the formation of the Mid-Continent Area Power Planners 
by Ewald and Angland (1964). To maintain this reserve benefit in future 
iears, the interconnection capability will have to grow as the system 
sizes grow. 

LARGER UNITS 

Interconnections also permit the sharing of ownership in generating 
units, i.e., .jointly owned units. For example, the two utilities in the 
previous example, C and D, may decide to purchase jointly a large power 
plant to be sited in one of the service areas. Stronger interconnections 
may be needed to allow both utilities access to the jointly owned unit 
and to the reserves in both companies that will be needed if the new 
plant is on outage. 

Another example of extending generation resources is the larger 
unit sizes that may be installed individually by a company in an inter
connected environment. For example, Table 3-3 illustrates the reserve 
requirement change if Utility C were to double the size of the new unit 
that is being studied for addition. If a 400-megawatt unit is installed 
in Utility C, which is not interconnected, the reserve requirement 
remains at 25 percent of load. If Utility C were to double the unit 
size to 800 MW, hoping to take advantage of reduced plant costs per 
kilowatt of rating, the reserve requirement increases from 25 percent up 
to 29 percent of peak load for the same reliability. If Utilities C and 
D are then interconnected and a 400 MW unit is installed in the resulting 
pool, the reserve requirement is 22 percent as before. If an 800 MW 
unit, however, is added to the pool to gain the economies of scale, the 
reserve requirement becomes 24 percent of the combined annual peak load. 
From Utility C's standpoint, they could install a larger unit and 
become interconnected with no increase in. the reserve required on their 
system. This example illustrates that larger unit sizes may be used by 
utilities in an interconnected environment without incurring larger 
reserve requirements. 
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TABLE 3-2 

GENERATION RESERVE BENEFITS 
OF AN INTERCONNECTION 

Reserves Required if Not Interconnected 

Utility C Utility D 

25% 27% 

Reserves Required if Interconnected 

Pool 

22% 

. Utility c 

Utility c 

Pool 

Pool 

Utility C Utility D 

? ? 

TABLE 3-3 

INTERCONNECTIONS REDUCE RESERVES 
REQUIRED FOR LARGER UNIT SIZES 

Unit Cost 
Size Per kW 

400 MW 100% 

800 MW 85% 

400 MW 100% 

800 lflv 85% 

Required 
Reserve 

25% 

29% 

22% 
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ENERGY SOURCE DIVERSITY 

Besides the benefits due to the diversity of loads and generation 
outages, an interconnection also provides a diversity of energy sources. 
For example, one utility may have large hydro-electric resources which 
in good water years can provide more than enough energy for itself. The 
interconnection provides access to that energy by the other pool members. 
This is the situation in the Pacific Northwest with the Bonneville Power 
Administration supplying energy to California. In poor water years, the 
other partners in .the power pool provide energy reserves for the hydro
electric system. The diversity of energy sources may be between gas, 
oil, and coal-fired plants, or between coal plants of one utility and 
nuclear plants of another. Interconnections provide access to the most 
economic generation, making the power pool less sensitive to fuel price 
increases or to outages of equipment of the same design. 

EXTENDING TRANSMISSION RESOURCES 

The use of interconnections extends transmission resources. Inter
connected transmission system can provide for area backup protection, 
contingency parallel transmission capacity and permit wheeling of power 
from one system to another through an intermediate system. 

AREA BACKUP 

Interconnections provide area backup protection for the outage of a 
transmission circuit. For example, in Figure 3-6, Utility A has _a 
substation, bus A, located near the boundary of its service territory 
with Utility B. Utility A could install a second transmission circuit 
from the generation bus C to bus A to provide transmission capacity in 
case of a single circuit outage. But additional benefits will be 
obtained if Utilities A and B agree to.interconnect between buses lo
cated at the edge of their service territories. A tie from bus A to bus 
B will provide backup protection in case of an outage of circuit A-C, 
and also provide Utility B's generation plant with an additional circuit 
to stabilize its operation in case of a circuit outage away ±rom genera
tor D. An interconnection into a local area brings the benefit of lower 
transmission costs for a shorter line, diversity of energy sources, and 
additional system stabilization. These benefits, however, are contin
gent upon the existence of other strong interconnections between·the two 
companies to carry the synchronizing power and sudden surges of power 
flow should contingencies occur to either Utility A or Utility B. 

PARALLEL-CIRCUIT RESERVES 

A network of interconnections provides parallel transmission capa
city in case of transmission circuit outages. Figure 3-7 illustrates a 
simple network of interconnections. Because of the interconnections 
from A to B and from C to D, Utlity A can experience the outage of its 
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UTILITY A UTILITY B 

Figure 3-6. An interconnection from bus A to 

A 

c 

bus B provides area backup at A and 
additional ge.nention stability at B 
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I 
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I 
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0 ,, 

UTILITY A 

·~ 0 
B 

*CIRCUIT 
OUTAGE 

D 
, r () 

UTILITY B 

Figure 3-7. A network of interconnections provides 
parallel transmission reserves for circuit 
outages 
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circuit A-C without isolating either bus A or bus C. Similarly, Utility 
B can experience the outage of its circuit B-D without isolating any of 
its buses. 

As discussed previously, a network of interconnections also brings 
the complication of circulating flows within the network. These circu
lating flows may increase or decrease the loadings on parallel transmis
sion circuits. Power flow calculations are made by system planners to 
assure that any paralleling of interconnections can be accommodated by 
existing transmission or to identify the. needs for new transmission. 
Once a network of interconnections has been established, their strength 
in relation to the growing systems they interconnect must be increased 
to keep a proper balalic~ between luL~LL:u1t1t\!!!ction tranofor str~nBth ;mn 
system si zP.. Maintaining this balance is one of the chief concerns of 
the studies made ·within the NERC organization (Brown, 1~/b). 

POWER WHEELING 

A transmission network inclu<.llug interconnections also provjdP.s an 
opportunity for utilities to purchase power beyond their neighbor'~ 
area. In Figure 3-8, Utility B is receiving 20 MW from Utility C. 
Utility B is wheeling the 20 MW received at one border by delivering the 
power across its other border to Utility A. Wheeling agreements between 
utilities extend greatly the generation resources available for the 
benefit of the interconnected systems. Wheeling does, however, create 
certain problems. 

Wheeling, such as illustrated in Figure 3-8, causes additional 
losses in Utility B's system. The 20 MW moving across B's system :i.s 
decreased by losses but it is the responsibility of the wheeling utility 
to make up these losses and deliver 20 MW to its other border. Wheeling 
agreements include rates to be charged for delivering power across the 
system. Utility B is thus supplying power to replace energy losses, but 
it is also supplying backup reserve in case of emergencies. For example, 
the tripping of the unit in Utility C's area or the opening of the 
transmission circuit between Utilities B and C will require Utility B to 
replace part of the energy being delivered to Utility A. The ability to 
supply power during these emergency conditions is another factor to 
consider when interconnecting. 

INTERCONNECTED SYSTEMS 

The desirability of interconnecting is practically an academic 
question nowadays. With very few exceptions, utilities have thought it 
advantageous to interconnect with their neighbors. Moreover, most of 
these exceptions are outside of the United States. Thus, this whole 
country is interconnected into three groups -- two of them major and one 
somewhat smaller. (The two major groups are weakly interconnected as 
will be discussed later..) Asl.de from these exceptions, the only remaining 
question is whether ·the interconnections are strong enough. More generally, 
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Figure 3-8. Utility B is wheeling 20 MW 
from Utility C to Utility A 
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since load, and thus generation, is continually increasing, interconnection 
strength (presumably) has to keep pace. In fact, in the recent past and 
in the state future plans of domestic electric utilities, the rate of 
growth of interconnection strength has exceeded and will continue to 
exceed that of total generation (NERC, 1971). 

It seems that the fundamental reason for questioning the desirability 
of an interconnection arises from the fact that often the plan to inter
connect is based upon a particular recognized need (for example, energy 
interchange), which may require a certain tie-line capacity. But, once 
made, the tie line will participate in the system behavior in other 
ways, requiring a different capacity. Then the subject has to be re
studied from an integrated point of view, taking all factors into account 
(energy interchange, reserve, dynamic performance), as should have been 
done in the first place. i 

As an example, if a tie is made to import 100 MW and it is so 
loaded, consideration must then be given to what would happen if the 
importing utility loses a generator with a rating of 100 MW. Tf this 
happens, and if the total interconnected capacity is several times 
larger than the utility, then before any control action can be effective, 
the missing 100 MW will supplied over the tie line. Thus, at least 200 
MW capacity is needed to avoid tripping the line and doubling the gener
ation deficiency. Further, there will usually be disturbances with 
consequent tie-line power oscillations which may make the peak loading 
as high as 250 MW. The tie line's effective capability must be deter
mined by studying the dynamics of each particular case. Even if no 
power interchange is scheduled or needed, it is apparent that there is a 
lower limit on the required strength of a tie as determined by the size 
of the systems (for the power fluctuations) and the size of the largest 
generator (for the emergency support). 

There is also a continual fluctuation of the tie-line loading about 
the scheduled value due to control being automatic and never exact. An 
obvious question then is, why not improve the_quality of control and so 
save some tie line capacity? The system was formed to share the load, 
including the load variations, which requires that the (internal) tie-. 
line loadings must vary and a similar argument applies to the external 
tie lines. That is, in addition to their other functions, they allow a 
further spreading out of the load-following function. There are NAPSIC 
guidelines for permissible tie-line fluctuations, but it is believed 
that these should be regarded as rather flexible, depending upon the 
particular case. 

This factor is one that may be of increasing importance, ·as the 
trend in some cases has seemed to be in the direction of decreasing the 
load-following ability of the newer, very large generating units. 

How much load-following ability is necessary? A more or less 
typical system total load may vary at a maximum rate of, e.g., twenty-
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five percent per hour. This is only 0.4 percent per minute, or 0.007 
percent per second, which doesn't seem very difficult to achieve. A 
typical rate limit for tie line power-frequency (automatic generation) 
control is four percent per minute, or ten times greater. At present, 
for operating economy and convenience, advantage is, in general, being 
taken of this'factor by having only a limited number. of generators under 
automatic control. Even these are not usually controlled uniformly, but 
rather with account taken of fuel economy (and security). 

It has been recognized from the first that the best practical way 
to improve control is to spread it over as many generators as possible, 
in principle over all major generators (see Earle Wild, 1941, AlEE, page 
232). There is a trade-off between somewhat stronger ties and more 
automatic generation control. As tie capacity becomes strong enough, 
the two control areas can be consolidated into one, with a resulting 
improved economic dispatch as a bonus. The benefits of less active 
control for the reliability, efficiency, and maintenance of the generators 
have .been supposed to exist as being plausible. This is an area deserving 
further investigation. 

Power fluctuations due to automatic frequency control depend on the 
size of the interconnected systems. A great many of the interconnecting 
ties presently in operation could not operate successfully (except with 
much larger capacity) without the benefit of automatic generation control. 

Another factor that appears in weak ties, and that can and should 
be considered in the planning stage, is the presence of very weakly 
damped, or even undamped, oscillations that may appear spontaneously 
under certain line loading conditions~ In the past, such oscillations 
have appeared unexpectedly, and the problem was then attacked as an 
operating problem. Now·the phenomenon is well understood, however, so 
that the contributing factors are known, and the probability of oscilla
tions can be predicted. Moreover, the most effective way to increase 
damping has been established as the application of a special damping 
signal (Power System Stabilizer) to the generator field excitation 
control. This indeed may in retrospect seem obvious, since the principal 
cause of the negative component of damping is usually the high-response 
excitation control itself~ 

SINGLE COMMODITY 

An electric power system is a production and delivery plant for one 
commodity, electric power. This is a fundamental difference between 
electric power networks and multi-commodity network~ like the telephone 
or transportation networks. The fundamental principle for a single 
commodity network is that any unit of production put into the network 
can meet a demand at any other point in the network. Any load can be 
served by any generator. 
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SYSTEM-WIDE EFFECTS 

An electric power system works as ;a total single body and what 
happens to it either by supply and demand decisions or long-range plan
ning decisions must take .into account the overall impact. Most other 
systems encountered every day do .not behave this way; that is, one event 
does not affect the entire system simultaneously. For instance, a 
telephone call placed .on the communication grid does not instantaneously 
affect all the other users. On an interconnected power system, the 
smallest action has system wide impact even though the effect may be 
almost imperceptible. 

Interconnections must be strong enough to deliver power under 
several different requirements. These requirements are listed in Table 
3-4 with some example MW values. The interconnections must be strong 
enough to carry the synchronizing power that keeps the generators through
out the ac power system in step with one another. Beyond this require
ment is the power transfer capability needed to stabilize these machines 
following the sudden outage of some generation or transmission facilities. 
Electric generators will tend to lose synchronism following sudden large 
disturbances unless there is a low impedance path with sufficient power 
transfer capabilities to hold the generating units in step with one 
another. For the hypothetical system in Table 3-4; this requirement was 
determined to be 100 MW. Second, there will be circulating power flow 
as noted previously in Figure 3-4. The example system requires 200 MW 
of capacity to handle likely circulating power flow conditions. These 
two requirements of synchronizing and stabilizing power and capacity for 
circulating power flows are not under the control of the system planner 
or the system operators. Therefore, even if no power exchange is envi
sioned, the interconnections must have some minimum strength, e.g., 300 
MW. Otherwise,· the two systems will not be able to remain in synchronism 
following a disturbance. This is the type of condition encountered by 
the East-West interconnection between the Western States and the remainder 
of the United States. The two requirements for stabilizing and circu
lating power flow are eliminated through the use of direct-current 
transmission circuits for the interconnection, such as the recent instal
lation of a 100 MW de interconnection by the Tri-State Generation and 
Transmission Association at Stegall, Nebraska. 

Two additional power delivery requirements are listed in Table 3-4. 
There is a local area power delivery requirement ·in this example of 100 
MW and a power transfer capability requirement estimated to be 400 MW. 
To interconnect these two electrical regions with an ac transmission 
system, a total of 800 MW of capacity must be installed for this example. 
The actual number of circuits installed to meet this capaci.ty requirement 
is a difficult planning assignment. The transmission circuits would 
typically be planned for the ability to carry 800 MW with the outage of 
one circuit or one transmission tower, so transmission has to have 
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4. 

TABLE 3-4 

MINIMUM STRENGTH OF AN INTERCONNECTION 

Estimated Capacity Needs 

Synchronizing and_Stabilizing Power Flow 

Circulating Power Flow . . 

Local Area Power Delivery 

Power Transfer. . 

.· 

MINIMUM CAPACITY REQUIRED APPROXIMATELY 

100 MW 

200 MW. 

100 MW. 

400 MW 

800 MW 
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reserve just like generation. This is a typical reliability rule used 
in the utility industry. More discussion will be given of this point in 
Chapter 5, "Transmission Planning".· 

PERFORMANCE CHARACTERISTICS 

Transmission circuits in general, and interconnections in particular 
have five basic performance characteristics that are influential in the 
planning and design of power systems .. These characteristics will be 
called factors later in this chapter and will be discussed as part of 
all the factors influencing interconnection planning. The five will be 
covered in more detail under Transmission Planning, Chapter 5. 

Stability Problems 

The simplest transmission connection is a circuit from a single 
g~n~rating unit to load as shown in Figure 3-9. The loads at bus B, 
which may be some miles from the generating unit at location A, are 
served by the connecting transmission Circuit A-B. If Lhe loads at D 
include motors and other rot.at:.ing machinery, Llte system may begin to go 
unstable at some limiting loads, i.e., at the stability limit~ machines 
speed up and slow down in ever widening variations. These problems are 
aggravated by heavy loadings and long distances. Planning or design 
actions must avoid stability problems. These problems may be corrected 
by planning more lines, designing lines with lower impedance (possibly 
by compensation), or by control methods. Stability is a major factor in 
transmission and interconnection planning. 

Load Sharing Prohlems 

The connecting of two generating units may bring load sharing 
problems unless proper control systems are used. In Figure 3-10 the 
transmission circuit from A to C connects two electrical machines in 
parallel. The comb1ned syst:.em will exhibiL a uew form of behavior. 
Thomas Edison found that his dynamos fought each other when paralleled. 
The enlarged system required a load sharing control system. But once 
the controls were present, connecting additional generators or groups of 
generators brought no new types of load sharing problems. Load sharing 
problems have been so effectively solved by control equipment that this 
behavior is not a serious consideration in bulk system planning. But it 
must be considered in the design of power plant controllers and in the 
operating policies of interconnected utilities. 

Circulating Flow Problems 

A third behavior occurs when systems are networked, such as in 
Figure 3-11, which was discussed in this chapter. No longer can the 
power flows in the individual circuits be controlled. As generator A 
attempts to deliver power to location B, part of the power will circulate 
by way of locations C and D. Circulating flows around each network loop 
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are one of the most important considerations in transmission and inter
connection planning. Power flow calculations are used to study these 
networks containing hundreds of network loops. A further discussion of 
network.flows is included in Appendix II, "network flows-electrical laws 
rather than human desires control flows". 

Stability/Voltage Control Problems 

An occasional situation in interconnection planning is the connec
tion of several neighboring utilities into a long series system, as 
shown in Figure 3-12. Such connections sometimes bring with them tie
line power oscillations, which of themselves are not bad, but these 
power oscillations cause voltage probleme for the miitillP ntility, B in 
J!'i.gure J-l:L. As Utility A delivers power to Utility C, the voltage in 
Utility B will be depressed. The larger the magnitude of the shipment 
from A to C, the lower the voltage in Utility B and unacceptable voltage 
levels could result. 

Illustrations of this system behavior have been noted with studies 
of interconnections. The situation occurred in the Utah-Idaho area, the 
eastern side of the Western States system. In the early 1960's, when 
weak interconnections were completed between these utilities and before 
the donut in the Western States systems was completed by the Oregon
California tie, power and voltage problems were encountered. This 
system.had very weak ties and a period of oscillation of about 11 seconds. 
Along with these spontaneous power oscillations, voltage problems were 
experienced by a utility in the center of the power delivery. A more 
recent example is the tie from Yugoslavia to Italy (Arcidracono et al., 
1976), and there have been numerous other cases. 

Voltage Collapse 

Voltage collapse problems occur when nearly all generAtion is 
remote and with very little generation at the load such as .in the Hydro
Quebec system. Heavy power transfers will cause voltage collapse unless 
reactive power is supplied at the load. 

A tightly knit network, such as a large metropolitan cable system 
also experiences voltage problems. Because of the low impedance connec
tion between all buses in a metropolitan cable system, a fault at any 
location in the system can pull down the voltages over the entire net
work. Co~onwealth Edison in Chicago, Consolidated Edison in New York 
City, and the London and Paris .systems experience these voltage collapse 
problems during faults to ground. 

COORDINATION 

Interconnection brings one additional requirement to utility plan
ning: coordination (Figure 3-13). Transmission between utilities 
brings the need to coordinate operation since the system performs as one 
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Figure 3-11. Parallel circuits in .a transmission circuit 
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Figure 3-12. A longitudinal system presents voltage 
control problems.for Utility B 
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Figure.3-13. Corporate boundari~s bring 
coordinatluu L't:!quirements 



whole even though the parts may be separately owned. Company ownership 
does not affect the electric~! behavior (electrical megawatts follow 
electrical laws) and interconnections will have all of the technical 
problems of internal transmission, i.e., stability, load sharing and 
circulating flows. 

Planning also needs coordination to assure that the system will 
operate reliably and economically and to take advantage of the benefits 
of extended generation and transmission resources. 

The sharing of ownership of the interconnected system brings the 
need to negotiate the operating and planning actions to be taken and the 
sharing of the financial responsibilities .. These negotiations and the 
sharing of operation and planning information are part of coordination. 
For further reading on coordination see "Coordination and Integration 

" in FPC, 1967, pages 3-6. 

INTERCONNECTION PLANNING FACTORS 

Attention is now turned to the ~actors that influence interconnec
tion planning. Up to this point the discussion has been on interconnec
tions and the types of system performance that may be associated with 
them. The identifying characteristic is the crossing of utility boun
daries, requiring coordination and negotiati6n of agreements between the 
two parties involved. 

General Categories 

The general categories of inter<::onnection planning factors are 
shown in Figure 3-14 which is similar to Figure 2-7 except that the 
interaction between generation rese~ves and transmission reserves has 
been added to th~ diagram. The answers to the four planning questions 
are determined by an interaction of the existing system, future possible 
additions coupled with the constraining factors and measured by the 
optimization criteria - costs and reliability measures. The driving 
force of demand growth works through the generation plan and the trans
mission plan and the interrelationships between these two planning 
procedures. These planning procedures are described in detail on subse
quent chapters and methods for combining the two plans into one are 
discussed. 

Table 3-5 shows the relationships between the four planning questions, 
the two optimizing criteria, and the five major constraints or factors. 

FACTORS/QUESTIONS RELATIONS 

The relative importance of each factor in the answering of the four 
planning questions is indicated by a weighting mark shown in the factor 
versus question matrix. System reliability is given the heaviest weight-
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TABLE 3-5 

THE INTERCONNECTION PLANNING QUESTIONS RELATED TO THE 
MAJOR FACTORS WEIGHTED BY IMPORTANCE 

Cost Comparison with Alternate Plans 

System Reliability Needs 

Financial 

Coordination Agreements 

Regulatory 

The Public 
Interconnection 

Plan . ' Fuel 

When to -- Install • • • •• • • • 
How much Capacity • • • • 
What KV and AC or • • • • DC? 

Where to • • • Terminate? 
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ing in three out of the four questions, because it is reliability that 
determines when some action needs to be taken, how much capacity should 
be installed, and where the terminals of the circuits must be located. 

When to install. capacity is determined first by ·system reliability 
needs, and second, by cost comparison with alternate plans not involving 
the interconnection and in a go or no-go situation by financial capabil
ities, coordination agreements, government regulations, and public 
pressure. These four factors must be favorable before proceeding with 
the interconnection, but once they are favorable, only the criteria of 
cost and reliability significantly affect the "when" question. Fuel 
availability may be a factor in when to interconnect. 

The amoun~ of capaclly Lu ia~tAll i3 determined firct by reli~bil
ity whi~h sets a minimum number of circuits and capacity of circuits to 
interconnect the two parties. Cost considerations may raise the amoun~ 
of capacity because of economies of scale. Reliability considerations 
may indicate that two circuits should be built between the two systems, 
or a single line should be i~slalled with a higher capacity or the 
conductor size an~ ulh~~ construction characteri~tics may be limiterl. 
Cost may limit the number of circuits to be added to just one in Lhe 
first year of interconnection with the second circuit to be added a year 
later. The fuel resources may also affect the amount of capacity to be 
added. 

The selection of the voltage level and the selection of either ac 
or de for the interconnections are influenced strongly by cost compari
son with lesser consideration for system reliability needs and a go-no 
go decision from financial, such as requiring the project.to stay within 
a limited capital budget. 

The selection of where to terminate the interconnections is signi
ficantly affected by system reliability needs. Strong network points 
will have to be connected together if the interconnection is to provide 
the desired power transfer capabilities. Co&ts have small influence, 
but public pressures could affect the decision. 

FACTOR TREES 

The relation of one factor to another will be presented with the 
concept of a factor tree. A factor tree for the major categories of 
planning factors is shown in Figure 3-15. Here the interconnection 
decision is shown to dep~nd on cost, reliability, financial capabilities, 
government regulations, public pressures, and coordination agreements. 
Costs are shown to depend on both the generation and transmission capa
bilities of the existing and possible future systems. These in turn are 
shown to depend on the demand growth. Also the reliability factors 
depend on the generation and transmission, existing system capabilities, 
and possible future systems. These in turn also depend on demand growth. 
This factor tree is simply a rearrangement of Figure 3-14 into a form 
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which clearly shows the relationships and driving influences on the 
factors. Factors trees will be useful in tying together the many dif
ferent factors that impact each phase of interconnection planning. 

COST 

In Figure 3-16, cost is further broken down into three components, 
the operating costs, the investment costs, and the increased opportunity 
for capacity and energy sales. 

Operating costs are shown to depend on existing and future genera
tion, which in.turn are identified in a generation planning study. 
Operating costs also depend ou losses in the transmission system and 
these can be identified in transmission planning studies. Operating 
costs also depend ~n fuel and labor cost inflation forecasts, the load 
growth forecast for the system, and the opportunities to purchase 
emergency and economy energy. 

The factors pushing for hi.gher operating costs are delays in in
stalled generation made possible by the interconnection. If these 
delayed units were very economic for operation on the system, then their 
delay will tend to increase operating costs. The availability of the 
economy energy, however, may offset or even overwhelm these additional 
costs to result in a net savings for the system. Operating costs are 
pushed up by the reduction in installed generation capacity and are 
brought down by the opportunities to purchase emergency and economy 
energy. 

The investment costs depend on the carrying charges for the new 
generation as determined in a generation expansion planning study. 
Investment costs also uepend on the carrying charges for new transmis
sion, including the new interconnection circuits, as identified in 
transmission planning studies. The third factor influencing investment 
costs is the cost sharing agreements worked out between the utilities. 
For example, the reserve requirements within an interconnected system 
will affect the carrying charges for new generation experienced by this 
particular utility. The sharing of transmission costs, as agreed to 
within the interconnected systems, will influence the carrying charges 
for new transmission required by a company. 

RELIABILITY 

The reliability of a system is made up of two· components, genera
tion and transmission reliability, as shown in Figure 3-17. The genera
tion reliability of an interconnected network depends on the expected 
need for more generating capacity of the system under study and the 
emergency capacity available from neighbors. The expected need for more 
capacity can be calculated by a loss-of~load probability (LOLP) calcula
tion (see Chpater 4 for a discussion of analytical methods). A two area 
LOLP calculation will compute the expected need for more capacity and 
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the likelihood of the neighboring system being able to supply that need. 
Two area or multi-area generation reliability calculations require as 
input the generation planning of the system under study and the genera
tion plans of neighboring systems. Also as shown in Figure 3-17, the 
load diversity between the system under study and neighboring systems 
will be an important factor in determining the generation reliability. 
The detailed factors entering into generation planning with interconnec
tions will be discussed more fully in Chapter 4. 

The second component of system reliability involving interconnec
tions is the transmission reliability. As shown in Figure 3-17, trans
mission reliability depends on the need for power transfer capability 
and the interconnected networks capability to carry these power trans
fers. Load flow and stability calculations will be used to merge these 
needs for power transfers with the network capability to identify system 
weaknesses. The inputs to these two fundamental netowrk planning calcu
lations are the power dispatches, including power transfers, and the 
network capabilities defined by each circuit's electrical impedances. 
The network plans used in testing power transfer capabilities are devel
oped by the transmission planning procedures outlined in Chpater 5 for 
the area under study. Also the tranmsission network capabilities depend 
on the neighboring utilities transmission plans and any load diversity 
between the utilities. 

FINANCIAL CAPABILITY 

The Lhird facluc listed in Figure 3-15 is financial. In Figure 3-
18, financial strength is shown to depend on budget constraints in both 
the company under study and in the neighboring utility. These budget 
constraints will directly affect system planning decisions. For example, 
in Interview 2 in the Appendix, the system planner tells of a situation 
he experienced where the financial constraints of one company prevented 
the two of them from taking advantage of savings that would have re
sulted from an interconnection. Both utilities agreed that an intercon
nection was the most economic option. One utility was willing to pay 
the other the carrying charges on the interconnection for the first year 
of service, but the second utility had no financial capabilities to 
construct their part of the interconnection. Therefore, his utility was 
forced to construct alternate facilities. The timing of the intercon
nection depends on the financial strengths of both partners which in 
turn depends on securities markets, lending rates (the prime rate), 
regulatory environment, overall capital supply, and the earnings of the 
utility seeking capital funds. 

COORDINATION AGREEMENTS 

The last major factor affecting the interconnection decision is 
coordination agreements, shown in Figure 3-19, which divides into two 
major categories, operating policies and planning coordination. Operat
ing policies refer to factors such as future performance now depending 
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on others when the interconnection is put in place. For example, a 
sudden emergency outside of the system could cause the interconnection 
power flows to change rapidly, influencing power flows within the util
ity's service area and possibly affecting service. Also, different 
operating policies will have to be reconciled. One utility may feel 
that its frequency deviations do not have to be re-corrected so that the 
clocks run on time in its service area. Th~ neighboring utility, how
ever, may feel that any deviations in frequency for a significant time 
must be corrected so that a clock time which depends on system frequency 
will be correct ("Synchronizing ... ", 1963). The NAPSIC policies have 
been established so that each member of an interconnected system may 
know what is expected in operation, and in turn what to expect from 
neighboring utilities. But the fact still remains that service to the 
customer will now depend to some extent on the performance of others not 
reporting to the management of this utility. 

Uncertainty of the neighboring utilities actions is another compon
ent in the operating policies. Mutual trust between the two utilities 
and past coordination experiences will determine the uncertainty or the 
reliance that one utility will put on its neighbors' actions. 

Operating policies also include a policy on how the tie-line power 
deliveries will be set. For example, they can be set by negotiation 
between two system dispatchers so that the net interchange between two 
companies is set for one hour at a predetermined amount. Or tie-line 
power deliveries may be set on a free flow basis, using an area dis
patcher to set the power outputs from units belonging to more than one 
company. In either case, the costs of generation will have to be shared 
by the utilities participating in the int~rconnected flows. 

Maintenance of generation and transmission facilities will need to 
be coordinated by the interconnected parties if the pool benefits of 
reliable operation due to interconnections are to be obtained. For 
example, on a Sunday where one utility will take a major bulk power 
transmission line out of service, they will notify the dispatchers in 
the interconnected system so that paralleling transmission circuits will 
not be taken out on maintenance on the same date. 

Another factor influencing operating policies is the increased use 
of emergency operating procedures due to the interconnection. This 
increased usage comes about by two causes. The interconnection will be 
called on to help whenever one member of the .interconnection is experi
encing emergency conditions. This is beneficial in maintaining service 
to all customers through severe contingencies. Interconnections also 
require a larger organization to manage the cost sharing accounting that 
is necessary. 

The factors affecting the planning coordination in Figure 3-19 
include coordination of new generation and transmission facilities. All 
facilities of an electric utility system function together to produce 
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and deliver electric power. The addition of a generating unit by one 
utility can influence the generating unit selected by a second utility 
or there may even be a decision to own generating facilities jointly to 
take advantage of economies of scale as was discussed earlier in this 
chapter. Coordination is even more important in the installation of 
transmission facilities. A new transmission circuit will affect the 
electrical parameters ·of a transmission network and change the pattern 
of power flows as was also discussed earlier. 

Interconnections also enlarge the system that must be studied. 
Once the first interconnection is in place, it is not possible to ignore 
the neighboring utilities while planning. 

Interconnections bring with them the need to negotiate both the 
planning actions to be taken and the formula for cost sharing between 
the parties. These negotiations depend on the mutual trust between the 
two utility executives and their past experiences with coordination. 
The third factor influencing this need to negotiate is the fact that 
there is no one authority that can be turned to if the two or three 
parties cannot reach agreement as a committee. For example, if under
frequency relays for loa~ shedding are to be installed with the power 
pool, the members must first agree that these relays are necessary and 
then agree on the frequency level settings. If one member of the com
mittee should disagree with the others or refuse to go along, load 
shedding policies will not have the beneficial effects for anyone. 

As an example of how each utility must coordinate its planning with 
its neighbors, there was a case a few years ago when a large block of 
generation was interrupted in New York State, and the underfrequency 
relays in New ~ngland and on Long Island operated to shed load and save 
the system from further collapse. Underfrequency relays in New York. 
State did not operate, however, and therefore New York State customers 
received electric service while New England customers were interrupted. 
Shortly after this occurrence, extra efforts at coordination were taken 
to assure that underfrequency relays were set at the same level in both 
interconnected systems. 

The work of coordination requires a larger organization, more 
meetings away from utility service area, and more expense. But these 
costs, and in fact all of the pianning, are usually deemed insignificant 
when compared with the tremendous benefits gained from the first inter
connections. A ~eduction in generation reserves, the reduction in 
transmission reserves and the lower production costs made possible 
through energy sharing, all offset the added expens~s required for 
coordination agreements and their implementation. 

GOVERNMENT REGULATION 

The next factor affecting interconnection planning, as shown on 
Figure 3-15, is government regulations. In Figure 3-20, these regula-
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tions are shown to branch out into three major groups, local zoning 
regulations, state regulations, and federal regulations. The local 
zoning regulations take the form of hearings for generation sites and 
for transmission circuit rights-of-way. 

St~te regulations affect interconnection planning through public 
service commission hearings, environmental laws, and the uncertainty of 
the state governmental policy toward developing an energy delivery grid. 
The result from the system planner's standpoint is a need ~o spend much 
time and effort explaining the need for interconnections and the inabil
ity to estimate the amount of lead time required to put a new intercon
nection into service. Just as local zoning hearings can delay the 
timely addition of interconnections, so too can hearings before the 
State Public Service Commission delay the installation of a necessary 
interconnection. 

Federal regulations are the third area of governmental factors 
affecting interconnection planning. Utilities considering interconnect
ing across state boundaries or even interconnecting to other utilities, 
which in turn are interconnected across state boundaries, must consider 
the additional requirements placed on them by the Federal Power Commis
sion. In addition, the environmental laws at the federal level, natio
nal defense considerations, and the emerging energy policy for better 
utilization of natural resources are additional consideration for utili
ties. A major planning consideration has been the uncertainty of these 
national policies and environmental laws. Past experience has been that 
regulations which first stressed the use of oil and gas rather than coal 
for electric power generation for the sake of environment have now 
changed to stressing the use of coal rather than gas and oil for the 
sake of national energy independence. 

The impact of these governmental regulations is primarily on the 
lead time required to place an interconnection in service. System plans 
may be drawn up assuming that a four year lead time is sufficient to put 
a bulk power interconnection in service. Then as the years pass and· 
hearings and delays are compounding, the utility reaches a point where 
its service to customers will be jeopardized because of its dependence 
on an interconnection which is held up in hearings. Any reduction that 
can be made in the uncertainties related to local, state, and federal 
regulations can significantly improve the quality of electric utility 
system planning and thus reduce the costs of electricity to customers. 

PUBLIC PRESSURE 

Public pressure in the form of intervenors at hearings on all 
levels of government are a factor to be dealt with today. More often 
than not, intervenors will take actions at. these hearings to try to ~top 
the proposed transmission addition, or at least to move it to someone. 
else's property. The legal actions of these intervenors have greatly 
increased the uncertainty and the length of time required for hearings 
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and final rulings. (See the discussion of public acceptance at the end 
of Chapter 2.) 

FUEL AVAILABILITY 

Scarce energy resources encourage interconnections to widen the 
variety of fuels used in generating power. The uncertainty of fuel 
prices and quantities have increased in the 1970's, increasing the 
benefits of interconnection. Fuel shortages caused by such events as 
strikes, embargos, droughts, and depletions can be hedged by intercon
necting to a utility using different fuels. 

INFLUENCES ON GENERATION PLANNING 

An in-depth discussion of generation planning is included in Chap
ter 4, but before leaving interconnections, those factors associated 
with interconnections that do influence generation planning will be 
described. Figure 3-21 indicates seven factors impacting generation 
planning. The first is the summer and winter season peak-load divers
ity, explained earlier in the chapter. 

Also in Figure 3-21, generation outage diversity provides the 
opportunity to lower installed reserves and to use larger unit sizes. 
Interconnections make available a diversity of energy sources. 

The opportunity to purchase and contract for low-cost energy also 
enters generation planning and was not discussed earlier. Production 
costs may be lowered by utilizing the interconnection to transfer low
cost energy from a neighboring system into the system under study. This 
opportunity is particularly useful in years when generation installa
tions slip beyond the time of the peak load. Economy energy contracts 
can be made six months to one year ahead of occurrence and even on 
shorter notice. Interconnections provide the opportunity to purchase 
low-cost energy to make up a deficiency caused by the delay of the 
installation of a generating unit. Electric utility operators may also 
contract for capacity rather than energy. For example, one utility may 
find itself short of installed generation reserve and contract to. pur
chase 100 MW of capacity from a neighboring utility. This capacity 
would be made available to the purchasing utility. Energy may or may 
not be supplied from the unit depending on its economics relative to 
other units in the system. The capacity purchase will help the utility 
meet its generation-installed reserve requirement as a member of the 
power pool. Operating reserve should be installed over the entire 
system. A low cost energy purchase, on the other hand, will help the 
utility serve its customers. ' 

Some energy transfers may originate from jointly owned generation 
located in the neighbor's service territory, a factor also influencing 
the planning of generation. The number of generating plants owned 

3-38 



Generation 
Planning 

..... 

""" 

.., 

.._ 
~ 

""" 

Figure 3-21. 

Swnmer/Winter 
Load Diversity 

Daily Peak 
Diversity 

Opportunity to 
Lower Reserves 

Generation 
Outage Diversity 

Opportunity to .. 
Use Larger Units 

Diversity of Energy 
Sources 

Opportunity for Purchases 
of Capacity and Economy Energy 

Opportunity for Jointly 
Owned Generation 

Cost of Emergency · 
Energy Supplied by Neighbors 

Interconnection factors that 
influence generation plannin·g 

3.:...39 



jointly has been on.the increase in the past few years, as indicated by 
news items in Electrical World. 

The last factor mentioned in Figure 3-21 is_the cost of emergency 
energy supplied by neighboring utilities. One of the concerns of system 
planners in the use of interconnections to supply generation reserve, is 
that the reduction delays the installation of a unit which can produce 
power at a very low cost. Delaying such a unit will increase the cost 
of producing electricity. In addition, if whenever the system needs 
emergency power, the power is generated by units with very high energy 
costs, the average cost for a kilowatt will be increased even further. 

Generation planning factors, including the eight shown in Figure 3-
21, will enter the discussion of generation planning in Chapter 4. 

INFLUENCES ON TRANSMISSION PLANNING 

The interconnection factors ~ffpr~ing transmission planning are 
shown on Figure 3-22. Power transfer requirements are primary factors 
in planning transmission systems with interconnections and were all 
discussed earlier in this chapter. 

Transmission planning is also affected by the service area backup 
provided by an interconnection, the additional routes provided for power 
delivery away from generating plants located near the boundary between 
two electric utility companies and additional interconnections providing 
parallel path reserve within the transmission network. 

Two less important factors that influence transmission planning are 
the additional reactive power available either directly from the trans
mission circuit or from reactive power sources located at one end of a 
transmission interconnection. The interconnect"ion may also act to 
stiffen (in both voltage and frequency) a system which has special 
oscillating loads connected to it. Examples of these oscillating loads 
arc arc turnaces, steel mills, and drag line::; us!:'ll fui: strip mining. 
Certain utility companies have found it beneficial to interconnect with 
neighboring utilities to buffer these significantly large oscillating 
loads with power imports. 

Chapter 5 will examine transmission factors, including the six 
listed in Figure 3-22, and detail their effect on transmission planning 
with interconnections. 
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INTERCONNECTION PLANNING QUESTIONNAIRE RESULTS 

The remainder of this chapter is devoted to presenting and discus
sing a survey of 52 utilities which identified and ranked the factors 
that are currently significant in the planning of interconnections. A 
summary of the findings is presented in the final pages of the chapter. 

The questionnaire was prepared listing forty-two of the factors 
drawn from the factor trees. These questionnaires were circulated to 
the members of the Edison Electric Institute's System Planning Committee 
and to systems planners in four public power agencies. The purpose of 
the questionnaire was to identify and rank those factors which are 
currently affecting interconnection planning. 

The factors listed in the factor trees and on the questionnaire 
have been developed after interviews with utility planners at IEEE 
meetings, at the Henniker Conference on Power System Planning and Opera
tions, August, 1976, and during personal visits to several electric 
utilities. The utilities interviewed or returning questionnaires are 
listed in Table 3-6. 

The results of the questionnaire survey are contained in Tables 3-7 
and 3-8. Table 3-7 summarizes all fifty two responses to all of the 
questions, while Table 3-8 summarizes only those responses which indi
cated a first interconnection between two utilities. This division was 
made to determine whether the factors influencing the first interconnec
tion are significantly different from those influencing additional 
interconnections. 

A. FIRST OR ADDITIONAL INTERCONNECTION 

Responding to the question, is the selected example a first or an 
additional circuit between two companies, eleven responded that it was 
the first interconnection between these two particular parties, while 
forty-one responded that their answers pertained to an additional inter
connection between two utilities which were already interconnected. 

The replies indicating a first interconnection include both utili
ties that were not synchronized, such as a municipal utility intercon
necting t~ one serving the surrounding territory, and utilities that 
were synchronized because each was interconnected to a common system but 
not to each other. 

B. INTERCONNECTION TYPES 

Interconnections can involve several different types of utilities. 
In question B of Tables 3-7 and 3-8 respondents were asked the category 
of interconnection best suited to their particular example. Fourteen 
replies indicated that their particular interconnection was between two 
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TABLE 3-6 

UTILITIES PARTICIPATING IN INTERVIEWS AND THE QUESTIONNAIRE SURVEY* 

Alabama Power Company 

Allegheny Power Service Corporation 

Arizona Public Service Company 

Baltimore Gas & Electric Company 

Bonneville Power Administration 

Carolina Power & Light Company 

Central Illinois Light Company 

Cleveland Electric Illuminating Company 

Columbus Southern 

Commonwealth Edison 

Consumers Power Company 

Dayton Power & Light Company 

Detroit Edison 

Duquesne Light 

Eastern .Utilities Associates Se.rvice Corporation 
(Rhode Island) 

*There were 7 anonymous replies. 

Florida Power Corporation 

Illinois Power Company 

Iowa-Illinois Gas & Electric Company 

Iowa Power 

Kansas Gas & Electric 

Kansas Power & Light Company 

Kentucky Utilities Company 

Long Island Lighting Company 

Louisiana Power & Light 

Montilnil Pnwer Comp;;my 

Nebraska Public Power District 

·New England Electric System 

New England Gas & Electric System 

Northeast Utilities 

Oklahoma Gas & Electric 

Omaha Public Power District 

Pacific Gas & Electric Company 

Public Service Indiana 

Public Service Electric & Gas Company 

Public Service Company of New Hampshire 

Public Service Company of New Mexico 

Public Service Company of Oklahoma 

Sierra Pacific Power Company· 

Southwestern Electric Power Company 

Tompo Electric Company 

Tennessee Valley Authority 

Union Electric (St. Louis, MO) 

United Illuminating (New Haven, .CT) 

Utah Power & Light Company 

Virginia Electric Power Company 
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TABLE 3-7- RESPONSES TO QUESTIONNAIRE ON INTERCONNECTIONS 

The answers to the following questions are based on studies presently being made or recently completed. 

A. Is the interconnection the first or an additional circuit between the two companies? 

11 First interconnection 
41 Additional interconnection 

B. Which of these types of interconnections seems to best fit this particular situation? 

14 Company to company within a pool -pooling contracts already existed. 
22 Company to company -special contracts required. 

5 Pool to pool within a NERC region. 
2 Pool to pool between NERC regions. 
2 Municipal to company. 
4 Co-op to company. 
3 Federal or state authority to company. 

c. FACTORS INFLUENCING THE DECISION TO BUILD THIS INTERCONNECTION 

The following factors were ranked by their importance to the decision to build this interconnection. Also the factors were ranked from 
the viewpoint of the other'partv in the agreement. 

Ranking Criteria to Use 
$ Dollar evaluation 
.0. .0. w~ry impnrt,.nt f"rtnr 

B. Important 

C. Considered 
D. Not considered 
Ours Theirs FACTORS THAT INFLUENCE THE INTERCONNECTION DECISION 

$ A B c D $ A B c D 

3 8 4 13 24 6 2 11 31 , . Summer/Winter Peak Load Diversity 
1 2 10 37 1 1 9 27 2. Daily Peak Diversity 

5 10 15 7 16 4 6 12 7 13 3. Generation Reserve May be Reduced 
3 8 14 7 21 3 5 11 4 19 4. Larger Generation Units May be Used. 
2 5 5 7 32 3 5 5 25 5. Opportunity to Jointly Own a Generation Unit 
2 4 5 11 29 2 3 6 7 21 6. Diversify Energy Sources: Hydro, Coal, Oil, Etc. 

0 0 10 32 0 2 8 24 7. A Source of Reactive Power 
4 19 15 8 10 4 7 16 6 4 8. Provide Transmission for Area Backup 
4 13 12 10 15 3 11 9 9 10 9. Provid~ Transmission Reserve for Generating Plant 
2 24 15 6 6. 1 15 12 7 5 10. Provide Parallel Path Transmission Reserve 
5 37 8 3 3 4 25 9 5 2 11. Maintain or I ncr ease Transfer Capability 

0 0 5 44 2 0 3 3 29 12. Loads with Spec.iC:tl Features 
1 3 46 0 0 5 31 13. Less Generation Controller Activity 

6 18 18 9 5 5 12 14 7 5 '14. Increased Capacity a.nd Energy Purchase ~nc1 S::.les 0f"lpnrta.JnitiAs 
19 15 13 3 2 13 14 9 3 15. Improve Service Quality, Stability 

19 28 11 5 7 10 23 9 2 5 16. Investment Cost Compared to Alternate Plans 
15 10 18 12 9 7 8 16 6 7 17. Operating Ccists Compared to Alternate Plans 

4 2 10 13 24 4 2 0 0 17 18. Larger Operating Environment 
5 10 11 24 2 8 6 21 19. System Changes Need Coordination 
1 10 , , 27 1 8 8 23 20, L~rger Planning E nvlronment 
1 5 13 30 0 1 10 24 21. Larger Organization for Coordination 
8 8 13 21 5 6 11 16 22. Performllnce Dependence on Others 

3 11 34 0 1 9 26 23. Uncertain of Neighbor's Actions 
3 11 35 1 2 8 26 24. Limitation of Management Actions 

4 13 11 22 3 10 7 17 25. Need to Negotiate Corrective Actions for Problems 
9 17 9 15 8 10 6 11. 26. Mutual Trust Between Members 
5 8 11 26 2 6 8 21 27. Decisions by Committee Rather than One Authority 
1 4 12 32 1 2 9 25 28. Difficulty in Sharing Generation Reserve Responsibility 
2 14 13 20 2 9 12 14 29. Difficulty in Reaching Cost Sharing Agreements 
0 2 15 31 0 2 14 21 30. Different Operating Policies 
6 23 11 10 6 15 10 7 31; Past Coordination Experiences 
5 15 8 22 3 13 6 14 32. Financial Strength of Your Company 
2 14 8 26 3 9 7 17 33. Financial Strength of Neighbors 
3 11 10 23 4 8 8 17 34. State and Local Government Policies 
3 13 11 20 4 6 9 17 35. Federal Government Policies 
6 16 10 18 8 9 10 10 36. Environmental Laws 
0 2 5 43 0 2 4 11 37. National Defense 
4 11 1 22 3 0 9 26 38. Beller Uliliz~tiun uf Nation's Resources 
4 10 8 17 10 6 20 39. Need to Open Lower kV. Ties When Paralleling Higher k V Ties-

Bottleneck Prevention 
3 3 6 8 30 3 5 9 18 40. Cusl uf Erm<rgency Energy, e.g., Neighbor's High Cost Oil Units 

8 16 6 19 6 12 5 13 41. Need to Justify Decision to Public Service Commission 
9 13 8 ?.1 R 9 6 11 42. Need to Justify Construction at Local R .. O.:W Hearings 
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TABLE 3-7 (CONT'D) 

D. SIZING AND USING THE INTERCONNECTION 

The interconnection size, meaning circuit voltage level and power carrying capability, is selected based on anticipated power transfers. 
Some transfers can be defined with relative certainty, e.g., due to contracts. Other transfer cases are used as extremes, an umbrella to 
cover an infinite spectrum of possibilities. Indicated below are the general categories of test cases used for power flow and stability cal
culations in selecting the size of the interconnection in the previous questions. 

The uses of interconnections may differ from those planned in the original justification. In the "Recent Uses" column the specific uses 
of existing ties are noted by "I" if they were included in the umbrella cases when these existing..ties were planned. "N I" means the use 
was not included when the interconnection was planned. 

Used for Planning Recent Uses 

A. Always Considered I ; Included 
B. Usually Considered Nl; Not Included 
C. Seldom Considered 
D. Not Considered 

Used Recent Uses 
FACTORS THAT INFLUENCE THE SIZE AND USE OF INTERCONNECTIONS For Planning In Operation 

A 8 c D Nl 

1. Peak loan, no outages 48 2 0 2 38 7 
2. Off-peak, no outages 18 2 8 7 30 11 
3. Off-peak energy storage deliveries 4 4 9 23 15 19 
4. Times of area peaks but not system peak 4 5 18 21 12 25 
5. Economy energy transfers 11 18 12 11 35 10 
6. Planned equipment outages, e.g., maintenance 24 15 4 8 35 11 
7. Unplanned equipment outages 33 17 1 1 40 5 
8. Sudden Joss of equipment 35 17 0 0 42 4 
9. Construction delays 8 15 15 11 23 18 

10. Fuel shortages 3 5 20 22 17 22 
11. Higher demands than expected 4 13 22 10 22 16 
12, Regulating or synchronizing power flow 
13. Different voltage schedules · 

4 8 19 19 1.0 21 
6 9 14 18 15 19 

·14. Contracts for energy transfers 20 21 4 5 31 8 
15. Joint ownership of generating plants 13 7 5 24 14 19 
16. Cirr-ttlt:ttino flnw J1nCi!;.ihilitiAs 20 17 6 6 21 12 
17. Third-party deliveries across system 14 16 10 8 26 13 
18. Third-party deliveries in parallel with system 14 18 7 10 25 11 

E. Was a completely new contract negotiated or was an existing contract modified for the interconnection of questions A through C? 

29 New Contract 
21 Existing Contract 

F. 1. How was the timing of this interconnection adjusted to suit all parties? 

34 Timing suited both parties 
2 Timing suited our company 
5 Timing suited the other party 
4 Still negotiating 

2. Did one party agree to pay fixed charges on the circuit for one or two ye"rs? 

1 0 One party paid fixed charges for a year or more 
22 Fixed charges shared by both parties from the start 

G. 1. What alternatives to this interconnection were explicitly considered? 

8 Generation alternatives 
20 Transmission alternatives 

4 Interconnection to other parties 
10 None 

2. What was the basis of selection between alternatives? 

19 Lower capital cost 
23 Lower present worth of revenue requirements 
10 Improved reliability and system performance 

1 Diversify import suppliers 
3 Lower system losses 
1 Could be justified to regulatory commission 

. 1 Willingness of neighbor to negotiate the interconnection agreement 
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TABLE 3-8- RESPONSES INDICATING A FIRST INTERCONNECTION 

The answers to the following questions are based on studies presently being made or recently completed. 

A. Is the interconnection the first or an additional circuit between the two companies? 

11 First interconnection 

B. Which of these types of interconnections seems to best fit this particular situ<~tion? 

0 Company to company with in a pool - pooling contracts already existed. 
5 Company to company- special contracts required. 
1 Pool to pool within a NERC region. 
1 Pool to pool between NERC regions. 
0 Municipal to company. 
4 Co-op to c,ompany. 
0 Federal or state authority to company. 

t:. ~ACTORS INFLUENCING THE DECISION TO BUILD THIS INTERCONNECTION 

The following factors were ranked by their impowmce to the decision to build this interconnection. Al~o lloll ~actors were ranked from 
the viewpoint of the other party in the agreement. 

Ranking Criteria to Usc 

$ Dollar evaluation 
A. A vPry imrnrt~nt factor 

B. Important 

c. Considered 
D. Not considered 

Ours Theirs FACTORS THAT INFLUENCE THE INTERCONNECTION DECISION 

$ A B c D $ A B c D 

2 0 4 5 - 2 0 4 3 1. Summer/Winter Pe;~Lc Load Diversity 
0 4 6 0 4 4 2. Daily Peak Diversity 

2 3 6 0 1 4 4 3. Generation Reserve May be Reduced 
0 2 8 0 3 1 5 4. Larger Generation Units May be Used 
1 2 2 6 0 2 2 5 5. Opportunity to Jointly Own a Generation Unit 
2 1 2 6 2 2 4 6. Diversity Energy Sources: Hydro, Coal, Oil, Etc. 
0 0 10 0 2 0 7 7. A Source of Reactive Power 
2 3 3 3 2 6 0 8. Provide Transmission for A rea Backup 
3 1 2 5 4 4 9. Provide -1 ransmission Reserve for Generating Plant 
3 0 5 3 1 2 4 2 10. Provide Parallel Path Transmission, Reserve 
5 3 2 1 2 5 1 11. Maintain or Increase Transfer CapabilitY 
0 0 3 8 0 2 1 6 12. Loadro with Special Features 
1 1 0 9 0 0 2 ") 13. Lese Genorotion Controller Activity 

2 7 2 2 0 2 7 2 1 0 "14. lncreast><J CapacitY and Energy Purchase and Sales Opportunities 
4 5 4 1 6 3 0 15. Improve Service Oualit.y, StabiliW 

3 4 J 4 4 4 4 0 2 16. Investment Cost Compared to Alternate Plans 
3 2 4 1 4 2 4 1 3 17. Operating Costs Compar"ed to A Iter nate Plans 
2 5 3 2 2 5 1 2 18. Larger Operating Environment 

1 1 7 0 0 9 19. System Changes Ne<;!d Coordination 
1 3 3 !) I 1 2 5 20. Lorger Planning E nvirurirnent 
0 2 4 5 0 1 4 4 21. Larger Organization for Coordination 

0 4 6 0 0 4 5 22. Performance Dependence on Others 
1 1 3 6 0 0 3 6 23. Uncertain of Neighbor's Actions 
0 1 3 6 0 0 3 6 24. Limitation of Management Actions 
1 2 1 7 1 0 2 6 25. Need to Negotiate Corrective Actions for Problems 
2 2 3 4 2 3 3 26. Mutual Trust Between Members 
0 1 4 6 0 1 3 5 27. Decisions by Committee Rather than One Authority 
0 0 4 7 0 0 4 5 28. DifficultY in Sharing Generation Reserve Responsibility 
1 1 4 5 1 1 3 4 29. Difficulty in Reaching Cost Sharing Agreements 
0 0 4 7 0 0 4 4 30. Different Operating Policies 
0 2 4 5 0 1 4 4 31. Past Coordination Experiences 
1 5 "1 4 1 2 3 3 32. Financial Strength of Your Company 
0 4 1 6 0 2 3 4 33. Financial Strength of Neighbors 
"I 1 4 5 1 3 4 34. State and Local Government Policies 
0 2 4 5 0 2 3 4 35. Federal Government Policies 
2 6 0 3 3 3 1 2 36. Environmental Laws 
0 0 2 9 0 0 1 8 37. National Defense 
1 2 7 0 1 2 6 :38. Better UtilizBtion of Nation's Resources 
0 2 2 7 0 2 6 39. Need to Open Lower kV Ties When Paralleling Higher k V Ties-

Bottleneck Prevention 
3 2 4 0 3 3 2 40. Cost of Emergency Energy, e.g., Neighbor's High Cost Oil Units 

3 4 3 3 2 41. Need to Juotify Decision to Pui.Jiic St>rvice Commission 
3 4 3 3 2 42 .. Nt>ed to Justify Construction at Local R-0-W Hearings 
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TABLE 3-8 (CONT'O) 

D. SIZING AND USING THE INTERCONNECTION 

The interconnection size, meaning circuit voltage level and power carrying capability, is selected based on anticipated power transfers. 
Some transfers can be defined with relative certainty, e.g., due to contracts. Other transfer cases are used as extremes, an umbrella to 
cover an infinite spectrum of possibilities. Indicated below are the general categories of test cases used for power flow and stability 
calculations in selecting the size of the interconnection in the previous questions. 

The uses of interconnections may differ from those planned in the original justification. In the "Recent Uses" column the specific uses 
of existing ties are noted by "I" if they were included in the umbrella cases when these existill.Q ties were planned. "NI" means the use 
was not included when the interconnection was planned. 

Used for Planning Recent Uses 

A. Always Considered I ; Included 
B. Usually Considered Nl ; Not Included 
C. Seldom Considered 
D. Not Considered 

Used Recent Uses 
FACTORS THAT INFLUENCE THE SIZE AND USE OF INTERCONNECTIONS For Planning In Operation 

A B c D Nl 

1. Peak load, no outages 9 0 0 4 1 
2. Off-peak, no outages 3 3 0 4 2 3 
3. Off-peak energy storage deliveries 2 0 3 5· 2 3 
4. Times of area peaks but not system peak 0 1 2 7 2 3 
5. Economy energy transfers 2 2 2 4 5 0 
6. Planned equipment outages, e.g., maintenance 3 4 2 1 6 0 
7. Unplanned equipment outages 4 5 1 0 5 0 
8. Sudden loss of equipment 6 4 0 0 5 0 
9. Construction delays 2 4 2 2 5 1 

10. Fuel shortages 2 0 4 4 4 2 
11. Higher demands than expected 0 3 6 4 2 
12. Regulating or synchronizing power flow 0 3 3 4 2 2 
13. Different voltage schedules 0 0 5 4 0 4 
14. Contracts for energy transfers 5 4 1 0 5 0 
15. Joint ownership of generating plants 2 3 2 3 2 2 
16. Circulating flow possibilities 3 2 2 1 3 2 
17. Third-party deliveries across system 3 4 0 2 2 1 
18.. Third-party deliveries in parallel with system 2 !5 0 2 1 2 

E. Was a completely new contract negotiated or was an existing contract modified for the interconnection of questions A through C? 

11 New Contract 
0 Existing Contract 

F .1. How was the timing of this interconnection adjusted to suit all parties? 

3 Timing suited both parties 
1 Timing suited our company 
3 Timing suited the other party 
3 Still negotiating 

2. Did one party agree to pay fixed charges on the circuit for one. or two years? 

3 One party paid fixed charges for a year or more 
3 Fixed charges shared by both parties from the start 

G.1. What alternatives to this interconnection were explicitly considered? 

0 Generation alternatives 
2 Transmission alternatives 
1 Interconnection to other parties 
5 None 

2. What was the basis of selection between alternatives? 

3 Lower capital cost 
2 Lower present worth of revenue requirements 
3 Improved reliability and system performance 
1 Diversify import suppliers 
0 Lower system lo55C5 
0 Could be justified to regulatory commission 
0 Willingness of neighbor to negotiate the interconnection agreement 

• 
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utility companies within a power pool where contracts already existed. 
The largest number of respondents, twenty-two, indicated that theirs 
were between two utility comapanies, but special contracts were required. 
Five of these twenty-two questionnaires indicated that the interconnec
tion was the first between these two companies. 

A third type of interconnection could be between neighboring 
companies which happen to be members of different power pools, for 
example, between the New York and New England Power Pools. Five respon
dents indicated their interconnections did involve two different power 
pools and one of those indicated it was a first interconnection between 
these two companies. The system planners in these two adjacent pools 
would have been meeting with each other at least once a year as the 
reliability council reports for NERC are prepared. Therefore, they 
would be known to each other even if they were not interconnected, 
Interconnections between members of different reliability councils would 
be expected to involve mure negotiation between parties not familiar 
with each other because they would be meeting with separate councils . 

.. Two respondents, however, indicated that they were involved with inter
connections between reliability councils and one of them was a first 
interconnection between the two companies. 

Interconnections between a municipal utility and a private utility 
were indicated for two responses, both indicating that they were addi
tional interconnections between parties. Four of the respondents indi
cated they were between cooperative utilities and private companies and 
all four involved first interconnections. Three of the respondents 
indicated they were between federal and state authorities to private 
companies and all of these were additional interconnections between 
parties already interconnected. 

C. Fl\CTORS INFLUENCING INTERCONNECTION DECISION 

Each respondent was asked to indicate the importance of forty-two 
diff~rent factors that might influence interconnection planning. They 
were to respond with both their own viewpoint as well as the viewpoint 
of the other utilities if it was known. A was to indicate this was a 
very important factor, B indicated it was irnportant, C indicated it was 
at least considered, but not of great importance, and D indicated the 
factor was not really considered. 

The following paragraphs will discuss the responses to each of the 
forty-two questions in Tables 3-7 and 3-8. 

Immediately following the title for each question are two lines of 
number and letter combinations. The first line depicts the composite 
score from all forty-two respondents (Table 3-7). The second line 
depicts the composite score from the eleven respondents who indicate 
theirs was a first interconnection between two parties. 
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Peak Load Diversity (1) 

(Ours) 
3$ 8A 4B 13C 
1$ 2A OB .4C 

24D 
SD 

(Theirs) 
1$ 6A 2B llC 
0$ 2A OB 4C 

3lD 
3D 

(Total) 
(42) 
(11) 

Three of the questionnaires indicated that a dollar value was 
placed on summer to winter peak load diversity and eight noted that it 
was a very important factor in making the interconnection decision. One 
response indicated that a dollar value was used with a first intercon
nection between their two utilities. In the majority of cases, seasonal 
diversity is not an important factor, probably because it does not exist 
between the two parties. 

Seasonal peak load diversity was not considered iri twenty-four of 
the cases, of which five were first interconnections. Of the other 
parties in the interconnection, six believed that seasonal diversity was 
very important and two of these were the first interconnections between 
the parties; thirty-one felt that it was not even considered, and three 
of these were first interconnections between parties. 

Seasonal peak load diversity was discussed previously and illu
strated in Figure 3-5. The effect of such diversity is to lower the 
installed reserve requirements for both parties in the interconnection. 
From the results of the questionnaire, we can see that it is a very 
important factor if it exists, but if both parties tend to peak in the 
same season of the year, there is no peak diversity and hence it is not 
an important ±actor in the decision process. 

Daily Peak Diversity (2) 

lA 2B lOC 37D 
OA lB 4C 6D 

lA lB 9C 27D 
OA lB 4C 4D 

There may be a diversity within the same season. One system may 
have a peak load on a Monday, while the second system has its peak load 
later in the week or even in a different week during the same season. 
As many systems planners have pointed out, however, these are very 
dif~icult benefits to count on. The responses would bear this out. 
Only one questionnaire indicated that daily diversity was an important 
factoi both for themselves and for the other party. Most respondents 
felt that any diversity-between days in the same season can often be 
wiped out by _either a severe cold wave which will cause the peak load to 
arrive in bot·h systems on the same day or a severe hot spell, again 
causing the ~iversity in peak load to disappear. 
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Generation Reserve Reduction (3) 

4$ lOA lSB 7C l6D 
2$ lA lB 3C 6D 

4$ 6A l2B 7C l3D 
1$ OA lB 4C 4D 

Interconnections let each party take advantage of the diversity in 
generation forced outages. There is rarely any factor which tends to 
cause generation outages simultaneously. Outages tend to occur randomly 
and therefore the· larger the grouping of generating units, the lower the 
reserve requirements as a percentage of total installed capacity. Ten 
respondents indicated that this was indeed a very important factor in 
their decision to strengthen the interconnection, and one with a first 
interconnection found that diversity of generation outages was an impor
tant fact. The value of interconnections in reducing generati-on reserve 
require.ments can be determined using generation expansion studies, 
usually involving the loss-of-ioad probability method. ProbabiliLy 
calculations aid in identifying the new reserve levels necessary to 
maintain the same reliability of service. .For example, the New York 
Power Pool has found LhaL as interconncctiona are increased, thPir 
reserve requiremeuLs foe 0.2 days/year loss of load probahility dropped 
from nearly 31 percent to 22 percent (WYPP, 1976, Vol. 2, page 15). 
Such findings are common in the electric utility industry. Walker 
Cisler tells of the advantages of interconnection in the larger units 
that Detroit Edison and Consumers Power obtained from interconnection 
and integrated operation (Cisler, 1976, page 74). Dejou has noted thaL 
a reduction of 13 percent of installed capacity in Continental Europe 
could be made through the achievement of full integrated interconnec-. 
tions (Dejou, 1971, page 127). A general description of the savings in 
generation reserves that may be obtained from interconnections is pre
sented by Kirchmayer (Kirchmayer, et al., 195 7) .. Northern States Power 
Company found similar savings in generation reserves, and encouraged the 
formation of the MAPP interconnection in the midwest (Ewald and Angland, 
1964). 

For an illustration of the concept of generation reserve require
ments varying with system size, see Figure 3-23. This figure shows that 
in a system using small unit sizes, generally in the order of 600 f1W, 
the reserve requirements will decrease from approximately 27 percent of 
the installed capacity required for reserve in a 10,000 MW system to 
approximately 22 percent reserve for a system two times larger or 20,000 
MW. Continuing to double the size of the power system, however, does 
not bring the same magnitude of reserve reductions. For example, when a 
system of 20,000 MW is joined to a second identical system, a reserve 
decrease is not the 5 percent experienced when going from 10 to 20 but 
only 3.5 percent. The reduction in reserve requirement is due to the 
diversity of generation outages. The reserve reductions cannot continue 
forever because reserves are also required for load forecast uncertainty, 
for delays in generating unit construction, and for the uncertainties 
associated with maintenance scheduling. 
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Figure 3-23. Generation reserv~s may be reduced 
by interconnecting utilities into larger 
power systems.. This is a hypothetical 
system; results for a specific system 
will vary in magnitude 
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Figure 3-23 also shows how_larger unit sizes require larger re
serves in a system, but here too, the reserve requirements decrease as a 
system size is increased through interconnect~on. This is the topic of 
our next question. 

Use of Larger Generating Units (4) 

3$ 8A l4B 7C 2lD 
1$ OA lB 2C 8D 

3$ 5A llB 4C l9D 
1$ OA 3B lC 5D 

Forming a larger interconnected system brings with it the opportun
ity to use larger generating units without an increase in the reserve 
requirement. For example, in Figure 3-23, a 20,000 MW system could be 
merged With a lO,OOU MW system and larger unit sizes adopted, iOOO MW 
instead of 600 MW UJLit sizes, The result woulcl hP. t.hat thP 22 percent 
reserve required before interconnecting would remain at 22 percent after 
the systems formed a 30,000 MW pool and the larger si ZP. unit.s are intro
duced. With larier size units come economies of scale. Thus, it may be 
more economical to both build interconnections and install larger units. 
Eight responses indicated that this opportunity to use larger unit sizP.s 
was a very important factor in the continued interconnection. It is 
surprising that none of the responses that indicated a first intercon
nection considered the use of large generating units to be an important 
factor. 

An indication of the importance of interconnectio~s on generator 
size is a comparison between Great Britain and American utiliites. In 
Great Britain, with a load of about 40,000 MW, unit sizes in the order 
of 300 to 500 MW are being installed. These units are approximately l 
percent of the system size. In the American Electric Power System with 
a load of approximately 10,000 MW, unit sizes in the order of 1000 to 
1200 M}'J, over 10 percent of the system, are being installed. A major 
factor is the fact that the American Electric Power Company has nearly 
100 interconnections with neighboring utilities. Therefore, the unit 
sizes are very small (only about l/4 percent) when compared to the total 
interconnected system in the United States. 

Joint Ownership of Generating Units (5) 

2$ 5A 5B 7C 32D 
1$ 11\ 2B 2C 6D 

0$ 3A 5B 5C 25D 
0$ OA 2B 2C SD 

Generating facilities owned jointly provide an opportunity for each 
utility to take advantage of economies of scale in installing larger 
generating plants by sharing the initial capital investment. Examples 
are the units at Homer City, Pennsylvania, which are owned jointly by a 
utility in Pennsylvania and a utility in New York Sate. Generating 
units owned jointly are becoming very common between utilities in the 
same power pool. For example, the new generating units being installed 
in the CAPCO pool are owned jointly by the four members of the pool. 

3-52 



This study indicates that the decision to own units jointly comes 
as a result of becoming interconnected, rather than interconnecting 
resulting from the joint purchase of a generating unit. 

Energy Source Diversification (6) 

2$ 4A SB llC 29D 
0$ 2A lB 2C 6D 

2$ 3A 6B 7C 21D 
l$ 2A lB 2C 4D 

The Pacific coast interties were installed so that California could 
take advantage of the hydro-electric energy in the Pacific northwest 
when water was plentiful, and Pacific northwest could take advantage of 
the fossil-fired energy available in California in drought years. 
Diversity between hydro-electric energy and coal or oil-fired energy can 
be a major factor in determining unit connections. The 160 MW link 
across the English Channel from Britain to France will be increased to 
2,000 MW, with one of the major benefits being the coal-fired capacity 
in Britain to support a France based hydro-electric power (Electrical 
Week, July 12, 1976, page ll). Four of the respondents indicated that 
diversity of energy was a very important factor in their decision to 
interconnect, two of these were first interconnections between utilities. 

A third illustration of diversity of energy sources was the instal
lation of a pumped-hydro plant at Ludington, Michigan and contracts with 
Commonwealth Edison, Chicago to use their nuclear units as energy sources 
for pumping water into the reservoir at night and then repay them in the 
daytime with energy taken from the pump storage plant. Interconnections 
between Michigan, American Electr{c Power and Commonwealth Edison in 
Chicago, are involved in this transaction. 

Reactive Power (7) 

OA OB lOC 32D 
OA OB lC lOD 

OA lB 8C 24D 
OA 2B OC 7D 

Reactive power cannot be transmitted easily from one point to 
another within an electric power network. Its delivery requires a 
decrease in voltage level from sending to receiving end. Because elec
tric utility systems have found it .necessary to maintain voltage levels 
within fairly small tolerances to obtain maximum transmission capability 
and also because of specifications on motors and other electrical loads, 
the economic practice has been to provide reactive power sources, such 
as capacitors, near the power delivery points. Transmission lines, 
however, also provide a source of reactive power when the lines are 
carrying small power flows. Occasionally advantage can be taken of this 
fact by providing the interconnection first to deliver active power and 
second to also provide a source of reactive power from the line charging 
capacitance of the circuit. Though this is not a very important consi
deration in interconnection planning, it is considered, as indicated by 
the ten responses under C. 
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Transmission Backup (8) 

4$ l9A lSB 8C lOD 
0$ 2A 3B 3C 3D 

4$ 7A l6B 6C 4D 
1$ 2A 6B lC OD 

The nineteen responses indicate that the opportunity to strengthen 
service in a load area by interconnection to a neighboring utility is 
frequently an important factor in interconnection planning. The inter
connection provides an alternate source of power for the area during any 
transmission outage conditions. An area backup situation is described 
in Appendix I II . 

Transmission Reserve for Generation (9) 

4$ l3A l2B lOC lSD 
0$ 3A lB 2C SD 

3$ llA 9B 9C lOD 
1$ lA 4B 4C lD 

A generating plant located near the boundary of a service territory 
can be provided wilh a JiveLsity of power delivery routes by intercon
necting Lo Lhe ueighboring utility. The interconnection al~n improvP.s 
stability in case of short circuits within the transmission nelwork, 
especially those located close to the generating plant. In the story of 
transmission for area backup, we noted that the second party in the 
interconnection found that their generating plant performance could be 
improved by installing an interconnection to the neighboring utility. 
The first utlity received area backup protection, and the second utility 
received power transmission reserve for their generating plant. Pro~id

ing transmission reserve for generating plants was seen by thirteen of 
the r~sponses to be a very important factor and three of the responses 
pertaining to the first interconnection noted that this was an important 
factor. 

Quite often, if an interconnection is not possible, additional 
transmission along a different route away from the power plant will be 
used to provide alternate power delivery paths. 

Parallel Path Transmission Reserve (10) 

2$ 24A lSB 6C 6D 
0$ 3A OB SC 3D 

1$ lSA l2B 7C SD 
0$ lA 2B 4C 2D 

A network of interconnections provides the opportunity to use 
transmission circuits wtihin neighboring utilities in the case of cir
cuit outages in the party's own system. By providing strong intercon
nections, each party assists the other during times of transmission 
circuit outages. These circuits provide alternate paths for power flow 
and will also lower power system losses. A major test criterion for 
transmission planning is the power transfer capability across an inter
face with a major power delivery circuit out of service. As the 24 A 
responses indicate, parallel path transmission reserves are very import-
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ant in providing this additional transmission reserve during the time of 
outages. 

Enhance Transfer Capability (ll) 

5$ 37A 8B 3C 3D 
1$· SA 3B 2C lD 

4$ 25A 9B 5C 2D 
1$ 2A 5B lC lD 

Because interconnected systems respond to load changes and equip
ment outages as a single system, the entire system must be kept strong 
for both emergency and economy transfer purposes. Power transfer capa
bilities is the term used by the industry to include all forms of power 
delivery except the direct power delivery from generating plants to 
loads. Included in power transfer capabilities are those shown on 
Figure 3-17: power flows for stability, for circulating power flows, 
for emergency imports, for contracts and economy imports, and for wheel
ing power across the system. The whole concept of an integrated trans
mission network revolves around this concept of strong power transfer 
capability. The transmission system should be able to transfer whatever 
economy or emergency power is necessary with any one facility out of 
service. This rule has resulted from the experience that one facility 
may certainly be on maintenance or trip out during a heavy transfer and 
such a condition should not cause a bottleneck in the power delivery 
system. 

Power transfer capabilities tend to decrease as time passes and the 
normal loading on the transmission.Jystem increases as illustrated by 
Figure 3-24. As the normal power delivery from generation load in
creases the loading on .transmission circuits, smalle~ ~mounts of reserve 
capacity remain for the power transfer capability. Therefore, it is 
necessary for utilities to strengthen their interconnections periodi
cally because the power transfer requirements will be growing as system 
size, load level, and power plant size increase. 

Power transfer capability is especially important for systems that 
have established one central dispatch center. The· integrated system 
concept is based on the philosophy of avoiding transmission bottlenecks 
or weak spots in the transmission network. Modern dispatch centers 
monitor the interconnection circuits for loading, and also many monitor 
critical internal transmission circuits to determine if heavy overloads 
may result if any one facility should fail. The ac power flow calcula
tion is also being used in these dispatch centers to predict the loading 
on internal circuits as well as the interconnections. These loading 
predictions are based on generation dispatches within the area and the 
tie flows that are monitored and fed back to the dispatch center. These 
values allow the network flows to be estimated by methods of ''state 
estimation" (Dopaz, et al., l976)(IEEE Committee, 1975). The monitoring 
and calculation of power flows on the transmission network provides 
better knowledge of the system in real time for the operator. 
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Using ac power flow calculations, power transfer capabilities can 
be determined by additional calculations. The power transfer capabili
ties, with reserve for the outage of the largest generating unit or 
transmission circuit, provide transmission network reliability. 

That reliability is the basic objective of interconnections is 
indicated by the thirty-seven responses noting that power transfer 
capability is' a very important factor. Calculation of the power trans
fer capability for a simultaneous interchange capability is discussed by 
Landgren and Anderson in their 1973 IEEE paper (Landgren and Anderson, 
1973). 

Loads with Special Features (12) 

0$ OA OB 5C 44D 
0$ OA OB 3C 8D 

0$ OA 3B 3C 29D 
l$ OA 2B lC 6D 

Severe power fluctuations are sometimes experienced by utilities 
that have steel mills or arc furnaces on their transmission lines. 
Similar fluctuations can occur in utilities that supply the drag lines 
used in strip mining. These major influences on the demand may reduce 
the quality of service because of the accompanying voltage and frequency 
variations. In such cases, interconnections to neighboring utilities 
will tend to stabilize the frequency and may even support the voltage 
levels by changing the frequency variations and voltage dips into power 
oscillations on the interconnections. By sharing these power oscilla
tions among a larger number of generating units, the severity of the 
frequency and voltage variations is decreased. 

In the sample of opinions, no respondent had an important indica
tion for the service of special loads. In the past there was one very 
unusual load to be served by a special joint effort of many utilities. 
That was the gaseous diffusion plant located near Portsmouth, Ohio, 
operated by the Atomic Energy Commission .. Special transmission, genera
tion, and interconnections necessary to service this unusual load were 
described by Sporn in his 1968 book (Sporn, 1968, Vol. l, page 128). 

Shared Generation Control (13) 

lA lB 3C 45D 
lA lB OC 9D 

OA OB 5C 3lD 
OA OB 2C 7D 

The necessary load-following activity by generatbrs may be reduced 
by an interconnection, spreading the control or load following among a 
greater number of units. One response indicated this was a very import
ant factor, while a second response indicated it was important in a 
decision to interconnect. Both were first interconnections. 

There is discussion currently about reducing maintenance require
ments by lessening the generator control activity. For instance, a 
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reduction in maintenance was noted by the supervisory personnel of a 
mid-west utility who had to operate the plant during the strike of the 
power plant operators. Because of their unfamiliarity with the generat
ing units, they asked if they could set the generators at fixed outputs, 
take them off of control, and rely on the interconnection to do the load 
following for them. It was discovered that the generating units needed 
less repairs than normal. The neighboring utilities, however, that were 
doing the moment-to-moment load following found that their units were 
working harder, thus requiring more maintenance. Together they are 
seeking ways to share the load following among a wider range of units, 
thus removing the main load-following burden from a few units. This is 
not a major factor in interconnection but was considered important by 
two respondents. 

Limitations on tie-line power fluctuations have been selected by 
NAPSIC, the operating orgari.i2ation fur the interconnected £ystems. 
There is debate presently among operators as to whether widening the 
allowable tie-line power fluctuation could reduce or improve generation 
control. Interconnections reduce the frequency variations and the 
amuuut of boiler control "'='tion anrl replace them with tie-line power and 
voltage fluctuations. This is an extension of the functions of the 
internal transmission network that connects the generating units of a 
single utility. 

Increased Market (14) 

6$ l8A l8B· 9C 5D 
2$ 7A 2B 2C OD 

5$ l2A l4B 7C 5D 
2$ 7A 2B lC OD 

Interconnections provide the opportunity to purchase capacity and 
energy when unexpected events occur, such as a delay in the installation 
of a generating unit past the peak season of the year. A contract for 
long term (several months) capacity and energy can be executed, if 
necessary, with neighboring utilities (Kiefer, 1962). Or the need may 
be caused by a major plant outage, such as the one experienced by TVA 
with their Browris' Ferry nuclear plant. Because of the long-term outage 
of this low-energy-cost plauL, TVA made major energy purc:-hasP.s from 
neighboring utlities. For example, in 1975, the American Electric Power 
System supplied over fifty billion KWHR's of energy to TVA to replace 
energy that would have been supplied by the Browns' Ferry plant. 

Both capacity and energy purchases are referred to because a util
ity may require capacity to meet its spinning reserve requirement, but 
may not necessarily need to buy energy from that capacity. For example, 
Utility A may be short 200 MW of capacity for a day. They may, howeve~, 
have very good generating units available on their system with suffi
cient capacity to serve the load unless a unit is out of service during 
the day. The 200 MW purchase is standby capacity operated in the neigh
boring system to cover the suddeu outage of a generating unit in the 
utility. But no energy would be transferred unless an outage should 
occur. 
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Energy sales and purchases may be on a long-term firm basis, such 
as contracts executed six months to a year 1n advance for supplying a 
certain amount of energy from an entire system on a firm basis, that is, 
not interruptible unless in an extreme emergency. Or energy may be 
purchased from a particular generating unit, to be supplied only when 
that unit is operating. Or interruptible power may be purchased at a 
very low cost, but with the understanding that this contract will be the 
first to be interrupted in the event of a power shortage experienced by 
the supplying utility. Economy energy purchases may also be made for 
just one or two hours ahead in the operating day. These are negotiated 
usually by telephone by the two system operators. The cost for these 
economy transfers is frequently set halfway between the two system 
costs. 

The importance of this opportunity for purchase and sale of capac
ity and energy is indicated by the eighteen responses rating it as a 
very important factor and the additional eighteen responses indicating 
it as an important factor. For the first interconnection, the seven 
responses for a very important factor were the largest number given any 
one of the forty-two factors listed in Table 3-8. There was, however, a 
debate among system planners as to whether energy purchases and sales 
ever completely justify an interconnection, or whether it is the invest
ment cost savings. These savings reduced the need for today's capital 
funds, a most critical item. Additional future opportunities to buy and 
sell capacity are an added benefit, but are not sufficient by themselves 
to justify an interconnection. 

Other system planners argued that there are occasions when there is 
sufficient difference in energy costs over a long term, a contract 
between the two parties could justify an interconnection. In fact, the 
contract between TVA and utilities in the southwestern power pool en
couraged the building of a 500-kV grid of circuits and interconnections 
to take advantage of seasonal diversity, that is, the opportunity to 
exchange electric power from one season to the other. TVA would take 
power from the southwest during the winter and supply power to the 
southwest during its summer peak period. 

Interconnections across the U.S. borders into Canada and Mexico 
have also allowed the purchase and sale of electric energy. During 
1975, the Federal Power Commission reported major purchases of energy 
from Canada amounting to $96.1 million and exports to Mexico of $7 
million. Thus, interconnections are used internationally as well as 
between states and utilities. 

The value of interconnections was demonstrated further in January 
1977 when the unusually cold weather caused frozen coal piles and ice
jammed water intakes, which, along with units out on maintenance, re
quired major emergency power deliveries from the Northeast to the mid
Atlantic states. For example, the Virginia Electric Power Comrany 
imported 3900 MW during the worst of the freeze (Electrical World, 
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February 15, 1977, pages 26, 27). Even Ontario Hydro assisted by reduc
ing voltage to their normal customers by five percent to deliver addi
tional power to Michigan. 

Improved Service (15) 

1$ 19A 15B 13C 3D 
0$ lA 4B 5C lD 

2$ l3A 14B 9C 3D 
1$ lA 6B 3C OD 

A utility experiencing unacceptable frequency of voltage variations, 
or experiencing frequent customer service interruptions may improve its 
service quality through interconnections. Swings in frequency and 
voltage dips which, before interconnection, would cause interruptions, 
now appear as tie-line power variations when interconnected. This is 
really another way of stating that a major reason for interconnections 
is to maintain reliability and service quality when necessary. The 
reserve of power transfer capability contained in the interconnections 
can act as the shock absorber to carry a system through. major plant 

-outages, transmission circuit uuLages, auJ fluctuations in demand. 

Investment Cost (16) 

19$ 28A llB 5C 7D 
3$ 4A 2B lC 4D 

10$ 23A 9B 2C 5D 
4$ 4A 4B OC 2D 

Investment costs ranked the second highest in a comparison of 
factors, receiving more A votes than all others except Factor 11, the 
transfer capability factor. Investment costs of interconnections are 
frequently lower than the alternative to buy more generation, or even to 
install more transmission within the service area. Lower investment 
costs mean lower capital requirements for the utility and, hence, lower 
rates for the utility's customer. Therefore, this is one of the major 
reasons for installing interconnections. 

The dollar-sign indication was meant to mean that an item was given 
a dollar evaluation. In the case of investment costs, it is believed 
that it indicates that only 19 uf the 52 respondents took time to indi
cate those factors given a dollar value. 

For those who are not electric utility system planners, it is 
easier to understand that an interconnection would be the right alterna
tive if it was lower in investment costs than other alternat-ives. It is 
more.difficult to grasp the need for interconnections to maintain or 
increase power transfer capabilit{es. Therefore, the investment cost 
factor should be ranked equal in importance to the power transfer re
quirement. Note that investment costs also ranked high in the first 
interconnection responses with four A votes and two B votes out of 
eleven. Only the transfer capability received a higher number, five A's 
and three "B's, and the energy sales opportunities received seven A's and 
two B's. 
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Philip Sporn of the American Electric Power Corporation had an 
· interesting comment on whether interconnections were installed for 
reliability or because of cost reasons. On page 25 of his 1966 book he 
stresses that reliability is a basic objective of interconnections, the 
strengthening and improving of service. This increase in reliability is 
often accompanied· by substantial economies. But the reason for the 
interconnection is reliability and not the substantial economies. 
System planners interviewed agreed with this statment but found it is 
much easier to quantify interconnection economics than to quantify the 
reliability improvement. 

There is one particular type of interconnection that is very diffi
cult to justify from an economic standpoint, as well as a reliability 
standpoint. It is one that interconnects the east-west interface be
tween the two major interconnected groups of utilities, one on the east 
coast and in the mid-west, and the other on the west coast and in the 
Rocky Mountains. Figure 3-25 illustrates this situation. System A on 
the left is strongly integrated, i.e., there is a grid of high voltage 
transmission lines linking together the various generating plants and 
loads in a tight network. System A is interconnected to System B, a 
rather spreadout, large geographic area with transmission capability 
adequate for their own loads and generation but without a strong high
voltage grid of transmission lines. This System B is a neighbor to a 
seco.nd spread-out rather loosely connected group of loads and generation, 
System C. System C is interconnected to a very strong tightly inte
grated network of generation and loads, System D. To interconnect these 
two large systems together, one might consider putting an interconnec
tion between area B and area C. This was tried when a tie was closed in 
South Dakota between the eastern and western systems. The interconnec
tion was made at 115 kV and thus was very weak. The power flows caused 
by the variation in power demands and generation outputs on the two 

·sides of this interconnection soon caused power swings large enough to 
overload the circuit, causing breakers to open and break the circuit 
("Swing forces ... ", 1967). Further analytical studies have shown that, 
to interconnect across this east-west interface with ac circuits, would 
require the construction of a major high-voltage grid not just betwe~n 
•reas B and C, but from strong interconnected points in System A to 
strong interconnected points in System D, perhaps 1000 miles apart. 
Because of the nature of ac power sys~em operation, it is not possible 
to interconnect two large systems together with a very small intercon
nection. The interconnection will not stay closed. It is possible, 
however, to use de transmission lines to interconnect these two regions 
as has been done by the Tri-States System. Power flowS on a de circuit 
can be controlled by controlling the ac/dc converters at either end. 
There is no synchronizing or stabilizing power flow on a de circuit, 
only a controlled amount of power flow. DC transmission has proved to 

·be feasible for the transfer of power between System B and System C. 
These two systems, however, are not truly interconnected in the sense 
that they operate as .one system with frequency signals on one side of 
the interconnection appearing directly and immediately on the other side 
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Figure J-25. Interconnection of the weak portions of 
very large systems is difficult and 
expensive 
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of the interconnection. With a de link.as the buffer, the two systems 
are still essentially free aud independent lo operate electrically 
without influencing each other directly. 

Operating Cost (17) 

15$ lOA l8B l2C 9D 
3$ 2A 4B lC 4D 

7$ 8A l6B 6C 7D 
2$ lA 4B lC 3D 

The sharing of the economic generation each day throughout the year 
can reduce the total operating costs of the interconnected utilities. 
Quantifying these cost savings in a system planning study has been 
limited, however, to the two extreme cases. First, each utility can 
simulate future operation, assuming independent or isolated operation. 
Second, the interconnected utilities can simulate totally integrated 
one-system operation. The cost differences between these two extremes 
identify any potential savings. 

Operating savings take on added importance when contracts for power 
deliveries are signaled. Examples of this are the contract between 
Hydro-Quebec and the New York Power Pool that is to begin in 1978 and 
the one between TVA and the Southwestern Power Pool, where again a 
contract was executed for power exchanges based on seasonal differences. 
In such cases as these, operating cost savings can be identified and 
used to justify the interconnection. In many of the interconnection 
situations, the actual economic power interchanges are left to the 
dispatchers to execute hour-by-hour as the system loads and the avail
able generation become known. These cost savings are very hard to 
document years ahead of time. Therefore, utility planners know that 
operating savings can result, but have difficulty in quantifying them. 
Even so, ten responded with a vote of A and eighteen with a B. Of those 
responding as a first interconnection, two said operating costs were a 
very important factor and four indicated that they were an important 
consideration. 

Larger Operating Environment (18) 

4$ 2A lOB l3C 24D 
2$ lA SB 3C 2D 

4$ 2A OB OC l7D 
2$ lA SB lC 2D 

A larger and more complex operating environment is the firs~ of 
many factors to be discussed that are a consequence of interconnections. 
They. cannot be classified as a benefit or a disadvantage, necessarily, 
but simply the factors that must be. considered when coordinating and 
integrating the operations and planning of the entire interconnected 
system. 

The larger operating environment refers to the requirements for tie 
flow control through the dispatching of generation, identifying the 
costs of neighbor to neighbor power transfers and evaluation of the 
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sharing among members of an interconnected system, the effects of gener
ation outages on tie flows, the optimum unit commitment among the many 
interconnected utilities, and optimum pool dispatch, recognizing iosses 
if the interconnected parties decide to operate with free flowing inter
connections. Happ and Nour describe the needs for a·multi-area network 
model and its applications to the problems mentioned here, including 
power losses and tie-line flows (Happ and Nour, 1976). 

The first interconnection for a utility brings new operating beha
viors, such as the low-frequency oscillations experienced in the Western 
systems. As a second and further interconnections are made, circulating 
power flows occur with power deliveries not directly involving the 
particular utility. These power flows through one's system complicate 
the operation and dispatching of the individual utility's generation, by 
loading up transmission circuits normally used for power delivery (WSCC, 
1968). Also, major changes in power flow may occur due to disturbance 
beyond the borders of the particular utility. Interconnections will 
bring these disturbances into the system and possibly result in stabil
ity problems. The possibility of these outside disturbances requires a 
re-evaluation of the spinning reserve allocation policy used by the 
utility before interconnections. Spinning reserve refers to those 
generating units actually interconnected to the network and supplying 
some power but not operating at their full power output. The difference 
between the amount of power being generated and the maximum capability 
of the unit is the spinning reserve. A fuller discussion of the spin
ning reserve and operating problems must be considered during the system 
planning phase, to prepare a system for economic and reliable operation. 

As interconnection strength becomes large, the operating functions 
are often consolidated into a single control center so that the entire 
group ·of interconnected utilities may operate as a single entity with 
free flowing ties between each other. That is, instead of each utility 
setting its own generation output and then negotiating with a neighbor 
for economic power exchanges, each utility lets the central control 
office set the dispatch of power in each company. Up to the present, 
the consolidated control areas have included only utilities which have 
been interconnected for some number of years such as the Pennsylvania
New Jersey-Maryland Interconne.ction and the New York Power ·Pool. The 
complications in reconstructing the dispatch and distributing the cost 
savings among the members tend to limit the size of a conslidated con
trol area (Happ and Nour, 1976). As the questionnaire responses indi
cate, only two utilities consider the large operating environment to be 
an important consideration and one of those was a first interconnection 
between members. Four utilities place a dollar value on the larger 
operating environment and two of those were making the,ir first intercon
nection between the parties. 
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Coordination Needs (19) 

SA lOB llC 24D 
lA lB · lC 7D 

2A 8B 6C 21D 
lA OB OC 9D 

Syste~ changes such as the installation of a new generating unit, 
the installation of a new transmission circuit, the maintenance of 
either generation or transmission must be coordinated with the neighbor
ing utilities if their presence or absence will affect the operation of 
the entire interconnection, or at least the neighboring utility system. 

Utilities have learned to coordinate these installations and the 
maintenance schedules, so the factor is not a major one in an intercon
nection (NYPP, 1975), it is just a necessary part of an interconnected 
environment (Milner et al., 1968). This is indicated by the 5 A's and 
10 B's, indicating that most do not give it major consideration. For 
once a utility is interconnected and is coordinating changes, additional 
interconnections do not bring additional needs to coordinate. 

Coordination needs and problems were discussed at length earlier in 
this chapter. 

Larger Planning Environment (20) 

lA lOB llC 27D 
lA 3B 3C 3D 

lA 6B 8C 23D 
lA lR 2~ 5D 

Once interconnected, neighboring systems become a factor in utility 
planning. Economic generation plans will be different because of the 
neighboring systems reserves, etc. as indicated in factors 3, 4 and 5. 
Also, transmission planning will now require the simulation of power 
flows influenced by outside system dispatches and contingencies. Util
ity planners have learned to .coordinate this larger planning environment 
by sharing planning information among themselves. But there are great 
uncertainties in these long-range plans, for they are subject to many 
changes before reaching the actual decision to commit capital dollars 
for construction. Because of the uncertainty of data from neighboring 
utilities, utility planners have learned to take gross approximations of 
their neighboring systems for both generation planning and transmission 
planning and look at how their own utility might best be expanded 
recognizing these outside approximations. In coordinated power pools, 
these planning tasks are more and more frequently being carried out by a 
power pool staff studying the entire pool as one integfated area. 
Examples are the New England Power Pool and the New York Power Pool. 

Even the large power pool planning staffs must recognize the larger 
planning environment in which their pool operates. As the New York 
Power Pool does its system planning, it must recognize the existence of 
the networks in New England, Ontario and Pennsylvania. Various approxi
mate models are used in long-range, twenty to thirty year plans, while 

3-65 



more exact models of both generation and network flows are used in the 
short-range five to ten year planning studies. 

Discussions of interconnection planning often include descriptions 
of how the planning committee is enlarged each time a new interconnec
tion is initiated. Then each person on the committee wants more detail 
in the planning models, such as ac power flow and stability calculation 
models. The model grows in size, becoming very cumbersome to use and 
seems always out of date. There are some new plans for the network that 
are always being modified so that any particular calculation quite often 
seems to be out of date before it is complete. In a large planning 
environment with many utilities participating, the rate of data changes 
see~s to be more rapid than the rate of study completion. Also, it is 
difficult to have data for the same date for all and thus there may be 
inconsistencies in data. 

Larger Organization for Coordination (21) 

lA SB l3C 30D 
OA 2b 4C SD 

OA lB lOC 24D 
OA lB 4C 4D 

Because an interconnected system behaves as one electrical network 
whose overall performance depends on the proper integration of all of 
its elements (owned by several different parties), a committee must be 
established to coordinate the plans .and operation of the interconnected 
network. Each interconnection to a new party brings with it the oppor
tunity for a new member of the coordination committee. Each member of 
the power pool must apoint its representatives to this committee. The 
comittee will then decide its voting rules to determine policy and 
actions. For example, in New England, the NEPOOT. has established the 
voting based on the annual peak loads of each member .. The la rgP.r the 
annual peak load, the more votes that a utility may cast when deciding 
policy and actions. They have also stated that actions must be approved 
by seventy-five percent of the votes. Since no one utility has this 
large a segment of the load, negotiation and agreement must be reached. 
betore a new policy or action can be taken. One of the members does 
have more than twenty-five percent of the system load and can therefore 
effectively veto any action. Other pairs of utilities can also control 
more than twenty-five percent of the vote, by joining together, and 
effectively block legislation. Not all interconnected utilities have a 
vote in the NEPOOL decisions. For example, there are interconnections 
between New England and New York State, but none of the utilities in New 
York has a vote in New England decisions. Similarly, .New England utili
ties do not have a vote in the New York Power Pool decisions. 

An alternate method of managing and coordinating pool a~tions is to 
form a committee made up of only the largest utilities as is done in the 
Pennsylvania-New Jersey-Maryland Interconnection (PJM). Only major 
utilities are seated on its management committee and action requires a 
unanimous vote of the representatives to this committee. 
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As a utility is added to the power pool, it brings with it the 
question of whether the management committee should be enlarged to 
include this new member or to continue to manage the pool by the larger 
members, with the new utility receiving the information from the commit
tee without having a vote in its actions. There is a trade-off between 
increasing committee size, which will increase the time taken to reach a 
decision, versus maintaining a small committee size. The latter is an 
easier group to manage, but may not repr~sent opinions from all the 
members of the interconnected network. Donald Cook, when he was presi
dent of th American Electric Power Corporation, made reference to the 
need to balance committee size and management flexibility with the size 
of interconnected power pools (Cook, 1967). 

Dependence on Others 

8A 8B l3C 21D 
lA OB 4C 6D 

(22) 

5A 6B llC l6D 
OA OB 4C SD 

In an interconnection environment, performance will depend, in 
part, on the actions of the neighboring utilities. The eight A votes 
for this topic on the questionnaire indicate that this is a relatively 
important consideration of those factors which are more a consequence of 
interconnections than a reason for interconnections. This is compared 
with the nine A and seventeen B votes received by Item 26, which covered 
the importance of mutual trust between pool members. Once intercon
nected, the quality of service experienced by a utility customer will be 
affected to some extent by the actions of neighboring utilities. There
fore, some weight should be given to this item when considering further 
reliance on interconnections. 

It is interesting to note that only one of those interconnecting 
for the first time considered this an i~portant factor. The other ten 
put it far down on their list of pri?rities. 

One of the requirements of total integration of utilities into a 
system is that each utility must be willing to rely on its neighbors for 
overall performance. In other words, mutual trust must be part of the 
agreement. 

In the past, utilities have been willing to place dependence on 
their neighbors because they were each seeking mutual goals of lower 
cost and improved reliability. A new factor, however, has been added to 
the planning for interconnections. The state public service commissions 
have begun to consider decreasing the generation reserves that will be 
allowed in particular states. This is of great concern to utilities 
that are interconnected across state lines, for once a utility's per
formance depends on its neighbor, any action by the public ·service 

.commission to change the reliability of that neighbor will also affect 
the reliability of the other utility. 
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Uncertainty of Neighbor's Actions (23) 

lA 3B llC 34D 
lA lB 3C 6D 

OA lB9C 26D 
OA OB 3C 6D 

This is another factor which is a corisequence of interconnections. 
Since neighboring actions will affect the utilities performance, this 
has enlarged the ranges of uncertainties of event which are of interest 
to both operators and planners. Again this is not an important factor 
but it is considered, as indicated by the three B votes and eleven C 
votes. 

Limitation of Management Actions (24) 

lA 3B llC 35D 
OA lB 3C 6D 

lA 2B BC 26D 
OA OB 3C 6D 

Because changes in the electrical system will affect neighboring 
utilities, both in the planning environment and the operating environ
ment, utility management now recognizes that their actions must be 
coordinated, and, in some ways, limited to those that can be agreed upon 
by the interconnecting parties. This factor is closely related to the 
next factor which indicates the need to negotiate. 

Negotiation of Corrective Actions (25) 

4A l3B llC 22D 
lA 2B lc 7D 

3A lOB 7C 17D 
lA OB 2C 6D 

One of the limitations placed on planning in an interconnected 
environment is the need to negotiate decisions for new facilities. For 
example, power flows of future conditions may show overloads on a trans
mission system in one utility's area which appear to be caused by either 
dispatching errors or weak network conditions in a neighboring utility. 
In this case, possible network changes would be discussed by planners of 
both utilities and corrective ~ction negotiated. 

Mutual Trust (26) 

9A l7B 9C lSD 
2A 2B 3C 4D 

8A lOB 6C llD 
2A lB 3C 3D 

Since the performance of interconnected utilities depends on the 
combined actions of all its members, each utility management must trust 
that the others will pursue policies for mutual benefit. One utility 
may invest in a transmission line in a year when it would be needed just 
for its own use, but also to keep the interconnected system strong for 
itself as .well as for its neighbors. lt will make this investment, 
trusting that other utilities will plan investments on the .basis of the 
needs of all interconnected parties. In times of tight budget con-
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straints, however, it is very difficult to balance system needs against 
the available capital funds of a particular utility. 

Of the many intangible factors involved in interconnection planning, 
this trust between members was ranked very high, along with the depend
ence on others for performance and past coordination experiences. 

Decisions by Committee (27) 

SA 8B llC 26D 
OA lB 4C 6D 

2A 6B 8C 21D 
OA lB 3C SD 

Interconnected utilities must learn to coordinate activities through 
committees, since there is no single authority to decide the difficult 
questions. Instead, some sort of voting procedure must be established 
on terms that are equitable to each member of the interconnection. As 
mentioned under factor 21, the New England Power Pool has a voting 
procedure based on the peak loads of each member utility. The Pennsyl
vania-New Jersey-Maryland interconnection has a unanimous vote require
ment among the major utilities comprising that interconnection. In any 
case, reaching a decision is a time consuming process of committee 
negotiations. Since utilities have been able to make the procedure work 
in the past, this was not indicated as one of the major factors in 
interconnection planning. 

Generation Reserve Sharing (28) 

lA 4B 12C 32D 
OA OB 4C 7D 

lA 2B 9C 25D 
OA OB 4C SD 

Interconnections provide the opportunity for each member to lower 
the percent of generation reserve requirements, without lowering service 

, reliability. The amount of the reserve change, however, is dependent on 
the size of the total interconnection and the relative sizes of each 
member. For example, three utilities, let's call them A, Band C, may 
require the percent reserves shown here, before interconnection. 

A 
30% 

B 
25% 

c 
27% 

After interconnecting, the totai system may require only 24 percent 
reserve. How should the reserve reductions be made? Should each util
ity be allowed to maintain 24 percent.of its peak load in reserve? Or 
should the relative differences in reserve requirements before intercon
nection be maintained so that company B which had the lowest reserve 

··r.-e-qiiirements be:fo-re-Toili"ini th-e--·-in:t.-e·r:c:-o-nneciion win also have the 
lowest reserve requirements after becoming interconnected? These are 
very difficult decisions. One appraoch using probability methods is 
outlined by Firestone, et al., (1969) describing the CAPCO power pool 
method of timing generation additions and allocating capacity responsi-
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bility. The probability methods would seem to be the correct approach 
for capacity allocation. They tend, however, to penalize small utili
ties in relation to the larger members of the interconnection. There
fore, percent reserve rules are more common for capacity allocation 
within the industry. Just as cost allocation to various classes of 
customers is a difficult problem in rate making, so too is generation 
reserve allocation to the various utilities within a power pool a diffi
cult problem. As in most cost sharing problems, engineering mathematics 
can only describe the total amount of the savings to be shared. Negoti
ation is necessary to identify the equitable division of these savings 
amongst the interconnection utilities. Thus, the factor of capacity 
allocation was not indicated to be of great importance in future inter
connection once this hurdle has been overcome. It is of particular 
interest to note that the generation reserve responsibility was not 
important where the first interconnections were concerned. IE was 
anticipated that it would be ranked higher in importance. 

Cost Sharing Agreements (29) 

2A l4B l3C 20D 
lA lB 4C SD 

2A 9B l2C 14D 
lA lB 3C 4D 

Cost sharing agreements for transmission capital investment appear 
to be more important in interconnection planning than the generation 
reserve factors, as indicated by the 2A and l4B ranking given this 
factor. 

Planners take professional pride in their ability to find new ways 
to reduce costs, better utilize resources, improve reliability and 
generally make theirs the best utility in the country. They have become 
very creative in identifying ways to maintain reliability aL lower cost. 
If mutual arrangements between col!lpanies can lower costs with no detri
ment to service, a way is found to gain this benefit. Special contracts 
are then written. There is no standard interconnection agreement; each 
is tailored to suit the parties and the situation. 

Often, each utility will own the part of the interconnection cir
cuit in its service-area. Usually, each utility also builds the part of 
the interconnection circuit in its service area. It is rwt unusual, 
however, when most of the circuit is in one service area, to barter 
construction in the other utility's service area in lieu of making 
payments. Any contract terms Lhat help make the interconnection both 
mutually acceptable and approvable by the regulatory agencies have been 
incorporated in some agreement. 

One of the earliest discussions of the sharing of transmission 
costs related to interconnections was a paper of A.E. Bauhan (1931) 
wherein the author identifies seven services rendered by an interconnec
tion and discusses their economic evaluation. The seven services listed 
are as follows: 
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l. Emergency service 
2. Load diversity 
3. Firm power 
4. Storage Power 
5. Intra-company use 
6. Economy flow 
7. Unintentional flow 

The paper contains an excellent discussion of each one of these services 
rendered by the interconnection and the evaluation of generation capac
ity savings, capital cost savings, annual fixed charges and annual 
production expense savings. Bauhan does not attempt to show how the 
savings may be divided between the interconnecting parties and correctly 
notes that this is a matter for agreement among them. 

The legal aspects of interconnections, including the economic 
analysis of transmission sharing and interconnection agreements and 
third parties, is the topic of a paper by D. Debevoise (1965). This 
paper mentions the turmoil and sometimes years of legal and engineering 
work that go into agreeing on the principles by which an interconnection 
will be operated and how the costs will be shared. He points out that 
the legalities do not present barriers to coordination. He feels, 
however, that there is a need for open and widespread discussion, for 
oversimplification of the problems may encourage oversimplified solu
tions to be forced upon the industry to the disadvantage of the nation. 
This paper points out that it is difficult to achieve a true economic 
analysis of the benefits and burdens of the intertie and iti effect on 
all interconnected systems. The use of an intertie does not remain 
static over the years it is in service, so the relative benefits to two 
interconnected parties, and perhaps others, shift during the lifetime of 
the interconnection. If the shift can be forecast and the benefits and 
burdens spelled out, agreements can then be made to equalize the cost 
sharing. The actual benefits and burdens may not directly line up with 
those anticipated, making some realignment of cost sharing agreement 
necessary. 

Hicks and Lee (1974) present a method of power flow calculations to 
identify line loadings and thus the benefits from a transmission system 
to share investment costs. 

Transmission line loadings may not represent a good guide to bur
dens and benefits because some facilities are designed to be only light
ly loaded normally but are necessary to carry heavy loads during the 
outages of parallel facilities such as a generating plant or a parallel 
transmission line. And the benefits of this bac-kup· ·transmission reserve 
may have no value to a particular system because it already feels it has 
sufficient reserves. So an economic analysis and transmission cost 
sharing continue to be the subject of many negotiations within the 
industry. Several transmission planners have pointed out that ·the 
benefits to all parties outweigh the problems of cost sharing and, 
therefore, solutions are worked out. 

I 
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Operating Policy Differences (30) 

OA 2B lSC 3lD 
OA OB 4C 7D 

OA 2B l4C 2lD 
OA OB 4C 4D 

When interconnections were first installed between utility com
panies, some of the operating policies had to be adjusted to meet the 
new requirements for interconnected operation. Specifically the thought 
is of the policy on holding time error. One system may have a policy of 
keeping the electric clocks on time by making up any frequency errors so 
that the cumulative error is zero. A neighboring utility may keep the 
frequency to a fair tolerance, but not consider the cumulative frequency 
error (time) as very important. In other words, its clocks may run fast 
or slow in the service area, but the utility may not feel that it is 
selling time, rather that it is selling electric energy. These differ
ences had to be reco.nciled before· the interconnections could be marl~. 
Orice operating difference::: are resolved, they are no longer an important 
factor in the further strengthening of the interconnection. That this 
factor is not important is indicated by the 3lD ranking given by Lhe 
respondents. 

Coordination Experiences (31) 

6A 23B u·c lOD 
OA 2B 4C SD 

6A lSB lOC 7D 
Oi\ lB 4C 4D 

Additional interconnections with a neighboring utility are influ
enced by the past coordination experiences while operating with the 
neighboring utility. In most situations, the coordination experience 
has been quite favorable and thus it is- a possible fact.o.:r. in considering 
further interconnections. Occasionally one utility may believe that the 
other has leaned on the inter~onnection for help more often than is 
necessary and does not seem to offer assistance when others need it. 

Past experience seem& to be ranked in the important-to-be con
sidered category by most respondents. Those indicating a first inter
connection may not have had any past experience with the particular 
neighboring utility and, therefore, past experience was not considered 
very important. 

Your Financial Strength (32) 

SA lSB 8C 22D 
lA SB lC 4D' 

3A l3B 6C l4D 
lA 2B 3C 3D 

A financially strong utility is able to invest in further intercon
nections to maintain a strong transmission grid in associating power 
transfer capabilities. In recent years, several system planners have 
mentioned-"that their utilities have had tight capital budgets, and, 

3-72 



therefore, interconnections they would have preferred to see strengthened 
had to be postponed one or two years. As one planner mentioned, the 
choice often comes down to either installing an internal transmission 
circuit to support one of your own services, or installing an intercon
nection to strengthen the power transfer capabilities with neighbors. 
There may not be enough capital in the budget to allow the building of 
both circuits in the same year. 

An example quoted by one system planner involved an area of his 
utility's service territory that is remote from the major generation and 
bulk transmission work. This area could be strengthened by an intercon
nection to the neighbor who also finds that he has a load area remote 
from the major generation and bulk transmission network. An intercon
nection between these two locations would strengthen both systems. 
Because of capital budget restrictions and the requirements for trans
mission circuits in other parts of the system, however, both utilities 
face the tough decision of whether to install internal circuits for 
other locations in the system or to install the interconnection and 
improve the service to these remote areas. The budget is just not large 
enough to consider all the projects that the system planner considers 
necessary for a reliable network. 

In another example mentioned by a system planner, the financial 
strength of his company was affecting the ability to reach negotiated 
agreement~ on cost sharing of new t~ansmission facilities. Both utili
ties think they are being asked to pay more than their equitable share 
on new interconnections. In past years, when finances were not so 
tight, they could reach a gentleman's agreement and split the difference. 
between the two opinions. But now neither one can afford to give ground 
in negotiation and the interconnections may be delayed a year, with some 
decrease in bulk system reliability. 

Neighbor's Financial Strength (33) 

2A 14B 8C 26D 
OA 4B lC 6D 

3A 9B 7C 17D 
OA 2B 3C 4D 

Besides affecting project choices for a year and the ability to 
reach cost sharing agreements, the financial strength of the neighboring 
utility also impacts the benefits received from the interconnection. If 
a neighboring utility is unable to keep up the transfer limit strength 
of his own transmission network, a bottleneck in transmission may devel
op, preventing the delivery of emergency power from generators beyond 
the neighboring system. The benefits that were expected from the inter
connection network depend on each utility keeping a strong generation 
system and transmission network behind those interconnection networks. 
Any reductions in either generation reserve or transmission reserves by 
neighboring utiliites reduces the reliability of the interconnected 
group. Such reliability reductions put pressures on the neighboring 
utilities to install even more generation and transmission equipment. 
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These further installations may come just at the time that all companies 
are facing financial constraints in their capital budgeting. 

While financial strength of the utilities may not be an extremely 
important factor, fourteen respondents did indicate that it was an 
important factor. And for those utilities installing a first intercon
nection, four indicated that the financial strength of their neighbors 
was an important factor. 

State and Local Policies (34) 

3A llB lOC 23D 
lA lB 4C 5D 

4A 8B 8C l7D 
lA lB 3C 4D 

As energy sources become scarce, state governments are considering 
limi.ting the delivery of scarce resources acro.ss state lines. States 
may impose a tax on the electric energy delivered on interconnections 
across state lines. This concept is in contrast to policies in Europe 
where the independent sovereign countries have exempted electric power 
and energy exchanges from their restrictions on foreign exchange (UCFTE, 
1975). 

The installed generation reserves within a state boundary are being 
carefully reviewed by public service commissions with a thought to 
reduce generation reserve levels and thus reduee electric costs. It has 
been pointed out under factor 22 that the performance of each utility 
depends on the capabilities of neighboring utilities. State policies 
that reduce generation reserve levels or transmission capabilities will 
begin to affect the reliability of electric service in neighboring 
states. This is a serous concern to utility companies, as indicated by 
the llB ranking for all respondents. The first interconnections do not 
appear to have crossed state lines except in perhaps two cases where 
state and local government policies were important. 

Environmental standards in one state may become so restrictive that 
the amount of interconnections and generation capacity are reduced below 
levels that system planners feel are needed. Also, state and locai 
governments may veto the construction of certain types of power plants. 
Utilities are caught between state and local policies that are usually 
based on a very provincial look at the next planning decision and fed
eral policies that are aimed at national resource conservation, economic 
and physical health, and national defense. 

Federal Policies (35) 

l$ 3A l3B llC 20D 
0$ OA 2B 4C 5D 

4A 6B 9C l7D 
OA 2B 3C 4D 

The federal government has a conflicting set of policies influenc
ing interconnection planning. In the positive direction, there are 



those that encourage interconnections to obtain better utilization of 
national resources and energy savings and lower costs of electricity to 
consumers. The Federal Power Commission, however, has used interconnec
tions across state lines to extend its jurisdiction to utilities operat
ing completely within one state. In the past, Florida utilities and 
utilities in Michigan have g~ne to court to try to prevent the FPC from 
obtaining jurisdiction over them. Now the utiliites in Texas are re
sisting the FPC jurisdiction. (Electrical Week, July 26, 1976, page 2.) 

Even Canadian government policies are affecting interconnections, 
e.g., the energy sales from Quebec to the Power Auth9rity of the State 
of New York. Ontario is claiming that it should have first call on 
energy from Quebec ~nd at the same rates as charged to New York. (Elec~ 
tric Power Communicator, June 7, 1976, page l.) Ontario and Quebec do 
not now operate as interconnected systems, and the sale of energy to New 
York State seems to have reduced the interest in interconnections be
tween the two, at least on the part of Quebec. 

Interconnections are also complicated 
(Electrical Week, April 26, 1976, page 6). 
hearings, the FPC has permitted two cities 
go ahead with an interconnection and power 
worked out amongst themselves. 

Environmental Laws 

61\. l6B lOC l8D 
2A 6B OC 3D 

(36) 

81\. 9B lOC lOD 
3A 3B lC lD 

by possible anti-trust issues 
After lengthy anti-trust 

and Gulf States Utilities to 
exchange plan that they had 

As indi'cated by the 6A and l6B responses, environmental laws have 
begun to influence interconnection planning. The lengthy hearings on 
765 kV in New York State is one example of the problems involved in 
installing an interconnection, especially if it is at the 765 kV level. 
Although the hearings in New York State found no health hazards asso
ciated with 765 kV transmission, these transmission lines are still 
opposed on the grounds of visual impact and land use considerations. 

In addition, environmental laws restricting generation in one 
utility service t~rritory may adversely affect the capability to support 
the interconnected operation. The restricted util~ty may not b~ able to 
meets its generation reserve requirements for membership in the inter
connected group. In such a case, additional generating capacity would 
have to be purchased from neighboring utili ties.. Utili ties are some
times afraid that neighboring communities may become hostile to new 
generation plant construction if they feel that trie size of the generat
ing plant is being influenced by environmental laws in some neighboring 
utility. Why should we' have to provide land and ,have our environment 
pol~ut~~ by a gen~rating plant t~ help serve others who do not want a 
generating plant in thei~ own aiea? This question is being raised at 
generation siting and interconnection hearings. This is one of the 
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reasons that the respondents gave 6A and l6B votes to indicate the 
importance of environmental laws. 

National Defense (37) 

OA 2B SC 43D 
OA OB 2C 9D 

SA 2B 4C 31D 
OA OB lC 8D 

In interviews conducted by the government auditing office, the 
importance of national defense in interconnec~idri planning was stres~ed 
to utilities. The utility planners, however, feel that a sufficiently 
strong transmission network for other contingencies normally planned· for 
will also provide for a strong interconnection tor national defense 
purposes. Therefore, this was not ·rated as a very important considera
tion. 

A representation of the Defense Kmerg~ncy Planning Administration 
in Washington usually attends meetings of the NAPSIC organization to 

.. review the present utility systems from a national defense standpoint. 
National defense questions are relayed back to system planning personnel 
for their consideration. 

Resource Utilization (38) 

4A lOB 8C 27D 
OA 2B 2C 7D 

lA lOB 6C 20D 
OA. 2B lC 6D 

System planners have long recognized the economic advantages of 
utilizing natural deposits of coal, oil, and gas within their own 
service territories or neighboring utility service territories. Eco
nomies of interconnected operation include the utilization of low-cost 
energy sources, either within one's own service territory, or in neigh
boring or even remote service areas. 

Some exa!Jlples of power plants sited remote from their service area 
are those built along the·Colorado River, ·the Kincaid plant in Illinois, 
and those in western Pennsylvania. These plants are sited at the power 
source, even though they are some distance from their respective service 
areas. 

Opening Lower kV Ties 

4A llB l3C 22D 
lA 2B lC 7D 

(39) 

3A 8B 9C 26D 
OA lB 2C 6D 

The overloading of lower kV transmission circuits is really a 
transmission planning problem rather than an interconnection planning 
problem. It does happen occasi~nally that a higher voltage interc6nnec
tion paralleling~ lower voltage may be restricted in its loading'be
cause the lo~er voltage circciit reaches a limitation first. Occ~-
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sionally it is wise to open up such low~r voltage ties to force the 
loading up on the higher voltage circuits. They are looked at very 
carefully, however, because opening the interconnections that are caus
ing an overload or burden during certain emergency operations is not a 
very sound policy for an integrated power system. If interconnections 
are opened, then the benefits are lost. The reductions in generation 
reserve, the parameter support supplied by. interconnection, diverse 
routing of transmission flows, the expanded market place for energy 
sales, and the mutual support in times of emergency are all lost if 
interconnections are opened strictly because they are causing a bottle
neck in certain cases. Several discussions with power planners indi
cated that some 115 kV and 138 kV circuits would have to be opened in 
the future as a higher voltage grid is ~stablished across interconnec
tions. 

Emergency Energy Cost (40) 

3$ 3A 6B 8C 30D 
l$ lA 3B 2C 4D 

3A SB 9C l8D 
OA,3B 3C 2D 

One system planner described his utility's problem this way: 
further interconnections could be used to decrease installed generation 
reserves. If this decrease comes by delaying low-energy-cost power 
plants, the cost of energy to that utility's customers could well be 
increased. First, the increase would come about because energy would be 
generated by the smaller- and higher-cost generating units. Second, an 
increase would come about because more energy would be supplied on an 
emergency basis from neighboring utilities. The units supplying energy 
from these neighboring utilities would likely be high energy-cost oil-or 
coal-fired units and therefore emergenc~ energy would also be expensive. 
This has been an important factor in a few cases·only as indicated by 
the three A's and six B's listed by the respondents. The dollar sign 
indicates that three utilities were able to put a dollar value on the 
cost of this emergency energy and one of those was considering a first 
interconnection between parties. 

Public Service Commission (41) 

8A l6B 6C l9D 
3A 4B lC 3D 

6A l2B SC l3D 
3A lB 2C lD 

Electric utility construction budgets are being given close scru
tiny these days by public service commissions. Powen generation to 
serve customer needs and transmission eircuits from generation to load 
areas are easier to justify to public service commissions than intercon
nections. Interconnections strengthen and improve transfer capabilities 
for the benefit of the entire interconnection. Since their effects and 
benefits are widespread, it is sometimes difficult to justify the con~ 
struction decisions at hearings where only local concerns are repre
sented. The need for power transfer capabilities is not nearly as 
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apparent as the need for power delivery capacity from generation to 
load. As the 8A and 16B responses indicate, the public service commis
sion hearings are an important factor in interconnection planning. 

Justifying Construction (42) 

9A l3B 8C 21D 
3A 4B lC 3D 

8A 9B 6C. llD 
3A lB lC 2D 

Right-of-way hearings before local zoning boards are becoming an 
important consideration in interconnection planning and in fact, for all 
transmission planning for that matter. Again, the concept of an overall 
system need for transmission is difficult to get across to people with 
very local concerns. There is need for an analytical method tb demon
strate how the particular transmission circuit in question will contri
bute to local needs for lower cost energy and reliable service, as well 
as providing the system strength needed for overall reliability. 

D. SIZING AND USING INTERCONNECTIONS 

The size of the interconnection, i.e., the circuit voltage level 
and conductor size, is selected based on the anticipated power transfers 
that will be needed for both emergency and economy use. Some of these 
power transfers can be defined with relative certainty, e.g., contracts 
currently in existence which define both energy and power flow deliv
eries. Other power transfer cases are used as extreme tests to cover 
the likely and the unlikely cases that might occur on a power system.· 
The questionnaire asked about several different categories of power 
dispatches and test cases that might possibly be used in planning a 
power system, including interconnections. The responses are discussed 
in the following paragraphs. 

Peak Load, No Outages (1) 

48A 2B OC 2D 
9A OB OC lD 

The peak load condition forecasted for a future year is one of the 
very important tests used in planning the power delivery system, includ
ing interconnections. Power flow calculations will be made on the basis 
of a normal dispatch with all generating units available to show that 
power transfers can be made from generators to loads and identify power 
flow in network loops, often referred to as circulating power. This 
peak load case also forms the base to begin generation outage and trans
mission line outage test calculations. As the responses indicate, 
almost all utility planners use this peak load, no outage test case. 
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Off Peak, No Outages (2) 

l8A l6B 8C 7D 
3A 3B OC 4D 

Heavy power delivery may occur at off-peak times. For example, if 
a major generating plant is located at a site fifty miles from a major 
city with some local load in its vicinity, the largest power delivery 
from that generating plant to the city may occur at night, on off-peak 
periods. The low cost energy generated at remote sites is used by local 
loads in the daytime but is available for long-distance power delivery. 
at off-peak hours. Again; the eighteen A and sixteen B responses indi
cate that this is a major test case in many utilities. 

Off Peak Energy Storage Deliveries (3) 

4A 4B 9C 32D 
2A OB 3C SD 

On systems which include pumped-storage hydro plants, there is a 
major power delivery .to the hydro plant to provide generation for refil
ling the reservoir. This is done at off-peak hours when the large 
energy requirement is not needed elsewhere. 

The low number of respondents indicating that such cases are con
sidered may be due to the fact that only a few systems have pumped
storage plants. In those systems where such plants are present, their 
consideration will, of course, be significant. 

Area Peaks Versus System Peak (4) 

4A SB l8C 21D 
OA lB 2C 7D 

There may be unusual load areas within a service territory which 
tend to have high peaks or at least continued high power demands at off
peak times of either the day, week or season. For example, certain 
industries may be given off-peak electric rates and thus have higher 
peak loads occurring at times other than the system peak. Also in the 
future, the time of day metering will likely cause some shifts in the 
times that area peak loads occur. The effect on the bulk power trans
mission, system will be watched by power system planners. 

Economy Energy Transfers 

llA l8B l2C .llD 
2A 2B 2C 4D 

(5) 

351 lONI 
51 ONI 

One of the major uses of interconnection once they are in place, is 
to provide for the transfer of economy energy between neighbors. System 
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planners, however, have difficulty defining economy energy transfers 
when planning a power system because the contracts for these deliveries 
are usually prepared on very short planning periods, such as six months 
to one or two years. In twenty-year transmission planning studies, 
economy transfers are not often explicitly studied but rather may be 
considered as one reason for the power transfer requirements. It is 
surprising to see that eleven respondents mentioned they do always 
consider economy energy transfers and eighteen indicated that they 
usually consider these power transfers. A question also asked was, if 
these economy transfers had occurred in the recent operation of the 
interconnection. Thirty-five respondents indicated that energy trans
fers were included in recent operations, while ten indicated they were 
not. Of the new interconnections, five indicated that economy energy 
transfers were included in operations. 

Planned Outages (6) 

24A lSB 4C 8D 
3A 4B 2C lD 

35I llNI 
61 ON! 

Maintenance of generating transmission facilities frequency causes 
significant power demands on the remaining generation facilities and 
heavier loadings on the remaining transmission facilities. Therefore, 
these outage cases become important tests for planning the size and use 
of interconnections. As indicated by the 24A and lSB rankings given by 
the respondents, these are important cases for planning networks.· And 
as indicated for recent use, interconnections have been used to provide 
energy during planned maintenance of both generation and transmission 
equipment. 

Unplanned Outages (7) 

33A l7B lC lD 
4A SB lC OD 

40I SNI 
SI ONI 

Equipment maintenance outages are usually planned for ~ff-peak 
conditions where the network is not being stressed. In contrast, un
planned equipment outages are frequently stimulated by occurrences 
during the time of peak load or during the time of heavy ·power transfers 
within the network. In simulating unplanned equipment outages, a system 
planner assumes that generation can be readjusted within the system, 
simulating an outage perhaps eight to ten hours before the daily peak 
load occurred. Therefore, system generation has had a chance to be 
readjusted to recognize any bottlenecks that the outage may have caused. 
This will be in contrast to the next item where sudden loss of equipment 
prevents any opportunity to readjust generation. These generation 
outage cases rank very high in importance as indicated by the 33A and 
l7B rankings given them. Also, in recent operation, almost every re
spondent indicated that the interconnections had been used during times 
of unplanned equipment outages. 
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Sudden Loss of Equipment (8) 

35A l7B OC OD 
4A SB lC OD 

42I 4NI 
SI ONI 

Sudden equipment losses provide the most severe test of both gener
ation and transmission systems. There is no chance to readjust genera
tion to back off heavy transmission line loadings. The most critical 
generation or transmission equipment is assumed to be lost suddenly and 
the remaining system must both be stable in the short few seconds and 
stable in the long run so that no oscillations continue on the system. 
The steady-state condition must not overload the equipment severely, 
which would lead to further outages, a cascading effect that is to be 
avoided. The sudden loss of equipment is second in importance only to 
the peak load condition for planning studies as indicated by the 35A and 
l7B responses. For the viewpoints of six authors on testing system 
reliability, including generation plant outages, the outage of all 
circuits on a single right-of-way, a complete substation outage, etc., 
see the special IEEE publication of the symposium on reliability cri
teria (IEEE, 1977). The equipment outage cases used in simulating these 
sudden losses are those recently experienced on the system. The loss of 
a major. substation, the sudden outage of two units at.the same generat
ing site, or similar major outages that have occurred on a system are 
then used to guide the selection of future outage conditions. These 
outage conditions may be ratioed·up by the expected load growth to 
represent more severe conditions in the future than have occurred in the 
past. Or the two largest units in the future may be lost simultaneously 
just as the two largest units in the past have been known to trip out 
simultaneously. Each utility has had different experiences in this area 
and each region of the country has found.certain conditions to be more 
severe on their system than on others. Therefore, it is the engineering 
experience and judgement that weigh heavily in selecting the actual 
cases used to simulate the sudden outage of equipment. 

Construction Delays 

8A lSB lSC llD 
2A 4B 2C 2D 

(9) 

23I l8NI 
SI lNI 

Construction delays mean that_a generating unit is not available at 
the time of system peak or that transmission circuits are not in place 
during the period of"heavy loadings. Eight of the respqndents indicated 
that these c~nstr~ction delay~ were always looke4 at, ~hile fifteen 
indicated they usually were considered. Many of the system planners 
commented that the construction delay case was actually included with 
some of the unplanned equipment outages so that the cases were contained 
within the umbrella of generation outage, transmission outage tests used 
in planning the system. For recent operation, twenty-three respondents 
indicated that construction delays had caused additional use of inter
connection in their system. 
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Fuel Shortages (10) 

3A SB 20C 22D 
2A OB 4C 4D 

171 22NI 
4I 2NI 

Because oil shortages caused major power deliveries across inter
connections in 1973, it was thought that fuel shortage deliveries would 
become part of the test cases being run in planning interconnections. 
As indicated by the twenty C's and twenty-two D's, however, many system 
planners feel that the fuel shortage power deliver{es are already covered 
in the unplanned equipment outages and in other types of network tests. 
Only three respondents indicated that they always tonsirl~r power d~liv
eries because of fuel shortages when Plannin~ their int~rrnnnPr~inns. 
Also the seventeen I's and twenty-two NI's indicate that fuel ·shortages 
have caused some use of the interconnections but are not a major factor. 

Higher Demand Than Expected (ll) 

4A 13B 22C lOD 
OA 3B 6C lD 

22I l6NI 
4I 2NI 

This question was asked back in November before the unsually cold 
winter in January, 1977 had bccurred. At that time, few planners were 
looking at higher demands than expected. In fact, recent experience had 
been more the other way, demands had not been as high as expected. If 
this same question were asked today (March, 1977), the answ~rs mighi be 
more heavily toward planning for higher demands than expected.· Even so, 
twenty-two respondents indicated that recent operation with interconnec
tions has included higher demands than expected. These higher demand 
cases may not be used explicitly to test future systems but are implicit 
in some of the major equipment outages and power transfers applied as 
the umbrella of cases to test the transmission system. 

Regulating-Power Flow (12) 

4A 8B 19C 19D 
OA 3B 3C 4D 

lOI 21NI 
2I 2NI 

Regulating-power flow in a power system is not usually an important 
crit~ria in system planning and so the response to this question was as 
expected, with most respondents indicating it was either seldom con
sidered or not considered at all. It is, however, interesting that four 
did indicate that synchronizing power flows was considered in intercon
nection planning, which suggests that in their areas it became one of 
the determining factors. 
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Different Voltage Schedules (13) 

6A 9B l4C l8D 
OA OB SC 4D 

lSI l9NI 
or 4NI 

This question was asked to discover if different voltage profiles 
are used on the system. For example, the generator voltages may be set 
at five percent above the nominal voltage on the system and the voltage 
at the demand points set lower than the nominal voltage. 

Voltage profile refers to the magnitude of voltage at each genera
tor and load location. The magnitudes can be varied to reduce the power 
losses by producing reactive power closer to the demand points. Reac
tive power equipment, however, requires capital investment, while losses 
are an operating cost. Therefore, if capital is not available for 
voltage control equipment, it may be necessary to absorb the heavier 
power losses and transport reactive power. 

Voltage profile was not anticipated to be an important factor in 
the planning of interconnections. It is interesting, however, that six 
respondents indicated that it is alwasy considered in their planning, 
and fifteen indicated that in recent operations different voltage sched
ules have been used. 

Contracts for Energy Transfers (14) 

20A 21B 4C SD 
SA 4B lC OD 

311 8NI 
5I ONI 

Contracts for energy transfer are a major application of intercon
nection. Twenty of the respondents indicated they always considered 
energy contracts while twenty-one indicated that they usually consider 
energy contracts when planning interconnections. And in recent opera
tions, thirty-one of the respondents indicated that energy contracts 
have been used in actual operations of the interconnection. The new 
interconnections show the same pattern, with five indicating that they 
always consider, and four indicating they usually consider energy con
tracts for interconnections. 

Joint Ownership of Generating Units (lS) 

l3A 7B .SC 24D 
2A 3B 2C 3D 

l4I l9NI 
2I 2NI 

Joint ownership of generating plants will be a major consideration 
in planning the use of .the interconnections. Thirteen respondents 
indicated that joint ownership of generating plants is receiving wide 
interest within their utility systems. The twenty-four respondents who 
indicated it is not considered at all would probably be the larger 
electric utilities who have not found it necessary to share jointly the 
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ownership of power plants. The fourteen companies who indicated that 
interconnections were recently used to obtain power from generation that 
is owned jointly is another indication of the growing application of 
this concept. 

Circulating Flows 

20A l7B 6C 6D 
3A 2B 2C lD 

(16) 

2ll l2NI 
3I 2NI 

Circulating or looped flows occur in all transmission networks, and 
are .not unique to interconnections alone. Interconnections, however, do 
bring power flows circulating from outside a utility'~ service area, 
through its area, adding to its losses and then exiting at another 
interconnection point. These circulating flows can burden a system with 
heavier loading than the line woriid be carrying if the utlity was opera
ting in an isolated envit"onment. At other times; however, these circu
lating flows from the interconnection will actually be helping that same 

. utility. So the.burden of circulating flows is one of the necessary 
consequences of operating in an interconnection environment. Because 
circulating flows can cause heavier loadings than would be noted if the 
system was operated in isolation, these circulating flows and larger 
power flow calculations were indicated by twenty respondents to be 
always required in interconnection planning. Seventeen respondents 
indicated that they are required usually, while only twelve indicated 
that they were seldom if ever considered. 

Twenty one indicated that circulating flows were a significant 
factor in operations that were interconnected recently. 

Third-Party Deliveries Across System (17) 

l4A l6B lOC 8D 
JA 4D OC 2D 

26I l3NI 
2I lNI 

Third party deliveries refer to the transportation of electric 
power from Utility A through Utiiity B to Utility C, with no divers1on 
of the power by Utility B. For example, 100 MW is received at the 
eastern boundary of Utility B, which then delivers the 100 MW to Utility 
C on its western boundary: Thus, Utility B is the third p'arty and 
wheels power across its system. Fourteen utilities indicate that they 
always ·consider the possibility of third party deliveries across their 
system, and another sixteen indicate that. they usually consider this 
type of delivery. 

It is interesting to note that twenty-six of them indicate recent 
operation of their interconnections to deliver power from one utility to 
another. 
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Third-Party Deliveries 

l4A l8B 7C lOD 
2A 5B OC 2D 

in Parallel (18) 

25I llNI 
li 2NI 

Circulating flows may also occur when two of three or more inter
connected utilities are transferring power between themselves and the 
other utilities are not directly in line. The power flows may circulate 
through the non-participating third party's transmission system and exit 
again at another interconnection. For example, when TVA delivers power 
to Lousiana, some of that power flow travels on the transmission cir
cuits of the Southern Company. 

Large computer programs for network power flow calculations are 
used to study power deliveries in parallel with other utilities. These 
studies identify circulating power flows and the additional loadings on 
transmission lines. · 

Fourteen respondents indicated that they always considered power 
flows caused by parallel power deliveries and another eighteen indicated 
they usually consider these power flows. Twenty-five indicate that in 
recent operations they have experienced loop flows because of parallel
ing. 

E. NEW OR EXISTING CONTRACT 

The sur.vey found t.hat. twenty-nine utilities had required- new con
tracts when completing an interconnection, while twenty-one had been 
able to expand existing contracts. When the interconnection was the 
first one between parties, all eleven respondents indicated that new 
contracts were necessary, as would be expected. 

F. TIMING AND COST SHARING 

As Table 3-7 indicates, thirty-four utilities indicated that the 
timing of the installation of the new interconnection suited both p~r
ties. Two of the respondents indicated that the timing was adjusted to 
suit their company, while five indicated that the timing was adjusted to 
suit the other party. Four respondents indicated that they were still 
negotiating the date of the installa~ion of this interconnection. 

Cost sharing was usually adjusted so that one party would pay the 
fixed charges for a year or/more because the interconnection was instal
led to suit their timing. Twenty-two of the respondents indicated that 
the fixed charges were shared by both parties right from the beginning. 

G. ALTERNATIVES 

Generation alternatives to interconnections were considered by 
eight r~spondents, while twenty others indicated that they considered 
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other transmission alternatives. Fqur respondents indicated that they 
considered interconnections to other parties, while ten indicated that 
no other alternatives to interconnection were explicitly considered. 

For twenty-three of the respondents, the basis of selection between 
alternatives was lower present worth of revenues requirements. Nineteen 
respondents also indicated that lower capital cost was a major factor in 
the interconnection selection. Ten responde~ts indicated that improved 
reliability and system performance played a role in the selection of the 
interconnection. Three respondents indicated that interconnection 
provided lower losses. And one respondent each indicated that the 
interconnection was selected based on a diversity of imports suppliers · 
permitted, or it could be justifed to a regulatory commission, and that 
the neighbor was willing to negotiate the 1nterconnect1on agreement. 

This ends the discussion of Tables 3-7 and 3-8 which display the 
results of the questionnaire mailed out to the utilities throughout the 
United States. Two examples of the many questionnaires returned are 
contained in Appendix V of this report. 

SUMMARY OF QUESTIONNAIRE 

To summarize the major factors that have been identified through 
this survey, the most important factors are identified by ranking, using 
a three for an A, 2 for a B, l for a C and zero for a D vote. These are 
based on the "ours" replies.. In Table 3-9 are displayed the ten highest 
ranked factors based on fifty-two replies to the questionnaire, as 
tabulated in Table 3-7. "Maintain or increase transfer. capability", 
item ll, received the highest ranking among all factors mentioned. This 
result has been verified by conversations with utility planners. Once a 
utility is cooperating with several interconnections to neighbors, 
interconnection planning cannot be separated from transmission planning. 
Both are planned to maintain the power transfer capability of the net
work, or even increase it in proportion to the load growth, plant size, 
or the power carrying capability of the highest voltage transmission 
circuit. 

The· second ranked factor was the investment cost as compared to 
other alternatives. The first costs of each proposal play an important 
role in selecting the facilities, especially when there are capital 
budgeting problems. 

The third and fourth ranked items in Table 3-9 refer to transmis
sion capability providing parallel path reserves and improving service 
quality, specifically system stability. The fifth ranked factor, the 
increased capacity and energy purchase and sales opportunities, is 
ranked after investment costs as expected through conversations with 
several system planners. It is surprising to find the increased pur
chase and sales opportunity factor ranked higher than generation re-
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TABLE 3-9 

TEN HIGHEST RANKED FACTORS BASED 
ON 52 REPLIES TO QUESTIONNAIRE 

1. Maintain or Increase Transfer Capability (ll)* 

2. Investment Cost Compared to Alternatives (16) 

3. Provide Parallel Path Transmission Reserve (10)· 

4. Improve Service Quality, Stability (15) 

5. Increased Capacity and Energy Purchase and. Sales Oppor
tunities (14) 

6. Provide Transmission for Area Backup (8) 

7. Operating Cost Compared to Alternate Plans (17) 

8 .. Provide Transmission Reserve for Generating Plant (9) 

9. Mutual Trust Between Members (26) 

10. Generation Reserve May be Reduced (3) 

*Question number in Section C of Questionnaire, Table 3.7 
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serves reductions, ranked number ten in this list. Operating costs, 
ranked number seven, appropriately appear after investment costs and the 
importance to interconnection selection. 

The one factor related to coordination of interconnections that 
made the list of the top ten factors was the mutual trust between mem
bers, ranked number nine. This bears out the need for cooperation and 
coordination between system planners and the executives of the utilities 
operating in an interconnection environment. Without trust between 
operating executives, an interconnection cannot become a power pool or 
a truly integrated utility system. Many of the benefits are still 
available from interconnections without this mutual trust, but the 
placing of complete dependence of one company's performance on the 
actions of neighbors requires a trust that the neighbors will work for 
the benefit of the total interconnected g~QV.p, and that their state 
regulatory commissions will allow them to do so. 

Generation reserve reductions were ranked number ten in Table 3-9, 
a surprisingly low ranking. It was expected that generation reserve 
reductions would play a major role in interconnection planning. The low 
ranking of the reserve factor was explained by several planners as due 
to the mature state of interconnections do not bring generation reserve 
benefits in a significant amount when compared to the need to increase 
power transfer capabilities or energy exchange capabilities. 

To identify any differences in ranking when utlities interconnect 
for the first time, the eleven replies indicating a first interconnec
tion were brought together as displayed in Table 3-10. Increased sales 
and purchase opportunities were given the first ranking by the eleven 
respondents. This is surprising, for it was anticipated that generation 
reserve savings or perhaps investment costs savings would have been 
ranked very high. Investment costs savings do appear as number six in 
the list of Table 3-10, and generation reserve benefits do not even 
appear in the top ten. Questions about generation reserve sharing 
larger units or the opportunity to jointly own generation are ranked 
between fifteen and twenty. The second ranked item for those installing 
a first interconnection was to maintain or increase transfer capabili
ties; the item that wa·s given number one ranking among all respondents. 
The third and fourth ranked items did not appear on the ranking for 
fifty-two replies, and these refer to a need to justify decisions to 
both public service commissions and at right-of-way hearings. Also the 
fifth ranked item, environmental laws, does not appear in the ten high
est ranked factors for all fifty-two replies. Investment cost compari
sons which were ranked second by the fifty-two were given sixth place 
ranking by the eleven first interconnection respondents. They also 
ranked highly the improvement of service quality and stability and the 
provision of transmission for area backup or parallel path transmission 
reserves. Operating cost comparisons were given a ninth place ranking. 
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TABLE .3-10 

TEN HIGHEST RANKED FACTORS BASED 
ON ll REPLIES WITH FIRST INTERCONNECTION 

l. Increased Capacity and Energy Purchase and Sales Oppor
tunities (14)-l• 

2. Maintain or Increase Transfer Capability (ll) 

3. Need to Justify Decision to Public Service Commissions (41) 

4. Need to Justify Construction at Local R-0-W Hearings (42) 

5. Environmental Laws (36) 

6. Investment Cost Compared to Alternate Plans (16) 

7. Improve Service Quality, Stability (15) 

8. Provide Transmission for Area Backup (8) 

9. Operating Costs Compared to Alternate Plans (17) 

10. Provide Parallel Path Transmission Reserve (10) 

*Question number in Section C of Questionnaire, Table 3.8 
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The results of this survey clearly point to transmission factors as 
playing the major role in the selection and planning of interconnections, 
with investment costs ranked before operating costs in the comparison. 
The public justification of projects was found to be very important, 
especially for first interconnections between public. and private utili
ties. 

SUMMARY 

In this chapter, forty-two factors influencing the decision to 
build an interconnection circuit were identified and discussed. These 
factors were related to demand diversity, generation reserve and cost 
savings, transmission capacity improvements, cost reductions, ·and coor
dination factors. Factor trees were used to indicate the relationship 
of each factor to the general planning questions of when to add an 
interconnection, what capacity, what voltage and where. 

This chapter pointed out that interconnections, transmission cir
cuits which cross service area boundaries, require cooperation between 
utilities. These interconnections extend both the generation and trans
mission resources available to each utility. They also bring new system 
behavior patterns, the most important of which are potential stability 
problems and circulating (network) flow problems. 

The selection of these forty-two factors was guided by conversa
tions with several system planners and by a questionnaire which was 
circulated and returned by fifty-two system planners. This survey 
identified maintaining or increasing of power transfer capabilities as a 
primary reason for further interconnections. The second important 
factor was the investment cost of the interconnection alternative as 
compared to other alternatives. 

Eleven of the fifty-two replies indicated that this was the first 
interconnection between these two parties. Since most utilities in the 
United States are already interconnected to some other utility, many of 
these "first" interconnections were between parties already synchronized 
and operating in a power pool. This "first 11 interconnection was most 
frequently made to increase the opportunities for energy and capacity 
purchases and sales. Second, it was to maintain or increase the power 
transfer capability of the system. Then follow three factors related to 
government regulation; the need to justify the decision to the public 
service commission, the need to justify construction at local right-of
way hearings, and the third important factor was the environmental laws. 

The last five important factors in the top ten identified by those 
indicating a first interconnection include system benefit factors simi
lar to those included in the top ten for all interconnections. These 
include lower investment costs, improved stability, transmission for 
area backup reserve, lower operating costs when compared to other alter
natives, and parallel path transmission reserve. 
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No single return of the fifty-two indicated all of these factors 
were important. In fact, if any one result is important from this 
survey it is that different factors will be important in different 
situations. Each interconnection opportunity has its'own unique set of 
benefits and coordination factors to be considered. Transmission fac
tors wil~ rank high in the evaluation because in an interconnected 
transmission grid, the interconnected circuits play no different a role 
than the transmission circuits internal to any one utility. 

An important result of the questionnaire are those factors that did 
not appear in the ten most important factors when considering strengthen
ing or making the first interconnection. These were the coordination 
factors which, except for mutual trust between parties, were not in
cluded in the important factor category. This result indicates that 
while coordination is an important function, once interconnections have 
been established and the coordination structures are set up and manned, 
they no longer become important factors when making further interconnec
tions. Since each utility in the United States is now part of an inter
connection to at least one neighbor, each utility has already estab
lished coordination committees and manpower and are prepared to make 
further interconnections without coordination being a primary factor. 

The next chapter will treat generating plan~ing with interconnec
tions included. Although generation planning was not given a high 
ranking by the questionnaire replies, capacity and energy purchases and 
sales opportunities were ranked high number five by the fifty-two re
plies and number one by the eleven respondents indir..::~t.ing a first inter
connection. The next chapter will focus on quantifying the benefits of 
generation reserve reductions and the increased opportunities for capa
city and energy transfer capability, parallel transmission reserve, 
system stability and other transmission systems benefits.· 
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INTRODUCTION 

Generation planning is a necessary procedure for planning tomor
row's power systems and requires the consideration of a multitude of 
interrelated factors especially in today's environment with intercon
nected utility systems. The subject of generation planning has been 
addressed by many authors who have dealt with particular aspects of the 
overall subject. This chapter will attempt to discuss all the factors 
influencing planning and operation, bringing together all aspects of 
generation planning and providing a basic coverage of the subject with 
many references given for further reading. 

This chapter on generation planning will discuss: 

Generation Planning 
Reliability of Generation with Interconnections 
Costs of Generation with Interconnections 
Preparing Generation-Interconnection Plans 

Generation systems will discuss the factors affecting generation 
planning particularly electricity demand, the scope of the generat·ion 
planning problem and typical planning questions related to the major 
factors. 

Reliability criteria ·as appl-ied to the generation plan will be 
discussed with particular emphasis on the uncertainties in magnitude 
forecast for factors such as demand, unit capacities, forced and planned 
outage rates, fuel costs and maintenance requirements. The subject of 
interconnections and generation reserves is discussed in detail by 
discussion of study boundaries and the implications of those boundaries 
on the outcome of a study. The interpretation of single and multi-area 
studies is presented along with some interesting new relationships 
between reliability measures and emergency operating procedures. 

Cost is the other major criterion used to identify the acceptable 
generation expansion plan. The costs include installed costs and all 
annual costs associated with system operation. The annual costs have to 
be determined for the entire system -and not just the added units because· 
the addition of units will affect the economic operation of all units 
within the boundaries of dispatcher control. The operation of various 
kinds of generation will be discussed inciuding generation that has 
energy storage capability such as pumped storage hydro. 

Finally, the four planning questions will be discussed as they 
relate to reliability and cost criteria and the constraint factors of 
financial limitations, government/regulatory, technical (interconnection 
agreements, expandability and contingency planning, intangibles), public 
acc~ptance, and fuel availabilities. 
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GENERATION PLANNING 

Reliability in generation expansion planning means maintaining a 
reserve of generating capacity in excess of the demand for power. 
Figure 4-1, which is similar to Figure 2-1, illustrates this simple 
concept, where the demand forecast growth is always superseded by the 
addition to generation capacity. The steps in the generation capacity 
"curve" indicate the addition of generating plants to the utility 
system. 

These generation additions must be judged not only by reliability 
measures but also by the costs they incur. The investment costs and the 
future operating costs are important criteria in selecting between 
generation alternatives. Interconnections present even another alterna
tive to the system planner. Investing in transmission circuits for new 
interconnections or to strengthen existing ones can bring benefits in 
system reliability, frequently at lower total system cost. 

Particular attention will be given to the factors that enter the 
reliability and cost evaluations of a utility in an interconnected 
environment. 

The conceptual drawing of the planning task, now directed to gener
ation planning, is presented in Figure 4-2. (Note Figures 2-7 and 3-14 
which were similar.) The scope of the system refers to the utility 
system service territories to be studied. Neighboring utilities, which 
may become or are presently inter.connected i:o the utility under study, 
may be part of the system as defined for study. Later on in this chap
ter single and multi-area studies will be discussed. 

The. driving force for expanding the utility system is its demand 
growth forecast for future years. This demand growth enters into the 
reliability and cost criteria through the performance capability of the 
existing system and the capabilities and performance characteristics of 
future additions. 

The. constraints on reliability and cost criteria include the finan
cial limitations of th~ utility, government and regulatory affects on 
the planning and operating of the utility, the technical considerations 
of coordination agreements between interconnected utilities, expandabil
ity and contingency planr{ing and intangibfe factors, public accepta:nce, 
and of course considerations of fuel costs and availability. 

The performance characteristics of the existir .. g generation and 
intercon~ection system and possible future additions will be discussed 
in responseto the demand growth. The multitude of factors related to 
reliability and cost criteria and the constraining factors will be 
discussed in detail. The operational aspects of generation are.impor
tant, also, as they determine the future annual costs which.are critical 
in selecting the best expansion. 
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Scoping the system, i.e., forecasting demand growth, comparing it 
to performance capabilities of both the existing and future systems, and 
using the criteria of reliability and costs while recognizing constraints, 
results in a plan of generation and interconnection ·expansion. This 
plan will answer the four basic questions: when will new facilities be 
required, how much capacity for generating power or for power delivery 
should be required of a new facility, what type of generating plant or 
interconnection should be installed, and, finally, where should the new 
generating facilities be sited or to which utility neighbor should the 
interconnection be made. Each one of these criteria and general factors 
will now be discussed in turn. 

DEFINING SYSTEM SCOPE 

A generation expansion study is rarely started in a vacuum. Previ
ous expansion studies and their results guide the planner in selecting 
the models, the reliability and cost criteria, the alternate expansion 
possibilities to be considered and the scope of the system study. 
Figure 4-3 shows the two factors of size and time defining the scope of 
the system study. Study size is determined by the service_ territory 
boundaries of the utility or pool of utilities, the generating plants 
owned, both the units in service and those under construction, any 
jointly owned generating plants, and purchase and sales contracts for 
both energy and capacity. 

Generation planning uses the assumption that the total generation 
may be compared with the total load (Billinton, 1970). This assumption 
views the utility or pool as a single bus as shown in Figure 4-4. The 
generating units indicated as A, B, and C, represent owned generation 
and portions owned jointly and the sales and purchase contracts are 
represented by generator D. These generators serve the demand that is 
forecasted for a future year, as indicated by the graph of megawatts 
versus time in Figure 4-1, which is the total demand forecasted for the 
service territory or the area under study. The single bus representa
tion is used by utilities to study their own system or by power pools 
where generation is to be planned without considering any transmission 
limitations or corporate boundaries. This is a key factor in making the 
single bus assumption shown in Figure 4-4, i.e., the generation planning 
assumes that the transmission network will be planned to be sufficient 
to deliver megawatts generated anywhere in the system to load located 
anywhere in the system. 

When interconnections of limited capacity are to be included in the 
generation expansion study, a multi-area viewpoint for system scope is 
required (Billinton, 1970). Figure 4-5 illustrates a simple two-area 
representation of generation planning to include an interconnection to a 
neighboring system. Both systems are represented in the detail of 
individual generators and a demand curve for each year. The inter
connection is represented by power transfer capacity between the two 
systems shown as a tieline between system A and system B. Interconnec-
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tion capacity may already exist between systems A and B and the study 
will seek to determine the generation reserve benefits and cost of 
service benefits of the intercon~ection. Or systems A and B may not be 
interconnected at present, but an interconnection is being considered 
and the study is to determine the size of the interconnection, that is, 
power transfer capability between A and B that will provide maximum 
economic benefits. 

As the interconnected utilities begin to work together both in 
planning and in operation, a power pool is formed with coordination 
agreements for both planning and operation (Ewald and Angland, 1964) 
(Rincliff, 1967)(FPC, 1970). Integrated planning may be done on a one
system basis with the pool of several utilities represented by Figure 4-
4, i.e., the single bus concept (New England, 1976). Each generating 
unit belonging to the pool is represented individually but there are no 
company boundaries. For interconnection studies, ~he power pool is then 
represented by system A in a multi-area study, Figure 4-5, with inter
connections to a neighboring pool, B. For example, the New York Power 
Pool studies itself interconnected to New England using a two-area 
representation similar to Figure 4-5 (Adamson et al, 1977). Individual 
utilities within a pool may study themselves as interconnected to the 
remainder of the pool, where utility A in Figure 4-5 represents the 
single utility and B represents the rest of the power pool. The system 
size to be studied depends on the questions to be answered. At the 
power pool level the question is: what generation expansions plan will 
be economic for all the pool members while providing reliable generation 
capacity? At the individual utility level the question may be: given 
the reserve requirements for pool membership and the generation types to 
be installed in the future, what will be the power transfer needs and 
revenue requirements? 

The scope of the system, shown in Figure 4-3, also requir~s a 
definition of the time frame for the study, i.e., the beginning and 
ending year for the study. For example, generation studies typically 
begin five years from the present date and include approximately 20 t9 
25 years of generation expansion. A typical study may begin in 1982 and 
continue out to the year 2002 or 2007. The factors affecting this time 
frame selection are the lead times for constructing new facilities, the 
lifetime of these facilities, that is, the number of years before the 
facility will be retired and past experience with generation expansion 
studies. Utilities have found that there is no need to study over the 
complete 30 or 40 year lifetime of a generating unit because cost 
performance occuring that far in the future does not make any signifi
cant change in planning decisions to be based on the study. 

An additional factor in selecting the time frame is the confidence 
in the demand, technology, and fuel-cost forecasts. In recent years the 
uncertainty of both demand forecast and fuel costs have increased great
ly. Because of the loss of confidence in these forecasts, future bene
fits are heavily discounted before they are allowed to affect present 
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decisions. For example, generation facilities often are being selected 
based on the economies they can provide in the near future during the 
first few years of service, rather than on any savings they may provide 
10 or 15 years in the future. Uncertainty tends to shorten the realis
tic time fr~me needed for study to identify economic alternatives. 
Confidence in the technology forecast also tends to reduce the time 
frame for expansion studies. For example, a generation facility se
lected for addition must prove to be the most economic in its first ten 
to twenty years of service because beyond that time technical obsole
sence may come into play negating any additional savings credited to 
this generation facility. 

With the system size and time frame having been set, consideration 
must now be given to the planning questions and then the factors that 
impact t.hQir answers. 

PLANNING QUESTIONS RELATED TO MAJOR FACTORS 

The four planning questions of when, how much, what LY!Jt!, artJ where 
are related .to the major factors in Table 4-1. Mauy uf these considera
tions were discussed earlier but are reviewed here to explain Table 4-1. 
The question of when new generation or interconnection facilities will 
be needed is based almost entirely on reliability considerations. The 
amount of generating capacity or interconnection capacity to be installed 
is mostly determined by the reliability factors but is also influenced 
by costs, financial capabilities, and coordination agreements. Reliability 
will determine the minimum amount of capacity needed and cost considera
tions will decide whether a larger size unit, bringing economies of 
scale, or several small units should be planned. Economies of scale are 
important in considering interconnection transmission lines where it is 
quite economical to construct more capacity than will be needed in the 
first year. Financial limitations press for lowering reserves and 
expanding interconnections which provide generation capacity from neigh
bors because the interconnection cost is usually less than new generation 
capacity. Government regulations may require a change in the reliabil-
ity criteria and thus affect the amount of generating capacity. 

The type of generating capacity is largely determined by cost 
considerations. Both the initial installation cost and the future 
production cost play a role in identifying the type of generating capac
ity that will give the lowest economic cost. The reliability considera
tions may include both the fuel availability forecasts and the operating 
availability of the particular type of generating equipment. Financial 
limitations may be such that the high-first-cost, .~.ow-operating-cost 
plants cannot be financed, and therefore some lower first cost but 
higher operating cost units must be installed. Government regulations 
may also limit the types of generating capacity that a utility can 
consider, or may at least indicate the amount of environmental protec
tion equipment that must be installed if a certain type of fuel· is used. 
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The final question of where to site the generating unit is deter
mined almost entirely by cost considerations related to the cost of 
preparing the site for constructing the plcmt, along with the trans
mission cost necessary to deliver power from.the site to the bulk power 
system. Financial limitations may prevenf the development of certain 
sites, while coordination agreements with neighboring utilities may 
enlarge the selection of sites to be considered. 

These criteria and constraining factors shown in Table 4-1 are 
displayed in a factor tree, Figure 4-6 which is also related to Figure 
4-2. This figure ~llustrates the concept that the demand growth~ work
ing through the existing and future systems, influences both reliability 
and costs of the various generation and interconnection expansion plans. 
These cost and reliability evaluations are also influenced by the confi
dence in the future benefits and consequences. This additional factor 
was included in Figure 4-6 to highlight the fact that uncertainty has a 
key role to play in quantifying both reliability and costs. The re
mainder of this chapter will explore the specific factors that enter 
into the calculations of reliability and cpst. The constraining tac~ors 
were explored in Chapter 3 and some further discussion is included at 
the end of this chapter. 

RELIABILITY OF GENERATION WITH INTERCONNECTIONS 

The reliability of a generation system that is augmented by inter
connections is determined from the demand forecast, the existing, planned 
and future generation capabilities, existing, planned and future inter
connections, and .. the uncertainties associated with both demand and 
capability forecasts as shown in Figure 4-7. There are four components 
of reliability criteria. 

Power demand reliability is the most important component for utili
ties with capacity limited facilities such as coal, oil, gas, and nu
clear units. 

The factors that affect power demand reliability are demand fore
casts and the power output capabilities of existing and future genera
tion and interconnections. Power demand reliability refers to a compar
ison of the total generation capabilities less capacity on outage with 
the total power demand in a certain hour, usually the peak demand hour 
of each day. One reliability measure is the expected number of days 
that demand .will exceed the expected available generating capacity, 
computed by the Loss-Of-Load Probability Method (LOLP) (Billinton, 1970, 
p. 102). Another measure is the frequency and the duration of genera
tion capacity shortages measured in years between occurrences and hours 
of -duration when a shortage occurs (Billinton, et al, 1973, Chapter J). 
Generation power demand reliability is often associated with percent 
reserve because percent reserve was the major design criteria prior to 
the calculation of LOLP measures on digital computers. Twenty percent 
reserve is used in publications such as Electrical World and the Federal 
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Power Commission reports as an indication of an acceptable level of 
generation reliability. In practice, probability methods· and frequency 
and duration methods guide the determination of the correct reserve 
margin in percent for future years based on unit sizes, interconnection 
capabilities, demand levels, and uncertainties in demand, generation 
availability, and outages for scheduled maintenance. 

Energy demand reliability is important in hydro-generation systems 
that are energy (i.e., water) limited rather than capacity limited. 

The factors that affect energy demand reliability are the cumula
tive hourly power demands, total energy demands, and the energy sources 
available .. Energy reliability evaluations are important for those 
utility systems relying on fuel sources which are not under human con
trol, such as rainfall, sun, and wind. Rainfall and the associated 
river flow can be stored behind hydro electric dams and released as the 
demand requires, but only to the limit of storage available and only if 
there is sufficient rainfall. The amount of storage capacity in rela
tion to the demand will determine whether a one week or one month break
down in the energy forecast is necessary. Hydro electric planning 
experience in the Pacific Northwest has indicated that monthly analysis 
is sufficient for their system. But the underlying demand. model is 
still an hourly variation in demand, accumulating to a weekly energy 
requirement and, ultimately, to the monthly energy requirements. Thus, 
the hourly demands are the fundamental component in energy system plan
ning and can be abstracted only if experience indicates that the genera
tion capability can be planned based on weekly or monthly energy fore
casts. 

Of lesser importance is the load following capability of the gener
ation system once new units are added. The system must raise and lower 
its total output capacity to follow the morning increase in demand and 
the evening decrease. The fourth component is power system stability. 
A generating unit cannot be so large in size that its sudden outage when 
producing full output will cause major power swings within the system 
such that other generators in the system lose synchronism. Stability 
studies are carried out in conjunction with transmission studies because 
a tradeoff exists between stiffening the transmission network by adding 
more power delivery capability or reducing the size of new generating 
plants. 

DEMAND FORECAST 

The driving force for generation expansion is the ever-growing 
demand for electricity. The power demand forecast and the energy demand 
forecast can be broken into many factors such as magnitude and sequence, 
which can be further reflected as econometric and weather factors as 
shown in Figure 4-8. The demand forecast is the demand at the generator 
terminals or the active power, measured in megawatts, to be supplied by 
the generating system. Reactive power planning is left for later design 
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problems and is usually treated during transmission planning. Active 
power is delivered within the system by the transmission lines while 
reactive power is costly to transport and is economically generated 
close to the load point if at all possible (see discussion, Chapter. 3). 

Reliability calculations require more than the annual peak demand 
forecast. Seasonal peak demands, the magnitude and the sequence of 
weekly demands, the magnitude and sequence of daily peak demands, and in 
some cases, even the magnitude and sequence of hourly integrated loads 
are considered as the power reliability of the system is calculated. 
Forecasts for individual utility systems can be combined for power pool 
planning by computing the pool demand forecast from the sum of the 
forecasts of the member utilities, reduced slightly due to some divers
ity as experienced in recent years. 

Some reliability calculations were based on forecasts using only 
peak days as weeks. For a utility with a high single seasonal peak, 
experience with the of losi-of-load probability calculation demonstrates 
that it is the peak day and the peak season of the year that contributes 
most (approximately ninety percent) to a systems risk. 

The load models actually used in reliability calculations vary from 
the single annual peak load and annual energy forecast to 8760 hourly 
loads throughout the year. The industry trend has been away from the 
single peak load towards including more and more seasonal loads (power 
and energy), weekly loads, daily peak loads, and, ultimately, each 
hourly load. Each increase in detail is made to capture a new parameter 
which the old load model did not contain. For example, annual peak load 
is the most critical design factor for power demand reliability analy
sis. As long as maintenance scheduling does not affect reliability, and 
the shape of load curve is unchanged, the study of this single load from 
one year to the next provides a good index for consistent system relia
bility. When the amount of maintenance to be scheduled is increased, or 
the shape of the weekly peak demands shifts from a winter peaking system 
to a summer and winter peaking system, a load model with daily peak 
loads is needed. In the 1940's when the loss of load probability method 
was developed, the daily peak loads were used in the calculation (AlEE, 
1960). Early on, these developers found that the Saturday and Sunday 
peak loads had negligible effects on their calculation and, since they 
were doing them by hand, they dropped these weekend loads from consider
ation. Today, these weekend loads can be included with very little 
computation effort by a digital computer. 

Demand Uncertainty 

Load forecasts contain two forms of uncertainty, those of magnitude 
and of sequence, which are important in generation reserve planning. 
For example, consider the uncertainty in peak demand shown in Figure 4-
9. Seven years of historical data are shown plotted and th~ forecast 
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shown for the future 14 years. Instead of the normal single-line fore
cast, a band of forecasts is shown radiating out from the most recent 
historical data. In theory, the uncertainty increases each year in the 
future (Casazza and Mallard, 1970). At year 10, for example, annual 
peak load could be as much as 17,000 MW or as low as 12,000 MW and still 
be within the band of confidence around a forecast of 15,000 MW. These 
confidence limits keep expanding outward so that in the 20th year of 
planning the forecast confidence band could include nearly a 100% varia
tion in load from the lowest possible values to the highest possible 
values. Planning for such a wide variation of load does not appear to 
make any sense. Instead, the load forecast uncertainty for 4 to 6 years 
in the future is usually used as a bandwidth on the load forecasting 
uncertainty to be used in all years in a long range planning study. The 
rational behind this assumption is that the firm generating capacity 
decisions will be made in the 4 to 6 year time-frame, and therefore when 

'planning for the 20th year its uncertainty should be approximately the 
same width as that experienced 4 or 6 years from the present. Using the 
same bandwidth for uncertainty throughout an expansion study has proven 
by experience to be a workable assumption. 

A second demand uncertainty is related to the magnitude and se
quence of the weekly and daily peak loads. For example, in Figure 4-10 
the weekly peak loads are plotted versus the 52 weeks in a year. In
stead of showing one number, a bandwidth of uncertainty is indicated to 
include both magnitude and sequence uncertainty. The magnitude uncer
tainties in Figure 4-10 are related to the magnitude of the weekly peaks 
given that the annual peak loid is. known wi~h rPrtainty. The point to 
be made by Figure 4-10 is, that even if the annual peak load were known 
with certainty, th'ere are still the uncertainties of the other peaks in 
the year related to the annual peak load and the sequence in which all 
of these loads including. the peak will be presented to the generating 
system. 

The effects of uncertainty of magnitude are more familiar but the 
effects of uncertainty of the load sequence can also affect reliability. 
For example, the utility system experiences a peak load some time during 
the summer season. Maintenance requirements of the individual genera
tors make it necessary to maintain units during all but the peak month 
of the year. The question then ~ecomes, what is the peak month of the 
year? Past records may show that the peak occurred once in May, several 
times in June, July, and August, and even as late as the second week in 
September. What then is the peak month of the year? (As an example in 
1975 the Southwestern Power Pool experienced a September peak for the 
first time in its 34-year history (NERC, l976(a), p. 32). The mainten
ance schedule cannot, with any certainty, avoid scheduling maintenance 
during the peak month. For this reason maintenance schedules for expan
sion planning may include maintenance a~ the time of the annual peak to 
model the actual occurrences on the systP.m. 
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The daily peak load model has been sufficient as long as the gener
ating system being evaluated did not change its capability several times 
during a day. With the advent of pumped-storage hyd~o plants, load 
management control, time-of-day metering·and solar and·wind power to be 
investigated, each hour in the day may have an. impact on the reliability 
of the generation system. Thus the trend is toward including all 8760 
hours in a reliability evaluation. And associated with each hour is a 
load uncertainty made up of the uncertainty in the average level of· 
demand and in the sequence of demands. 

The uncertainty in a demand forecast i.s somet.imes quantified by 
taking a poll of opinions on what the future demand is likely to be, 
similar to a Delphi process (Linstone and Turoff, 1975). The results of 
this polling process, along with a r~view of the historical accuracy of 
the load forecast, guide the estimation of the variation in the actual 
peak demand from the forecasted value. It is common·practice to deter
mine the hourly load by an integration of the energy delivered within 
one hour (Skrotzki, 1954, Chapter 3). The presence of interconn·ections 
will complicate determining the hourly loads on the system. · It is 
necessary to record the magnitude and direction of the power flows on 
each transmission interconnection as well as each generating plant to 
determine the total load being served by the utility. 

Load monitoring is providing useful data for operation and fore
casting. The demands at individual bulk-power substations are being 
ruouitored by more utilities in an effort to determine their power flows 
on the transmission system for operating purposes (DyLiacco, 1974). 
Such records also provide input for forecasting load flows within the 
service area rather than·on a gross- basis. These recordings at the bulk. 
substations identify load by locations and by customer· classes. Some· 
may have peak demands at times different from the total system peak. 
While this diversity of peaks is not a factor in generation planning, 
for generation serves the total system peak rather than the individual 
components, the diversity will become important in transmission plan-' 
ning. This diversity also means that forecasts of individual load com-· 
ponents within the utility system cannot be added together directly but 
the total must be reduced to recognize diversity.· 

Econometric/Enumerative/Weather Factors 

In an effort to improve the utility forecasting technique, many 
methods have been proposed which segment the total demand into compon
ents such as residential, co~~ercial, and industrial demands, and then 
attempt to forecast the individual components and the diversity factors 
so that they can be recombined to form a forecasted annual system peak 
and annual energy demand for future years (FPC, 1970) .(Sachdev et al., 
1977). One of the requirements for these forecasts is a forecast of the 
economic activity to be associated with the commercial and industrial 
sections of the forecast. Also, forecasts of consumer product energy 
requirements, such as refrigerators, air conditioners, etc., are needed 
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to forecast future residential demands (Davis, 1973). Utility planners 
are not sure whether it is easier to forecast all these individual 
components and the diversities between them to arrive at an annual peak 
ioad, or whether it is easier to directly forecast the annual peak based 
on previous history of peak loads with a correction to recognize the 
economic activity within an area and the weather that may have caused 
the unusually high or low demands. Cold spells, such as that experi
enced in January 1977, and summertime hot spells, can produce abnormally 
high power demands on the utility system. Most forecasting methods try 
to calculate the normal weather peak load in an effort to forecast 
without weather bias. Of course it is then necessary to forecast wea
ther extremes to corre~tly capture the uncertainty of peak load fore
casts due to weather. For further information on demand forecasting see 
utility reports to the public service commissions such as the NYPP 
report (1976, Vol. I), and industry stud~es such as Sultan (1975). 

One small component of the load which the system operators and 
planners can affect is the power loss in the transmission system. As 
different power dispatches are used, perhaps for environmental protec
tion or for emergency purposes, system losses will be highe1.·, thus 
increasing the total system load seen at the generator terminals. Also 
the transmission network plan affects losses. A plan with a new higher 
voltage level will tend to have lower losses than a transmission plan 
using only the existing voltage levels. These operating and planning 
effects on the total system load usually are considered part of the 
uncertainty of the load forecast. 

GENERATION CAPACITY FOR RELIABILITY STUDIES 

The factors defining generation capacity for reliability studies 
are diagrammed in Figure 4-ll. The generating units have been broken 
into the two categories of those which are existing and planned, i.e., 
under construction, and those that might possibly be added in. the fu
ture. These future possibilities include not only existing forms of 
generating capacity such as nuclear, fossil fired, hydro-electric and 
pumped-hydro plants, but any new torms of electric generat.ing capacily 
that are found to be technologically practical. Each individual gener
ating unit is associated with an installation and retirement date if it 
falls within the time frame of the generation reliability study. The 
uncertainties include the amount of delay, purposeful or unavoidable 
(Electrical Week, August 30, 1976, pg. 6). New generation possibilities 
are described by the earliest installation date. 

Power Capability Factors 

Figure 4-ll then lists the power capability factors. In concept, 
the power generation capacity model for reliability evaluation should be 
nothing more than the summation of the individual capacity of all the 
generating plants within the system. For a pool study, this mP.ans that 
each member utility should submit a list of its generating units with 
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their rating. What rating? Several system planners recounted stories 
of going to a particular power plant and asking the plant manager the 
rating of a particular unit. The answer is another question: What are 
you going to use the rating for? Each plant log reports capacity varia
tions similar to those shown in Figure 4-12. This unit might have a 
nameplate rating of 501,000 kilowatts, but the net kilowatt capability 
varies almost daily. Faced with this experience on unit capabilities, 
what should be the rating of the generating unit for future planning 
studies? Utilities and the utility industry have set up committees to 
help make such decisions by listing definitions for reporting and anal
yzing outages of generating equipment (IEEE, 1966; Cook, et al., 1972; 
IEEE, 1973). The basic underlying fact remains that each generating 
unit experiences variations in rating due to weather, partial outages 
due to small equipments within the plant, variations in fuel quality, 
and tot~l outages for scheduled maintenance and an occasional replace
ment of equipment, resulting in a capability graph such as Figure 4~12. 
Each generating unit may be expected to experience random and planned 
fluctuation in capability (Huettner, 1974, pg 39; Tillinghast and Dolan, 
1976). 

For an example of the practical difficulty in working real genera
tor availability data into a logical framework for rational analysis, 
see Cucchi, Pratzon and Witmer (1976). They list eight types of out
ages, including forced, maintenance, planned, economy shutdown, forced 
partial, maintenance partial, not in use, and nuclear safety systems 
test. Also discussed are fifteen possible conditions of the generating 
unit at the time of the outage occurence. Included in these are forced 
outages postponable less than six hours, component failures extending a 
plann~rl outage, start failure, wet coal causing megawatt reduction, 
short overnight outage to deslag or clean condenser, and a unit failure 
after maintenance was postponed. 

The factors affecting power plant productivity have been surveyed 
by three consultant organizations under contract to the Federal Energy 
Administration and are reported in "Summary Report of Three Power Plant 
Productivity Studies", FEA/G-76/328, August, 1976. All three consul
tants found that coal quality, regulatory requirements, maintenance 
practices, and personnel experience were major factors influencing the 
availability and maximum capability of power plants. See a summary in 
"How to Enhance Productivity", Electrical World, Vol. 186, No. 9, 
November l, 1976, pp. 39-41. 

The estimates of future capability and availability are complicated 
by possibilities of change in coal quality as an example of fuel uncer
tainty, maintenance practices, regulatory requirements, and personnel 
capabilities and training. To keep planning estimates up-to-date, 
planners keep informed on new experiences in actual operation, new 
management policies, and new government regulations. Judgment by using 
past experiences then combines the new information with previous as
sumptions on availability and capability. As an example of new infor-
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mat ion, consider new repair parts policies, such as a sp·are turbine 
rotor, which offers the opportunity to reduce the outage time (Bossman, 
1976). (The additional costs could not be justified in the past, but 
with the higher costs of alternate sources of power, including pur~ 
chases, an expanded spare parts inventory is a factor being considered 
more seriously.) 

Before proceeding to aggregate these variations into a few ratings, 
such as summer and winter or·full and part load capability, a review of 
a few other sources of capacity uncertainty would be in order. For 
large units which are being operated every day, the plant manager has a 
gnnd data base fot' estimating the. plant capability on that day, because 
the plant was called on to perform at or near its maximum capabilities. 
For older plants that may be operating at only partial ioading, or for 
plants that were not even started, there.are no data on the power the 
plant could produce if called upon. So data preparation must begin with 
an estimate of the plant capacity for a particular day and plant operat
ing records may not provide that information. 

A second source of uncertainty on the ratings and their outage 
times is the efforts made to repair one unit. Repair time is affected 
by the financial condition of the company and the reserve on the system. 
These two factors influence how quickly the unit will return to full 
capability once a full or partial outage occurs. For example, when 
generating reserves are low, utilities work overtime to effect rapid 
repairs and the outage times are kept to a minimum. During the years 
1974 and 1975 when reserves were large and financial conditions were 
t1ght, no overtime was scheduled and, therefore, what in times of low 
reserve would be a one-week outage likely turned out to be a two-week 
outage. Older units that are not critical to the system may be reported 
on outage for several weeks, due mainly to the scheduling of maintenance 
on this nnit only when no other units need maintenance. Determining 
unit capabilities for past years requires factoring in these conditions 
using engineering experience and judgement. 

The uncertainty of past experience is compounded when preparing for 
future planning. Needed are the capabilities of existing and planned 
units in 1986, not the capability of existing units in 1976. Will the 
experiences of 1976 be similar to those in 1986? Will maintenance 
practices change, will maintenance crews be more or less skillful, will 
more standard parts be in inventory, will money be available for over
time should repairs be needed? These are some of the uncertainties that 
go into the engineering judgement used in setting the generator ratings 
and availability estimates for use in long-range generation reserve 
planning studies. 

The next item in Figure 4-11 describing the individual generating 
units is,a schedule of planned maintenance for each unit. This schedule 
will specify the actual calendar weeks when maintenance is planned for 
each individual unit. The factors that go into making up such a main-
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terrance schedule are shown in Figure 4-13. The preparation of yearly 
maintenance schedules begins with an estimate of the number of days of 
maintenance to be required by each generating unit. This estimate is 
based on past experience for units that have already been installed on 
the system and on best estimates for new generating equipment. For 
example, an existing 300 MW unit on the system is expected to require 
six weeks of maintenance in 1982 and four weeks of maintenance in the 
following year. It is typical that the amount of maintenance required 
by each generator varies each year. Associated with these requirements 
for maintenance is an uncertainty in the number of days actually to be 
required. 

There is also a problem in classifying an individual outage as 
either a forced outage or a planned maintenance outage. Classification 
guides have been established by the industry for national reporting 
(IEEE, 1966) (Cook, 1972), (EEl, 1975). Any outage that can be post
poned past a weekend is classified as a maintenance outage. Utilities 
have chosen to define planned outages as only those actually occurring 
as planned. The classification of the occurrences in a performance 

"record, such as Figure 4-12, affects the availability and forced outage 
rate estimates prepared for the unit. 

Planned outages are scheduled typically in the valleys of the load 
curve as shown in Figure 4-14. The expected loads are shown with the 
scheduled maintenance, also an expected amount, filling in the valleys 
providing a nearly constant amount of load plus capacity on maintenance. 
The uncertainty in both the amount of maintenance and the sequence of 
the peaks loads is not shown in Figure 4-14 because they are very diffi
cult factors to visualize. 

Before completing the discussion of power capabilities to consider 
in generation reserve studies, a comment is necessary on spinning re
serve policies. Experience has shown that generating capacity must be 
purchased if a utility experiences a spinning reserve deficiency. 
Therefore, generation reserve planning cannot ignore spinning reserve 
policy because if spinning reserve is deficient, the shortage of in
stalled capacity may be the problem. Spinning reserve capabilities are 
considered when the load-following capability of the entire syst~m is 
reviewed. In these load-following studies, it is important that many 
units be operating on line at less than full output and be able to pick 
up load rapidly as demands could require (Tice, 1967). 

Combining the generation capacity outages due to forced and planned 
maintenance and deducting from maximum gives capacity available to serve 
future load. The capacity reductions may be represented by a graph such 
as Figure 4-15, which plots percentage of capacity forced out versus the 
duration of time during the year when outages of the magnitude or less 
occurred. Vassell and Tibberts (1965) .present such data for the AEP 
system. 
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Energy Capability Factors 

The energy capabilities associated with individual units is the 
next factor to consider in Figure 4-ll. Generation ?Y water power, the 
sun, or wind is classified as humanly uncontrolled energy arrival. That 
is, the amounts of energy that will be available on any one day in the 
future cannot be predicted absolutely. A run-of-river hydro plant is a 
plant with uncontrolled energy arrival. A hydro electric plant with a 
reservoir, or pondage hydro, is an energy plant where the scheduled 
energy output may be smoothed using the reservoir as an inventory. 
Methods of storing energy from the sun or the wind are presently not 
available. The simulation of hydro plants for reliability evaluations 
is presented by Bertoldi et al., (1974). 

The pumped-storage hydro plant is another energy limited generation 
source. In this plant, the energy is not controlled by nature but by 
human decision to fill and drain the plant's upper r~servoir. The 
reservoir will have limited storage capacity limiting the energy output 
of the plant. Proposals for other forms of storage of potential energy 
such as electric batteries and compressed-ai~ storage tanks are being 
considered. 

Each of these energy limiting factors is defined by an energy capa
bility and a maximum power generation capability for an hour, day, week, 
month, or year. So~ar and wind change energy capability by the minute, 
hydro-generation may change by the week or month, and nuclear power 
plants are energy limited by their scheduled reload cycle of 12 to 18 
months. 

The nuclear power plant is another type of energy-limited generat
ing plant. Most types of nuclear reactors have the fuel bundles loaded 
into their core every year to eighteen months (Gilleland et al., 1970). 
Once the core is loaded the energy content can be drawn down but never 
increased. The operation of the nuclear unit presents an output sched
uling problem for if the energy is used at too rapid a rate, the core 
will be depleted before the scheduled refueling date and the plant must 
be derated in capacity. If, however, plant outages are such that energy 
remains in the core when the refueling date is reached, the remaining 
energy content is lost, which increases the fuel cost. The dispatching 
of nuclear plants to an uncertain load shape, taking into account un
scheduled forced outages or deratings within the plant, has not as yet 
been fully modeled within generation reliability or generation produc~ 
tion costing models. 

Energy limited generation on a power system has caused a great deal 
of difficulty in system models for reliability studies. The standard 
loss-of-load probability method works well for generating units that are 
capacity limited and have unlimited energy (fuel) available. When 
energy limitations become a problem, methods such as Monte Carlo simula-
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tion (based on random numbers) have been used to study energy reliabil
ity. Further research into the area of modeling energy-limited genera
tion and storage devices is being done by the Bonneville Power Adminis
tration and other utilities in the Pacific Northwest. 

Lead Times 

Installation lead times were discussed at great length in Chapter 2 
under the heading of "Facility Decision Dates (NERC, 1974, p. IV-5). 

Siting 

Siting is discussed at the end of this chapter. 

INTERCONNECTIONS AND GENERATION RESERVES 

The final three facLors in defining generation capacity, Figure 4-
ll, are related to interconnections. Interconnections provide an oppor
tunity for emergency capacity aid and economy energy purchases. Economy 
energy, energy purchased because of cost savings at the moment without 
the promise to continue the delivery if conditions change, is not a 
significant factor in reliability studies. Economy energy is difficult 
to quantify factor in favor of interconnecting. Its existence is too 
speculative for most long-term system planning studies. Representing 
emergency capacity aid available from interconnections has been the 
subject of much study over the past 25 years (Billinton, 1972). 

Contracts for capacity and energy purchases through an i•nterconnec
tion are a factor in defining the total generating capability for relia
bility studies. These contracts are usually defined by the maximum 
power that can be taken and the maximum energy that can be taken in a 
certain time period, such as one week or a month. Thus, capacity and 
energy contracts may appear to have characteristics similar to energy 
limited hydro reservoir plants where there is a maximum power capability 
and limited energy amount. 

Two-area reliability computer programs were developed 
1960s, providing the capability to study tradeoffs between 
capacity and interconnection capacity (Cook et al, 1963). 
affecting generation reserve benefits are shown in Figure 
factor will be discussed in the following paragraphs. 

Defining Boundaries of an Interconnection Study 

in the early 
generation 
The factors 

4-16, and each 

In setting the scope of an interconnection study, each planner is 
faced with the question of where to draw the boundaries for the outside 
world. For example, New York State is interconnected to Pennsylvania 
and others. Pennsylvania is, in turn, interconnected to Maryland, 
Virginia, West Virginia, and Ohio. These states, in turn, are intercon
nected further to include the entire eastern and midwest portion of the 
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Figure 4-16 Factors affecting generation reserve benefits 
of interconnections. 
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United States. The question that the planner then faces is should the 
capacity planning of a utility hundreds of miles away or several utili
ties away influence how the capacity is being planned to serve his 
customer's needs? Most interconnection studies strike a balance between 
extending the boundaries of. the systems to be included and the accuracy 
of the data and models used in the study. By drawing the boundary just 
around the neighboring power pools, the planner realizes that there is 
capacity help beyond that boundary but that the reliability calculation 
does not include all of the factors indicating a need for emergency 
capacity help anyway. · 

Including interconnections explicitly in the reserve calculation 
brought to light the importance of other uncertainties. For example, 
early two-area reserve calculations quantifi~d, but overstated, the 
value of interconnections in reducing generation reserves. Studies made 
circa 1965 indicated that generation regerves could be reduced to as low 
as eight or nine percent if large regions of the United States were 
interconnected (Michelson and Angland, 1965). These results were not 
widely ac~epted ~s it was generally agreed that reserves could be re
duced from the 30 percent level down to perhaps 20 percent or even 15 
percent but only if new units experienced low forced-outage rates on the 
order of two to three percent. 

The nine percent reserve calculation was wrong even though the 
explicit factors listed in Table 4-2 had been sufficient for studying 
single utilities. For studying single utility systems, the uncertain
ties of load forecasts,.maintenance requirements, maintenance schedules, 
and the in-service dates of new units·were relatively unimportant as 
compared to the forced outages of new large units that were were ten 
percent of the system capacity. 

When planning a larger grouping of utilities or a pool, however, 
unit sizes become small relative to the system size and the reserves 
required for generation unavailability are greatly reduced. This con
ceptual idea is contained in Figure 4-17, showing the reserve require
ments for the generation forced outages decreasing significantly as 
system size increases from 5 to 10 and on to 30 gigawatts, the size of 
some interconnected regions. Reserve requirements for just unit forced 
outages will approach the average forced outage rates of the units as 
system size increases, making each unit a smaller and smaller portion of 
the total system (Garver, 1966). For example, if the average outage 
rate of units is six percent, then, theoretically, as system size be
comes very large, only a six percent reserve for forced outage would be 
necessary. 

On the other hand, however, the reserve requirements for demand 
uncertainty, installation date uncertainty, and maintenance uncertain
ties grow in importance as the reserve requirements for generation sizes 
and forced outage rates are diminished significantly (Tice, 1967). 
Typically, these uncertainties have not been included in reserve stud-

4-33 



30 

25 

20 
REQUIRED 
INSTALLED 
GENERATION 15 RESERVE 
%OF PEAK 
DEMAND 

10 

5 

RESERVE FOR 
GENERATION FORCED 
OUTAGES 

REGULATING RESERVE 
. . 

DEMAND UNCERTAINTY 

INSTALLATION DATE UNCERTAINTY 

MAINTENANCE UNCERTAINTIES 
0~------._ ______ ._~----~------~------~------~ 
·o 5 

Figure 4-17 

4-34 

10 15 20 25 
SYSTEM SIZE, GW 

Conceptual relations of total genera
tion reserve requirement to various 
components 

30 



TABLE 4-2 

FACTORS IMPACTING GENERATION RELIABILITY ANALYSIS 

FACTORS USUALLY INCLUDED 
IN RESERVE CALCULATION 

Daily peak demand, MW 
Magnitude an~ sequence 

Individual Generating Units 
Ratings, MW 

Weeks of scheduled maintenance 
Forced outage probability 
Inservice dates for new units 

Maintenance schedule 
Schedule to minimize risk 

Interconnections 
Company to company within power · 
pool 

Acceptal Risk Level 
Expected days/year with 
capacity shortages 

I 

-FACTORS USUALLY NOT INCLUDED 
IN RESERVE CALCULATION 

Uncertainty of magnitude 
and sequence 

Uncertainty in ratings and 
fuel availability 

·uncertainty in amount 
Uncertainty in probability 
Uncertainty of date 

Uncertainty in schedule 

Emergency assistance from 
beyond the pool being planned. 
transmission bottleneck 

·possibilities within the power pool 

Emergency actions prior 
to interrupting loads 
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ies. As long as reserve levels remained nearly constant these addi
tional factors could be considered to have the same impact in the future 
as they had in the past. But in the new utility business environment, 
loads and in-service dates have increased in uncertainty, increasing 
their importance in determining the over-all teserve·requirements. 

One approach to reserve planning has been to continue including 
only forced outages in reliability studies and recognize that the help 
available from remote utilities and uncertainties of loads, maintenance 
and inservice dates tend to. offset one another. The New England Power 
Pool and the New York Power Pool are both using single area reliability 
calculations to plan generation reserve requirements, even though they 
are interconnected to each .other and are further interconnected to 
neighboring power pools (Bigelow, 1976) (Adamson, et.al., 1977). Their 
experience indicates that there is a balanc1ng effett among the factors 
in Table 4-2 that are not explicitly included. In Table 4-3, the fac
tors that tend to reduce reserve requirements are balanced against the 
factors tending to increase reserve requirements, when explicitly taken 
into a reliability calculation. The message of these authors is t.hat_ i.f 
interconnections beyond the power·pools are to be included in Lhe calcu
lation, there are other factors which should also be included in the 
calculation at the same time. 

The acceptable risk index should be restudied each time that a new 
factor is included. For example, a 0.1 day per year computed using a 
single area view of New England without interconnection means New Eng
land will be short of capacity 0.1 days per year. This shortage-may be 
made up .by using the interconnections. If interconnections are included 
in the calculation and a result of 0.1 is obtained, a new interpretation 
is necessary. The 0.1 day per year now is the expected occurrence of 
needing more than the interconnections, where before iL was the occur
rence of starting to use the interconnections. The point is,· that when 
new factors are entered -into a familiar calculation procedur~, such as 
interconnection into a lqss-of-load probability calculation, the boun
dary line between acceptable and unacceptable results should be rede
fined. 

Demand, Capacity, and Maintenance Factors 

The factors affecting the generation reserve benefits of intercon
nections on Figure 4-16 include the boundaries of interconnection stud
ies, which have already been discussed and the factors of demand, capac
ity and maintenance. Attention is now turned to theserremaining fac
tors. 

Demand forecasts on each one of the neighboring utilities are an 
important factor in analyzing the interconnection benefits. Particular 
attention has to be paid to the diversity between the annual peak loads, 
the monthly peak loads, and even down to the weekly and daily peak loads 
(McDaniel and Gabrielle, 1965). The conservative assumption is that 
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TABLE 4-3 

EFFECT OF EXPLICITLY INCLUDING A NEW FACTOR IN THE 
GENERATION RESERVE CALCULATION 

Factors Reducing Reserve Required 

Interconnections beyond the 
power pool 

Factors Increasing Reserve Required 

Maintenance uncertainties, 
amount and sequence 
Demand uncertainties, amount 
and sequence 
Fuel unavailability 
Partial capacity outages 
Uncertainty of outage rates 
In service date uncertainty 
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there is no diversity of load within one season. This is supported by 
such facts as 17 out of 19 companies in ECAR peak on the same day, 
December 15, 1975 and 76 were within an hour of 7 p.m., (NERC, 1976 (a), 
p. 13). Seasonal diversity, i.e., one utility peaking in the summer and 
the other utility peaking in the winter, shou~d be included if the 
historical trend and engineering judgement warrants it. 

Maintenance scheduling raises some difficult questions when two or 
more systems are studying interconnections. Shall the maintenance be 
scheduled on an independent basis, that is with each utility scheduling 
maintenance to maximize its own reliability on an isolated basis, or 
should maintenance be scheduled to maximize the pool reliability? 
Utilities operating in a power pool have changed gradually from a com
pany reliability maximization policy for maintenance scheduling to being 
more affected by the pool reliability. Such a shift in policy is often 
accompanied by the introduction of a cost-sharing policy for capacity 
which gives credit to the utilities who will change their maintenance 
policies to benefit the entire power pool. For example, a winter peak
ing utility in a power pool that peaks predominately in the swmner will 
be given capacity and energy credits to be used when its own system is 
serving its winter peak. 

Also involved in interconnection studies are questions related to 
existing contracts for capacity and energy sales and purchases between 
the two parties, Figure 4-16. Contracts may obligate one party to 
deliver capacity even if it requires voltage reductions within its own 
territory. Mutual assistance agreements, on the other hand, may only 
require that each party provide whatever capacity and energy assistance 
is available without jeopardizing its own customers. Mutual assistance 
may even include voltage reductions or appeals to large customers. The 
actual assistance agreements between the interconnected parties will 
specify how far the utility not experiencing the emergency is expected 
to go with its own emergency operating procedures to help out a neigh
bor. The assistance agreement, becomes a major factor in analyzing the 
generation reserve benefits of interconnections and a mathematical 
modelling of the interconnection agreements is built directly into the 
two-area loss-of-load probability calculation or any similar type of 
analytical method. 

The final factor in the study of generation reserve benefits of 
interconnection is power losses incurred when power is transported from 
one utility to ·another. If the two utilities are adjacent to each 
other, each supplies some of the losses, the power crossing the boundary 
is the interchange and losses are not a significant factor in generation 
reserve planning. If the interconnection study is to include long dis
tance power deliveries from generators remote from the primary area or 
power wheeling across a system, then losses could become important. 



INTERPRETING RELIABILITY STUDIES 

The discussion thus far on reliability of generation with intercon
nections has dealt with many·of the ~ignificant factors affecting the 
reliability analysis. Attention is now turned to interpreting t.he 
results of these computations. The most widely used method of reliabil
ity analysis is the loss-of-load probability, often referred to as the 
LOLP method. 

The Loss-of-Load Probability (LOLP) results are not a probability 
and do not measure loss of load. The results are an expected value -
the number of days when generation outages exceed reserves. Loss of 
load by voltage reduction, appeals, and other emergency actions begin 
occurring before generation outages exceed reserves. Therefore, LOLP is 
useful only as a relative indication of reliability rather than an 
absoluate measure of reliability. 

The computational details of the LOLP method are explained in 
several sources, such as Billinton (1970) and IEEE Tutorial (1971). The 
details of the calculation method will not be discussed here, but the 
results of such analyses need some explanation. 

Single-Area Reliability Studies 

The primary role of a reliability study has been to compare one 
future alternative generation expansion with another one. Another use 
is to compare a future system with past history. For example, computing 
the risk expected in 1987 with a particular generation expansion pattern 
may show an LOLP of 0.632 days/year. This value has meaning only when 
compared with an as-planned quantity for a historical year, ~.e., 1971, 
when the LOLP was, perhaps, 0.43 days/year. The operating department of 
the utility may feel that 1971 was a tight year, but they made it through 
without any blackouts or major difficulties. The financial department, 
on the other hand, may feel that the 1971 system was overdesigned in 
light of today's financial capabilities. There is no clear boundary 
between an acceptable and an unacceptable result; rather there is a 
gradual transition from a clearly acceptable result tq clearly unaccept
able results. 

For the results of an analytical technique to be accepted in 
planning utility systems., the sensitivity of the results to load and 
capacity must correspond to experience. Operating experience will have 
demonstrated that there must be so much installed percent reserve on the 
system (NERC, l975a). A percent reserve which has worked well.in the 
past is a bench mark, but not a requirement for future plans. Experi
ence has shown also that if a large siz~ ~enerating unit is introduced 
into the system, the reserve rather than being a fixed percentage should 
be large enough to at least cover the outage of this large single unit. 
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A graph of the increase in system load made possible with the 
addition of various generating unit sizes is presented in Figure 4-18. 
A reserve rule of 20 percent of capacity would allow a load growth of 
400 megawatts if a 500 megawatt unit is added to_the system. If an 800 
megawatt unit was added to the system, then the 20 percent reserve rule 
would allo.w a load growth of 640 MW. Sys~em experience, as well as 
p_robability calculations, have demonstrated, how.ever, that if the larg
est unit on a system is doubled, in this example from 400 to 800 MW, 
then the amount of reserve on the system should be increased by more 
than 20 percent of 800. 

The largest single contingency rule would state that the addition 
of an 800 megawatt unit allows only a load growth of 400 megawatts, the 
previous largest uni~ before the addition of the 800 MW. If a 400 
megawatt unit had been added, the largest single contingency rule would 
state that 4UU megawatts ot additional lOad ffiay be carried. Experience 
has indicated, however, that some additional reserve will be needed even 
when identical units are placed on the system. 

Results of analytical studies by either the loss-of-load prohab~l
ity (LOLP) method or the frequency and duration method (Billinton et al, 
1973) provide a result that is a blend of both of the previous reserve 
rules. In Figure 4-19, the load growth allowed using a LOLP calculation 
is plotted along with the previous two graphs, from Figure 4-18. Notice 
how the constant LOLP reserve rule-~egins like the percent reserve rule 
and then gradually blends over to become a limit similar to the.largest 
single contimgency reserve rule. This blending of two well-recognized 
design policies in one analytical technique has been a major factor in 
the wide acceptance of LOLP and frequency and duration methods for 
generation reserve planning. In addition, these analytical techniques 
also take into account maintenance requirements, changes in the forced 
outage rates of generating units, load uncertainty, and new unit service 
date uncertainty. · 

The loss-of-load probability and frequency and duration techniques 
also capture the non-linear effect of ~ontinual additions of the same 
generating unit size. ~·igure 4-lO presents the results of an LOLP inves
tigation of the addition of five identical 600 MW units t.o a system in 
which the largest unit before the additions is 400 MW (Garver, 1966). 
Notice that the first 600 MW unit increased the load growth capability 
by 362 MW. The addition of the second 600 MW unit increased the load 
growth capability by an additional 436 MW. Th{s non-linear growth in 
the benefits of adding identical units continues as ea~h unit is added, 
making the system better able.to utilize additional units of the same 
size. Ultimately, when the fifth 600 MW unit is added, the load growth 
capability of that unit is 508 MW. 

4-40 



800 

0· 
W3: 
5~ 6oo 
_lW 
_J._j 
<(::::) 

:C a:·., . 
f- w 400 . 
3:> oa: w a: (/). 
CJw 
0 a: 200 
<C>om 
_J 

20% RESERVE RULE. 

LARGEST SINGLE 
CONTINGENCY 

:.R.ULE / 
'}/ 

200 400 600 800 
SIZE OF NEW UNIT, MW 

Figure 4-18 .comparison of reserve rules 

. 4-41 



Figure 4-19 
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Multi-Area Reliability Studies 

A multi-area reliability study is required when transmission limi
tations are a consideration or the reliability indicies for sub-areas of 
a pool are desired. With a single-area viewpoint, transmission limita
tions are left to be corrected by transmission planning. With the 
multi-area view, corrections for transmission bottlenecks can be made 
either by generation or transmission additions. Attention is turned now 
to the tr.ade offs between generation and inter:connections. 

Interconnections, for generation reserve planning studies, can be 
represented in three ways as illustrated by Figure 4-21. Figure 4-2la 
presents the classic first interconnection evaluation where utility A 
has no other ties except to the utility or utilities represented by B 
(Kirchmayer et al.. 1957), The multi-area conhguration of :Fign:r.~ 4-2.l.h 
is used when a utility is connected by limited transmission capacity to 
several neighboring utilities, who are themselves interconnected in a 
limited fashion (Vassell and Tibberts, 1972). If Utility A has several 
interconnections to its neighbors who are integrated together into a 
power pool with essentially no transmission limitations, then the con
ceptual model in Figure 4~2lc may be appropriate. Situations (a) and 
(c) in Figure 4-26 can be modelled by two-area reliability techniques 
(Cook. et al., 1963), while situation (b) requires more sophisticated 
models (Pang and Wood, 1975). 

The results of a multi-area study, whether (a), (b), or (c), are 
similar to those contained in Figure 4-22 taken from a paper by Adamson, 
et al. (1977). In Figure 4-22, the reserve requirements of the primary 
area for study are graphed against the total transfer capability into 
the area. Note that if the primary area were to design its system on an 
isolated, zero-transfer basis and use 0.1 days/year for more capacity 
(LOLP), a twenty-nine percent reserve would be necessary. If a transfer 
capability of 5000 MW is provided, then the installed generation reserve 
can be dropped to eighteen percent of the peak load, and still provide 
0.1 days/year need for more capacity. This calculation is based on the 
assumption that each of the neighboring areas is des i gnP.rl t.o t.he same 
risk level with zero transfer capacity. This means that if eighteen 
percent reserve provides a risk level of five days/year for the isolated 
primary area, then each of the neighboring utilities or areas is assumed 
to also be designed for five days/year. The neighboring utilities must 
develop curves similar to Figure 4-22 to assure themselves that at five 
days/year their system is able to reduce its risk to or below 0.1 
days/year, and to determine the required amount of trapsfer capability. 

The factors that go into making such a two-area reliability calcu
lation are listed in Figure 4-16, using the very detailed representation 
of the generating units and energy sources outlined in Figure 4-ll. In 
addition, the demands in the neighboring areas are specified in equal 
detail to the primary area, based again on the demand factors shown in 
Figure 4-8. These multi-area studies lead to major amounts of data 
handling to give an accurate representation of all areas. 
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One of the important parameters in studies of the generation re
serve benefits of interconnections is the isolated reliability of each 
of the neighboring utilities. This reliability is computed with zero
transfer capacity assumed. If utilities in the past used 0.1 days/year 
on an isolated basis and if these utilities interconnect together and 
one of the members, call it the primary area, decides to raise its risk 
level by lowering its reserves, the effect would be similar to Figure 4-
23. Here the primary area has raised its isolated risk to ten days/year. 
If neighboring areas continue to maintain their isolated risk values at 
0.1 days/year by maintaining high reserves, then the ihterconnection 
benefits to the primary area are significant. The isolated risk of ten 
days/year can be reduced to nearly 0.0002. A major portion of the 
primary area's reserve needs can be met by the reserves of the neighbor
ing utilties. Each utility in this pool, however, would discover the 
same answer; that if any one of them reduces its reserve, it can live on 
the reserves of its neighbors. But if all of the utilities reduce their 
reserves, the reliability then decreases and level of risk increases to 
greater than 0.1 days/year. Coordination contracts assure that each 
utility will meet its fair share of the pool's installed reserve re
quirement. Such a contract would penalize the primary area if its 
reserves are at a low value compared to the needs of the pool of utili
ties. 

An iterative process is required to locate the proper percent 
reserve for the entire pool and then to equitably allocate the reserve 
to each pool memb8r. It ig not the intent of this report to enter into 
a discussion of generation reserve allocation procedures as they are 
discussed by Firestone et al. (1969). But experiences with allocation 
procedures based on probability mathematics indicate that pool members 
owning units large in size, in relation to their isolated system, will 
be heavily penalized by probability methods, even. though such large 
units are a benefit to the entire pool.· The concept is sketched in 
Figure 4-24: For a small utility in the pool, the benefits of owning or 
being allocated a larger and larger unit very soon level off to no 
benefit for continued size increases (Garver, 1966). The pool, on the 
other hand, will continue to receive benefits from larger unit sizes. 
The question then is: If the pool continues to receive benefits, 
should not the owner (the small utility in this case) also receive 
benefits with larger size? Probability as a factor in generation re
serve allocation is difficult to apply because of the non-linear be
havior shown in Figure 4-24. Allocation procedures have been based on 
percent reserve, equal risk without ties, equal expected energy from the 
interconnections, and percent reserves adjusted by forced-outage per
formance. 

Generation reserve benefits of interconnections are also very 
sensitive to generation and demand changes outside the primary area 
(NYPP, 1977, Vol. 1, p. 343). For: example, Figure 4-25 presents the 
reliability of the primary area as interconnection transfer capacity 
increases. If the future year occurs as planned, a 5000 MW transfer 
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capacity provides less than a 0.1 days/ year risk of a capacity short
age. But if a unit is delayed in going into service in the neighbor's 
system, the primary area risk increases to more than 0.4 days/year. The 
same type of risk increase is experienced if demand is above the fore
casts in the neighbor's system. Even greater risk increases are experi
enced if the demand is above forecasts in both areas. Even maintenance 
schedule changes in the neighboring system will affect the risk of 
capacity shortage of all the interconnected utilities. 

Interconnections bring generation reserve benefits which can be 
quantified in increased load carrying capability. Taking advantage of 
these benefits by reducing reserves increases the sensitivity of service 
reliability to neighboring utility reserve changes. 

Relating Reliability to Emergency Operating Procedures 

The generating system may achieve a reliability level of so many 
days per year but it will be the relative difficulty of measures taken 
by the system operator to supply load and the inconveniences to cus
tomers that provide their appreciation for reliability. Figure 4-26 
presents a dia·gram showing a typic'al set of emergency operating proced
ures used by an interconnected utility as the generation reserves shrink. 
These generation reserve reductions may be caused by demands higher than 
expected or major generation outages.· For electric utility operators, 
the perceived reliability of the system means sufficient reserves such 
th~t no emergency operating procedures are necessary. 

As outages and high demand shrink reserve, the first action is to 
go to interconnections and purchase power. Generation reserve condi
tions in the neighboring utilities and the power transfer capabilities 
of the transmission system and interconnections will determine the 
amount of powe.r that neighboring utilities can make available. 

The second action is to reduce standby reserves by starting up all 
available generating capacity controlled by the system dispatcher. This 
action reduces the standby reserve but does maintain the operating 
reserve margins. 

The third emergency operating action taken is a five percent system 
voltage reduction which is the first indication to the customers that 
emergency actions are being taken. A five percent voltage reduction may 
cause a three percent reduc.tion in power demand. If generation reserves 
are still shrinking, a call is placed to the neighboring utilities to 
request that they too initiate the five percent voltage reduction and 
supply whatever .additional power can be made available over the .inter
connections. 

Up to this point in the emergency operating procedures, the utility 
customers have experienced only a five percent voltage reduction. The 
next step is to disconnect interruptable loads, i.e., customers with 
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contracts stating specifically that they can be interrupted in times of 
capacity shortages. If these interruptible loads are not enough, then 
large customers are requested to make load reductions. If, after these 
requests, the emergency still exists, public appeals_ are made for volun
tary load reductions. All.utility customers are now aware of the emer
gency situation. 

After these load reductions, the generating units are pushed to 
overload capacity by working the equipment harder for a short period of 
time. (Overload capacity includes over-pressure and heater bypassing 
(EEl, 1967, pg. IV-25).) Additional voltage reductions are then insti
tuted, resulting in a total of eight percent reduction. Spinning re
serves are reduced and for the third time telephone calls are made to 
neighboring utilities to purchase the maximum amount of power ·that can 
be made available in extreme situations. Up to this point, customer 
service has been reduced by voltage reductions and by voluntary actions 
of customers in reducing the demand. The final step in the emergency 
procedures is to begin rotating blackouts, cutting off service t~ se
lected load areas. 

The purposes of these emergency operating procedures are twofold. 
First,. to continue service to electric utility customers as long as 
possible, and second, to ~llow the system to recover from the emergency 
as rapidly as possible. Note the importance of adequate interconnec
tions as three times neighbors were. asked to take measures to assist the 
troubled utility. 

The number of occurences of these emergency procedures is being 
related to the.percent of installed reserve on the system through the 
use of probability mathematics (Kenney and Moisan, 1976). The results 
of such an analysis may be used to plot a number of expected actions 
versus the percent of installed reserves, Figure 4-27. For this exam
ple, with a 20 percent installed reserve on this particular system, 
emergency operating procedures may be expected approximately forty times 
a year. The need, however, to go beyond purchasing emergency power will 
likely occur only eighteen times a year. Voltage reductions may be 
expected approximately seven times a year and large customer appeals 
less than once a year. If the installed reserve was reduced to 15 
percent, the number of days on which emergency operating procedures 
would be needed is increased to over fifty days a year. Voltage reduc
tions may be expected approximately twenty times a year, appeals· to 
large customers would be required apprxoximately six times a year and 
public appeals for load reduction approximately four times a year. 
Extreme unit outputs and reduction of the spinning reserve would be 
required one or two days a year. There is a significant change in the 
preceived reliability of service as the generation reserves are reduced 
from 20 percent to 15 percent. These computed differences in reliabil
ity experienced by the utility operators and customers are helping 
utilities select the proper generation reserve levels in the future. 
Relating the probability calculations to actual actions on the system 
provides a physical feel for the meaning of reliability. 
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COSTS OF GENERATION WITH INTERCONNECTIONS 

Investment and annual costs for future years stand with reliability 
as a major criterion in generation expansion planning with intercon
nections. The three major components of cost are the installation costs 
for new generating facilities, the transmission network installed cost, 
including interconnections, and the annual production, including all 
operation and maintenance, costs for future years, Figure 4-28. The 
installed costs for new facilities and the production costs for each 
year will be discussed in this chapter. The installed cost of transmis
sion networks, including interconnections, will be covered in the next 
chapter on Transmission Planning. 

Transmission planning can play a major role in the selection of a 
sit~ for new generation facilities. Generation siting may be done 
during transmission planning because experience has shown that, while 
site costs are fairly insensitive to generation size and fuel types, 
they are affected significantly by the transmission network required for 
power delivery. When there are generation types which have very limited 
siting possibilities, a pumped-hydro facility for example, the installed 
costs would then include the site-related costs. Otherwise, the in
stalled costs for the new generation would include only the general non
site specific costs related to type of fuel and size of plant. A dis
cussion of siting is included at the end of this chapter. 

INSTALLED COSTS 

The factors affecting the installed cost of new generating facili
ties are the in-service date, the size of the unit, its fuel type, the 
projected dollars/kW for the size and type, and the annual carrying 
charges, all shown in Figure 4-29. There may also be opportunities to 
own a facility jointly, or, in very special cases, such as gas turbines, 
an opportunity to lease equipment. Leasing of equipment has not played 
a major role in utility planning in the United States, but some utili
ties in Germany are leasing power plants. 

The in-service date and size of the generating facility will be 
determined from the reliability study. The fuel type, whether nuclear-, 
oil-, gas-, or coal-fired steam; combustion; or hydro electric, will be 
determined by comparing the annual costs of the generation expansion 
with and without these various types. This selection process will be 
discussed in a following section. The alternate possible types may also· 
include, in later years of the study, some of the generating types now 
under development. 

There is a relationship between generation unit size and fuel type 
as shown in Table 4-4. Certain types of units are made in specific 
sizes. For example, gas turbines are made in sizes up to 75 MW. Nu
clear units on the other hand are usually found in size ranges from 900 
MW to 1300 MW presently, with the possibility of larger sizes in the 
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Table 4-4 

TYPICAL SIZE-TYPE CORRELATION 

Fuel Type 

Gas or Oil Fired Combustion 
Turbine 

Steam and Combustion Turbines 
Combin'-1d ·· Cy~ 1 P 

Fossil-Steam For Daily On-Off 
Cycles 

Gas, Oil, Coal Rase Load Steam 

Nuclear Steam 
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Any Size Up to 75 MW 

100 MW to 600 MW Combj_ned 

100 MW to 600 MW 

Any Size to 1300 ~~ 

900 MW to 1300 MW 
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future. Fossil-fired steam plants can range in size from very small 
units of l MW up to the very large units of 1300 MW presently, with 
larger ones possible after 1990. Therefore, if the reliability study 
has established the need for a 900 MW unit then the fuel types are 
limited to either nuclear or fossil. If the study also included the 
addition of several small units in the 30 MW rating, then considerations 
could be given to combustion turbines for these. Combined-cycle plants 
are a combination of one or more combustion turbines and a steam turbine 
and are built usually in ratings from 100 MW to 600 MW. Fossil-steam 
generating plants may also be built for peaking duty (daily cycling on 
and off) by simplifying the boiler arrangements, which also reduces the 
efficiency of the unit. These peaking steam plants are rated usually at 
100 MW to 600 MW. 

With the fundamental factors of in-service date, size, and fuel 
type defined, the next step in determining the installed cost is to 
relate the future cost of new facilities to those completed recently. 
The cost of recent facilities and the anticipated future inflation rate 
are factors in preparing a graph of the cost per kW versus plant size 
similar to that shown in Figure 4-30. This shows the decreasing cost 
per unit of size as larger generating units are used. Average cost 
curves, illustrating economies of scale, were studied.by Huettner (1974), 
who concluded that there are economies of scale in electric power gener
ating plants. Once the recent costs have been used to adjust the level 
of the costs in a typical curve, such as Figure 4-30, the curve is 
adjusted further to include cost escalations out to the in-service year. 
The expected $/kW for the particular facility may then be estimated. 
Using engineering judgment, these costs are also adjusted for size 
related costs and additional environmental protection equipment that may 
not have been included in the facilities completed recently. 

There may be discontinuities in the average cost curve such as 
shown in Figure 4-30. These are caused by new designs made necessary 
when an existing design has gone beyond material strength capabilities. 
A new design will frequently increase the average cost of the plant, but 
will also provide a design that can be increased in size, providing an 
economy of scale. This effect would produce a sawtooth curve in place 
of a smooth curve shown in Figure 4-30. 

For special types of plants, such as fuel cells, solar, or wind, 
estimating their installed cost per unit of capacity ($/kW) will require 
detailed design evaluations. These costs estimat~s are prepared as part 
of the research and development effort and are subject. to wide varia
tions, if for no other reason than the effects of volume production. A 
new technology experiences a very high unit cost when first introduced, 
but, as more units are produced, the unit cost generally will decrease. 

The cost of the new facilities will be capitalized, resulting in a 
series of annual carrying charges associated with the investment. The 
amount of these annual carrying charges is determined by several factors 
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listed in Figure 4-29. These include.the sources and cost of capital 
funds and the year of scheduled completion of the facility. The factors 
entering the determination of the cost of capital funds are listed in 
Figure 4-31. Some capital funds may be generated by internal sources; 
including book depreciation, retained earnings, investment tax credits 
and defferred taxes. For further information on the internal sources of 
funds, see Jeynes (1968). 

If the capital funds requirement exceeds funds generated inter
nally, external sources of funds must be sought. These external sources 
include the sale of bonds, preference stock, preferred stock, common 
stock, and short term borrowings. The capital structure of private 
utilities limits the amount of debt (bonds) that may be issued. Sec 
Pachauri (1975) for an example of Carolina Power and Light bond rating 
change from A to Baa. A balance of stocks and bonds is required to 
obtain capital funds at the best interest rates. The details of the 
financial factors involved in electric utility planning are beyond the 
scope of this report. For further reading, see texts such as Suelflow 
(1973), Grant and Ireson (1970), and Jeynes (1968), and the bibliography 
on Engineering Economics (IEEE, 1972). · 

The next factor listed in Figure 4-29 is minimum acceptable return 
which is the composite cost of all capital funds both. internal and 
external (Jeynes, 1968, Chapter 3). The annual carrying charges are 
also affected by the future income tax laws, and especially how those 
laws will treat the depreciation of a capital investment for tax pur
poses. In addition to the income tax, there are also the local property 
taxes and the state property or ad valorem tax. Depreciation is the 
last factor in the annual carrying charges and is based on the fore
casted useful life of the facilities along with the forecasted salvage 
value and the retirement uncertainty (Jeynes, 1968, Chapter 5). 

The amount of the facility investment to be funded by the utility 
is affected by any joint ownership agreement with one or more neighbor
ing utilities. These joint ownership agreements are becoming more 
familiar in the utility industry. Frequently, they involve members of 
the same power pool, but there are examples of utilities in different 
power pools sharing generation facilities, such as the Homer City plant 
in Pennsylvania which is shared by the New York State Electric and Gas 
Company and the Pennsylvania Electric Co. 

Jointly owned facilities, incidently, have also been the target for 
public intervention. For example, two law students protested the sale 
of one-half of a 1000 MW unit in Mississippi to Gulf Power in Florida 
because it was an out-of-state sale (Electrical Week, August 9, 1976, 
pg. 4). Though these protests may not affect planning directly, the 
government regulatory response to such protests are a factor in long
range planning. For example, note the following quote from Breyer and 
MacAvoy (1974, pg. 108): 
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"From interviews with executives both in unpooled companies and in 
companies which belong to pools come indications that bargaining 
over how to divide the potential gains from co-ordination among 
partially competitive, partially regulated companies has not worked 
well. Several obstacles that grew out of the regulatory process 
and affected the financing of new projects within the industry 
mitigated against combining small units into large ones. These 
obstacles made it more profitable for individual regulated firms to 
forego cost efficiency than to move together toward optimal coordi
nation." 

PRODUCTION COSTS 

The annual costs for fuel, operating and maintenance are-the second 
major cost component to combine with the annual revenues required by the 
carrying charges on new facilities. The factors in production costs are 
shown in Figure 4-32. 

Demand Forecasts 

Power energy demand forecasts are required for production simula
tion. These forecasts include the hourly integrated loads for each day 
of a year, for each of the years of the study. The preparation of these 
forecasts was discussed in the previous section on reliability studies. 
Load forecasts are required for each dispatch group, that is, a group of 
generating units which will be dispatched together as one system. For 
example, for a study of the New York Power Pool and the New England 
Power Pool, the units in New York State would form one dispatch group 
since they are dispatched as one system, and the units {n New England 
would form a second dispatch group. When discussing the operating 
policies to be used in the study, it will be seen that each dispatch 
group is first dispatched to his own load and then is modified to take 
into account power t~ansfers between the systems. 

Load uncertainty, discussed earlier in this chapter, will affect 
the production cost estimates._ This· became very apparent when combus
tion turbines were being studied for utility systems. Early production 
simulation techniques, which did not account for either forced outages 
or load uncertainty, tended to show the combustion turbines standing 
idle and unused through an entire year. Actual operating records for 
utilities having combustion turbines in service showed, however, that 
they operated.lOO days or more. Two factors were then found to be 
important. The first is the generation forced outages which are now 
included in a stochastic production costing method (Booth, 1972). A 
second is the operator uncertainty about peak load and his use of the 
gas turbines as spinning reserve to help assure sufficient capacity to 
serve the uncertain load. Combustion turbines would be turned on each 
day to assure, first, that they would start and be available, and 
second, to provide that extra margin of reserve capability that the 
system might need because of the unpredictable loads. 
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Generation Systems 

The second category of factors affecting production cost estimates, 
Figure 4-32, includes the existing, planned and proposed units for 
generation, along with their planned maintenance requirements and any 
probabilities of forced outage. These data are the same as those used 
in the reliability study discussed previously. The factors representing 
the future generating system for production cost purposes are detailed 
in Figure 4-33. 

Seasonal net capacities (both maximum and normal) describe the 
megawatt output that may be expected from each unit. These net capaci
ties, of course, vary with the season, and some generating units may 
have a preferred loading point at less than full load with the remaining 
capacity on these units being used for regulation and reserve. The 
expected in-service dates for the future units, expected modifications 
in the capacity of units, such as the uprating or a nuclear unit as it 
matures, a possible decrease in forced outage as the unit matures (EEI, 
1975) and any possible change that may occur in the input-output char
acteristic of the unit are also important. 

A description of future generation capacity must include a unit 
retirement date if it will occur within the study period and any special 
characteristics of the generating units, such as those using a common 
steam header and any combined-cycle units. The former are becoming rare 
domestically, while the latter are increasing in importance. The com
bined-cycle plants combine a combustion turbine with a steam turbine to 
take advantage of heat recovery from the combustion turbine (Papamarcos, 
1976). 

Once all of the generating units in the proposed system are listed, 
it is necessary to identify those units that are located in the same 
power plant. This is necessary because scheduled maintenance should not 
be performed on more than one of these units at the same time, and also 
because fuel contracts and fuel inventory charges involve all generating 
units. 

Identity must be given to any unusual siting. requirements if they 
will affect production costs. For example, units located remotely from 
the service area may be decreased in rating to include any losses in 
transmission. 

Each of the outage factors used in describing the future generation 
system contain uncertainties. The forced-outage probabilities have now 
been included in production costing models (Booth 1972, Sager, et al.,. 
1972, Marsh, et al., 1974). These methods .include the uncertainty of 
availability through the use of forced-outage probabilities. The main
.tenance uncertainty, amount, and sequence have not as yet been included 
in production simulation models. 
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The next category in Figure 4-32 are those units having limited 
energy and/or capacity. Included ·are units using fossil fuels (capacity 
limited); those having scheduled fuel deliveries such as nuclear (capac
ity and energy limited); those that are hydro-, solar-, or wind-powered 
(uncontrolled energy units); and pumped-hydro, batteries, and compressed 
air (energy storage). Some remarks regarding the common generation 
sources are appropriate here. 

Fossil-Fueled Generation --. The factors describing the operation of 
capacity limited units, such as fossil-fired steam units and co"mbustion 
turbines, are listed in Figure 4-34. Capacity limited units are thos~ 
that have a stock pile of the fossil fqel required for operation and are 
limiced only by their capacity to generate electricity and not by the 
availability 'of the fuel. These units an~ descriherl hy the he.l'lt input, 
versus power output characteristics such as those shown on Figure 4-35 
(Kirchmayer, 1958). The input-output curve shows the heat required at 
minimum output and the increase in heat required to reach maximum out
pUt. · The second curve ill.ustrates a typical incremental heat rate 
curve, i.e., the marginal cost of a kilowatt hour as it varies with 
output. The third curve in Figure 4-35 is the average heat input per 
kilowatt hour as a function of the output. This last curve is signifi
cant in selecting generators for addition to the system and the units to 
commit for operation each day. The lower the average heat input per 
kilowatt hour, the more efficient the unit is. in converting heat to 
electricity. The incremental heat curve is used once the units have 
been committed, that is; are already running and are called upon to 
share in the serving of the load. This sharing is usually done by equal 
incremental costs. A different curve may exist in the summer and in the 
winter, reflecting the lower cooling water temperature ih the winter 
which has a better heat rate. The factors that·affect heat rate and 
their calculation are described by Steinberg and Smith (1943). 

The averge heat rate curve is a measure of the efficiency of the 
steam cycle when converting heat to electricity. For more details, see 
Skrotzki (1954) who lists ten controllable and si.x nnr.ont.r.ollable losses 
in efficiency, including inlet temperatu~e of the cooling water. He 
ciLes au example of a 100 MW unit going from 11,060 Btu per kilowatt 
hour at 36 F cooling water temperature to 12,240 Btu per kilowatt hour 
at 75 F. This is more than a ten percent efficiency loss for a 40 F 
rise in cooling water temperature. 

Heat rates affect the cost of power production and are affected by 
such items as the temperature of the cooling water (as discussed above); 
time since last maintenance; small failures, such as the plugging of 
water tubes.in the boiler; the power level, such as full or partial 
loading; the power required for plant auxiliaries, such as cooling. 
towers, stack-gas scrubbers, fans, pumps, etc. Heat rates can be meas
ured (Skrotski, 1954), but may vary by, perhaps, a ten percent band 
above the best value. For long-range planning this means that net heat 
rates give a relative indication of efficiency and should be adjusted 
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for summer and winter conditions. A typical adjustment during the 
summer season is to derate the maximum capacity by five percent to ten 
percent. The fuel rate at maximum capacity stays unchanged. 

The type of coal burned can reduce the capacity of the generating 
unit. Fo~ example, R. C. McCullum (1975) cites a 350 KW plant losing 35 
MW of capacity due to coal of poor quality. Having extra-high Btu 
available for peak load periods c~n increas~ a unit's output approxi
mately fifteen percent. This large variation in plant capacity due to 
the quality of the coal is another factor to consider in forecasting 
future plant capability. 

Once the heat input-power output characteristics are defined, they 
are turned into cost input functions by forecasting the availability, 
cost and heat content of fuels to be us~d in the future. Coal varies in 
its heat content as well as in its waste products, such as sulphur. The 
future availability of gas and oil as fuels for generating electric 
power is questionable. Gas interruptions as a boiler fuel have proven 
to be SO severe that even having a contract does not prevent interrup
tion (HL&P, 1976). Oil prices face an uncertain future and many exist
ing plants require oil for boiler fuels (NERC, 1974). Coal is in short 
supply even though major deposits of coal exist in the United States. 
There is some concern that if coal is made available in the west, there 
would not be sufficient railroad capacity to move it to eastern plants. 
System planners, working closely with their own fuel departments, must 
estimate the availability of fossil fuels for their long-range studies. 
Theoc fuel departments prepare eslimates of Costs for fuels and their 
probable availability. 

Interconnections provide a means of obtaining fuel diversity by 
providing power transfer capability between utilities depending heavily 
on imported oil and utilities using water power. Oil is saved in 
California by using surplus water in the Pacific Northwest to displace 
oil fired generation (Gens, 1977) when water is available. 

The need to conserve our fossil fuels has been recognized for many 
years in the electric utility industry. For example, in a 1948 Stein
metz lecture, the president of the American Electric Power Company made 
the following comment (Sporn, 1968, Volume 1, page 13): 

"The time for complacency has definitely disappeared. It is neces
sary now to take a more sharply appraising look at how best to 
utilize the modest (fuel) reserves that we probably possess." 

Interconnections were encouraged as a way to make the best use of 
existing fuel deposits. 

Returning to Figure 4-34, the remaining list of factors includes 
startup costs versus the hours since the unit was shut down. These have 
been represented traditionally by an exponentially increasing function 
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representing the boiler cool down as time passes (Baldwin, et al., 
1960). A cold start includes the fuel to heat the boiler and to bring 
the unit up to speed for synchronizing, the man hours involved in re
starting, and the increased maintenance due to the stresses of stopping 
and restarting. 

The maintenance and operating costs are related to plant size, 
fuel, design, and plant energy output, and include the cost of manning 
the unit and performing its major overhauls. 

Certain design and types of generating units are better able to 
follow the increases and decreases in load through a daily load shape. 
While these are primarily reliability considerations, they may have 
impact on the production simulation. If unit.s are nut able to move with 
the load to reach a new economic dispatch point, the resulting power 
costs will be higher than optimum. Therefore, simulating each hourly 
dispatch by the most economic operating point may not truly capture the 
system's performance if load following capabilities are significant. 

Gas contracts frequently have a clause.which requires the utility 
to pay for the fuel whether or not it is used. These are referred to 
frequently as take-or-pay contracts. Recent fuel shortages have tended 
to minimize the presence of such contracts and their existence causes 
some difficulties in production simulation (Galloway, et al., 1969). 
The amount of energy produced by a unit on a take-or-pay fuel contract 
is monitored during each contract period, usually a month, to be certain 
that the budgeted amount of fuel is used. 

After the fuel has been burned to release its energy, there are 
waste products to be disposed of. These products include sulphur-oxides 
(SO ) and nitrogen-oxides (NO ). Also the removal of flyash and other 
parficles add to the operatinl costs of the plant (Cadogan and Eisen-
berg, 1977). . 

Environmental regulations on waste heat disposal, SO and NO , and 
particulates all require additional processing equipment Ohose poOer 
demands reduce the net output of the generating plant. The amount of 
the reduction is significant and, therefore, the special environmental 
equipment such ai cooling towers, precipitators for removing particles, 
and scrubbers for removing the oxides, all combine to reduce the effi
ciency of the plant. This means that more fuel must be input to· the 
system to obtain the same amount of power generated. Unfortunately, as 
the efficient units are derated through these additional equipments, 
less efficient equipment is used to generate the replacement power. The 
costs of these power replacements can be determined through power system 
simulations recognizing the reduced efficiencies of plants with environ
mentally required equipment. 

The final factor listed in Figure 4-34 is fuel inventory. A util
ity may keep as reserve .an amount of coal or other fuels equal to ap-
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proximately 60-day production needs (Gilleland, et al., 1970). If some 
of the generation expansion alternatives do not require fuel inventories 
or have major differences in fuel inventory requirements, then this 
particular factor may become important. 

Included in this capacity-limited category are combined-cycle 
units. Typically, these plants use oil to generate power from a combus
tion turbine and then use the waste heat (approximately 1000 F) to 
generate steam for the steam-turbine generator. Research is now under
way to extend combined-cycle plants to use coal (Papmarcos, 1976). Also 
special types of fuel, such as geothermal steam or lignite, may be 
available within a planning region (Austin, 1976). Utility companies 
maintain fuel departments to research continually the alternate fuel 
opportunities, both within their service area and throughout the world. 

Nuclear Generation -- Returning to Figure 4-32, the next major 
category of units are those classified as having both capacity and 
energy limitation, with the possiblity to schedule fuel deliveries. 
This category contains the nuclear units on· a system. The significant 
factors.when representing nuclear units for production simulation are 
listed in Figure 4-36. They include the seasonally varying normal and 
maximum capabilities. Just as the fossil-fired steam units experience 
generation efficiency differences from season to season, nuclear units 
may also expeFience capacity changes as cooling water temperatures vary. 
The extent of the change will depend on the cooling system design, e.g., 
once-through cooling versus cooling towers. Nuclear units may increase 
their maximum rated outputs for the first few years of service. Usually, 
the licensed output is increased two or three times during the first few 
years of service, as the performance may warrant. 

A unique feature of nuclear power plants from a production simula
tion standpoint is the fact that they have their energy loaded into the 
reactor once each year or year and one half. Between these fuel loading 
dates, there is a limited amount of energy available to be used. Usu
ally, the amount of energy in the reactor is sufficient to operate the· 
unit at maximum rated output for a given number of months, or to operate 
at least at a pre-designed capacity factor, such as ninety percent of 
rated output. 

The design output of the fuel core over the eighteen month period 
limits the demand that may be placed on it. For instance, when the new 
fuel is installed, the operator knows that he cannot exceed a certain 
average output or the fuel will be depleted, limiting maximum capacity 
before the next refueling. An excessive demand at some point in the 
time period must be compensated for later in the time period. Past 
system operation may limit the amount of output that can be taken from 
the nuclear unit as the refueling date approaches. 

Since the fuel batches are designed eight months in advance of the 
refueling date, their energy content depends on a forecast of the nu-
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clear operation expected at the time of refueling. The fuel design 
configuration has to allow the nuclear unit to operate over the peak 
load time of year before refueling is necessary. 

Another consideration is that refueling dates of several nuclear 
plants sho~ld be staggered to avoid having several units out at the same 
time. Any necessary unit maintenance is usually done during the shut
down for refueling. 

Under the category of energy cost per fuel batch from Figure 4-36, 
a nuclear unit shows a very unusual characteristic. As a nuclear unit 
ages, the cost of the energy it produces becomes lower. Thus, if sev
eral nuclear units have been installed on one system, the older ones 
will have lower fuel costs and would perhaps compete with the newer 
units tor the load. Though it might be tempting for the operator to use 
the units having the lower immediate cost, it makes better long term 
economics to use the newer units so that they too achieve lower costs 
(Gilleland, et al., 1970). 

Nuclear power plants have operated only in a limited fashion to 
follow the load. Also, shutdown of nuclear power plants is usually 
limited to refueling requirements br equipment failure. Thus, the 
operating policies for nuclear units should m1rror the types of opera
tion expected of these units. 

A significant amount of investment is involved in the fuel inven
tory in a nuclear power plant. Because these carrying costs are signif
icant, they are usually added to the~production costs of a nuclear power 
plant. 

Additional factors for nuclear power plants (Figure 4-35) are 
operating and maintenance costs related to both the plant size and the 
amount of energy delivered and the startup and shutdown costs. All of 

.these factors are difficult to forecast with certainty, but general 
levels of costs can be identified from past experiences, either of the 
individual utility company or from the utility industry. 

Hydro Generation -- Capacity and energy limited units with humanly 
uncontrolled energy arrival include hydro-electric, solar, and wind 
power plants. The energy arrival cannot be controlled but is based on 
weather. Figure 4-37 lists the factors used in describing these limited 
capacity and energy plants. The most important factors are the past 
record~ of energy arrival, both the sequence and the a~ount. Weather 
history for the past fifty or more years may be used to describe the 
arrival of rainfall, snow and snow melting for hydro units, sun or cloud 
cover for solar units, and wind velocity for wind powered units. 

Most hydro-electric plants have the opportunity to store water in a 
reservoir. The reservoir is described by its size, usually in terms of 
the electric energy that can be produced, and the initial contents if 
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the hydro operation is to be simulated in detail. For simpler simula
tions it may be possible to ~imply specify the amount of hydro energy 
that a system may use in each week or month of the simulation. 

If the hydro operation is to be simulated very accurately, rule 
curves, describing the maximum amount of energy that may be removed from 
the reservoir in any week of the year, will be needed. One important 
factor in simulating future operation is to operate the system as if the 
future loads and future rainfall, if it is a hydro plant, are not known 
with certainty. Rule curves are determined to hedge the system against 
a sudden occurrence of a drought when a drought is a likely possibility, 
or the sudden occurrence of a major snow melt and water arrival if it is 
in the spring of the year. 

Also listed in Figure 4-37, are the factors of energy input per 
hour versus the power output curves. For hydro electric facilities this 
would indicate the cubic feet of water needed to produce a kilowatt of 
energy, for wind power it'would be power output available from various 
wind velocities, and for solar units it would mean the amount of power 
output versus the intensity and angle of the sun and the presence of 
cloud cover. Run-of-river hydro, wind, and solar power will all experi
ence wide capacity variations. The variations in a run-of-river plant 
may be slow in changing over a period of several days while the varia
tions in solar cell and wind power plants may occur in a few seconds as 
cloud cover or wind velocity change rapidly (Black, 1976). 

Hydro-electric plants with storage facilities are often given a 
spinning reserve credit when determining how much capacity to operate. 
The ability of hydro units to pick up load rapidly gives them special 
operating features beneficial to the utility system, as compared with 
the slower starting fossil-fired or nuclear units. 

The last three items in Figure 4-37 are similar to those for fos
sil-fired units. Startup costs and shutdown costs will play a very 
small factor in these kind of plants; operating and maintenance costs 
are usually much lower with hydro plants than for fossil-fired plants; 
and for the newer types of generating plants, like solar and wind, only 
general estimates can be given of the operating and maintenance costs. 
This is a source of uncert•inty for the newer forms of generation. 

Pumped-hydro Generation -- Returning to Figure 4-32, the next type 
of generating facility listed is the capacity and energy limited unit 
with storage. In this classification are the pumped-hyro plants whose 
factors are listed in Figure 4-38. · The size of the reservoir for energy 
storage is an important factor and is usually expressed in megawatts of 
energy that can be stored. There may be a relationship between the 
amount of power that can be generated and the energy inventory if the 
water head varies significantly as energy is withdrawn. Also the pump
to-generator efficiency will designate the amount of megawatts.necessary 
to provide each megawatt-hour of generation. Typically, three units of 
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pumping energy will provide two units of generation. The pumped-hydro 
facility is also described by drawdown and refill policies. For exam
ple, for system reserve purposes, the policy may be to refill the reser
voir each weekday night and weekend. On other systems it may be pos
sibl~ to withdraw from the reservoir with only partial refills during 
the weekdays and a complete refill over the weekend, providing a full 
reservoir on Monday morning. 

Pumped-hydro facilities will often be given spinning reserve credit. 
That is, a megawatt designation of the reserve that may be used in case 
of emergencies. For example, if the plant is pumping water at night to 
refill the reservoir, it may be able to drop load instantly. Therefore, 
it would be given reserve credit equal to the amount of power used for 
pumping. During the day, while it is generating, if it is not generat
ing at full load, the difference between its current output and full 
output can be applied as a spinning reserve credit. Hydro plants 
normally incur very small startup and shutdown costs, and therefore they 
are but a small factor in the cost simulation. Again, operating and 
maintenance costs are also incurred but have not proven to be a signifi
cant factor. 

The height of the water behind the dam (head) is an important 
factor in determining the rating of the power plant. The higher the 
head, the larger the rating of the power plant for a given volume of 
water. Also the number of units at the power station are important 
because they will designate how pumping-power may be demanded. Some 
pumped-hydro plants are able to vary the amount of pumping power by 
turning on one, two, or more pumping units; other stations have been 
designed to have almost continuous control of the pumping power as well 
as control of the generation·during the day. 

The basic parameters affecting the operation of the pumped storage 
plant and its impact upon system reliability are discussed by two au
thors from ENEL, in Italy (Paris and Salvaderi, 1974). Using load 
duration curves, they demonstrate how the pumped storage plant can 
transfer energy from a low cost nuclear or fossil-fired plant into the 
high demand periods of the day. The width of this energy transfer can 
be determined by power system simulations with or without the pumped
storage plant. Many such investigations have been carried out on sys
tems with nuclear power capacity above the minimum loads for a day. For 
such situations the pumped-hydro plant and the nuclear plant are a good 
combination. For the offpeak, nuclear energy may be stored as water 
pumped into the reservoir for use during the peak hour$ of the day 
(Gilleland'et al., 1970). For a description of the dispatching of the 
system with pumped-storage hydro, see McDaniel and Gabrielle (1966). 
For a general study of the potential for energy storage capacity on 
electric utility systems, see Sulzberger and Zemkoski (1977). 

An important bibliography on pumped storage hydro projects was 
prepared and includes a survey of the pumped storage projects in United 
States and Canada (IEEE, 1975). 
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Power and Energy Purchases and Sales 

Utility planning and operation simulation in an interconnected 
environment means that the possibility of power and ·~nergy purchases and 
sales must be recognized. From a production simulation standpoint, the 
factors that go into representing purchases and sales are agreements 
existing between a utility and its neighbors, such as listed in Figure 
4-39. In long-range bulk power expansion studies, the only purchase and 
sales agreements that can really have an impact are long-term contracts. 
Purchase and sales contracts describe the amount of power that.will be 
transferred, the amount of energy that will be transferred, and the 
times of day when the transfers will take place. These agreements will 
specify also whether the commitment power· is firm; it will be supplied 
by the system as if it were part of their own load, or whether it is 
interruptible, meaning that the energy will be delivered so long as it 
is convenient for the generating party. Or the energy may be purchased 
from a specific unit or a specific set of generating units within a 
neighboring utility. See Coordination Agreements discussion in Chapter 
3. 

Transmission Losses 

Transmission losses are usually a very small cost item. They are 
also very difficult to model for production simulation studies. The 
location and amount of power generated in the network affects these 
transmission losses. But there is no simple mathematical relationship 
between the power dispatches and the energy losses. Loss formulas can 
be developed and are used in operating the system (Kirchmayer, 1958). 
Theie loss formulas are expensive to calculate and requ{re a knowledge 
of the power delivery network. These are affected by the factors listed 
in Figure 4-40, the distance of power delivery from generator to load, 
the amount of power flow on each circuit, the voltage levels of each 
circuit, and the relation of the circuit flows to generator outputs. In 
long-range expansion studies, the transmission network is not·defined in 
sufficient detail to allow a loss formula to be computed. Losses were 
discussed earlier in this Chapter under Reliability of Generation with 
Interconnections. 

Occasionally a study is done investigating the effects of transmis
sion losses on power dispatch. Using the penalty factors developed from 
loss formulas, the generation pattern can be shifted to an optimal 
dispatch to minimize costs, including the losses. Including the effect 
of losses in production simulation requires the development of two 
formulas: l) the relation of total system load to the individual gener
ator outputs~ and 2).the relation of penalty factors to indicate how to 
shift the generation dispatch to minimize total costs. Power production 
simulations with losses ~an be carried out in short-term planning stud
ies when unit siting has been defined and the transmission network has 
been designed. 
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Maintenance Schedules 

Production simulation requires maintenance schedules which indicate 
the week of scheduled maintenance for each unit on the system. These 
schedules are very similar or identical to those used in the reliability 
calculations. Refer to that discussion for more information on mainten
ance schedules. One additional comment is that maintenance may be 
scheduled to minimize production costs rather than to levelize risk, or 
levelize reserves. Maintenance schedules that minimize costs have been 
explored and are found to be quite similar to schedules which minimize 
risks. In fact, in the few sample systems that have been investigated, 
many schedules would produce approximately the same production costs, 
but only a few of those schedules would levelize risks. Therefore, the 
conclusion is that a maintenance schedule which levelizes risk will also 
tend to minimize production costs. 

Operating Policies 

The final item listed in Figure 4-32 
cost estimates is the operating policies. 
policies are listed in Figure 4-41. 

as a factor affecting annual 
Factors related to operating 

Dispatch Areas·-~ The first factor is the grouping of generating 
units for equal incremental dispatch. In an interconnected environment 
all units may be dispatched to a single load, or the dispatch may be 
made to individual utility loads, with the utility's generating units 
dispatched first to its own load and then participating in the inter
change of economy energy (Bailey et al., 1963, Aldrich et al., 1971). 

Cost allocation is a major factor to be considered when deciding to 
dispatch either as a single operating pool or as individual operating 
utilities, and then negotiate any power exchange transactions. If the 
single-company dispatch is used for an interconnected group of utili
ties, it will be necessary to recompute the individual generation dis
patches to determine the cost allocation (Happ and Nour, 1975). 

A power pool usually chooses to plan its generation based on relia
bility studies and production simulation studies which assume the pool 
is one large single company. In this way, costs are minimized for the 
group of utilities. It is assumed that an equitable cost allocation 

.Procedure can be negotiated when the time arrives to actually divide the 
costs. This one-company viewpoint is also an easier system to model. 
There are no transmission limitations between companie~ and. all genera
tion is committed and dispatched to one single load each hour. 

The much more complex situation from a modeling standpoint, though 
not from a cost allocation standpoint, is to treat each utility indi
vidually within the interconnected group. The generating units would be 
committed and dispatched to the company load and then additional power 
sales and purchases would be permitted between utilities, up to the 
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power transfer limits of the interconnection between these utilities. 
Modeling of a multi-area production simulation is a major undertaking, 
especially if the stochastic properties of the generating units, that is 
their forced-outage performance, are to be taken into account. 

Once the dispatch area has been decided upon, the operation simula
tion to determine production costs will follow a procedure similar to 
the flow charts shown in Figure 4-42. This flow diagram parallels 
closely the factors listed in Figure 4-41, which are discussed in the 
following paragraphs. 

Load Model -- First a load model is developed, Figure 4-43, de
scribing the hour-by-hour loads for typical days in each week of the 
year. These loads describe the hour-by-hour variation in demand ex
pected in a year to be studied. The peak load of each week is fore
casted in per unit of the annual peak. For example, the peak load for 
the first week is 0.92 of the yearly peak. This demand model may in
clude all of the factors listed in Figure 4-8, such as the hour-by-hour 
variation in demand·throughout each week of the year. 

Take-As-Available Energy -- Take-as-:-available energy sources in
clude run-of-river hydro, solar, and wind plants. These energy sources 
may be subtracted off of the demand model in a fashion shown in Figure 
4-44, where run-of-river hydro has been subtracted off of the bottom of 
the demand curve for a week. 

Purchases and Sales -- Any contractual purchases and sales of 
either power or energy will modify the demand curve. See the earlier 
discussion in this Chapter. 

Hidro Scheduling -- After a~counting for purchases and sales and 
for the uncontrolled energy sources, attention is turned to scheduling 
the pondage hydro and other controlled energy sources, which have very 
low cost associated with them. Experience has shown that the best use 
of·pondage hydro is to reduce the peak demands placed on fossil-fired, 
nuclear, and-other energy sources because the highest incremental
energy-cost production.occurs at these times of peak load. In Figure 4-
44, pondage hydro has been used to reduce the peak loads on each of the 
week_days to.a level amount except for the few hours on Monday. The 
capacity of the pondage-hydro plants limited the output so that the peak 
demand could not be levelized completely for Monday. 

Typical factors involved in pondage hydro scheduling are presented 
in a paper by Hicks et ·al (1974). These authors indicate that the 
principal problem of hydro Systein managef!!ent is concerned with the 
seasonal operation of reservoir itorage. This operation depends on 
factors such as the ~ontinuously varying stream flow into the plants, 
the generator availabilities, the need for irrigation and navigation 
flow through, as weil as flood control space in the reservoir rluring 
periods when large stream flows are expected. Also, the geography of 
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the different hydro plants is important, for an upstream hydro plant 
with a reservoir will affect the stream flow of any plants downstream. 
The simulation of the operation of a large hydro system, such as the 
Pacific Northwest, as discussed by Hicks, is a major_mathematical prob
lem. In long-range, system planning studies, simplifications of the 
hydro operation are required because of computer storage and time limi
tations. 

Maintenance Scheduling -- The amount of maintenance for each gener
ating unit and the uncertainty as to magnitude and sequence of daily 
demands, were discussed with Figure 4-13. A production simulation 
method can also analyze maintenance schedules for environmental impact. 
Maintenance scheduling may cause many plants located in one region of 
the service area to operate, thus overloading the water or air beyond 
environmental requirements. Maintenance scheduling can be done to 
levelize reserves as shown in Figure 4-14, or risks, or to minimize 
production costs and environmental impacts and requires coordination 
between pool members. 

Pumped-Hydro Scheduling -- Weekly and daily pumped-hydro operating 
schedules are determined (refer to Figures 4-41 and 4-42). The factors 
affecting the scheduling of pumped storage or other energy storage 
devices are the system costs per hour versus power output function 
(Figure 4-45). Total costs are reduced by operating the pumped-hydro 
plant as a generating unit during times of high incremental system costs 
while pumping is done at the low demand times, usually at night, when 
incremental costs are low. By balancing the incremental cost savings 
when generating against the incremental cost increases when pumping, the 
proper generation and pump schedule is determined. In the example of 
Figure 4-45, the reservoir is filled during the Saturday and Sunday 
period and the evening hours of the weekdays. A pumped-storage schedule 
which reduces the peak loads and fills in the valleys is normally the 
most economic operating schedule for a system. Other energy storage 
systems, such as those using compressed air or hydrogen, would be oper
ated in a similar manner (Fernandes and Philipp, 1977). 

Unit Commitment -- With the load shape modified by purchases and 
sales, the uncontrolled energy delivery units and hydro generation with 
storage, the simulation proceeds to commit the fossil and nuclear units. 
The goal of unit commitment, Figure 4-46, is the identification of the 
nuclear and fossil-fired generating units to be started and shut down 
each hour of the day or week of simulation. These units should be 
operated such that production costs are minimized while meeting spinning 
reserve requirements. The unit commitment policies take into account 
both the must operate units and the units which may be committed to the 
load, plus the spinning reserve requirements. In this instance, papers 
covering actual operating conditions on a utility will be of great help 
in understanding the factors that go into unit commitment policy (Pang 
and Chen 1976, Leffler et al., 1975). The factors considered in spin
ning reserve policies are listed in Figure 4-47. 
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The spinning reserve policies of each utility or for the individual 
power pool will determine the amount of additional capacity above the 
demand that must be operated to be prepared for the sudden outage of a 
generating unit and for load uncertainties. As indicated in Figure 4-
47, the factor that enters into.the selection of the spinning reserve 
policy is load uncertainty for the coming few hours, often specified as 
the percent of the load to cover these uncertainties, based on the 
largest units being operated at _the time and the largest single output 
from a generating unit. For example, the largest _unit operating may be 
an llOO MW unit operating at an output of 975 MW. A typical spinning 
reserve requirement would be 975 MW plus two percent of the anticipated 
load. Spinning reserve has been discussed earlier in this chapter. 

An interconnected electric utility includes regulating margin in 
its spinning reserve policy (Miller, 1970, pg 58), so that a regulating 
burden i_s not imposed on neighboring utilities. An interconnected 
utility seeks to continually balance its generation against its load to 
keep the tie line net flows in agreement with the net schedule inter
change, plus or minus its frequency bias obligation. Written operating 
agreements are provided which allow the spinning reserves to be shared 
on a pool basis. The pool spinning reserves are less than the sum of 
the individual utility reserves on an individual basis (Leffler et al., 
1975). 

Other factors influencing unit commitment, Figure 4-41, include the 
minimum downtime rules, environmental regulations, and area protection. 
Minimum downtime rules are based on the economics of keeping a generat
ing unit on line with its associated costs versus removing the unit from 
service for a limited number of hours, and then paying a startup cost to 
resynchronize the unit. These downtime rules range normally from four 
hours to twenty-four hours. 

Environmental regulations may influence the unit commitment. These 
are a factor in day-to-day operation, and may become important when 
simulating the cost of long-term planning studies (Delson, 1974). If 
sulfur dioxide and nitrogen dioxide have stated limits within a geo
graphical·area, weather conditions can cause these limits to become 
important in unit commitment and dispatching. Units outside the geo
graphical area may then be needed for dispatching. Unit commitment is 
also affected by the area protection needs of the utility or study area. 
There must be one unit of a certain group always operating within a 
specified area either due to reactive power needs or transmission net
work requirements. 

The result of a unit commitment procedure is ·a list of the units to 
be operated each hour, with the total of the unit capacities larger than 
the loads to be serviced, such as shown in Figure 4-48. The number of 
units operating are shown underneath the unit commitment line. The 
crossed-out numbers indicate the number of units that could have been 
operated to satisfy just the spinning reserve requirements, but they 
were not shutdown because of the costs of restarting them. 
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Dispatching -- With the nuclear and fossil-fired units committed to 
the load to be served, a dispatch for each hourly load can now be com
puted. The units committed will be operated such that the incremental 
costs at their output power points are equal to each other. This is 
referred to as equal incremental loading (Kirchmayer, 1958). Environ
mental dispatching (Cadogan and Eisenberg, 1977) adds a new set of 
factors, such as weather and power plant emissions to the dispatching 
problem. 

If transmission losses are included in a simulation of future 
operations as they are in actual daily operation, then two factors must 
be included. There must be a loss formula and a set of penalty factors 
so that the incremental cost of all generating units can be modified to 
reflect the amount of incremental losses incurred by a change in their 
dispatch (Kirchmayer, 1958). For a discussion of dispatching, recogniz
ing transmission losses, see Happ (1977). 

Interconnection Dispatching -- Simulating the operation of inter
connected electric utilities requires the modeling of both a system 
incremental cost within each control area and also the interchange 
negotiations that would take place hour-by-hour as the neighboring 
utilities are operated. Neighboring systems will continually negotiate 
with each other to achieve cost sharing as discussed by Miller, pg 49 
(1970). The cost differences of the two systems will be determined at 
their mutual boundary and will include energy losses, as well as the 
price of energy production. It is common practice then to split the 
difference in a cost to share the savings between the two parties. 
Operational simulation should also recognize that some interchanges 
between companies occur due to emergency reasons and these emergency 
power transactions may be billed at the incremental cost, plus an adder 
such as ten percent (IEEE, l970b). For descriptions of the dispatching 
of multi-company power pools, including tie flows through the intercon
nection and incremental losses incurred in wheeling power between areas, 
see Aldrich et al. (1971) and Happ (1973). 

PREPARING GENERATION PLANS 

The preceding discussion identified the factors that impact gener
ation expansion planning with interconnections. Now these factors will 
be used to establish a generation expansion plan. This plan will ad
dress ~he four essential planning questions. 

Generation expansion planning at this point is concerned with those 
decisions that can be made prior to any knowledge of the transmission 
system. These decisions include selecting the installation dates (when), 
unit sizes (how much), and the fuel types (what kind) for future genera
tion additions. Then generation siting (where), which requires a know
ledge of transmission costs, will be discussed. Siting considerations 
do limit the sizes and fuel types considered, usually through the esti
mates of capital expenses for installation. 
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The approach to preparing a generation plan was diagrammed in 
Figure 4-2. The criteria of reliability and cost are shown on Figure 4-
49 with their major influencing factors and the constraining factors. 
This section of the chapter will attempt to pull together the discussion 
of all the factors and how they relate to the four basic planning ques
tions. 

Some of the major points made thus far concerning reliability and 
cost criteria in generation expansion planning will now be summarized. 
Reliability measures are based primarily on generation reserves, using a 
method such as the Loss-of-Load Probability method. The load following 
capabilities of the system are tested, if experience and judgement · 
indicate that generating units may have difficulty in following the hour 
by hour changes in demand. Stability and reactive power measures of 
reliability are to be studied during transmission planning efforts. 
Stability studies may limit the size of the generating units to be 
considered for expansion while power flow studies will help determine 
the amount of reactive power capability to be designed into the generat
ing units. 

Costs include the present worth of future capital expenses and 
production costs and the cash flows based on the actual capital expenses 
and production costs. A pro-forma financial report, may be prepared, 
based on these same costs. 

ANALYTICAL PROCEDURES 

Reliability and costs may be calculated by a generation planning 
procedure such as shown in Figure 4-50. The load model includes the 
daily peak loads ana hourly loads as discussed with Figure 4-8. The 
capacity model includes the generation capacities, forced outage rates, 
and production costing factors for existing units and future units, as 
shown in Figure 4-11. The procedure in Figure 4-50 assumes that an 
expansion plan for the future has been estimated, and the results to be 
computed include reliability, investment costs, production costs, vari
ous reports including annual present ·worth, fuel usage, and environ
mental statements, plus pro-forma financial statements, including a 
balance sheet, a cash flow summary and an income statement. The cash 
flows for different types of generating units will vary significantly. 
For example, a coal power plant may require cash flows beginning the 
fifth or sixth year preceding the installation date, while nuclear power 
plants may involve significant cash flows.nine or ten years ahead of the 
planned in-service date (Scarola et al, 1973). The methods of computing 
these results are beyond the _scope of this report. The reader is re
ferred to publications by Knight, et al. (1974), Anderson (1972), Day 
(1971), ·Felak, et al. (i977). 
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WHEN, HOW MUCH, WHAT TYPE 

The· reliability segment of the procedure, Figure 4-50, includes a 
daily peak load reliability analysis, such as the loss-of-load probabil
ity method or an energy reliability method. A deficiency indicated by 
a reliabiljty analysis is corrected by adding generating units. 

The level of reliability is being given careful analysis. See, for 
example, NYPP (1976) and New England (1976). Some individuals feel that 
instead of using reliability directly as a measure of system perform
ance, the worth of system reliability should be calculated in dollars 
and compared with the costs of providing that level of reliability. The 
difficulties in providing a measure of the value of reliability were 
presented by Shipley, et al. (1972), and their paper includes eight 
written discussions which provide very valuable information and a diver
sity of opinions. 

Reliability-Cost Tradeoffs 

An analysis of the value of interconnections in the reliability 
calculation may indicate that generation capacity can be deferred if the 
power transfer capabilities to neighboring utilities ·are increased. The 
effect of such an increase in transfer capability requires especially 
careful analysis because of the many trade-offs. For example (Figure 4-
51) production costs are increased when the transfer capabilities in
crease, due to reduced generation reserves and perhaps increased trans
mission losses. Production costs, however, may be decreased because of 
economy purchases through the use of additional transfer capability. 
Investment costs will be reduced somewhat as generation reserves are 
reduced but will be in turn be increased due to the additional transmis
sion capacity required. Therefore, the net effect of an increase in 
transfer capability may be either an increase or a. decrease in the total 
production and investment costs. The increased transfer capability may 
diversify a utility's generating capacity, and, therefore, be a very 
valuable interconnection. For example, one utility may have installed 
gas-fired generating capacity anticipating continued low fuel costs,. 
while a neighboring utility has been installing coal-fired capacity. 
With the changes in availability of natural gas, the first utility would 
find it very beneficial to increase its interconnections to the neighbor 
with coal-fired generating capacity. The transfer limits from genera
tion planning are used in testing the transmission network during its 
planning. 

I 
The results of a generation planning procedure such as that shown 

in Figure 4-50 would also identify some of the trade-offs in system size 
and generating unit size selection. Larger unit sizes tend to have 
lower installed costs per kilowatt of rating, tend to have more effi
cient use of fuel, tend to require less land per kilowatt of size, but 
increase the generation reserve requirements and transmission network 
requirements (Casazza and Hoffman, 1968). Past studies have shown a 
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practical balance of unit sizes about 7 percent of the system peak load, 
on the basis that the system will provide all of its reserve generation 
requirements. Units in this size range tend to balance the savings in 
capital, operating, and maintenance costs against the losses due to 
unavailability and risk to service (Sporn, 1968, p. 204). European 
utilities have experienced similar system size to generator unit size 
proportions (Nordstrom et al. 1968, UN-ECE 1972), Vol 2, pg. 677). 

The types of generating capacities to be tried in future generation 
expansion include new sizes, new.fuel types, and new combinations of 
generating equipment. As a system planner deals with a question, "what 
must be done today to solve tomorrow's problems?", existing and new 
technologies are both examined in the search to see if there isn't a 
better way to lower the cost of energy, minimize environmental impact, 
and provide operating flexibility for the system. 

Generation Mix 

The generating system must be made up of a mix of generating units 
since no one type of unit possesses all the correct capabilities for 
serving economically a continually varying demand. The total system 
economics and operating reliability are considered when selecting gener
ation mix. The varying load throughout a day requires a mix of genera
tion for economic operation. The differences in construction lead times 
between generation types, such as a few years for combustion turbines to 
more than ten years for nuclear units, also makes it. economical to 
expand a system with a mix of units. Installing plants using different 
fuels also provides a hedge against the unavailability of one fuel and 
any changes in cost differences between fuels. All of these factors are 
considered in studies, using the procedure of Figure 4-50. 

Operation Considerations 

Operating considerations, though usually not a major factor in 
selecting generating units, are considered. These considerations are 
reviewed. 

Normal Load Following -- The normal requirements for load following 
are not very stringent. The usual system load may change at a maximum 
rate of about 25 percent per hour, which translates into only 0.4 per
cent per minute. ·But, this rather small requirement is often increased 
by many factors: 

The limited number of generators under automatic frequency 
control. 

The practice of fully loading certain efficient generators as 
'·'base-load" units. 

The desirability for following load to a certain extent by 
connecting and disconnecting generat~rs. Starting and shut
ting down generators produces greater economies than are 
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possible by operating more units than necessary and loading 
them acco!ding to an economic dispatch. 

The economic dispatch itself. 

Security constraints, which may restrict the dispatch. 

The desire to confine certain variable loads to a local area. 
(Sometimes, even though it may not be justifed by overall 
economies, it may become necessary for a utility to try to 
keep a variable load, such as a rlragline or steel mill, from 
appearing on the tie lines to its neighbors). 

AsirlP from fnllnwine thP m~jor trends in load chan~es (over 
periods of minutes), it is also necessary to respond to the 
continual small changes in load (over periods of seconds or 
less) to maintain frequency stability. This requires that all 
units have active turbine speed governors that can function 
(to activate the turbine control valves over at least a small 
range, of perhaps l percent or 2 percent) in response to the 
continual small changes in frequency that are always occurring. 
This is in the nature of a stabilizing action (Concordia, 
1969), which ~s, however, essential to maintain frequency 
stability and good tie line power control. 

As in practically all aspects of planning, one cannot separate 
these various items from other considerations. As has been 
mentioned before, there is a balance among, at least, genera
tor response, economic allocation of generation, and transmis
sion interconnection strength which cannot be neglected. 

Emergency Load Following -- In addition to normal operating per
formance, it. is important to consider the behav1or during various abnor
mal conditions, and the corresponding generating unit requirements: 
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Load pickup ability on a rapid drop of frequency, such as 
might occur following separation of a part of the system (due 
to the tie line overloading resulting from the loss ~f a large 
amount of generation). This can minimize to a limited extent 
the required load shedding. The wide distribution of genera
tion reserve is ·even more important than the amount of load 
that individual generators can accept suddenly, since with the 
usual speed governor parameters, the frequency drop required 
to pick up large amounts of load per generator is unacceptable. 

Rapid load response to operator or special automatic signals. 
This can sometimes avoid a system splitup, e.g., if the line 
tripping would have been caused by thermal overloading, and, 
even if system separation and load sherlrling has occurred, it 
can speed the restoration to 60 Hz that must be· accomplished 
before this syst;.em can be reconnected. 



For the same reasons as listed in the item immediately preced
ing, the ability to be started, synchronized, and loaded 
relatively quickly. 

Ability to supply reactive power in emergencies, where lines 
.or other reactive-power supplies have been lost. (This can 
become a reason for not increasing the rated power factor of 
generators unduly, even though good practice may be to nor
mally operate very close to unity power factor). 

Ability to reject part of its load without tripping. 
times it may happen that a separated island is formed 
an excess of generation). 

(Some
that has 

Ability to be resynchronized within a short time.after it has 
tripped off the line. It would be very desirable that a 
generator should be able to continue running, supplying only 
its auxiliary load, if it trips for external reasons. But 
even if it is shut down, the restarting time should be mini
mized. This point deserves considerably more emphasis than it 
has received. The present situation seems to be that everyone 
says they want quick restarting, but they usually do not have 
it, principally on account of boiler limitations. While there 
have been complaints about taking as long as six hours, the 
time seems actually to be lengthening, and we have recently 
heard of a unit taking four days to restart! It is thus 
difficult to believe that this feature is taken seriously, as 
means are available to permit continued running. On the other 
hand, if it really is very uneconomical to shorten the re
starting time, then increased attention must be given to 
avoiding unnecessary tripping. 

Finally, the stability of the generating unit for severe 
faults. This is primarily a system problem and has to be 
studied for individual cases. The unit parameters (react
ances, inertia, rated power factor, ceiling excitation, 
excitation system response), however, should be evaluated. 

Minimum Loading Capabilities -- As demands in the system drop off 
during the evening hours of the day, generators may be shut down to 
provide economies in serving the load. Large fossil units are unable to 
be shut down and restarted in the hours before the demand increases . 
again in the morning. Therefore, these units must be left synchronized 
and operating on the system. Since these large fossil units cannot be 
removed from service, they are constrained to operate no lower than 
their minimum loading points, which are set by the ability of the boiler 
to reduce its steam output without exp~riencing a flame-out condition. 
Because these units serve a portion of the load, the remaining load does 
not fully utilize the more efficient units, such as nuclear units, with 
some loss in economy. If it were possible to remove more generation 
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from operation, the total costs could be reduced still further by keep
ing the nuclear units running at a higher output. One of the reasons 
that energy storage capacity, especially pumped-hydro units, is espec
ially beneficial to systems with nuclear units, is the fact that using 
the energy storage during the low-load periods at night helps to main
tain nuclear unit outputs at a constant level with resulting economies 
(Giileland et al. 1970, Knapp 1969, Wood, et al. 1976). 

Hydro~Nuclear Mix -- Hydro and nuclear units provide opportunities 
and some complications when combined on a system. For example, in good 
water years, the operation of nuclear units may be reduced below the 
level anticipated when fuel contracts were signed and refueling dates 
were established (Gilleland et al. 1970). Thus, either new contracts 
must be negotiated or fuel is wasted by refueling before burn 'up. 
Interconnections, however, may provide an opportunity for a system that 
is predominantly hydro to sell low cost energy both from the hydro and 
nuclear units in a year when there is good rainfall. The income from 
these energy sales then helps to offset the high costs of energy pur
chases during water shortages. 

Financial Limitations 

Returning to a discussion of Figure 4-49, the factors influencing 
the preparation of expansion plans include capital budget limitations 
which may require that the most reliable and economic plans be modified. 
For example, see the article in the IEEE Spectrum discussing the diffi
culties of capital budgeting and their implications (Rubinstein and 
Friedlander, 1975). 

Government Regulations 

Government regulations may limit either the types of generating 
units that can be considered or increase the amount of environmental 
protection equipment that must be included with these generating equip
ment. Government regulations also affect the amount ot lead time re
quired to gain approvals from government agencies and the amount of 
money spent gaining these approvals. 

Public Acceptance 

Public acceptance has also become a major factor influencing the 
planning of generation additions. It is discussed at great length as 
the last section of Chapter 2, See also Liebman (1976) and Christiansen 
(1976). 

Interconnection Agreements 

In Figure 4-49, interconnection agreements are the next factor to 
be considered when preparing expansion plans. These ohligations may 
include maintaining certain percent generation reserve in the system, 
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scheduling maintenance during certain times of year and avoiding other 
times of the year, and operating the generating units as part of the 
larger pool. The agreements were discussed in Chapter 3. 

Expandability and Contingency Planning 

A factor in the selection of plans is the consideration of future 
expansion and adaptation to possible contingencies. As load growth 
continues and more generating capacity is required, the next generation 
additions should form a basis for continued growth. The plans and 
decisions should provide as much flexibility as possible to meet future 
contingencies such as increased fuel prices, delayed unit additions, 
more rapid load growth, new air and water pollution regulations, and 
other variations from the forecasted planning values. Investigating the 
effects of these contingencies (the variations from forecast) can be 
carried out using a decision analysis method (Howard 1973, Esser et al. 
1977). By running a series of sensitivity studies to parameters such as 
fuel costs, load growth, installation dates, future load shapes, air and 
water pollution regulations, and future installed cost of units, the 
reliability of cost impacts of variations can be quantified. 

There are two approaches to this sensitivity analysis. The first 
approach is to redesign the expansion for each variation of a parameter. 
For example, if fuel costs are expected to.grow at a more rapid pace, 
the expansion plan is then varied to meet these new fuel cost projec
tions. After many variations have been run, one plan for the near 
future is selected, using engineering judgment. 

A second approach to sensitivity analysis is to assume that the 
variations occur after the present decisions have been made (Garver et 
al, 1976); With this viewpoint, the existing decisions cannot be changed 
when fuel prices increase or installed costs are changed. The system 
must be expanded using the decisions made in the first year, which may 
be good or poor in relation to the present occurrences. A flexible plan 
then is one that can be modified quickly after the first year to accom
modate the new occurrences with the least increase in costs. A poorer, 
less flexible plan would be one that may have the optimum low cost 
outcome should all future occurrences be as forecast, but which is very 
sensitive to variations from these forecasts. This approach was sug
gested by Bessiere (1970) in his article describing expansion models 
used by Electricite de France. He contrasts two questions: 

1. "If one knew that thing~ would turn out in such-and-such away, 
what would be the best decision?" 

2. "Given a decision, what would be the loss in a given eventual
ity other than the one bet on?" 

These two viewpoints both have application in sensitivity analysis. The 
first. question is studied more commonly; that is, given a set of future 
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forecasts, what is the optimum mix. The second question is more inter
esting, given a set of decisions already made, how flexible are they in 
adapting to a different set of occurrences. 

There are some very important sensitivity studies that are made 
during generation expansion planning. The following will illustrate 
some types of those studies made in the past few years by generation 
expansion planners. Each study seeks to determine the optimum mix of 
generation types and sizes, that is, nuclear unitsj fossil units, com
bined-cycle units, combustion turbines, hydro and pumped-hydro units, 
and new technologies. The studies also determine system costs and 
financial impacts as well as the reliability impacts of each one of the 
parametric variations. 
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Installed costs, $/kW, are varied in absolute magnitude and 
are also relative to different fuel types. For example, as 
the relative installed costs of nuclear units increase, the 
percent mix of fossil-fired and gas turbine units is increased 
(Adamson e~ al, 1973). 

Capital conservation indicates limits and financing capabil
ity, and such studies identify the changes in generation costs 
and reliability under this assumption. 

Fuel prices, ¢/MBtu, and availability affect the generation 
mix by increasing the amount of the nuclear capacity as fuel 
rates increase (Adamson et al., 1973). 

Inflation rates of fuel, manpower, and installed costs will 
also impact generation mix by increasing the amount·of capac
ity that is capital. intensive and has low operating costs, 
such as nuclear units. 

Variations in forced outage rates can impact the reliability 
measures, the reserve requirements, and fuel costs. Fuel 
costs and system risk are both increased with increasing 
forced outage rates (Booth, l972b). 

Delays in the installation of new units brought on by longer 
lead times increase the costs of generation. When intercon
nected, a portion of ·energy may be purchased outside the 
utility. Additional capital expenditures may be held to buy 
short-installation-cycle equipment such as combustion tur
bines. Longer lead times also advance the planning further 
into the future increasing the uncertainties. 

Unit size limitations either on the minimum size units or 
maximum size units that can be installed, or total limitations 
on the types of capacity that can be installed, will affect 
both the optimum mix and the total revenue requirements (Broder, 
1976). 



Lease versus buy alternatives provide varying financing ar
rangements and may have an impact on the equipment installed. 

Joint ownership versus buying entire units will impact the 
size of the generating units, their efficiency, and their 
costs. 

The reliability level will impact the annual revenue require
ments. In a study by Adamson et al. (1973) it was shown that 
a change in the reliability from 0.1 day/year to l day/ year 
reduced the annual charges by nearly 70 million dollars and an 
equivalent of 200 MW of capacity in a system of more than 
30,000 MW capacity. 

Interconnection power transfer capabilities will affect the 
level of installed capacity and the costs for an optimum 
generation expansion. 

Power purchase contracts may be compared with generation 
additions. 

Power sales contracts may be studied when reserves are greater 
than required for reliable service. This occurs when eco
nomics justify higher than needed reserves on a system. 

Near optimum expansions compared to the optimum expansion 
illustrate how the generation expansion capacity and mix of 
capacity can be varied without significantly affecting the 
overall revenue requirements of the system. Experience indi
cates that many times there is a rather flat variation in cost 
with changes in system mix. 

Operating policies, such as the amount of spinning reserve and 
the minimum hours between shut down and start up, also have an 
impact ·on both the generation mix and the annual revenue 
requirements. 

Operating combustion turbines at low m1n1mum loadings saves 
oil and reduces fuel costs (Marsh, 1975). 

The minimum loadings of the large base-load units may affect 
the operation of th~ system at low night time loads. It may 
be necessary to reduce the minimum load capapility of units to 
avoid operating problems. The amount of energy storage equip
ment on a system affects night time operation. Also its 
placement on the system, either near loads or near generation, 
may have economic and operating impacts on the system: (Fer
nandes and Philipp, 1977). · 

4-105 



A limitation on nuclear capacity additions reduces the short 
term capital requirements of the utility, but increases oil 
and coal consumption (Garver et al. 1976). 

Sulphur removal equipment affects the system cost and the so2 emissions. 

Dispatching for minimum emissions of so
2 

and NOX will increase 
the annual revenue requirements while reducing Lhe environ
mental impact. 

EPA thermal guidelines which require cooling towers result in 
reduced capacity and higher forced-outage rates which affect 
systPm rPsPrvPs; fnpl rnsts; rr~pitr~l rPIJIIirPmPnts, .:inn wr~tPr 

consumption. 

Demand shape and magnitude changes, caused by either electric 
heat, electric vehicles, or load managemenL, will affect 
systPm rPsPrVP ::~nrl ::~nmJ::~·I rPvPnJJP rPIJIIi rPmPnt.s. 

Intangibles 

Returning to Figure 4-49, the final factors involved in generation 
expansion planning are the intangibles. These include recent utility 
operating experiences, such as the high power demands during the very 
cold month of January, 1977. Other intangibles include the past perfor
mance of large plants, the delays in installing new capacity, the actual 
operation of a planned system, and the number of emergency actions and 
the total operating costs that resulted from the plans. The facts 
behind the nt~bers used in the studies also influence the planning. For 
example, are the availability estimates for future plants based on firm 
historical records or are they only based on research projections? The 
confidence in future benefits also affects the selection of an expansion 
plan. If the lowest cost plan is capital intensive in the next few 
years to achieve benefits five or ten years in the future, then there 
must be an opinion that such benefits will materialize. As uncertainty 
about the future increases, the value of future benefits decreases. 

WHERE, GENERATION SITING 

All other things being equal, the most economical generation is 
that requiring the least amount of transmission. For this reason se
lecting the best site for a new generation plant is often associated as 
much with transmission planning considerations as generation planning. 

A generation expansion plan is complete ~hen the generation sites 
have been identified and the sequence of adding un{ts at ·these sites has 
been determined. Generation siting seeks to determine the best combina
tion of unit size, type, and site to minimize revenue requirements, 
while meeting the many constraints, often conflicting, which impact the 
generation siting process. 
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The locations of the load centers, fuel, including delivery and 
storage and water, including cooling towers and the transmission ex
penses involved in moving power from generation to load have been and 
are still major factors, but there is a host of additional considera
tions, Figure 4-52. The unit size (rating) and type is a major factor 
in determining which sites can be considered. For example, nuclear 
power plants have an entirely different set of factors to consider when 
siting than do small combustion-turbine-driven generators. Most thermal 
units require cooling water to operate. All generation types, except 
nuclear, will be affected by air quality standards. Coal, oil, and gas 
units will require fuel storage facilities. Hydro-electric units re
quire falling water, and, if possible, a storage dam to regulate the 
water flow. The size (rating) and fuel type of the generating unit will 
affect the amount of land required for its site. 

The second important factor listed in Figure 4-52 is the location 
of the power deficiency, i.e., a load center, without sufficient genera
tion. As mentioned previously, one way to minimize transmission invest
ment is to locate the generating unit as close as possible to the load 
centers. 

The transmission costs are a factor in selecting between alternate 
sites which have adequate fuel and water resources. The location of the 
areas of power deficiencies and their distances to the unit site will 
affect the transmission costs. These costs, including both capital 
investments and power losses, are determined from transmission expansion 
studies. Relative cost differences for various generation sitings will 
guide the selection among alternate siting patterns. 

After selecting general siting areas, which offer the benefits of 
low transmission costs or lower generating costs as a result of being 
located near the load centers or near sources of inexpensive fuel or 
adequate cooling water, attention turns to choosing specific sites. The 
selection of these sites will depend on the availability and the cost of 
land for both the generation plant and the transmission circuit~.away 
from the plant. An important factor in siting considerations are those 
sites which have already been used for one or more units, but which 
still have the capability of handling more generation. Other attractive 
sites are those which are already owned by the utility company but not 
yet in use. 

State governments are taking a more active role in land management; 
for example, recent coast-line land management in California ("Land 
use", 1976). The experiences in North Carolina are discussed in a 
recent publication on energy complexes by the American Society of Civil 
Engineers (Goodman, 1976). Among the papers given at this conference 
(held in 1975) were papers by authors from Duke Power Company and in 
state government in North Carolina. They related stories of reaction to 
the words "land use planning," and the instant suspicion and hestility 
of the public. North Carolina is making efforts·to bring all resource 
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controls, environmental 
of a single department. 
processing at the state 
power plant siting. 

matters, and permit activities within the scope 
They believe that this one stop application 

level will save considerable time and money in 

Another major factor in siting is the preparation of, and reaction 
to the environmental impact statements by the National Environmental 
Protection Agency. The history of these statements and a few examples 
are included in the Goodman (1975) report. These statements add cost 
and'time to the construction of a generating plant. For example, Gerald 
Charnoff presents a specific case in Wisconsin where delays and feedback 
between the AEC and several state agencies inhibited the development of 
two nuclear power plants . 

. A survey of the major utilities in New York State indicates that it 
costs anywhere from $10-million to $20-million just to prepare an appli
cation for a power-plant siting certificate (Wallace, 1977). By April, 
1977, eight applications had been filed since the environmental compati
bility law became effective in July, 1972, and not one proceeding had 
concluded and not a single certificate had been issued. 

These industry experiences are a major factor in expanding the 
uncertainty of both lead time and cost when estimating availability and 
cost of generation sites. And the final factor mentioned in Figure 4-52 
as influencing land availability is the topology and geology of the site 
which will affe~L Lhe cost of development. The prc3cncc of geological 
faults may prevent the use of the site, at least for nuclear units. 

The list of major factors in the selection of generation sites 
(Figure 4-52) includes the cost of fuel delivery and handling. These 
costs are based on the availability of transportation systems to bring 
in either coal or other fuels and the inventory and handling procedures 
at the power plant. Also the cooling system used, whether ponds or wet 
cooling towers will be a factor. Jenkins of Duke Power (Goodman, 1976) 
indicates that large generating parks of perhaps 48 gigawatts would 
require 1400 square miles of land if wet cooling towers were used where
as the use of cooling ponds would require only 190 square miles of land. 

The cost of systems such as precipitators and scrubbers to control 
the stack emissions is an important factor in siting and may vary at 
different plants. The same applies to waste disposal costs for such 
items as ash, SOX and NOx' and radioactive materials: 

Additional factors influencing the selection of generating sites 
(Figure 4-52) include cost adders due to noise control requirements and 
the need to modify the plant for aesthetic reasons. Safety considera
tions may vary between sites. Utilities are also asked to state the 
social cost of using each site, but there is no clear procedure for 
putting a price tag on the many social costs involved in using the land 
for power generation. The social cost may also include the benefits 
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that are derived from jobs created by the power plant siting, especially 
if a coal mine or other fuel handling activity would create a signifi
cant number of jobs. The property tax benefits to the locality are a 
significant positive benefit of the power plant. 

The public opposition expected at various plant sites has become a 
major factor in obtaining approval to use a site. Public oppposition 
may be based on aesthetic, historical, cultural, recreational, and 
scientific values. One illustration was given by W. H. Johnson in his 
paper (Goodman, 1976) which recounts the experiences of the Philadelphia 
Electric Company in developing hydro sites and later thP. Peach Bottom 
nuclear site. The nuclear plant doubled in actual cost in 1974 over the 
cost estimate made in 1967. He describes the new atmosphere created by 
the activists who bring continual opposition to power plant sitingsJ 
especially nuclear, resulting in increasing project cost and longer lead 
times. Several of the papers edited by Goodman carry the same message 
that, due primarily to misinformation, public opposition to power plant 
construction will continue to delay projects and increase costs. An 
additional overview of the environmental problems in power plant siting 
and planning is presented in talks by Philip Sporn, Philip S. Berry, and 
Willis F. Ward (IEEE, l972b). Sporn represented the utility industry, 
Berry represented the Sierra Club, and Ward represented a public service 
commission viewpoint. A summary of the factors is inclurled in Table 4-
5. 

Returning to Figure 4-52, additional factors which may differen
tiate various generation sitei are hazardous locations such as near an 
airport; national defense considerations, such as locating power plants 
along with other critical industries in the same locations; and the 
joint ownership of the power plants. In addition to these, the site 
will require access for construction and the ability to move in very 
large machinery components either by railroad or waterways. Also, 
future siting needs may indicate that some sites should not be filled 
now but be held for later use. Tax liabilities may be different between 
different plant sites, making a significant difference in the sP.lP.rtion 
of the sites. Finally, there is the ecology inventory and the cost to 
prevent damage. An example here is the discovery of a rare small fish 
located in a river which TVA was preparing to dam for power generation. 
Their existence has stopped the completion of this power source. 

Discussions with system planners indicate that they usually turn to 
power plant siting experts in their own utility for information on sites 
available, costs, and construction lead times. The list of these sites, 
the quantity of generation they could supp~rt, and the type of capacity 
that could be accqmmodated become important information to be used in 
selecting the various generation expansion patterns, including siting 
locations. Once a potential expansion plan has been drafted, including 
a list of generation sites and types by year, trial siting sequences are 
provided as input to the transmission planning activiti.es. Transmission 
network expansions and their cost may then be developed to estimate the 
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Fuel 

Plant Type 

Site Expansion 

Transmission 
System 

Pollution 

Esthetics 

Living Conditions 

Taxes 

Construction 
Labor 

Tabl.e 4-5 

Siting Factors 

What kind, when, where and in what amounts must it 
be available? How much will it cost? What invest
ment in fuel producing facilities are necessary? 

Environmental problems such as particulate emis
sions, gases, pollution from so2, thermal pollution. 
Can t~ese problems be solved so the plant will be 
welcomed by the community? 

Does the site lend itself to a rational expansion to 
full development. 

Can the network receive this power output and expand 
in a cost effect manner? 

Is there an adequate heat sink? Can particulates 
and gases be taken care of? Is there a noise prob
lem? 

Is there anything in the area that will give reason 
to oppo~'>P. the 8ite? 

Operating staff housing, educational and quality of 
life considerations. 

What will be the level of local and state taxes? 

Will it be available in quality and quantity or can 
it be brought in economically? 
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costs associated with the power delivery from various generation siting 
patterns. One intangible is the uncertainty of being able to develop a 
certain site. This uncertainty may shift the economic choice from one 
expansion to another, even though they both have nearly the same ex
pected revenue requirements. 

POWER TRANSFER REQUIREMENTS 

An important link between generation planning and transmission 
planning, besides generation siting, is the power transfer requirements 
for generation reliability and economic operation. 

Generation reliability assumes unlimited transmission capability 
with certain amounts of interconnection power transfer capacity. The 
input-output test cases used in transmission planning need to encompass 
the emergency power flows during generation outages. An additional set 
of power transfer tests explore the interconnection capabilities so they 
may be compared Wit.h the values assumed in generation-interconnection 

·· planu.iug. 

Normal economic dispatching also requires network capacity. These 
power transfers are encompassed in the normal-operation network tests to 
be made during transmission planning. The transmission network plan is 
based on the factors of network use of which normal dispatching and 
emergency power transfers are two components. 

RESEARCH NEEDS 

The following research needs were identified while preparing this 
report .. 

Load Shape Variations -- New load management techniques, either by 
utilities directly or through rate designs require that hourly loads be 
included in reliability and operation analyses. Including hourly loads 
in production simulation includes modeling uncertainty in hn~h maenitude 
and sequence in which the loads occur. Reliability measures using 
frequency and duration mathematics cannot directly include hourly varia
tion in loads and the uncertainties of magnitude and sequence. 

Energy-Limited Capacity -- There is a need to more adequately 
understand and model energy limited capacity such as hydro electric 
facilities and the newer technologies of solar and wind facilities. 
Improved methods are needed for computing the reliability of generating 
systems containing these energy limited facilities and simulating their 
production costs. 

Energy Storage -- Energy storage devices such as pumped-hydro, 
batteries, and compressed air bring new factors for energy planning, 
especially for reliability measurement, but also in operation simula
tion. The replacement energy cost and availability are important 
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factors that are now considered in some analysis methods but the uncer
tainties of costs and energy availability have only been approximated. 

Multi-Area Analysis -- There is a need for generation reliability 
calculations and production costs simulations which adequately represent 
the multi-area environment in which utilities now plan and operate. 
These analytical techniques would have as their goal the measurement of 
reliability and production costs for individual utilities interconnected 
with several other utilities and operating under various coordination 
strategies. 

Modeling New Generation Technologies -- Each new power generating 
technology presents new challenges to traditional planning techniques. 
For example, the frequent and wide variations in generator output from a 
solar or wind generator have not been encountered in previous types of 
generating equipment, and thus traditional planning techniques need 
extending to take into account factors such as these short-cycle capac
ity variations. 

SUMMARY 

Interconnections provide access to a diversity of power sources, 
reducing the cost of preparing for the uncertainties in .generation 
planning. Because of this diversity generation reserves may be reduced 
below those required if systems were to operate isolated from one an
other. Diversity in generation types and in demand reduces the cost of 
production when compared to the cost when operating as isolated systems. 
Quantifying these reserve and cost benefits of interconnections in 
generation planning is especially difficult because of the number of 
factors and their complex relationships. 

This chapter has identified the factors that go into the measure
ment of reliability and future costs. These are major factors in ident
ifying when new generation is necessary, the amount of generation re
quired, the type of fuel or.energy source to be used, and the site where 
new generation will be located. The four major constraining factors 
identified in this chapter are financial limitations or capital facili
ties budget for a year; the government regulations, including licenses 
and permits related to the construction and operation of the new gener
ating facility; the public pressures to delay, change, or prevent the 
proposed expansion plans; and the interconnection agreements between 
neighboring utilities. 

The date when new generating facilities will be needed is deter
mined by reliability factors. The amount of capacity required is deter
mined by the reliability needs of the system, the possible sizes of the 
various types of generating plants available, and the economies of scale 
to be gained by larger plants, and the opportunity to use existing or 
new interconnections to share both the operating risks ~nd prodriction 
economies to be gained by new generating facilities. The type of gener-
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ating capacity is determined by the need for a mix of generation types 
for both economic investment and production. A mix of types is also 
required for load following in daily operation and for flexibility to 
meet changing demand growth patterns and the uncertainties in fuel price 
and availability. 

The location for the siting of new generation is particularly 
affected by the constraints of government regulations and public pres
sures. These join traditional constraints of fuel, water costs, land 
availability and power transmission costs in the selection of generation 
sites. 

A wider range of power generation facilities is now available to 
the system planner for consideration in future expansional alternatives. 
These include the traditional types of generation based on fossil fuels 
of gas, oil and coal, and energy derived from hydro electric facilities. 
Small power plants using combustion turbines for use during the peak· 
demand hours of the day have joined the traditional plants as have 
nuclear power plants for continuously supplying low cost energy, base 
load operation. These generating facilities have been joined by pumped 
storage hydro possibilities and by newer forms being proposed for energy 
storage using batteries, compressed air or hydrogen. In addition geo
thermal steam is being harnessed for power generation. New sources of 
energy from the sun and wind are also being proposed for at least re
search into the opportunities for future power generation. 

The wide variety of power generation facilities to be considered in 
expansion planning has introduced many new factors into generation 
planning. Uncertainty is a key·dimension of many of these new factors 
as well as a key element in the traditional demand, capacity, costs, and 
maintenance requirement forecasts. Interconnections h~lp share the risk 
associated with these uncertainties. The reduced reserves resulting 
from interconnection increases the importance of variations from fore
casts of factors such as demand, capacity, forced outage rate, costs and 
maintenance requirements. These factors are increasing in importance in 
selecting the proper reserve level and estimating future operating 
costs. Interconnections tend to counterbalance some of these increasing 
uncertainties, reducing the reserve requirements while un~ertainties 
increase reserve requirements. Uncertainties increase expected future 
costs while interconnections provide the opportunity to reduce ~xp~cted 
future costs. 

Generation expansion planning receives many benefits from the 
interconnections to neighboring utilities, but the same interconnections 
greatly increase the number of factors and the complexity of their 
relationships. 
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CHAPTER 5 

TRANSMISSION PLANNING WITH INTERCONNECTIONS 

The planning of power transmission and interconnection facilities 
will be the subject of this chapter. The major focus will be on the 
conceptual planning of transmission circuits with only. a brief mention 
of substations, transformers, breakers·, and reactive power supply equip
ment planning. The detailed design of substations including breaker 
selection and voltage support equipment is a subject beyond the scope of 
this report. 

The planning of interconnections involves both generation and 
transmission planning. In the previous chapter the relationship between 
generation planning and interconnections was explained with some disc~s
sion on the substitution of transmission interconnections for generation 
capacity in order to maintain system reliability. For interconnections 
to function as desired, an adequate transmission network plan is needed. 
This chapter will discuss that subject with particular emphasis on 
transmission interconnections. 

The four planning questions addressed include when new transmission 
circuits will be needed, how much power transfer capability is required, 
.<~t. whilt. voltage level should the facility be and whetp.er it should be ac 
or de, and where in the transmission network should the new circuit be 
located. The circuit could be internal to a utility system or an inter
connection crossing utility boundaries. 

The major sections of this chapter all address the planning ques
tions and include: 

Transmission Planning 
Reliability and Adequacy 
Cost of Investment and Losses 
Planning Studies and Analytical Procedures 
Selecting the Expansion Alternative 
Generation-Transmission Planning 

The f~ctors that go into defining these major categories are identified 
and discussed. 

The selection between transmission expansion alternatives is based 
on system adequacy and reliability and costs, and on two factors very 
difficult to quantify, the uncertainties and flexibility of the trans
mission expansion plan.in adapting to ~nlikely events. Again the 
constraints of coordination agreements, government regulation, financial 
limitations, and public acceptance wi.ll be discussed. 
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TRANSMISSION PLANNING 

Transmission planning, as presented in this report, refers to in
creasing the power delivery capability of electrical networks by the 
addition of transmission capacity both intra- and inter-system. Parti
cular emphasis will be placed on the influence of inter-system transmis
sion or interconnections and how planning for interconnections is an 
extension of traditional transmission planning. 

A typical transmission planning problem is sketched in Figure 5-l. 
This is just a portion of a much larger planning problem abstracted so 
that the details are evident. A new generatin~ plant is to be locat~g 
in this service area, a new s~bstation for serving load is plonned for 
this area, there is tl:te possibLli.t.y for a ne"' stepdown tranoformer &t an 
existing substation next to a power plant, and all loads are forecasted 
to rise to a new level in this future year. There are two existing 50Q
kV circuits in this area and a network of 230-kV circuits. 

Bulk-power transmission planning, as defined in Chapter 2, is 
concerned with identifying where the new transmission circuits should be 
located (between what buses), at what voltage level, and when the cir
cuits should be installed. A possible answer to these questions, for 
this example, is sketched in Figure 5-2. Additional 500-kV and 230-kV 
circuits are shown by the dotted lines. The new generating station has 
been connected into the 500-kV network and also has been provided with 
some 230-kV circuits to serve local area loads. 

These new transmission circuits, along with the existing transmis
sion network, provide two basic power delivery functions. They deliver 
energy from generating sources to demand substations. They also serve 
to integrate the generation facilities with the power distribution 
points so that power generation may be delivered and interchanged be
tween load areas even during times of network circuit outages and gener
ation outages in a particular load area. These two transmission func
tions, energy delivery and system integration, have been identified by 
many planners, including Dejou (1970) and Nagel (1973). Illustrations 
of actual power networks may be found in the report by the FPC Advisory 
Committee on Reliability of Electric Bulk Power Supply (FPC, 1967), and 
the 1970 National Power Survey (FPC, 1970). Additional discussions of 
exceptionally difficult transmission planning problems are described for 
the James Bay Project on the Hydro-Quebec System (Elsliger et al., 1974) 
where ultimately 16,000 MW will be delivered approximately 1000 km, and 
for the Itaipu Project in Brazil where more than 13,000 MW are to be 
moved about 850 km (Franko et al., 1976). Difficult problems associated 
with power delivery into the New York City urban area are described by 
Hauspurg (1970). 

An overview of the factors involved in transmission planning is 
shown in Figure 5-3. This figure has been seen earlier as Figures 2-7, 
3-14, and 4-2. The first concern is a definition of the system scope to 
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be studied, what geographical area will be included, and the number of 
years in the future that will be studied. Once the scope of the system 
is defined, the driving forces which require transmission network changes 
are identified. These include the demand growth forecasts and the 
generation expansion plans at each location in the network. The per
formance capabilities of the existing system, along with future possible 
additions, are then compared against these driving forces by adequacy 
and reliability and by the costs incurred, including both capital in
vestment and the annual costs, including transmission losses. 

The alternate plans considered for transmi~~ion expanRion must 
conform to certain external constraints which include thP finan~ial 
capabilities of the utility, coordination agreements among intercon
nected utilities, government regulations, and public pressures· (a 
significant new factor as was point~d out in Chapter 2). The result of 
the transmission planning process, which also includes interconnections, 
will be a specification of when new circuits are ~eeded, the amount of 
normal and emergency power delivery c·apacity to be provided with ear:h 
circuit, their voltage level, and the two terminals and a general route 
over which the transmission circuit is to be constructed. The plans 
specify which circuits are to be overhead or underground, which circuits 
should be ac or de, and the transformer sizes between high and lower 
voltage buses. 

The network performs as a single system without distinguishing 
between internal and interconnection circuits (except as affected by 
automatic dispatching). 

SCOPE OF TRANSMISSION STUDIES 

The factors affecting the selection of the scope of the study are 
shown in Figure S-4. The scope is defined by the number of locations, 
substations, and power plants included in the study, and the geographic 
area they represent. Also, the scope will be defined by the time span, 
such as a five-year or twenty-five year study. 

One of the most important factors in selecting the·scope is the 
study question or objective. In a long-range conceptual study, only 
steady-state conditions will be examined and the study scope may include 
only the particular area under study, with some of the peripheral sys
tems represented in a simplified electrical equivalent. If this is a 
near term steady-state study which will be used to make decisions on 
actual installations, then the system scope will require broadening to 
include a major portion of the interconnected utility systems. And if a 
dynamic performance study is to be undertaken, then the whole network of 
interconnected power systems must be considered. One does not have the 
freedom to choose a study area for the dynamic performance studies, 
since all generating units will affect dynamic performance. The system 

5-6 



STUDY QUESTIONS .... .... 

PRESENT AND POSSIBLE 
INTERCONNECTED SYSTEM 

t... 
I" 

CONTRACTUAL 
ARRANGEMENTS ... .... 
PLANNING 
AGREEMENTS ... .... 
KNOWLEDGE OF -
NEIGHBOR'S PLANS ... .... 

DEFINITION OF 
SYSTEM SCOPE: 
SIZE & TIME SPAN COORDINATION 

AREAS ... _ .... 

COULD PLANNING BE AFFECTED. 
BY UTILITIES BEYOND SCOPE? .. .... 
TIME SPAN OF 
GENERATION PLANS 

.... 
~ 

LEAD TIME FOR 
INSTALLING NEW FACILITIES 

...__ 

..... 

.... 

.... 

.. .... 

... .... 

... .... 

.... 

.. 
~ 

...__ .... 

... .... 

.... -

.... -
... .... 

LONG-RANGE CONCEPTUAL 
STEADY STATE 

SHORT-RANGE 
STEADY STATE 

DYNAMIC . 
PERFORMANCE 

; 

PLANNING REGIONS 

INTER REGIONAL 
COORDINATION 

SERVICE 
TERRITORIES 

AREAS-OF LOW 
DENSITY OF LOAD 

--·- ~ .... -----. 

NATURAL 
BOUNDARIES 

DEGREE OF 
INTERCONNECTION 

NUMBER OF 
SEPARATE UTILiTIES 

LARGE ENOUGH FOR 
ECONOMIES 

SMALL ENOUGH 
TO BE MANAGEABLE 

5-7 
Figure 5-4 Factors affecting the selection of the 

scope of the transmission planning study 



representations do not necessarily have to be in equal amounts of de
tail, but at least the overall generating capacity inertia and speed 
governing characteristics will have to be estimated (Concordia, 1968). 

For long-range planning studies, one of the complicating factors is 
the fact that the neighboring utilities are developing and changing 
their own plans at the same time. Their tentative plans are exchanged 
through pool task forces, area reliability councils and through inter
regional coordination. The resulting systems will perform as one unit 
and thus the planning team should account for the plans of others. In 
long-range plans there may be only a general indication of the types of 
generating units and the voltage levels that neighboring systems are 
planning. For short-range plans more details of actual generation 
siting outside the study area are known, and the details of the voltage 
levels and network configurations may be estimated With increased certain~ 
ty. 

The coordination area for planning is determined by the service 
territories of the utility companies, the location of areas with low 
density of load such as swamps or deserts, and any natural boundaries 
such as oceans. Also affecting the coordination area is the degree of 
interconnection, whether tightly integrated into one system or intercon
nected but not yet coordinating plans and integrating operation. The 
number of separate utilities within an area will also affect the coordi
nation area. An area should be large enough to obtain economies but 
still small enough to be manageable by a committee of member utilities. 
The geographic area to study is also selected to minimize the impact of 
the utilities beyond t~e selected area. 

The time span of the study will be limited by the t:i,me span of the 
generation expansion and the objective of the study. Conceptual trans
mission planning cannot be continued beyond the years for which genera
tion sizes, types, and sites have been determined. Usually for conceptual 
long-range planning, the time span is identical to that for generation 
expansion. For detailed short-range studies to determine the next. 
circuit additions, a shorter time span of 5 to 15 years is used, depending· 
on the lead time for installing new facilities. · 

MAJOR PLANNING FACTORS 

The factors listed in Figure 5-5 exert major influence on the 
selection of the date, voltage level, capacity, and terminals for trans
mission and interconnection circuits. Factors that go into the measure 
of adequacy and reliability along with costs will be the subject of most 
of this chapter. Financial constraints refer to capital budget limita
tions faced by the utility or by a pool of utilities as they seek to 
expand the transmission system. These financial factors are the same as 
those discussed in Chapters 3 and 4. 
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Interconnection agreements were discussed in Chapter 3 and are an 
important factor affecting transmission planning. These agreements will 
influence the test cases used in planning the transmission network and 
specifying the power transfer requirements. More will be said on this 
subject under the heading of system tests in the next section. 

Government regulations play a role in the selection of transmission 
and interconnections. An example is the Federal Power Commission inves
tigation after the 1969 capacity shortages that were experienced by 
Consolidated Edison. The FPC report, which commended the utility for 
analyzing its 10 year requirements, pushed for more high-capacity inter
connections with New England and New Jersey utilities ("FPC urges ... ", 
1~70). 

Public pressures, as discussed at the end of Chapter 2, have become 
one of the most important factors in the planning of new transmission 
circuits. These pressures have delayed critical circuits needed for 
strengthening the transmission network and interconnect-ions. An example 
is the long-delayed 500-kV line across the Delaware River. Delmarva 
Power and Light "first applied for permits on this project in 1969 when 
the cost was estimated to be $6-million ("Long-Delayed •.. ", 1976). 
Finally, in 1976, seven years after the process began, the 13th agency 
granted permission for construction and there was only one more permit 
to be granted by the Corps of Engineers. Both the Federal Power Commis
sion and the National Electric Reliability Council descibed this pro
posed 2.5-mile tie as the most important missing link in the whole 
eastern transmission grid. Unfortunately, this is not an isolated case. 
Utilities in almost all parts of the country have experienced public 
interventions and pressures which slow down the construction of vital 
transmission links and greatly increase the cost. The Delaware River 
crossing is now expected to cost more than $16-million, nearly three 
times the $6-million estimated orginally in 1969. 

RELIABILITY AND ADEQUACY 

The first criteria for attempting to optim:fze the addition of 
transmission circuits is that of reliability and adequacy. The term 
reliability is an umbrella for both but the two terms are differentiated 
in the utility industry and in this report. These two terms have been 
given definitions by the utility industry (Matthews in IEEE, 1977·, p.5) 
which generally parallel the following statements: 
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Adequacy Providing sufficient generating capacity and 
.transmission capacity to meet the electric peak 
load requirements plus the ability to supply 
the energy requirements. 

Reliability - Providing a generation-transmission system with 
sufficient capacity to prevent cascading trip
outs and wide-spread power interruptions. 



When one speaks of generation reliability, the term means both adequate 
and reliable but for transmission the two t~rms are commonly used ac
cording to their respective definitions. The many factors involved in 
measuring the adequacy and reliability of pow~r systems ar~ displayed in 
Figure 5-6. 

The definition of reliability included the term cascading outage. 
As an example of a cascading outage, consider the case of four lines in 
parallel between two buses. If one of the lines trips out, the other 
three lines increase their loading by 33 percent. The system should be 
operated so that this 33 percent increase in loading does not cause any 
of the remaining three lines to trip out. If the second line should 
trip out, the remaining two lines must increase their loading to twice 
their original loading. Such an increase will probably precipitate 
additional line outages until the system collapses. The original flows 
are probably not split evenly among the four lines if they are of 
different lengths or serve d1fferent intermediate loads. Thus, for a 
worst single outage, the remaining flows may be more than 33 percent. 
Also, the shock of the interruption will cause power swings which will 
overshoot these loading increases. Any system must be planned and 
operated to maintain sufficient reserve capacity on all transmission 
lines. 

The analysis of adequacy and reliability of a transmission network 
begins with the definition of a plan to be tested. Alternate plans 
start with the existing generation and transmission system and continue 
with possible system additions, including new voltage levels, circuits 
at existing voltage levels, and whether to use ac or HVDC circuits, 
either overhead or underground. For a well-documented example of transmis
sion planning, see the description of the ac and de alternatives con
sidered for the Kapairowits power plant (Edgell and Bayless, 1976). 
Preparing alternate expansion plans is a creative process using both 
engineering imagination and ingenuity, and the knowledge gained of the 
system and its behavior during past transmission studies. Guiding the 
selection of alternate circuits are conceptual planning studies of 15 to 
25 years in the future which are prepared with a variety of methods to 
be discussed later in this chapter. 

The performance of the transmissi6n alternatives are studied using 
power flow calculations based oi a set of selected system tests. The 
analysis may include power transfer studies, dynamic performance studies 
(stability studies), and short-circuit studies. These methods, and the 
test cases selected to apply them, will also be discussed in the section 
on planning studies and analytical proc.edures: 

A major criterion for acceptable performance is the minimization of 
any possibility of a cascading outage as a result of a single facility 
outage (IEEE, 1977). This criterion is applied while some generating 
units or transmission circuits are on scheduled maintenance outages 
preceding the contingency. For example, one or two facilities could be 
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out of service for maintenance and then the most critical single facil
ity be lost·with no cascading or further outages occurring. This is a 
very significant test for any well integrated network, as indicated in 
the report of the Advisory Committee on System Reliability to the FPC in 
1967: "Any disturbance in a well-integrated area-network will dissipate 
widely and its effect on other facil~ties will attenuate with distance'' 
(FPC, 1967). 

While the avoidance of cascading outages is a measure of network 
reliability, the capacity for economic operation during line outages or 
generation outages is a measure of system adequacy. The planned network 
should allow the economic operation of generation without concern that 
overloading may occur on circuits .i'n the network. Past operation expe
rience guides the selection of network conditions during which economic 
operations should still be possible. For example, a utility may require 
that the economic operation be possible with any single circuit out of 
service. Or the utility may have experienced several right-of-way 
outages and thus require that any right-of-way outage should not hinder 
economic operation. If there are two circuits on one transmission 
tower, then the utility may specify that economic operation still be 
possible even with the outage of these double circuit power lines. 
These criteria are a balance of conditions experienced in the past with 
the financial capability of the utility to provide additional transmis
sion facilities for contingency operation. 

Also listed under the criteria for acceptable performance in 
Figure 5-6 is the capability to handle power swings. This is a dynamic 
performance criterion, used to ensure that the network will be able to 
make the transition from one operating state to another should a large 
generating unit or a heavily loaded transmission circuit be interrupted. 
These interruptions will cause power oscillations as loadings on trans
mission lines change fr,om the pre-contingency .condition to the post
contingency condition but the disturbance should be self damping and a 
new stable condition reached in reasonable time. 

System capability during maintenance of transmission or generation 
facilities may also be used as a criterion for acceptable performance. 
These criteria are quite similar to the capability for economic opera
tion; however, some utilities may allow power plant output to be re
stricted while certain transmission facilities are on scheduled mainten
ance. They anticipate that, while the transmission facilities are on 
maintenance, the generation facilities will also be on maintenance, thus 
causing no restriction to the system. 

Power transfer requirements are commonly used as a criteria for 
acceptable performance, especially in an interconnected system. A 
utility may specify that recent power transfer conditions be used to 
test future transmission sy~tems. Or the power transfer requirements 
may be increased in proportion to load growth or to the largest generat
ing plant size .. For example, a power pool may specify that in l985.the 
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pool should be able to accept 1500 MW from the systems on the west and 
deliver 1500 MW to the utilities on the east of their pool without 
overloading the internal transmission system. Furthermore, by 1995 the 
power transfer requirements should be 2000 MW in from the west and out 
to the east, and by the year 2000, 2500 MW capability. should be included 
for west to east power transfers. Other transfers may also be specified 
in direction and amount. The difficulties in quantifying the power 
transfer capability are illustrated by an example in Appendix IV. 

The final criterion for acceptable performance, shown in Figure 5-
6, is the ability to recover quickly from service interruptions. This 
requirement is based on the fact that even though systems are planned to 
withstand almost any credible system failure, there m~y be some catas
trophic event which does cause service interruptions. Future systems 
should be planned with the capability to recover quickly from service 
interruptions. 

SELECTION OF SYSTEM TESTS 

The selection of system tests for adequacy and reliability, re
quired for performance analysis (Figure 5-6), is listed in Figure 5-7 and 
includes the input/output conditions at the buses, the network plan and 
the credible combinations of circuit, transformer, and bus outages. 
Input-output at the buses will be discussed in the next sub-section. A 
network plan .defines the configuration of transmission lines and trans
formers connecting the generating stations with the bulk power substa
tions. This may be a trial plan for one future year in which several 
alternative circuits are under study. 

Along with the network and the bus conditions, credible combina
tions of facility outages are important factors in network planning. 
Experience with operating systems based on previous planning decisions 
is a strong influence on the planning criteria, i:e., the facility 
outages deemed credible, Figure 5-8. Past studies, deci~ions, and 
operating experiences influence both the choice of the tests to use in 
judging the acceptability of a plan and the decision on the types of 
plans to consider. · 

The combinations of facility outages are based also on network 
maintenance requirements,.and concentration of facilities (Figure 5-7). 
A large concentration of generation may have a common-mode event which 
can restric~ its output, such as air quality re~t~ictions or cooling 
water temperature restrictions. Other common-mode failure possibilities 
are the concentration of transmission facilities on one corridor where a 
natural disaster or accident might take out the entire corridor, and 
concentration of interconnections into one substation where a single. 
event could cause the interconnections to be interrupted simultaneously. 
In more detailed studies, even. the concentration of ·switching facilities 
and their relay schemes would be examined. Usually these are considered 
in the short range five· to ten year studies. In long range bulk-power 
studies the switching and relay schemes are assumed to be adequate. 
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The types of extreme disturbances used in testing the transmission 
system to assure reliability are based on the following philosophy (IEEE 
Symposium, 1977, p. 9): 

"It is impossible to anticipate and test for all combinations 
of contingencies that could occur on an interconnected network; 
therefore, the reliability and testing criteria should be such as 
to thoroughly search out the maximum credible contingencies for 
examination with good assurance that the many possible contingen
cies not studied are less severe." 

Entire plant outages are checked to see if they could trigger any 
cascading transmission outages (Matthews, et al., 1976). These extreme 
disturbances may cause some local load interruption, but, if cascading 
of outag~s is avoided, the network is classified as reliable. These 
extreme outages also include the outage of all lines on a common right
of-way, the outage of a large load, the outage of a substation, the 
outage of a line and a generator, slow clearing of faulted lines by 
breakers, pnd disturbances on neighboring interconnected systems. 

A different set of test conditions is used in steady-state studies 
to assure that credible contingencies will not cause a bottleneck in the 
transmission network. For example, adequacy standards require that the 
loss of any single facility, such as a transmission line or a generating 
unit, shall not interrupt service at a bulk power station or cause an
nther facility to overload during o.n economic dispatch. If demand 
served by the substation is deemed to be important and the cost of 
providing three transmission circuits is not prohibited, then a loss of 
two circuits without a loss of load or any facility overloads may be 
stated as an adequacy requirement. 

Input-Output Conditions 

The factors that go into specifying the input and output conditions 
at the buses of the transmission network are shown in Figure 5-9. They 
are grouped under three major headings: demand forecasts, generation 
dispatches, and peripheral interconnection inputs and outputs. 

The demand forecast at buses is specified by, first, referring back 
to the system peak demand forecast for the study year. This is the same 
forecast that was used in generation planning. This forecast must now 
be divided among the locations in.the network. The present loads at the 
locations and the projections of the load growth at the various loca
tions provide guidance. For example, suburbs around large metropolitan 
areas are known to be growing more rapidly in power demand than the 
central business districts. Since many .different load levels will be 
studied, i.t is necessary to forecast the variations of demand at loca
tions hy season, week, day, and hour. For example, network flow condi
tions at off-peak hours may be important, especially in networks that 
have pumped-hydro units. For such a test case, it is necessary to 
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forecast night-time loads at these locations. Also, significant differ
ences in flow patterns may now be occurring in summer and winter sea
sons, indicating that for future planning activities the different 
seasons of the year should also be studied. Load forecasts are then 
prepared for the winter and summer peak load and off-peak load condi
tions. 

Power flows are also affected by the reactive power requirements at 
locations. For many long-range planning studies, a first appro~imation 
is to assume that the reactive power requirements are being supplied at 
the major bulk power substations for correcting the power factor to 
unity, meaning that no reactive power is required to serve the demands. 
As more detailed studies are undertaken for short-range planning and 
design, this assumption is modified to determine the exact amount of 
reactive power supply facilities to be installed at major substations. 

System dynamic s.tudies, will additionally require the definition of 
demands as voltage and frequency vary following a sudden fault or the 
loss of a facility. 

With the active and reactive power requirements specified at the 
buses, attention turns to dispatching the generation to serve these 
demands. Active and reactive power generation dispatches will depend on 
the existing generation at the buses and the new generation to be 
installed. If a system is introducing. 500 kV over a 230 kV network, 
older generation will be located on the 230 kV buses, while new generation 
may be anticipated to be located on 500 kV buses even though 500 kV does 
not exist presently at these new generation sites. ·The :voltage level 
for new generation may be one of the variables in the study.. The best 
practice is to step-up new generation to the highest voltage level in 
the area to make its power available to the whole system rather than 
only a specific load area. 

New generation includes units to be owned by a particular utility, 
units with joirit ownership, power purchases, and power exchange con
tracts. These new units and contracts are included with existing 
generation in the scheduling of power outputs. Units which are jointly 
owned may be dispatched to meet the loads of the two separate companies 
or. the pool to which those utili.ties belong. 

The operating policy for committing and dispatching generation to 
serve demand is affected by the type of power pool or planning area 
being studied. For example, if the utilities in a reg.ion are simply 
interconnected but'not operating on a coordinated basis, then each will 
be dispatching their own units to their own loads. A network flow study 
may show that even though these companies do not interchange power, 
there may still be circulating flows which will affect the transmission . 
system. In a completely coordinated power pool, the units of all companies 
would be dispatched to serve the total demand and the dispatch would be 
performed as though all units were owned by one company. 
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Transmission losses should influence the dispatch so that the total 
cost of generation, including losses, is minimized (DeSalvo and Smith, 
1965). Dispatching with losses on a conceptual network increases the 
expense of the study. Loss formulas and penalty factors are affected by 
network changes but they are expensive to compute. Approximations are 
used frequently, such as assuming that the penalty factors used cur
rently on the system will also apply in future years and the forecasted 
losses do not vary with the dispatch. 

If generation maintenance scheduling is coordinated, then during 
times of maintenance, power transfers from one company to another will 
be a factor fur network plannj_ng. Testing the network for generation 
maintenance capabilities presents a pr,oblem in choosing the load level 
during this maintenance. Maintenance is usually performed in off-peak 
seasons. The input-output schedules that are needed, however, are those 
that will greatly stress transmission network. Therefore, a test of 
generation maintenance may include taking out the one or two largest 
generating units in an area of the power pool for maintenance at the 
time of peak load. Such a dispatr.h is likely to stress the transmission 
network to the greatest extent and therefore provide a good test of 
network flexibility. 

Generation outages are a factor and they may be simulated at the 
peak-load periods again to put stress on the transmission network to 
test its flexibility. A test of "two units out at time of peak load" 
includes both scheduled outages and long-term unscheduled outages. (For 
system dynamic studies, a generation outage would mean the sudden loss 
of generation from a unit and the resulting power swings.) 

When generation is on outage, the redistribution of generation to 
pick up the load must be described. The re-dispatch may be done on an 
economic basis, if possible, or may be based on picking up generation 
nearest to the generation outage, or mAy be done by picking up genera
tion in remote locations from the outage. Each one of these re-dispatch 
philosophies has good reason. An economic dispatch would indicate that 
the generation is on maintenance, with the power being redistributed by 
economic dispatch rules. If the generation were to be picked up as 
close as possible to the generation outage location, this would minimize 
the overloads in the transmission network -- a good operating policy, 
but not a severe test of the transmission network. An alternate r.ule is 
to pick up the generation at the most remote locations from the outage 
area to assure that generation will not be bottled up in any area by the 
transmission system - perhaps the most severe test. 

The sudden outage of a generator will usually result in the major
ity of the temporary replacement power corning from the interconnected 
utilities. For example, in Figure 5-10, the outage of a 1000 MW unit 
causes a surge uf 870 MW of power to come from the east in the first few 
seconds. The total surge will be greater than the 1000 MW lost and come 
from all interconnections shown in this example. A distant utility will 
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wheel 550 MW and supply 30 MW because of system characteristics. The 
dynamic tests of the network, such as Figure 5-10, will be used to 
assure that sufficient capability is included in the interconnection to 
survive this shock without cascading outages. Thes~ transient flows are 
in addition to the other uses of the transmission network that are going 
on simultaneously. 

These transfer ~ases are meant to include all different reasons for 
energy transfers. These would include fuel-by-wire transfers as ac
tually made during the winter of 1974 (FPC sees ... ", 1974). The recent 
use of the interconnection for wheeling energy during the very cold 
winter of 1977 also provided experience upon which to base the transfer 
cases ("Wheeling Aids ... ," 1977). The test cases for future years are 
selected by studying the present and past uses of the network. These 
can either be used asain for future years, or they can be uprated in 
proportion to ioad growth if judgment indicates that the amount of flows 
will likely increase with load. A preferred method is to scale the 
power transfers in proportion to the largest generating station or some 
other growth <.:umponent in the system that experience indicates can be 
correlated to power trartSfl::!t'l:;. These types of tests are used to aSSIIT"E'. 

that the interconnection and power transfer capabilities are in balance 
with reserve margins, system load, generation plant and unit sizes. 

As these power transfers are occurring the system planner is aware 
that the network capability for reliability is being reduced. For 
example, if certain transmission lines (either between systems or inter
nal to the system) are heavily loaded because of an energy transfer, and 
a large generating unit should suddenly be disconnected .from the load in 
the area that is receiving power, the transmtssion circuits could likely 
exceed their thermal ratings, or the protective relay settings, thus 
causing a cascading outage. 

Power transfer cases, that is, input of generation at several 
locations on one side of a system and removal of power at buses at the 
other side of the system, are becoming very important in transmission 
and interconnecting planning. Operating experience shows that, with an 
interconnected network in place, a multiplicity of firm interchange 
schedules between many pairs of utilities occur simultaneously (Landgren 
and Anderson, 1973). The generation dispatch schedules prepared to test 
the transmission network would include these types of interchanges 
schedules. 

One additional source of emergency power flow. is the neighboring 
systems outside of the study area. The outage of a large generating 
plant at the periphery of the· study area may cause excessive power ·flows 
within the study system (Rincliffe, 1967) and these power flows may 
overload the transmission circuits within the study area. 

In the planning of interconnected utilities, it is necessary to 
represent a portion of the system peripheral to the area under study. 
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This is the part of the syste~ which is not to be included for planning 
purposes but which may affect some of the planning decisions. The 
existence of these peripherals may be taken into account by power 
inputs and outputs based on the present flows or flows in short-range 
studies of the larger system. Also, the future power transfer needs and 
limits of the peripheral areas are factors for long-range planning. The 
needs may be in proportion to load growth or in proportion to plant 
size. Weak links in the transmission network may exist outside the area 
to be planned and these circuits may open when a major power generating 
plant is suddenly outaged in the area, possibly initiating a cascading 
outage. Thus circuits in the peripheral system may limit the performance 
of the area being planned. Peripheral input outputs are based on the 
results of past transmission studies. 

By using a combination of generation dispatches based on economics 
and power transfer conditions based on recent uses of the network, 
transmission can be planned that is capable of power delivery from 
generation to load and capable of system integration. Both functions 
are familiar to planners both here in the United States (Maliszewski, 
1977) and in Europe (Clade et al, 1975). These functions include the 
three types of flow that have been identified on interconnected networks 
by Kopylov and Khachaturov (1975): (a) planned flows on a network, (b) 
fault flows on a network due to sudden outages of facilities and (c) 
irregular fluctuations of power flow caused by the random nature of 
loads being applied to and removed from power systems. 

COMPARISON OF GENERATION AND TRANSMISSION RELIABILITY MEASURES 

The major factor, requiring the use of detailed tests of transmis
sion systems, is even the lack of a simple probabilistic method to test 
for failure. In generation planning a failure is any condition with 
total available generation less than a daily peak load. The multiple 
outages in the generation system can be subtracted from the total capac-

•ity and the result compared to demand. For example, in generation 
planning, it is possible to enumerate all of the outages that may cause 
500 MW or more to be lost to the system and accumulate their probabil
ity. A count can be made of the number of days when an outage of 500 MW 
or more would cause the demand to exceed the generating capability. A 
simple comparison of the remaining capacity and the daily peak load 
indicates whether the day is a success (capacity above load) or a fail
ure (capacity below load). 

No such simple comparison exists in a transmission network. It is 
not possible to accumulate transmission capacity outages into a single 
number as the 500 MW of generation outage and compare it against a 
single number which represents the demand on a transmission network. 
The two important factors in transmission are the amount of capacity and 
where the capacity is located. To have 100 MW of transmission capacity 
in the western part of a system is of little help when load is lost due 
to a shortage of 100 MW of capacity in the eastern part of a system. 
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Efforts are being made to bring probabilistic reliability analysis 
into transmission planning areas. Standard definitions for reporting 
transmission outages have been prepared by an IEEE Working Group (Guer
tin, 1976). Common-mode failures of overhead transmission lines have 
been investigated to see if the assumption of independent outage proba
bilities is appropriate ~n transmission systems (Saddock et al, 1976). 
Many of the difficulties involved in calculating reliability numbers for 
transmission networks are presented by the discussers of the papers by 
Landgren et al (1975) and Anderson (1977). They point out the diffi
culties in trying to compute the appropriate numbers for the probability 
of any of the occurrences that have actually taken place in the past or 
may take place in the future. 

CAPACITY LIHITS 

The network tests to be used to define both reliability and ade
quacy of the network require the flows and voltage levels to be compared 
aga.inst system constraints. In Figure 5-U t.hP.RP f:=~rtnrs include the 
normal and emergency power capabilities of the circuit or trAnBfnrmers. 
These are determined by the heating and sag of transmission circuits as 
current flow is increased. The normal ratings are set for long term 
temperature conditions and the emergency ratings may actually be a two
hour or less thermal limit. For more information on the rating of 
circuits see textbooks such as Stevenson (1962) and Gaton (1972), and 
also the paper by Davis (1977) on thermal ratings of overhead conduc
tors. 

Voltage variation tolerances will also be specified at the bulk 
power stations. For example, the limitations may be three perc.ent 
voltage change with the outage of any single line and no more than five 
percent voltage change in case of double facility outages. Also there 
will be limits on the maximum rise in voltage during light load times 
and the maximum decrease in voltage during heavy lo:=~n times. 

Relay settings are an especially important factor in the dynamic 
system performance studies. These relays are set ·to remove a facility 
when a short circuit occurs or when it might be damaged (Mason, 1956). 
When relay settings are exceeded by the subsequent power swings, a 
second outage of a facility will occur and cascading has begun. 

Load shedding relay settings 'V'ill also be important in system 
dynamic studies. The settings of these relays are coordinated among the 
interconnected utilities through the NAPSIC organization. If due to 
some system disturbance the frequency should drop to 59.3 Hertz, then 
the first level of load shedding relays would operate to reduce load in 
an attempt to raise the system frequency. 

The four categories of factor~ in Figure 5-11 represent the capac
ity limits of the transmission system. When specifically applied, 
planning test cases are designated as "normal" or "emergency." "Normal" 
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test cases must pass the extended period constraints (NERC, 1974, p. VI-
9) as follows: 

All transmission loadings and voltages should be .within normal 
ratings and limits. 

With the loss of any single facility (transmission circuit, gener
ating unit, transformer, or bus section), the system should be able 
to absorb the initial power swings and remain stable; all post
swing transmission loadings should be within their respective long
time emergency ratings, and voltages should be within acceptable 
limits. 

With the overlapping outage of any two. facilitie~ (transmission 
circuit, generating unit, transformer, or bus section) the system 
should be able to absorb the power swings from the loss of the 
second facility and remain stable; all post-swing transmission 
loadings should be within their respective short-time emergency 
ratings before any system adjustments can be made, and voltages 
should be within emergency limits. 

Overlapping outages refer to cases where system adjustments may be 
made following the first outage of the overlapping outages in accordance 
with the particular region's operating procedures. This procedure 
simulates scheduled maintenance of facilities. 

For "emergency" cases, the constraints are: 

All transmission loadings initially should be within long-time 
emergency ratings and all voltages initially within acceptable 
limits. 

The bulk power system should be capable of absorbing the power 
swings and remaining stable upon the loss of any single transmis
sion circuit, transformer, bus section, or generating unit. 

All transmission loadings should be within their respective short
time emergency ratings and voltages within emergency limits after 
the initial power swings ~allowing the disturbance, but before 
system adjustments are made. (In the event of a permanent o~tage 
of a facility, generation schedules may need to be revised.). 

INDICATIONS OF TRANSMISSION DEFICIENCIES 

Figure 5-12 lists the factors that indicate when the power trans
mission network is inadequate or unreliable. In the study of a future 
year, if a new generating plant has been sited or a new load substation 
located and connections have not yet been planned into the network, this 
is a clear indication that some additional network changes are needed. 
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This problem is so obvious that no computations are really necessary. 
The solution, however, is not as obvious: where should the circuits 
leaving the new facility be connected into the network, and at what 
voltage level? 

The rest of the indications of power system problems depend on 
computations of either the power flow or the dynamic performance of the 
system. In an ac power flow calculation, the amount of power carried on 
some circuits may be above their ratings for that particular test. In· 
other words, the flows during a normal dispatch for peak or off-peak 
_demand may be above the normal ratings. Or flows may be above the 
emergency ratings during some line outage or generation contingency. 
These overloads will be .indicntinns th~t some modification mu3t be made 
to the transmission system. 

In dynamic system studies, the power flows calculated may h~ ~bove 
the relay setting which then trips another facility causing a cascading 
event. The oulage of one facility; which started the dynamic perfoLru
ance, has now caused a transmission fa~ility to be taken out of service. 
If this test case has a reasonable possibility of occurring, and causes 
cascading, a need is indicated for some modification in the transmission 
system, or possibly in the relaying. 

If, during dynamic studies a system separation occurs, the fre
quency of one sub-system may rise above normal, indicating that genera
tors may be subjected to sudden, large, load changes due to governor 
action or even be tripped due to excessive overspeed. This may not 
necessarily require any modification of the power system unless, after 
this disturbance, additional facilities are taken out of service by a 
cascading event. 

If the computed frequency in a dynamic study falls below the relay 
settings for load shedding, and if this is a ~rPrlible contingency during 
which load shedding is not supposed to occur, the low frequency is a 
clear indication that some system modification is needed. This could 
occur when one utility or one area is connected by insufficient trans
mission to a larger group. A sudden power flow increase during a heavy 
power transfer into the area, perhaps caused by the loss of a large 
generating unit, may result in the tripping of the tie, thus isolating 
the area, which could initiate a low frequency condition. 

If the computed stability measure (the rotor angle of the generat
ing units in relation to a reference angle) shows that a unit will be 
disconnected from the system due to loss of synchronism, then some 
modifications are required to the system. See Miller (1970, Chapter 10) 
for an introduction to system dynamics from a utility operator's view
point. 

The computed power transfer capabilities of the system may be below 
the requirements for across-system power deliveries including intercon-
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nection flows, and the normal power flows from generation to load. 
Power transfer limitations will· be identified for an interface across 
the system, dividing it into two parts, or a closed interface, a circle 

·or some other closed shape within the network. .A power transfer limita
tion thus indicates some inability of the system to transfer power 
across part of the system or into or out of a region of the system while 
the network is being used simultaneously for power deliveries required 
for economic operation. 

The last factor listed in Figure 5-12, as indicating a need to 
change the power transmission network, is the computed short-circuit 
currents,. which may be above circuit-breaker ratings. These large 
short-circuit currents may be expected on strong lower voltage networks 
as found in urban area~. Falcone, (1974) discusses the need for higher
capacity circuit breakers or short-circuit current-limiting devices. 

Steady-State Considerations 

The factors that tend to cause steady-state problems on the trans
mission systems are listed in Figure 5-13. Load growth on the system 
will require transmission system changes and the growth rate is usually 
not equal in all parts of the system. Also, the introduction of a new 
generating plant usually requires changes in the transmission system. 

Increased power transfer requirements usually accompany system 
growth. These requirements are due to larger. genPrAting plants, in
creased fuel cost differences between utilities, and requirements for 
power delivery over longer distances. Just maintaining power transfer 
capability may require circuit additions as economic operation increases 
the loading of facilities formerly used for power transfer. Power 
transfers involve interconnections, and internal transmission circuits 
to back them up. 

Because of recent operating difficulties, there may be increased 
emphasis on the adequacy of the system to move generation to load under 
various line outage and substation outage conditions. New tests may be 
added for system adequacy, such as losing of all transmission lines on 
a right-of-way and still being able to serve the system load. 

Each one of the factors listed in Figure 5-13 can be expected to 
cause some transmission power delivery problems in the steady-state and 
will require system changes. 

Stability Considerations 

Factors that tend to cause stability problems on the transmission 
system are listed in Figure 5-14. When ·the generating plant site is 
remote from the load area, the resultant long-distance power delivery 
may be accompanied by stability problems. Also, wide-spread areas of 
load and generation tend to have stability problems. Large generating 
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plants or· units will increase the possibility of stability problems when 
they are suddenly disconnected from the system. If only a few transmis
sion circuits exist from generation to load areas, or a weak interconnec
tion exists between utilities, or if the circuits that do exist are 
heavily loaded, then spontaneous oscillations may develop. (In the USA, 
power system stabilizers were developed to overcome this problem.) 

If power transfers between utilities are increasing, then stability 
problems following a contingency may be anticipated, especially if long 
distances are involved. 

Tht!re can be more str"ingent criteria for reliability, meaning test 
r.ases. that in the past were allowed to cause local load shedding, are 
now to be encountered without shedding any load. Or the severity of the 
test may be increased; for example, from specifying that single-phase 
faults not cause instability to a new requirement that three-phase 
faults should not cause iustability. 

Any of the factors listed in Figure 5-14 may be expected to in
crease the likel"ihood of power system instability and require system 
changes. An economic balance is needed, however, for if no problems 
occur then the system is probably over designed. 

COST EVALUATION 

Cost stands with ad·equacy and reliability as a major criterion in 
the planning of transmission and interconnection networks, Figure 5-5. 
The factors important in a cost evaluation of transmission networks are 
shown in Figure 5-15. 

CAPITAL INVESTMENT 

The yearly investments in new facilities, principally transmission 
circuits, are determined by the voltage level, the length, whether the 
circuit is overhead or underground, and whether ac or de is used. 
Forecasts are prepared of the cost for each voltage level per mile. 
Then terminal costs are estimated for typical substations with and 
without transformers. Inflation rates indicating the expected changes 
in costs in future years are also included in a cost evaluation. The 
geography and topology of the area in which the transmission circuit is 
to be built has an important impact on its cost. Population density 
will affect land and construction costs. The labor market will affect 
the cost of construction of the facilities. 

ANNUAL COSTS 

The annual costs are principally made up of the operating and 
maintenance charges, which are typically one to two percent of the 
initial costs of the facility, and the annual energy losses. Energy 
losses are very difficult to calculate because they w~ll depend on the 
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hour7by~hour operation of the transmission network throughout a future 
year. The calculating or simulating of network operation for 8760 
different hours of the year in order to compute losses is just too great 
an effort for the required accuracy of the information obtained. In 
contrast, in generation planning the hour-by-hour operation of the 
system is simulated to arrive at the production costs because experience 
has shown that these costs will be impacted significantly by the hourly 
opera.tion of different types of generation. Transmission planning 
experience has shown .that losses may be estimated with reasonable accuracy 
by studying a few peak hours of the year and using a loss factor, based 
on the historical performance of the system, which relates losses during 
the peak hour to the total losses during a season or for an entire year. 

To obtain the cost of transmission losses, it is necessary to 
determine the incremeii.t:al demand cost: or load energy aL var:luu!::; luau 
levels throughout the year and use these cost estimates to compute the 
cost of the annual energy losses. For an illustration of the calcula
tion of the cost of losses, see Edgell and Bayless (1976). 

In an engineering economic evaluation, the fixed charge rate with 
the operating and maintenance costs is used to combine the yearly in
vestments with the cost of energy and the loss evaluation. Using corpor
ate model, future balance sheets, income statements, and cash flows may 
be computed to measure the impact of different transmission expansion 
plans. 

PLANNING STUDIES AND ANALYTICAL PROCEDURES 

TYPES OF TRANSMISSION PLANNING STUDIES 

Transmission planning studies may be separated into three major 
categories: 

Conceptual long-range studies, 15 to 25 years. 
Near term to 10 years. 
Now decisions. 

Each will be briefly discussed and related to the analytical techniques 
used in the planning process. 

Conceptual Planning 

Preliminary to any detailed network analysis is a conceptual plan 
for networks approximately 15 to 25 years in the future. Examples 
include the plans up through 1993 prepared by the East Central Area 
Reliability Council Members (ECAR, 1974) where thirteen areas are us.ed 
for sketching out the conceptual development of three voltage levels, 
345 kV, 500 kV, and 765 kV. Iveson et al (1975) used 1980-2000 concep
tual plans to study three generation siting alternatives and the intro
duction of a 765-kV network for the New York Power Pool. Similar work 
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has been done in Europe, for example the study by Electricite de France 
(Dejou, 1971) of EHV and UHV systems in Western Europe. The use of 
target systems in preparing these long-range plans is also presented by 
Clade et al (1976) in a report that also discusses the methods used by 
Electricite de France in preparing long-term, medium-term, and short- . 
term studies. 

Conceptual plans help determine the general growth of the network, 
especially the generation sites to be developed and their sequence, the 
voltage levels to be used f~r bulk-power transmission~ and the major 
corridors for power delivery 

Near Term 

Near term transmission planning uses increased detail to determine 
specific circuit additions to the network. The time-period studied 
corre~ponds to the period for which generation additions are under 
construction, approximately 10 to 12 years in .the future. Interconnec
tion plans can be developed jointly with neighboring utilities because 
the needs related to generation reserves and production cost savings can 
be identified. 

Now Decisions 

The actual circuits to be committed for construction in the next 2 
to 6 years are studied in greater detail. Electrical parameters specif
ically related to the actual facility being considered are used. A 
greater number of system tests are used to determine both the power 
transfer capability of the planned network and its failure modes for 
severe contingencies. 

ANALYTICAL PROCEDURES 

The three general types of studies, conceptual, near term, and now 
decisions are related to the major categories of analytical methods in 
Table 5-l. 

A flow chart of typical studies performed to prepare transmission 
and interconne~tion lines is shown in Figure 5-16. These include approx
imate, steady-state, stability, and short circuit studies. The studies 
begin as a continuation of those studies done in previous years. Trans
mission planning builds on previous transmission plans. The scope of 
the planning area may be extended if new planning agreements have been 
signed since last year's studies. Information gained from these previ
ous studies, an important source of technical knowledge about the per
formance of the interconnected network, will be used to guide the engi
neering judgment in performing new sets of studies. 
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TABLE 5-l 

RELATIONSHIPS OF TYPES OF STUDIES TO PROCEDURES 

ANALYTICAL PROCEDURES 

Approximate Power Flows 

Steady-State Power Flows 

Stability Studies 

Shor.t-C:i.rcuit Studies 

Economic Evaluation 

TYPES OF STUDIES 

LONG~ RANGE 
CONCEPTUAL 

• • 
• 

• 

NEAR 
TERM 

• • 
• 
• 

NOW 
DECISIONS 

• • • • 
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ECONOMIC 
EVALUATION 

READJUST 

ACCEPTABLE t+--------
STEADY -STATE 
POWER FLOWS 

ECONOMIC 
EVALUATION 
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Figure 5-16 Flow chart of typical studies performed 
to prepare transmission and interconnection plans 5-37 



Approximate Power Flows 

Approximate power flow calculations are used in conceptual studies 
where the data includes large uncertainties. These approximate methods 
may be based on non-electrical models of network .flow such as linear 
programming (Garver, 1970) or a de approximation of ac power flows 
(Fischl, Yau, and Anderson, 1976). This use is restricted to the ·long
range conceptual category of problems. 

Steady-State Power Flow Studies 

Steady-state power fiow calculations are performed both on the now 
decisions, i.e., those concerned with facility decisions which have to 
be made in the next year, and on the near-term studies of the power 
system to assure that these planning decisions fit into a flexible 
growing system. Some detailed tests of distant years in the conceptual 
plan may be made to assure that the electrical networks perform ade
quately. 

For a description of the calculation procedures available to solve 
steady-state power flow problems see standard textbooks on power systems 
analysis such as Stagg and El-Abiad (1968). The types of data required 
for power flow calculations are listed in Table 5-2. Bus voltage limits 
and transmission line power ratings are important items from a planning 
standpoint, for if these constraints are exceeded, changes to the net
work will be required. 

Stability Studies 

Following the steady-state power evaluations (Figure 5-16), stabil
ity studies are commonly made of both the now decisions and the near 
term transmission plans over the next 5 to 10 years. Power networks 
usually limited by stability considerations may be studied for stability 
problems in the conceptual plans. 

Stability calculations are also described in standard power engi
neering textbooks such as Hare (1966) and Stevenson (1962). Typical 
types of data required for stability calculations are listed on Table 5-
3 and explained further by Concordia and Schuiz (1975). These calcula
tions may also be made with various degrees of accuracy. A first 
approximation may represent the machine, its inertias, and its control 
functions, connected through a transmission line to· an equivalent bus 
approximating the network. A second level of detail is to solve the 
entire network in a stability calculation to identify the variation in 
machine rotor angles in relation to one another and a system reference. 
Four levels of detail for stability studies are discussed by Concordia 
and Schulz (1975) with differences mainly due in the detail used in 
representing the generators, and depending mainly on the scope and 
objectives of the study. 
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TABLE 5-2 

TYPES OF DATA REQUIRED 
FOR POWER FLOW-CALCULATIONS 

BUS 

VOLTAGE LIMITS 

GENERATION 

NET POWER IN 
. ~ VOtTAGE MAGNITUDE 

REACTIVE POwER LIMITS 

LOADS 

ACTIVE POWER DEMAND 
REACTIVE POWER DEMAND 

TRANSMISSION LINES 

RESISTANCE 
INDUCTIVE REACTANCE 
LINE CHARGING CAPACITANCE · 
POWER RATING 
COMPENSATION 

TRANSFORMERS 

LEAKAGE REACTANCE 
TAP WINDING RATIOS 
AUTOMATIC TAP-CHANGING LIMITS 
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TABLE 5-3 

TYPES OF DATA REQUIRED FOR 
POWER SYSTEM STABILITY CALCULATIONS 
IN ADDITION TO POWER FLOW CALCULATION 

DATA SHOWN IN TABLE 5-2 

GENERATION 

LOAD 

INTERNAL VOLTAGES 
INTERNAL REACTANCES 
MAGNETIC FLUX SATURATION EFFECTS 
EXCITATION SYSTEM RESPONSE 
INERTIAS 
GOVERNOR RESPONSE 
BOILER RESPONSE 

:; ''· VARIATION WITH VOLTAGE 
VARIATION WITH FREQUENCY 
LOAD DYNA1'1ICS 

RELAY SYSTEM ' 

LOAD LIMIT SETTINGS 
OPERATION SEQUENCE 
BREAKER OPERATION TIMES 



Stability programs are used to check a power system's dynamic 
performance and assure that there is no cascading. Experience and 
judgement are used to select the test cases (IEEE Symposium, 1977). 
Severe cases are used for understanding the stability behavior of the 
syst~m while less severe cases are used to assure that the system will 
be able tQ survive without cascading outages. Elementary introductions 
to the concept of the stability are contained in Miller (1970) and FPC 
(1967, pp. 41-49, Vol. II) and a recent overview was provided by Fouad 
(Yau and Frank, 1977). 

Typical results from stability programs are tie-line power swings 
as shown in Figure 5-17 for a stable case, where, after the initial loss 
of a generating unit in an area, the import power increases rapidly, 
overshooting the new level of import, and then oscillates around this 
new level in gradually decreasiug swings. 

Figure 5-18, compares the stability of an isolated pool and a large 
interconnected area after the loss of a 2000 MW power plant. In the 
isolated area, the frequency dips initiating automatic load shedding and 
then rises above the sixty Hertz norm, and then gradually approaches the 
desired frequency. If the pool was interconnected to the east-central 
portion of the United States, the loss of the same 2,000 MW plant would 
barely affect the system frequencies. The tie lines would instead carry 
the inrush of power necessary to maintain system frequency, as shown ~n 
Figure 5-18. 

Short-Circuit Studies 

Short-circuit studies rarely impact the long-range planning of the 
bulk-power network but the current interruption duties of breakers may 
limit the number of.transmission ciL"cuits that can be brought into one 
bus, thus affecting system reliability. 

Economic Evaluations 

Economic evaluations (Table 5~1 and Figure 5-16), or engineering 
economic studies, are performed with each analysis to guide the selec
tion of network changes. Greater detail including financial simulation 
is included as shorter time-spans are studied. (See the niscussion of 
Figure 5-15.) 

STEPS WITHIN EACH STUDY 

As an illustration of the general steps within each analytical 
study, consider the planning of a new conceptual transmission expansion 
for the. year 2002, 25 years in the future. A typical set of steps to 
follow in this effort is shown in Figure 5-19. The planning process 
begins by defining the existing and committed transmission facilities in 
the study area .. For example, the study commit.t.ee may decide to repre
sent their entire power pool and some transmission facilities along the 
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periphery of the power pool. The existing and committed 345~kV circuits 
will be represented up through the year 1982. These facilities are 
fairly well defined by 1977, the date of this study. Also included are 
the major 138~kV circuits that will have an important effect on the 
development of the network over the next 20 years. The resulting 
network may include 500 to 600 buses and about 1000 transmission cir~ 
cuits. 

The network tests are defined using the input/output conditions 
outlined in Figure 5~9. These include the demand forecast at the buses, 
power generation dispatches for normal economic conditions and for 
generation contingencies. The existance of interconnections is recog
nized by inputs and outputs at the periphery of the study area. 

These network tests are further expanded by considering transmis
sion facility outages as outlined in Figure 5-7. The available facili
ties define the network state for the generation-load tests. 

The network performance is next computed (Figure 5-19) using ap
proximate methods to guide the development of a workable n~twork and 
then refining the plan using steady-state power flow calculations. The 
factors from Figure 5-12 will indicate whether more network changes are 
necessary. Economic evaluations will also be made using the capital 
costs and estimated cost of system losses listed in Figure 5-15. 

Based on the results of these performance and economic calcula
tions, the network may be modified by adding more circuits or by remov
ing some circuits that do not appear to be necessary (Figure 5-19). 
This procedure requires knowledge, skill, and experience in transmission 
planning for the appropriate network modifications are not suggested by 
the performance calculation. Rather, the calculations indicate either 
yes, the network is· satisfactory, or no, it is not satisfactory, and 
generally where a shortage of capacity exists. This general indication 
then has to be examined and turned into specific network changes and 
additions to arrive at an acceptable network. 

SELECTION OF SYSTEM CHANGES 

The steps in a planning study led through the existing facilities, 
definitions of network tests, definition of network state, the computa
tion of performance to the determination of adequacy. If no additions 
have been made, costs are unimportant. The network is inadequate and 
the planner has to propose network changes and additions based on indi
cated shortages. In this section the factors affecting the selection.of 
these modifications will be discussed. The factors needed to measure 
the benefit and costs of a proposed system change are shown in Figure 5-20. 
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Horizon-Year Goal 

The long-range goal or target system in the horizon year is of key 
importance in selecting system changes. The horizon~year planning 
procedure is pictured in Figure 5-21. A future study period is defined 
and the final year of the study period is analyzed first. This horizon
year study will result in an optimum system for that year. Then each 
year in the expansion is studied to identify the economic growth pattern 
toward the horizon-year plan. · 

In planning a growing system the network additions or modifications 
will need to be selected to fit into a growth pattern. Frequently, this 
requires additions of larger capacity and greater capital e~pcnse than 
would be necessary to just fulfiLl one particular system need. For 
example, using a certain line outage test to chec~ the adequacy of a 
network, an overload of perhaps 80 MW is identified for a certain future 
year. This 80 MW overload may be corrected by adding a 138-kV circuit. 
The long-range goal, however, includes the addition of a higher volLage 
(say 34) kV) fer r:hat area. The planner may decide to put in the higher 
voltage cir~ulL, perhaps between terminals that are fAr.ther apart, to 
prepare the system for load growth, as well as to take care of a network 
problem in a specific year. 

The opposite problem may also oc.c.ur when an intermediate year may 
require a transmission circuit that is not needed in the horizon-year 
network. The problem becomes selecting what network change to make that 
will both relieve the intermediate year shortage and fit the long-range 
plan. 

The need for this long-range perspective on system growth has been 
mentioned by many authors both in the United States and the rest of the 
world. See for example, the comments by Vassell and Maliszewski (1969) 
Garver (1970), Clade et al (1976), and Quiraga et al (1976). These 
papers stress the need for a long-~ange horizon ~ear plan for the devel
opment of the transmission network, especially to identify the needs for 
new higher voltage levels. 

Power Transfer Limits 

A very useful application of power flow calculations is in the 
power transfer limit problem (MacArthur, 196l)(Landren and Anders~n, 
1973). Frequently in the planning of electric power systems, it is 
desirable to know the maximum amount of power which can be transferred 
reliably across the proposed transmission system in various directions 
and between various areas. Interfaces may be defined between utilities 
or within a utility wherever important boudnaries exist. For example, 
the maximum simultaneous power transfers from several neighboring utili
ties may be of interest. To be determined is the optimal combination of 
imports that maximize the total import while staying within the limita
tions of the transmission system with any one single facility outage. 
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Power transfer limit calculations answer questions such as how much 
power may be delivered from the eastern side of the system to the 
western side, or how much power can be transferred south out of the 
system into a neighboring utility if it should be needed. These trans
fer limits are then compared against present day limits and the pro
jected future transfer requirements to determine whether sufficient 
network strength has been built into future transmission systems. For. 
example, see the NERC annual reviews of adequacy and reliability, parti
cularly the 1973 report (NERC, 1973). 

The power transfer limits across an interface of the system may 
need enlarging. This interface may be internal to a power pool or 
utility company or along the interconnection between two utilities or 
power pools. In this case, transmission planning cannot be separated 
from interconnection planning. The new circui.ts to increase po~.;rer 

transfer capability may or may not be interconnections. The ultimate 
result of a circuit addition will be to strengthen the power system to 
provide more flexibility for future operation. 

System Overloads 

The power flow calculations may have shown steady-state power flows 
above circuit ratings. These problems will also have to be corrected by 
facility changes. Power flow calculati.ons indicate where overloads or 
low voltages occur in the network, but these indications do not specify 
what facilities should be added to correct the overload. The system 
planner, using the horizon-year conceptual plan and identifying the 
location of these overloads, visualizes transmission network changes to 
remove the overloads and low voltages. It has been very difficult to 
program a digital computer to.visualize the network and make these same 
types of additions. Atte~pts are reported by Desalv6 and Smith (1965), 
Puntel et al (1973), and Garver (1976). There are two important reasons 
for this lack of success with computers. 

Overloads do not necessarily occur in the best place to add new 
circuits. Therefore, a search and creativity are necessary to 
locate the economic network. change which is most effective in 
reducing the overloads. 

The economic network change in any particular year may not be 
appropriate when viewed in a long-term conceptual plan of growth 
for the network. 

These two reasons have prevented the digital computer from synthesizing 
year-by-year network expansions better than an experienced system plan
ner. The computer speed can aid the planning process by its analysis 
capabilities and its limited capabilities of network synthesis. 
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Voltages Beyond Limits 

Power flow calculations can identify low voltage problems when 
heavy power transfers are attempted, for example, Figure 5-22. As a 
total power import to a pool is increased above 10%, the area voltage 
begins to drop rapidly_if the original reactive power requirements of 
the loads were only compensated to a 92 percent power factor. If the 
utility importing the power has corrected the reactive power demands so 
that they are zero before the delivery begins, that is the load power 
factor is 100%, then the voltage decay is delayed to a much higher level 
of power import. The importance of Figure 5-22 is that any utility 
expecting to import or transfer heavy power flows must have reactive 
power facilities available. For further reading, see Chapter 2 of Jones 
(1972). 

High voltage problems associated with small power 
corrected by the addition of reactors at substations. 
design problem than a planning problem. · 

Costs 

transfers may be 
This is more of a 

The costs of.proposed facilities based on the factors in Figure 5-
15, are a major factor in their selection and costs become even more 
important in times of capital shortages. Short-term costs must, how
ever, be balanced against the long-range economic network plan for the 
system. In transmission systems there are many opportunities for trade
offs between capital spending early in the plan to produce capital 
savings in later years. 

Constraints 

The selection of transmission facilities which fit into a long
range growth pattern for the utility has been frustrated in recent years 
by environmental protection laws, licensing hearings, and public pres
sures. Public pressure tends to make the utility install facilities 
which can be justified to the public, but which may not be the most 
economic or technically sound when V·iewed in a long-range context. 

Uncertainties 

The final factors affecting the selection of the system change are 
the'uncertainties associated with the facility; its cost1s, lead time to 
get it into service, and the numbe~ of approvals and hearings required 
before it can be licensed. Uncertainties tend to discourage the use of 
a new technology, such as a higher voltage, where experience is not 
available to convince a skeptical public of the soundness of the decis
ion. On the other hand, some of the new underground technologies which 
the public seems to favor have many more uncertainties in performance 
characteristics, such as forced outage times and repair times, system 
losses, and problems with energizing, all of which increase the uncer
tainty in technical performance. 
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The increasing lead time~ in installing· transmission circuits is 
shown as 3 to 10 years in a 1974 report by the National Electric Relia
bility Council (NERC, 1974, pg. IV-5). The following quotation from the 
1974 annual report by NERC (1975a, pg. 10) illustrates the feeling of 
utility system planners faced with lead time uncertainties and com
pounded by public pressures. 

"The problems of obtaining necessary approvals, permits, 
and/or certification for construction and operation of genera
tion and transmission facilities continue to be a threat to 
adequacy and reliability of bulk power supply. Because of the 
inability to predict with any degree of accuracy when various 
agencies will grant p~rmits or certifications and the extent 
of unpredictable intervention, it is difficult to establish. 
meaningful construction schedules which can be pursued with 
any degree of confidence." 

In spite of these uncertainties and interventions, it is still 
necessary to prepare long-range plans to at least identify the best of 
a few limited opportunities or, at worst to pick the least objectionable 
of the inadequate alternatives available. The plan as developed for 
long-range guidance is not considered firm, or even as firm as they were 
considered in years past. Generation sites change as public pressures 
cause the utilities to seek some more acceptable alternative. Transmis
sion circuits are delayed or completely blocked for years. A planned 
change to a new voltage level is blocked by public.apprehension about 
the environmental aspects of the higher voltage. 

POSSIBLE SYSTEM CHANGES 

The problems which indicate that the transmission system needs 
modification have been discussed in Figure 5-12, and the factors that 
will affect selection of additions in Figure 5-20. The possible system 
changes to correct a problem are listed in Figure 5-23. 

The selection of system changes, identified by either ac power flow 
calculations or system dynamic studies, is more of an art than a science. 
The reason being that there are always several alternative ways of 
correcting a problem and many of the alternatives may correct several 
problems at the same time. 

One of the most likely solutions to a network problem is the con
struction of more transmission circuits, the first factor shown in 
Figure 5-23. Other alternatives may include changing the generation 
plan, controlling network flows by using series capacitors or phase
shifting transformers, rearranging facilities to avoid common-mode 
failures, providing reactive power supply for voltage control, providing 
short-circuit current-limiting control, changing the system to ~mprove 
system dynamics, or providing for faster recovery from a load interrup
tion. And the final alternative may be the consideration of some new 
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technology for overhead or underground transmission to be used on a 
trial basis. 

Providing More Transmission Capacity 

The dirferent· types of new transmission circuits that may be con
sidered to provide more capacity are discussed in the following para
graphs and were listed in Figure 5-23. 

Add A New Circuit A new transmission line may be added at an 
existing voltage level on the system. The selection of the terminals 
for a new transmission line is not a straight~forward process. The 
overload identified by the analytical techniques of load flow and sta
bility do not identify a specific facility as the optimum choice. It is 
the system planners imagination and creativity, guided by the horizon
year target system, that is used to select the terminals and even new 
voltage levels for new circuit additions. 

New Voltage Level -- Load grows continuously and in rather small 
increments,. but experience and economic studies have generally shown 
that transmission capacity additions shou·ld be made in relatively 1arge 
increments. These increments may involve going to a higher voltage 
level. 

Selecting a new voltage level may be compared to selecting a gener
ator size. One generally thinks of the optimum generator size as a 
percentage of the system size. But this does not necessarily imply that 
the size should be changed to match this "optimum" percentage for each 
new generator. Instead, there are certain recognized advantages in 
standardization, or of keeping to the same size for a number of addi
tions. However, when a new generator of increased size is added, a 
penalty has to be paid in increased reserve, so the effective capacity 
(Garver, 1966) of· the first larger generator is always reduced, and even 
the second, third, etc. are affected to a lesser extent. 

The case of transmission is qualitatively similar but quantita
tively very different. Here c~pacity may be interpreted as voltage 
level, and it would be absurd to have every new line at a different 
(higher) voltage. The reason lies in the consequent necessit~ for 
interposing transformers, which, because they have reactances of the 
same order of magnitude as the average transmission line, make the 
system more susceptible to stability problems and also ~ncrease losses 
and limit power transfer. There is no similar feature in generation. 

Another difference is that, transmission being only a means of 
transporting electricity from one point to another, there must be 
relatively solid points in the network at both terminals if a new higher 
voltage line is to be used effectively. Unless the new line is from a 
generating station additional transformer reactance has to be introduced 
at both ends. Thus, the effective capacity of the first higher-voltage 
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line is much more reduced relative to that of a generator. In some 
sense the ideal might be to install the entire higher voltage network at 
the same time. Although this would not be either economic or practical, 
it is at least highly desirable to visualize the completely developed 
network before the first line is added. This can often affect the 
planning and timing of the introduction of a higher voltage level. In 
other words, all transmission planning should be done keeping in view a 
horizon year that should be far enough in the future so that the present 
voltage level is fully developed and the next higher voltage becomes 
necessary. 

For these reasons, the conventional wisdom has been to preserve a 
voltage level until it became appropriate to superimpose a level of 
twice the voltage rating which is also at least four times the capacity. 
Everyone does not always conform to this ratio, and superposed voltages 
have ranged from about 1.4 to 2.5 times the previous level. (In the 
case of distribution voltages the ratios are sometimes very much higher). 

Further, in view of interconnections among utilities, there should 
be consideration of the value of having the same voltage level as one's 
neighbors. (There is a similar consideration with respect to generator 
size, as there have been instances where the greatest strain on a net
work has been the loss, not of one's own largest generator, but of an 
even larger one in a neighboring system. There is not a need for uni
formity, but rather for coordination of planning). Transmission network 
operation is benefited by uniformity of voltage level which avoids 
transformers. Thus two utilities can interconnect much more easily if 
they both have chosen the.same voltage level for bulk power delivery. 

Introducing a new voltage level is a major step in the expansion of 
a utility system and a detailed discussion will be presented before 
continuing to discuss Figure 5-23 (see Figure 5-24). The amount of. 
power to be delivered is the major factor in deciding when to change to 
a higher voltage level. The voltage level should be kept in step with 
load and generation growth. When the peak demand has grown to four 
times the value it was when the present highest voltage was introduced, 
a new higher voltage will likely be needed for continued economic system 
expansion. 

The highest voltage in neighboring utilities is very important 
whether or not the utility is presently planning to interconnect. 
Transformers, which would be necessary if voltage levels of neighboring 
utilities differ from each other, add an impedance which is equivalent· 
to between 50 and 100 miles of line. They also increase the losses and 
increase the likelihood of stability problems, and limit the maximum 
power transfer capability of the system. This point was stres~ed by 
Dejou of Electricite de France in his discussions of the 420-kV grid in 
Western Europe and the need for all of the interconnected utilities in 
Western Europe to use one common voltage level for the next step (Dejou, 
1970). 
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The long-range goal or target for transmission network development 
over a large area of.the country should guide the selection of the next 
voltage level. Conceptual network plans made out for 20 years in the 
future guided the selection of 765 kV of the American Electric Power 
Company (Vassel! and Maliszewski, 1969). Similar long-range 20-year 
transmission studies were used by the New York Power Pool in selecting 
when to introduce the new higher voltage level, 765 kV, into their 
system (Iveson et al, 1975). 

Also, as shown in Figure 5-23, the size of the largest generating 
unit and the size of the largest power plant also have an impact on when 
to move to a new higher voltage level. The best technical and economic 
designs tend to keep the size of power plant, the size of new generating 
units, and the capability of the highest voltage transmission circuits 
in approximately the same proportions. The system must be designed for 
the sudden outage of its largest element, generation or transmission. 
The largest element with common-mode failure characteristics may be two 
adjacent units in a power plant. If this amounts to 2000 MW, then the 
same system should be able to accept the loss of transmission circuits 
which are also carrying 2000 MW. The network strength must be such that 
the loss of the largest transmission circuit when it is carrying its 
heaviest loading will not cause a second facility to be taken out of 
service. Therefore, before a new voltage, 765 kV for example, can be 
fully loaded, it is necessary to have developed a strong second-highest
voltage network, for example a 345-kV system. As more and more circuits 
are added and a network of 765-kV circuits is formed, the power carrying 
capability of the entire network increases dramatically. While there 
were only one or two 765-kV circuits in existence, their loadings had to 
be kept low enough so that the underlying network can pick up the total 
power delivery should one of the high voltage lines be interrupted. 
With a network 765 kV available, other circuits of the same voltage may 
carry the additional power during contingencies. For further discussion 
of these loading practices and system performance, see "Experience with 
the AEP 765-kV System" (1972). 

Costs associated with introducing the new voltage level play a role 
in the decision, but they are not as significant a factor as the long
range system growth plans, as indicated by Vassel! and Maliszewski 
(1969). The economic benefits of staying with the same voltage level or 
going to a higher voltage level were nearly identical. Therefore, it 
was system concerns that were the foundation for the decision to go to 
the higher voltage level. In the case of the New York Power Pool, costs 
were lower in the plans which changed and introduced new voltage levels 
for 1980 (Iverson et al, 1975). 

System factors related to the operation of the new higher voltage 
circuit in the early years after introduction will increase the cost of 
using the new circuits by reducing the loading. As discussed earlier, 
the network strength, after a contingency involving the new higher 
voltage level circuit, will have to be sufficient to prevent any.futher 
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cascading of outages. A new higher voltage level circuit also brings 
with it reactance compensation requirements to keep the voltage at the 
terminal substations from rising beyond tolerable limits when the new 
circuit is lightly loaded. 

The final factor in Figure 5-21 is public opposition, which has 
become very important in the past few years when any new technology is 

. being introduced. In New York State a stack of paper nearly ten feet 
high was produced by the hearings and testimony over a three-year period 
on the environmental impact of the new 765-kV system (Wallace, 1977). 
Because of this public opposition, lead times for installing a higher 
voltage system are even more uncertain than the lead times for further 
extensions of the existing voltage level. 

Operate at Lower kV -- It is sometimes advisable to build a trans
mission line for a higher voltage but operate that circuit at the existing 
voltage for several years. This has been done in the New York Power 
Pool where lines built for 765-kV operation are being operated temporarily 
at 345 kV. 

Loop an Existing Circuit -- Existing transmission circuits may be 
tapped or looped into an existing or new substation. This may require 
the construction of a few miles of new transmission to bring an existing 
line over to the location of the substation and then make the connec
tions. Line looping turns a single long transmission line into two 
shorter transmission lines with a new substation in between the two 
original terminals. Many lines, when they are laid out originally in a 
transmission network, are purposely routed near substations so that they 
may be tapped or looped into the substation as the demand growth re
quires. 

Add a Conductor -- Occasionally there is 
additional conductor to an existing circuit. 
conductor, heavier currents can be carried on 
increasing it·s power transfer capabilities. 

the opportunity to add an 
By adding an additional 
the transmission circuit, 

Improve Stability Margin -- Long lines may be limited in power 
transfer capability by stability problems. Series compensation to 
reduce the electrical distance or power system stabilizers to counteract 
oscillatory instability may provide sufficient increase in the power 
delivery capability of the existing network. 

Use HVDC -- A High Voltage DC circuit and converter terminals may 
be considered. This alternative is especially appropriate when long 
transmission distances are encountered and stability problems become 
important (Ostroski, 1976), or where synchronizing power flows would 
require several ac transmission circuits to be added at the same time, 
as would have been·the case in the interconnection between New Brunswick 
and Hydro Quebec ("Asynchronous link •.. ," 1970) or where underground or 
underwater cables of considerable length are necessary (Ellert and 
Hingorani, 1976). . 
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Consider Underground Cable -- A further alternative for transmis
sion circuits is to compare overhead construction to underground con
struction. Where economics are of prime importance, overhead construc
tion is to be preferred. However, the construction requirements for 
densely populated areas sometimes make underground cable necessary. 
Underground cables do bring with them several different operating char
acteristics, such as the large requirement for capacitive reactive power 
and the difficulty in repairing circuits should a failure occur. Such 
repair time may lengthen out to several weeks compared to an ov.erhead 
conductor on which a permanent fault can be located and repaired in a 
few hours. 

This completes the discussion of alternate ways of providing more 
transmission capacity. This is not an exhaustive list as evidenced by a 
summary list of 19 possible options for transmitting more power over 
longer distances prepared by Camburn (1976). His list includes: 

Voltage increase 
Series compensation 
Direct-current transmission 
Direct-current stabilizing links superimposed on an ac network 
Intermediate switching stations 
Dynamic braking 
Fast turbine valve actuation 
High-speed excitation response 
Selective pole breaker tripping 
Synchronous condensers or static compensators 
Low reactance generators and stepup transformers 
High inertia generators 
Fault current limitation 
Selective generator disconnection 
Selective load shedding 
Selective network separation 

Camburn provides a good overview of the problems and possible correc
tions involved in long-distance bulk-power delivery. 

The new circuit capacity ·listed in Figure 5-23 may involve ·i"nter
connections as well as internal transmission network additions. In 
network planning there really ·are no technical differe.nces between the 
two classes of circuits. 

Changes In Generation Plan 

Another possible change in the power· system to correct a· trans
mission: problem is to change the generation plan. For example, if 
dynamic performance is a problem, reduction in the plant size will 
improve stability. Also changing the site of the new unit to be closer 
to the load centers will· improve the dynamic and steady-state perform
ance of the system and reduce power losses. These changes are not 
usually considered unless transmission costs become very large. 
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Provide Phase-Angle Control 

Phase-shifting transformers can be installed to control power flow 
to a limited extent. They can be used to cause a desired amount of 
power to flow on the transmission circuit with the phase-shifting trans
former. When sudden changes in system phase angles occur, however, ·the 
power flows also change and several minutes are required to readjust the 
flow to the desired value. 

Series compensation can also provide a permanent phase-angle change 
making a circuit appear electrically shorter and thus increasing its 
loading. 

Rearrange Facilities 

Another factor listed in Figure 5-23 to overcome system problems is 
to rearrange facilities to avoid common-mode failures. Common modes 
would be transmission circuits entering the same switching station which 
might be interrupted due to some single event. By rearrranging the 
switching facilities in this station, a single event can be prevented 
from tripping all lines, or line terminations can be rearranged so that 
lines enter different substations to improve reliability. In the design 
stage, the relay protection schemes may be modified to. al.so avoid common 
mode failures. During the long-range planning activity, complicated 
switching designs, such as are associated with many generators at a site 
are penalized because of redu~ed system reliability. 

Reactive Supply 

If the voltages at substations are above or below the allowable 
limits, then reactive power supply sources may be used to correct the 
problem. If, during very small power-flow 9onditions, high voltages are 
experienced, reactors may be necessary to bring down this high voltage. 
The problem of high voltages during light loading will increase with 
circuit length. 

The opposite problem of voltage collapse at a substation can occur 
during heavy power transfers which· is more severe for remote generation. 
To support voltage during_heavy power transfers, capacitive power supplies, 
synchronous condensors or static capacitors may be installed on the 
system. For a discussion of voltage and reactive power planning on a 
system see Kelleher (1971). Voltage control at substations may also be 
provided by transformers which can in~rease or decrease voltage by 
changing tap settings under load. Power generators are also designed to 
supply both reactive and active power. 

Short-Circuit Current Interruption 

As networks become stronger, they also become sources o.f larger 
short-circuit curr.ents which must be interrupted to terminate a fault. 
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As the impedance between generation and fault decreases, the amount of 
current increases. To maintain sufficient impedance between generating 
units and possible fault location, a network may be broken into separate 
segments (bad design for performance) or current limiting devices may be 
employed (Falcone, 1974). Therefore, the capacity short circuit of 
breakers can present a limitation on the number of circuits that may be 
brought into one substation, especially at the lower voltage levels such 
as 138 kV. 

Improve System Dynamics 

System dynamics, the variation in generator speeds relative to each 
other and the variation in system frequency, may be reduced and con
trolled by the changes listed in Figure 5-25. 

Lower System Reac..:tanc..:e -- The most obvious way to improve a system's 
dynamic performance is to lower the systetn reactance, that is, to shorten 
the electrical distance between generation and load and between generating 
plants. Lower system reactance may be obtained by installing more 
transmission circuits between ·the generation and load. This change, of 
course, will also reduce losses and provide additional transmission 
reserve. Other ways of lowering the system's reactance are to compensate 
the lines with series capacitors, reducing their electrical length, and 
to compensate the load with shunt capacitors helping to maintain voltage 
and reduce line loadings. When the transformers are purchased, the 
specifications may be written for a low reactance design. Reducing the 
reactance of facilities such as transformers or generators can only be 
taken to a certain point economically. 

Reduce Transient Following Disturbance -- Changes to the system 
which will improve system dynamics by reducing transients following a 
disturbance are related to quickly removing a fault and returning the 
facility to service. A circuit breaker may be faster acting, thus 
reducing the fault interruption times and the speed differences among 
the various rotating machines. A separate acting breaker for each of 
the three phases on the transmission circuit (single-pole switching) may 
also be used. Thus, if a single phase-to-ground fault occurs, opening 
the single phase will clear the fault and machine speeds will remain 
synchronized through the two phases still in service. Of course, if the 
fault is permanent, then all three phases of the circuit must ultimately 
be opened. Circuit breakers may also be designed to operate on an. 
independent pole activation. That is, if relay action has called for· 
all three phases to op·en and one of the poles should be stuck, the other 
two phases can still be opened. This action reduces the severity of 
the fault from multi-phase to single phase, thus providing more time in 
which backup breaker actions may be accomplished while still maintaining 
system stability. 

Braking resistors may also be used to dissipate the additional 
energy when generators have been separated from some of their loads, 
thus helping to decelerate the rotating machines, and enhancing system 
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Figure 5-25 Possible system changes to correct a 
system dynamics problem 
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stability (Shelton et al, 1975). Fast turbine valve operation to pre
vent generators from accelerating too rapidly during system disturbances 
can also reduce the transient following a disturbance. 

Increase Interconnections -- Utilities would like to be intercon
nected in several different directions to improve dynamic performance. 
Unless natural barriers prevent interconnections, the tendency is for 
each utility to try to interconnect itself firmly in the center of a 
large interconnected system. Utilities on the periphery of an intercon
nected system tend to have stability problems. Examples are the State 
of Florida which can interconnect only to the north and the New England 
region which can interconnect only to the west. 

The systems along the East-West interface in the Dakotas,· south to 
Texas, find themselves on the periphery of one or the other·of the two 
very large 1nterconnected systems. Here the natural barrier is the 
sparsely populated regions between the western states system and the 

-eastern two-thirds of the United States. For adequate ac interconnec
.tions between these two large interconnected areas, it may be necessar.y 
·to repeat on a larger scale the actions that were necessary to connect 
the Pennsylvania, New Jersey, Maryland Pool with the Allegheny Power 
System (Synchronizing ... 1963). In this case, seven strong intercon
nections were closed at the same time to provide sufficient capacity to 
prevent cascading failu.res. HVDC has been more economic than ac for the 
initial small-capacity connections across the east-west interface. 

Prepare for Rapid Recovery 

Load interruptions can occur no matter how well the system is 
designed or how much capital has been invested. 'Interruptions may be 
very infrequent, but when they do occur, established recovery plans can 
help to shorten the duration of the outage. Some generating plants 
should be designed so they can return to service after a few minutes of 
disconnection from the system. Transmission networks should be designed 
so they can be segmented and re-energized without causing system stability 
problems. In cable networks where there are high energizing currents, 
system designs for orderly ie-erie~~~zing are particularly important. 

Substation and Transformer Planning 

Bulk power substations disperse the power delivered by the ·high
voltage transmission system into the subtransmission network and, ulti
mately, into the distribution networks. No effort will be made here to 
completely cover substation expansion and transformer planning. For 
further reading see Craft et al. (1969). The planned transformer capac
ity must be sufficient to transform the power to a lower voltage level. 
In large bulk-power applications three single-phase transformers may be 
used, and a fourth spare single-phase transformer may be purchased. 
Forced outage rates of transformers are significant since although they 
occur very infrequently, the duration of the outage may be many months. 
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Therefore, utilities have found that planning for spare transformer 
capacity can be justified. 

Utilities normally plan systems so that no single transformer bank 
failure will cause a load curtailment and they may provide automatic 
transfer switching equipment to another transformer bank at the same 
substation to avoid load curtailment. The size of transfprmers depends 
upon (a) the peak load expected and on the load factor, that is, the 
variation of loads during the lifetime of the transformer, (b) the 
ambient temperature and the rated temperature rise for the transformer, 
and (c) the loss of tranformer life during emergency operation. Trans
formers. tend to have a wide variation in their capacity as compared to 
the rating. Normal operating ratings may be 60 to 120 percent of the 
nameplate rating and emergency ratings may be 100 to 200 percent of this 
rating. Ratings will also vary between summer and winter seasons if 
there are sufficient ambient temperature differences. A transformer may 
be capable of 15% more power flow in the winter than in the summer. 

Generating stations also need transformers to. step up power from 
the generation voltage to the transmission voltage, usually the highest 
voltage level in the system. There may be exceptions, of course, where 
local load conditions make it more economical to put the generator at a 
lower voltage. Forced outage rates of stepup transformers will curtail 
generating plant output and therefore spare transformers should be 
considered (Goldman and Skinger, 197~). 

Substation size and siting depend on factors such as the following: 

. • 

The maximum number of transmission lines that may.enter the 
substation.due to right-of-way restrictions . 
. Zoning and other site limitations. 
Cost of subtransmission for various sizes of substation. 
Load interrupted if one .transformer fails • 
Facilities provided .to restore service. 
Short-circuit duty.of subtransmission equipment. 
Short-circuit duty .of transformers. . 
Backup required if. substation .is outaged during peak demand. 

For further reading refer. to Jones (1972). 

Substation location 'and size will impact .the planning of the bulk 
transmission circuits. but other substation fe.atures ·such as v.oltage 
control, short-:circuit-:current control, transfoJ;mer plann.ing, bus ar
rangements, etc. are designed after the network.is planned. 

Route.Selection 

Route selection and land acquisi~ion. are .very much of public. con,
cern and public pressure will impact long-range plans for transmission 
by affecting,the route. availability. Factors involved in route sele.c-
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tion are listed in Figure 5-26. The major factors are terrain features, 
land use, and the ecological and environmental inventory. Some of the 
factors in each one of the categories are listed. A complete listing 
may be found in articles by Mellinger (1976). Also the article about 
the Ontario Hydro search for right of ways in the Toronto metropolitan 
area· is of interest ("Right-of-way Alternatives •. , 1975) for metropolitan 
areas. Utilities reporting to the public service commissions are includ
ing descriptions of the factors considered when selecting transmission 
routes. See for example, the New York Power Pool report 149b (NYPP, 
1977, Vol~ II, p. 205). 

Characteristics of Future Facilities 

Factors describing the characteristics of a future transmission 
facility, particularly a transmission circuit, are shown in Figure 5-27. 
The year of installation, the terminals, the voltage level for a new 
circuit, and an estimate of its length are needed to determine estimates 
of other parameters. The estimate of length will be made based on a 
typical distance between the two substations. The actual right-of-way 
length will wait until the design phase when the route is selected. 

The electrical characteristics for analytical studies include the 
resistance, the inductance, and the capacitance of the new transmission 
line. In the long-range conceptual planning stage, these are usually 
selected for.a typical type of construction for the voltage level of the 
new circuit. Calculation details for these electrical characteristics 
are covered in power engineering textbooks such as Stevenson (1962) and 
Eaton (1972). The normal and emergency capabilities of the circuit will 
also be estimated for the purposes of judging when a facility is over
loaded during network flow studies. These rating estimates are not easy 
to make because the transmission circuit does not come with a single 
nameplate rating. The thermal rating is determined by the conductor 
size, by its temperature rise during periods of heavy loading, and by 
the ambient temperature of the air around the conductor. For planning 
purposes normal and emergency capabilities are estimated, based on 
experience with similar voltage facilities already in service, or on 
projected capabilities for new conductor sizes or bundled conductor 
sizes, and new voltage levels. Normal and emergency electrical capabil
ities (not thermally limited) may also be estimated using the surge 
impedance loading concept (St. Clair, 1953). Typical surge impedance 
loading values are shown in Table 5-4 for the present highest voltage 
levels in the United States. Notice that the rating of the circu~t 
increases approximately with the square of the voltage level, more than 
four times a rating increase for the doubling of voltage level. The 
length of the circuit will also affect the capability of the transmis
sion line because network stability is affected by distance, Figure 5-
28. Very short lines are limited thermally at 2~ to 3 times the surge 
impedance loading. The circuit capability decreases as transmission 
lines increase in length beyond 50 miles. With the sudden loss of the 
transmission line, the stability of the power system becomes the major 
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Figure 5-26 Factors influencing the selection of 
transmission routes 
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TABLE 5-4 

SURGE IMPEDANCE LOADING BY VOLTAGE LEVEL 

Voltage Approximate 
Level SIL* 

230 kV 140 kV 

345 400 

500 900 

765 2200 

*SIL IS SURGE IMPEDANCE LOADING 
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Figure 5-28 Transmission circuit length reduces the power 
that can be carried without stability problems 
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factor determining the power flow that may be reliably carried on the 
transmission circuit. A circuit 300 miles long should be planned to. 
carry no more than the surge impedance loading shown in Table 5-l, 
unless special provisions and a series capacitor are utilized to reduce 
the equivalent electric transmission distance. Series compensation is 
required for circuits loaded to surge impedance loading when they are 
longer than 300 miles. 

Installation costs are very difficult to estimate for transmission 
circuits because they depend on terrain, the number of changes in direc~ 
tion that the transmission line must take, and the cost of land, which 
will vary widely depending on population and other land uses. Utilities 
estimate these installation costs based usually on their most recent 
experience with transmission lines and a projection of the inflation of 
costs due to labor, construction material, and land. Estimates of 
transmission construction costs are being reported by utilities to 
Public Service Commissions in documents such as New York Power Pool 149b 
Report (NYPP, 1977). A new major factor in installation costs is the 
time and money involved in the hearings required to gain the permits and 
licenses necessary to construct a transmission line. Construction lead 
times will influence both the cost of the circuit and the year in which 
a decision to build must be made. There is a great increase in the 
amount of uncertainty in the construction lead time varying all the way 
from three to ten years to put a circuit into service, as reported by 
the National Electric Reliability Council in their annual review of 
adequacy and reliability (NERC, 1976b). 

Also important, especially when comparing new technologies such as 
underground cryogenic cable to overhead circuits, are the factors of 
maintenance time and cost, forced outage frequency and duration, and 
energizing and de-energizing costs. For overhead transmission circuits 
these numbers are fairly well identified and are not too great in signi
ficance. In other words, maintenance time and cost may increase the 
annual fixed charge by one or two percent of the total installed cost. 
Forced outages of overhead lines may occur several times a year, but 
their duration is very short, especially if caused by lightning strokes 
which can be cleared in less than a second. Also energizing and de
energizing costs for overhead lines are not a significant factor. 

Underground cables are forced out of service less often, but the 
outage duration is greatly increased as is.their maintenance cost. 
Whenever a failure occurs in a cable, it first must be located, and then 
opened, repaired and resealed. It may take weeks to clear a cable 
fault, while an overhead line fault may be cleared in less than a sec
ond. Even a permanent fault to overhead lines can usually be cleared in 
a few hours. Also when energizing or de-energizing underground cables 
which have special coolants, such as cryogenic cable, several days may 
be required to bring the facility up to temperature so it can be worked 
on and then cooled again to operating temperature before it can be 
energized. 

5-68 



Each estimate has an uncertainty associated with it, which in
creases as new features are included, such as the size of the conduc
tors, the new voltage level, or underground cable. Also, weather will 
affect the performance of overhead transmission systems introducing the 
uncertainty in a number of interruptions. Cost inflation has already 
been mentioned as one of the very important factors in transmission cost 
estimates, for example, NERC (1974) reported the doubling of the cost of 
transmission facilities in one year. 

Design and Operating Considerations 

System planning assumes that the following design stages will take 
into account all the assumptions made while planning and that the operating 
procedure will be best adapted to the system that ultimately results. 
This means that design parameters assumed during the planning stage, 
such as low impedance transformers, will in fact be requested in the 
design stage. It also means that the design steps shown in Figure 5-29 
will be carried out to the benefit of the overall system plan. These 
design steps, which follow long-range planning, include route selection 
and right-of-way acquisition, system dynamics, substation design, and 
switching overvoltage studies to define the terminal equipment. The 
transmission line itself is given a preliminary lirie design and is 
checked for lightning response. The effects of weather, such as high 
winds and fog which are detrimental to transmission line operation, are 
studied along with radio and television interference and audible noise. 
All of these along with conductor economics are used to select the final 
design of the transmission towers, the number of conductors, and their 
size. Short-circuit studies are performed for relay coordination and 
setting. 

SELECTING THE EXPANSION ALTERNATIVE 

Many of the major factors that go into studies of future transmis
sion expansions have now been discussed. These factors included the 
need to establish a long range horizon system with the generation_siting 
pattern, the voltage levels to use, and the sequence in ~hich the gener
ation is to be developed and transmission circuits will be added. 
Several alternate plans will have been developed. The study team is at 
the point of deciding which one of the plans will be followed and in 
particular, which few circuits will be submitted for the design phase in 
preparation for their installation. · 

Engineering economic studies, financial simulations, and sensi
tivity and decision analyses seek to discover which of the alternatives 
has economic flexibility and expandability built into it. Generation 
siting flexibility requires a very strong transmission network to pro
vide for the delivery of its power from many alternate sites to any load 
on the system. Sensitivites include new higher voltage levels, changes 
in load growth, changes in generating unit size, and changes in route 
availability. All of these types of studies can be made, but at great 
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expense in both manpower and computer time. 
together, using the experience and judgment 
planning and operating systems. 

The results must be merged 
built up over years of 

Alternative plans are analyzed and the results are compared against 
the criteria for acceptable performance. Manpower and time are required 
to analyze and understand the results and make appropriate changes and 
modifications to the alternate expansion plans to seek out the most 
economic alternatives. In addition, judgments will be required because 
various alternatives will have differences in performance, some being 
stronger in one part of the network than another. The planner will be 
cailed upon to compare strength on the eastern si.rle of t.hP systPm) fnr 
example, with another plan which is stronger in the central and western 
part and slightly weaker in the eastern part. Are these two systems 
truly comparable? Also the evaluation may include the effects of varia
tions in the forecasts of generation unit sites, load growth, and trans
mission circuit lead times. The final measurement is an estimate of the 
adaptability of each alternate expansion to unforeseen future events. 

The extremely difficult part of transmission planning is the fact 
that when it come's right down to a decision, many alternatives are 
nearly equal in cost and the more subjective features of .expandability, 
of flexibility, plus the real budget constraints become important in 
deciding which routes and which voltage level are to be developed. 
Because these decisions are subJective, there are invariably a variety 
of alternatives to explain in public hearings. Another person with a 
different set of values might make a different choice when presented 
with the same factors (Liebman, 1976). 

GENERATION-TRANSMISSION PLANNING 

In the introduction to system planning, the separation of genera
tion planning and transmission planning was considered appropriate 
because generation planning typically could be done without influencing, 
the transmission plan, except in or being influenced by, site selection. 
So generation planning could proceed to determine an optimum expansion, 
decide on the types of units to buy, their sizes, and the years of 
installation. The transmission planning group, working with the siting 
department, could select alternate sequences of sites for the generating 
units and compute transmission costs for the various siting patt~rns. 
This procedure has worked well with traditional sizes of generating 
plants and when sites for plants were available. 

In the 1970's, land usc laws, environmental restrictions and public 
opposition have joined transmission requirements in determining sites. 
Although it is important 'to include some transmission cost with differ
ent sites, these costs are not the only major consideration. Therefore 
the need to have accurate models of tran·smission costs for generation 
planning has been reduced. 
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As newer generation sources such as fuel cells, which may be lo
cated near the load, are considered, the importance of transmission 
savings will again increase. Evaluation of fuel cells in a generation 
study would be enhanced if it were possible to include directly the 
variation_ of transmission cost with generation siting. 

The basic generation-transmission picture is shown in Figure 5-30. 
Generation planning would be better if knowledge of how the transmission 
costs will vary as different sizes and locations of generating units are 
selected were known. However to get a realistic transmission plan and 
costs, a horizon-year goal is very important. Planning the horizon-year 
goal requires prior development of generation plans. Then if a single 
plant site is varied, the changes in transmission costs can be identi
fied. Any change in generation must be in the context of the entire 
generation-transmission study. Each planning function requires that a 
long-range plan of the other facilities be available. Generation plan
ning with site selection requires a transmission plan and transmission 
planning requires a generation plan. Solving the non-linear generation
transmission problem without human knowledge, intuition, and judgement 
is not yet practical. This is an area for further research. 

Efforts have been made to combine generation and transmission 
planning by Beglari and Laughton (1975) in England and by Sawey and Zinn 
(1977) in the U.S. Both methods use linear programming models and 
represent in a general fashion the changes in transmission cost as unit 
sites are selected. 

Probably the best feedback for generation and transmission planning 
actually occurs when the planner, who is familiar with transmission 
planning and knows the effects of the generation plan on the transmission 
plan, is then asked to estimate how transmission costs will vary as new 
generation expansion plans are being developed. This feedback of one 
year's experience into the next year's study helps to assure that 
utility planners have available the information to seek out the optimum 
generation and transmission plans. 

RESEARCH NEEDS 

Quantifying Transmission Benefits -- A strong transmission network 
provides reserves for the uncertainties of occurrences including higher 
demands than expected, delayed generation capacity, and fuel shortages. 
However, better methods are needed for quantifying the benefits of this 
transmission reserve. Network reliability procedures have been sug
gested as one way of quantifying transmission stret<gth. Further re
search is needed to combine the concepts of power transfer capability, 
protection against cascading outages and network adequacy into a relia
bility measure. 

Generation-Transmission Combined Planning -- Generating facilities 
which have widely different siting requirements, such as remote plants 
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compared to load-center fuel cells, require an analysis procedure which 
incorporates both generation and transmission planning capabilities. 
This non-linear sequential optimization problem has not been solved for 
more than small academic examples. 

SUMMARY 

Transfer limits are important factors in designing future transmis
sion and interconnection systems. Transfer limits define the amount of 
power that may be shipped from one particular set of generating units to 
a particular set of demand substations while normal power deliveries 
from generation to loads are taking place. Since there are many pairs. 
of sources of power and related demand locations for power that may be 
chosen within a network, and there are many "normal power delivery" 
conditions. There are many different power transfer limits that may be 
defined within a network. The ability to transfer power is associated 
with the concepts of adequacy and reliability. 

In addition to power transfer limits, the need for a long range, 
horizon-year goal or system expansion was identified as necessary to 
guide in the selection of an overall economic transmission and inter
connection expansion plan. This long range look ahead is necessary 
because of the economies of scale·available in transmission facilities. 
Installing just the needed capacity in the locations of the network 
where necessary, and proceeding to follow this concept year after year, 
will produce a higher cost expansion plan than one based on a long range 
target. By looking ahead to transmission needs of the future, the needs 
for higher voltage circuits which bring larger capacity can be identified. 
Even the need to install a new higher voltage level over the existing 
network can be identified by this long range horizon-year planning. 

The planning questions of when, how much capacity, what voltage 
level, where to locate the circuits are answered based on two factors of 
reliability (including adequacy) and overall cost minimization. The 
time of new circuit additions is mainly based on network adequacy and 
reliability performance tests .. The amount of capacity to be installed 
is determined from both the power delivery and transfer needs of a 
certain year and the long-term cost minimization. The amount of system 
overload in a year defines the minimum amount of capacity required while 
the horizon-year goal system will indicate whether circuits with greater 
capacity will fit into a lower-cost transmission network based on econo
mies of scale, or, on the other hand, whether the added capacity will be 
needed only for a few years. The voltage level for the new transmission 
capacity will be determined largely by the amount of transmission capa
city required to achieve the economies of scale, which in turn depends 
upon the transmission voltages already in use on a utility system, a 
doubling of the voltage level for a new higher capacity circuit, and the 
voltage levels in the neighboring utility systems. The choice of the 
voltage level is almost entirely base~ on the cost minimization over the 
expansion period, where costs include both the investment cost, system 
losses, and land use. 
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The location for new transmission circuits depends on the.existing 
network configuration in the year of installation, the overall horizon
year system projected for the network expansion, and the effect of 
location on the adequacy and reliability of the network. 

Four major constraining factors were identified as impacting the 
transmission planning decisions. These factors were: 

1) Financial capabilities of the utility, the capital investment 
budget for the year. 

2) Government regulations including the need for licenses and 
pPrnirs rn con<:>truct a tr~ncmiooion facility. 

3) Public pressures to modify the transmission expansion plan or 
to stop construction of the particular circuit. · 

4) Interconnection coordination agreements such as the redu(;tinn 
in j,nstalled generation reserves baocd on the benefits of 
providing a. strong transmission and interconnection power 
delivery network. 

Because of the increases in the number of government permits and 
licenses required to build facilities and the increases in public pres
sure to modify plans once announce4, uncertainties have greatly increased. 
These uncertainties increase the lead time between the decision to 
construct a new transmission circuit and its in-service date, and the 
installed costs. 

A wide variety of facilities and facility modifications are avail
able to increase the power transfer capability of the ·system. Ninete·en 
possible system modifications were identified in the general categories 
of installation of new circuits, modification of existing circuits to 
increase their thermal or stability limits, increased reactive power 
capabilities for voltage support during heavy power transfers, modifi
cation of the generation control and the application of high voltage de 
transmission circuits. As a result of the many different facility 
modifications that may be used to increase power .transfer capability, 
and the uncertainty of both costs and·requirements, transmission and 
interconnection planning is a multi-faceted activity with a great many 
factors to be considered. 
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APPENDIX I 

ABSTRACTS OF SELECTED INTERVIEWS 

INTERVIEW WITH AN EASTERN POWER POOL PLANNER 

TRANSMISSION PLANNING 

· Our transmission planning includes an operating study every six 
months, called a c~pability period. We may also look two years away and 
run a capability study. The judgment to look two years is based on the 
fact that, for example, three years ago we made a five-year look-ahead 
study with less detail then we use in these operating studies. That 
five-year study plan had large circulating flows. Now that we are 
getting close to that year (two years away) we ought to look at the 
operating limits. Are those large circulating flows actually going to 
occur? Might we open a 115-kV circuit which is overloading arid limiting 
the transfer capabilities within our power pool. Today we are looking 
for a technical fix, something that we can do at very little cost, be
cause reliability is not perceived as a major problem in 1976. It is 
the costs that are important this year. So anything we can do to keep 
down costs and still operate the system in a reliable manner is being 
considered carefully. If a new circuit'had been really needed in that 
five year look we made three years ago, it would have been committed. 
The judgment was that the circulating flows became extreme only under 
marginally likely conditions, conditions which may warrAnt some invest
ment but nothing to the major extent of a complete new transmission 
line. 

GENERATION PLANNING MUST.PRECEDE TRANSMISSION PLANNING 

One of the difficulties ~n trying to do a good job on transmission 
planning is the fact th,at the installation of new generation is so 
uncertain with today's hearings and public interventions. Our power 
pool has a. list of load forecasts and generation additions but we really 
are uncertain as to which units will actually be commissioned first. 
Right now we are s~udying the need for some new 765-kV circuits for the 
mid. 1980s. The commissioning of ,several new generating units in the 
same ar.ea will indicate a definite. need to go to the higher voltage 
level. But these ge~erating units are now held up in hear~ngs which may 
go on for several years. It is anybody's guess as to what may.actually 
happen •. · 

F~e~ibility is the target for our planning these days. We try to 
include. a large number of contingencies in our planning, including unit 
delays and changes in the sequence of unit additions. B~t the problem 
is no longer technical, there are major political inputs. For .example, 
at every plant siting hearing we have people attend who are set against 
nuclear proliferation, which they are sure is assisted by the use of 
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nuclear energy for power generation. Then there are those who are 
protesting the actual site, local people who do not want it here. And 
there are outsiders who believe in energy conservation anu believe the 
power plant is not needed. These have to be balanced with those who 
point to the continuing growth in the use of electricity and indicate 
that it would be wrong to stop all planning for electric utility growth. 

The transmission away from the new site is also wrought with major 
political problems. Land use intervenors appear at hearings asking that 
the line be built somewhere else or not at all. Even the 765 kV hear
ings in New York State did nothing to change the acceptance. Th~ 

hearings confirmed that there were no problems associated with 765 kV, 
it is working throughout the world. But there are people who are still 
afraid of high-voltage transmission ciretiits and wlll ~utltinue to object 
to their construction no matter what the results of hearings ma.y produee. 

LONG RANGE TRANSMISSION PLANNING IN A POWER POOL INTERCONNECTED. 
ENVIRONMENT 

The power pool has a generation expansion model which we are uoing 
to study 1985 and 1990. In those years we place interface inflows on 
proposed transmission network plans. These inflows or power transfers 
represent, not the worst conceivable case, but what we feel might rea
sonably happen on a bad day when we experience a major generation outage 
in our power pool and we would have to take power from our neighbors. 
The transmission capacity added to handle these major power inflows 
would also handle our neighbor's need to take power from us and the ne~d 
for capacity to handle circulating flows. Of course, these long range 
plans are studied in more detail when they are only five years in the 
future. There are always opportunities for midcourse corrections in 
power system planning. Conditions five years in the future are more 
clearly defined for final transmission planning. The actual circuits 
selected in the 1990 and even the 1985 plans can now be adapted to the 
more certain generation siting and load growth forecasts. 

But, in 1976, generation is not coming into s·ervice as scheduled. 
There are many delays which are frustrating the planning process. The 
best we are able to do is·bracket the problem with various contingen
cies. These contingencies represent the worst and best hoped for condi
tions on a system. For example, the worst could be many units delayed 
and a large need to import power, a higher load growth than anticipated, 
or major facility outages. The best that might be hoped for would be 
load growth as forecasted with unit additions as forecasted, the way we 
used to do power system planning. Now we can only hope that the real 
world will fall· somewher.e in between the brackets and our system plans 
will provide the flexibility to meet the real needs of the system when 
they occur. 
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INTERVIEW WITH A SOUTH CENTRAL UTILITY PLANNER 

Our utility is well interconnected to other utilities in our reli
ability region, but we have only one large EHV interconnection into a 
neighboring reliability region. Both ourselves and the neighboring 
utility a~e studying a second interconnection at our highest voltage 
level. Both groups of system planners want the interconnection, but we 
can't justify it by the rules used in both of our companies. In the 
past, all interconnections have been justified by generation reserve 
saving, transmission cost savings, and load diversity. 

The new interconnection is needed to keep our transfer capabilities 
in line with system growth and to provide capacity for economy energy 
transfers. Economy energy is certainly a benefit. TVA's experience 
proved this during the last two years which were poor hydro years and 
they had their two large nuclear units at Brown's Ferry on long outage. 
These energy benefits are very important but are also very difficult to 
pin down for the future. If we have a long term energy contract, then 
we can justify interconnections. Otherwise, the benefits of economy 
energy transfers are just too uncertain. Especially in these times when 
both utilities are short of capital dollars. 

We may be able to justify the second major EHV interconnection 
through a combination of needs, to strengthen our energy import capability 
and to provide area backup. Right now, we can import 1200 megawatts on 
our EHV line and have the line trip without splitting the system. It is 
a major shock, but we can ride through it bec:ansP. nf all of our other 
interconnections. A second EHV interconnection would nearly double that 
power import capability. Then for area backup, there is a corner of our 
system right next to our neighbor which needs support. We are currently 
studying whether it should be an internal transmission line or be support
ed by a tie line. Our neighbor also needs strengthening in the corner 
of his system down close to ours. The tie would also help him. 

So many of these decisions on new facilities are based on operating 
conditions judged to be likely or·at least credible in the future. But 
there is a wide area for dispute over what is credible •. We use our 
engineering judgement, but is is awfully hard to justify facilities on 
any other bas·is. For example, we just recently installed several hundred 
MVAR's of switched capacitor on our highest voltage level near a major 
load center at the edge of our service territory. These switched capaci
tors will supply reactive power to support system voltage so that we 
will not lean on our neighboring utilities. We justifd.ed the capacitors 
to ourselves by power transfer studies which showed the voltage problems 
in that area. But I would be hard pressed to prove that those power 
transfer cases will be the ones that will certainly occur in the future. 
Our past experience has shown us that we never know for certain what 
will occur in the future to stress the network. The best we can do is 
use power transfer cases that have occurred in the past and ratio them 
up by the system growth, or by the larger unit sizes being installed, or 
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larger plant sizes. We then make our best estimate as to what we think 
might occur in the future and ·look for weak spots in the power system. 

INTERVIEW WITH AN EAST CENTRAL UTILITY PLANNER 

For many years our system was interconnected to a neighboring 
system by three 138 kV ties to the west and no ties to the north, south, 
or east. Power flow control was easy with only these three ties to the 
west. Just increase generation to deliver power or decrease generation 
to receive power. Our dispatcher had only to converse with one other 
dispatcher. And he only had to watch three meters to learn the net flow 
into or away from our system. It was relatively 8imple to operate 
radially connected. And our t:outrol philosophies were the same for 
frequency reguiation. We both believed in keeping Ehe ~locks on ~1m~. 

The operating philosophy to the east was different. Frequency 
control, cumulative error control, was not so important in the eastern 
system as it was to the midwest. You could notice this on televiRinn 
programs. When a midwest T.V. system switched, from network show~ to 
local programming, there might be up to a minute difference in time. 
Well, maybe not that much. But noticeable to those that knew what to 
look for. 

Control of the clock just wasn't as important to the eastern utili
ties. Before agreeing to interconnect, we had to agree to hold frequency 
error, i.e., keep the clock on time. We considered ourselves the time
keepers for our region. 

PASNY was one culprit in the east. ·They·would push power into the 
system whenever they had water at Niagara Falls, not based on what.the 
system demand was nor notifying others to coordinate their actions. 
This would push the clocks ahead. PASNY left it to others to bring the 
clocks back to the correct time. Then, in 1962, we tied to the east. 
But we couldn't just put in one tie where we were int~rconnecting 40 GW 
to· 150 GW, approximately, i.e., the eastern seaboard to the middle 
United States. Seven 138 kV ties were completed and put in service 
within 36 hours. Several of these ties were just short lines to a 138 
kV to 115 kV transformer. One tie was from 138 kV to a 230 kV circuit. 
through a transformer. The closing of these ties· required great. coopera
tion among electric utility people and it went in without a hitch. 

In 1962, NAPSIC·, the North American Power Systems Interconnection 
Committee, came into being. Operation and planning had to be ·coordinated 
over a much larger area, now including the eastern seaboard to the 
Mississippi River. With the seven ties to the east, operating procedures 
and outages, particularly generation outages, affected our system. The 
frequency meter would dip or rise and the power flows on transmission 
circuits would swing, or. oscillate, whenever.a large outage occurred 
somewhere in the east. Just the power flows for regulating the frequency, 
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the synchronizing power flows, had to be planned ori."·and the system 
operated to keep a margin for them on the transmission circuits. These 
circuits, of course, were both the interconnections and the circuits 
within our own system. 

Before "Big Allis", the 1000 MW unit purchased by Conslidated 
Edison went into service in 1965, we did a joint study of network flows. 
These studies included flow changes from any operating situation in New 
York City, including the sudden outage of Big Allis while it was gener
ating 1000 megawatts. We found that our seven ties were not enough to 
hold the eastern U.S. to the midwest if 1000 MW were suddenly removed 
from supplying the load in New York City. Here was a case of transmission 
circuits in western Pennsylvania becoming overloaded because of an event 
in New York City, quite remote from the area whose reliability was 
affected. Con-Edison agreed to put the new 1000 MW unit into service 
with the policy of not loading it above 600 MW, I believe, until the 
transmission network in western Pennsylvania could be strengthened with 
more circuit additions. 

The important thing is the planners were aware of the system impacts 
of a large unit like Big Allis. and together agreed on steps to make it 
work. First, by limiting the output of the unit a short-term solution 
and second, by strengthening the transmission network to accept the 
impact of large outages, the longer-term solution. 

ORGANIZATlON 

The members of NAPSIC reported generation and circuit outages to 
each other to keep informed on what was happening in the system. As we 
have become more tightly interconnected, the need for these reports has 
decreased. The system is not as vulnerable to outages. An immature 
interconnected system, one that is just starting such ·as we were in 
1962, is very sensitive to outages. But, as we have developed with 
stronger· ties, outages and their consequences have become less important. 

The new headache in a mature interconnection is circulating flows. 
"Circulating flows" is our term for the fact that in electrical networks 
there is no way to perfectly control the flows on transmission circuits, 
especially the ties into and out of your own system. Our system matured 
with ties north of us, south, and to the east to augment those already 
connected to the west. When we sell power to the west, it now affects 
the power flows and the ties to the east. 

SELLING POWER IN A MATURE INTERCONNECTION 

I remember a power sale between our system and a company, part of a 
holding company in two states. I don't remember the exact amount-of the 
sale, but let's assume 100 MW. Their dispatcher called our dispatcher 
to ask why they were not getting their 100 megawatts. Our dispatcher 
checked his meters on the interconnections and told him he was getting 
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the 100 MW. The net of the readings on our meters had increased to show 
an extra 100 MW was flowing out of our system. But the meters on our 
direct tie to that neighbor were not showing an increase of 100 MW into 
his system. We were pushing out 100 MW but he wasn't pulling in 100 MW. 
Or at least he didn't think he was. The problem was he was not metering 
the flows into his parent company. They were getting the rest of his 
100 MW. But the meters in his control room didn't include the ties into 
his parent company. The interconnections he was watching had not changed 
in flow by the amount of the purchase. Back in the simple days of 
radial interconnections with no looped networks, when you purchased 100 
MW, you could see your meters on the one or two ties change by that 100 
MW. In a mature interconnection with network loops, the best you can do 
is pull in 100 MW over the amount already flowing on your interconnec
tion. It's up to the seller to push 100 MW out of his sys~em by in
cr~asing the net over all of his interconnections. It is no longer 
possible to schedule the flows in certain lines. 

Flow scheduling has been tried in a few places. The New Brunswick 
to Quebec Hydro interconnection uses a back-to-back d1rect-current tie, 
which can be dispatched for power ±low in either direc~ion. Phase 
shifting transformers are used in several places, such as Linden-Goethals 
and the St. Lawerence ties between Ontario Hydro and the New York Power 
Pool. The costs are high for de terminals, making the power flow con
trol feature hard to justify to rate payers. Phase shifting trans
formers are less expensive; however, they do not maintain constant flow 
during inertial swings. As well, they can cause flows in circuits where 
such flows are undesirable. 

AREA BACKUP 

Some of the first interconnections were made to provide area backup, 
where our service area bordered on a neighbors. Providing a sec'onu 
transmission line into an area could be accomplished for lower costs if 
that line were built ±rom a neighbor's substation rather than oue of our 
own. Often our load area was experiencing low-voltage problems, while 
the neighbor had a generating station or other strong source of power 
just across the service boundary. Our neighbor would also benefit by 
having a third transmission line out of the generation area, or for 
support in his. load area. For example, an interconnection for area 
support into our system also provided for stability and control of a 

·power plant across the border: in our neighbor's system. 

METERING POWER FLOWS 

El~ctric utilities 
transmission circuits. 
well enough understood 
mine whether a certain 
overload. Metering of 
first interconnection. 
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The need to meter power flows developed in this manner. A utility 
meters the power output from each of its generators. If there are no 
interconnections, then the power delivered to its customers must be the 
power generated less the power losses. Thus, the system load at the 
moment was simply the sum of all generation at that moment. 

The first interconnection changes that simple statement of total 
load. The interconnection must be looked at like a generator for metering 
purposes. The power flowing into or out of the system must be included 
in the calculation of total load. 

ECONOMY TRANSFER OR ECONOMY POWER 

The definition of economy transfer or economy power is not standard 
in the industry, but we mean the hourly agreements between dispatchers 
to transfer power at a certain price. The power flow can be interrupted 
at a moment's notice by either party. For example, our dispatcher might 
call our neighbor and tell them that we have 100 MW of ten mil power 
available, meaning ten mils per kilowatt-hour, or one cent per kilowatt
hour. The neighboring dispatcher may find his highest cost 100 MW is at 
14 mils. They agree to exchange the 100 MW at 12 mills. They split the 
costs based on a previous contract between our two companies. Our 
dispatcher takes action to increase generation by 100 MW, increasing the 
net flow out of system by 100 MW. It is up to the other dispatcher to 
decrease his generation 100 MW and increase his net imports by 100 MW. 

Once the exchange is underway and something unexpected should 
occur, such as a sharp load increase, or a tranmission or a generation 
outage, the net tie flows can be brought back immediately to their 
original values without the 100 MW exchange. This interruption of 
delivery can be initiated by either dispatcher. 

INTERCONNECTION AGREEMENTS 

A recent 500 kV interconnection was provided as a third transmission 
line away from our large ·generation station. This interconnection would 
provide stability, make it possible to install larger units and give us 
the three exits from power plants that we require. By i~terconnecting 
with our neighbor we also strengthen the integration of the interconnected 
system. 

The negotiations on this interconnection resulted in a package of 
interconnections with something for each of us. We hatl a load area in 
the northern part of our system that needed support, and a new power 
station was in the southern part of our system. Our neighbor agreed to 
provide area backup in the norther part of the system, and to help build 
the new EHV interconnection in the southern part of the system. The 
neighbor built most of the transmission line that was in their territory. 
We.built all the line in our service territory and a little bit in our 
neighbor's territory so that the amount of transmission line built would 
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equal the portion of the cost to be shared. This new EHV interconnec
tion significantly increased our interconnection transfer capability. 

TRANSFER CAPABILITY 

Transfer capability is our way of measuring system adequacy. There 
really isn't any numerical measure that will tell you when a system is 
adequate and when it is not. In fact, we have not found any numerical 
measure of system reliability. Adequacy and reliability have _to be 
established based on our experience. Transfer capability is our way of 
measuring one aspect of network adequacy. But it is very difficult to 
forecast how much it should be for the future. In the last few years 
transfers of energy and power have increased significantly. The largP.r 
fuel cost differences are one significant cau$~. These fuel cost rlif
ferences were much smaller in the 1960's than they were in 1975. Also, 
the emergency use of the interconnections are using larger amounts of 
transfer capability for longer periods of time. Larger unit sizes have 
contributed to these emergency uses, and so have air quality require
ments. A recent air alert in the Ohio Valley cut the output of sP.veral 
large plants to one-half capacity. The interconnections supplied the 
power to make up for this environmental restriction. 

TWO PHASES OF INTERCONNECTIONS 

The first interconnection of a system usually produces a weak 
combined system. They are interconnected weakly and may come apart 
easily. That is, the interconnection will open frequently. The flow o~ 
the interconnection, however, can be controlled by tontrolling the 
generation in the two areas. As more interconnections are made, the 
interconnection.moves into the integration phase, where the utility 
company is now part of an interconnected grid, a mature system. It is 
no longer possible to control the flows on an individual interconnection. 
To coordinate this integrated system, committees are set up to review 
the plans of all the member utilities and keep each other informed of 
plans to develop, strengthen, and operate the system. 

Load forecasts are input to the generation planning activity. They 
might be referred to as the driving force in generation planning. Power 
transfer requirements are the driving force in transmission planning in 
an interconnected environment. Power transfer requires transfer. capa
bility. But, unlike generation capacity, transfer capability can de
crease as load grows. For example, a new circuit may be installed in 
1960 and only twenty percent of its capacity is needed to serve local 
load. As time passes and a local load grows in size, more and more of 
that circuit's capacity goes to serving local load. The transfer. capac
ity started out at eighty percent of the circuit rating, and over a 
number of years may decrease to zero. It may be increased again if 
generation is installed locally. Otherwise, a_new transmission circuit 
is needed to maintain or increase transfer capability. If the new 
circuit is at a higher voltage level, the low voltage interconnection 
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may bottle up the EHV transmission system. Again, the electrical flows 
will not divide to load the low-voltage and high-voltage lines in pro
portion to their capacity. The low-voltage line may reach its capacity 
while the high-voltage line is only one-half loaded. One corrective 
action in this sitaution is to open up the low-voltage transmission 
system, forcing the power flows up on the EHV system. 

Interconnection planners have developed a good teamwork spirit. A 
neighboring. engineer called us the other day to say he has discovered 
some change that he is presently looking at that seems to affect our 
part of the transmission system, at least in his power flow calculations. 
We plan to take a look at it in our cal~ulation procedure. The line he 
is looking at is several years out in the future. 

Cost sharing agreements were hammered out with some fairly heated 
debates in the past, vice-presidents from our system and a neighboring 
utility would argue down to a certain difference. Then talks would 
stall because the total benefits were so difficult to quantify. Then 
because the benefits looked so good to both companies, they would finally 
agree to split the difference between them. Thus,·each would accept a 
share of somewhat undefinable benefits to the total interconnection. 

The savings and benefits may not always work out as planned. For 
instance, two of our neighbors (X and Y) interconnected. It was not 
anticipated that Utility Y would receive any benefits. Therefore, 
Utility X paid for the complete interconnection. Over the years, X 
continued to interconnect with others, reducing its dependence on Y. On 
the other hand, Y began to gain the benefits of backup protection and 
economy energy .through the interconnection of X with others. While X 
continues to pay for the interconnection, the benefits are accruing to 
both partners. 

There are a few cases where it is obvious that one party should 
make 100 percent of the payment for the interconnection. For example, 
if your load area is near a neighbor's generating station, you might pay 
for the interconnection because you get all the benefits. 

In cost sharing, we try to pay for a portion of the line by build
ing it, and thus no funds have to be transferred. We may actually build 
some of the line in a neighbor's service area. In one case, a neighbor
ing utility was to own 300 MW of a 2000 MW transmission line. That 
utility paid for its portion of the line by building 300/2000ths of the 
line. 

Each interconnection means another meter in.the dispatcher's con
trol room, and if it's a new company involved, another telephone. 

Three-party contracts are new, but beginning to be negotiated. 
Three utilities will write a single contract so that power may be trans-
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ferred from one through the second party to a third party. The middle 
party has the losses in its system paid for by the party receiving the 
power. At present only the losses and no fixed charges may be included 
in the cost of wheeling power. 

AN INTERVIEW WITH A MIDWESTERN UTILITY PLANNER 

TWO TYPES OF INTERCONNECTION PLANNING 

There are two types of interconnection planning, specific situa
tions and an integrated system view. An example of a specific intercon
nection would be the first 345-kV line from a company to its neighboring 
utility. The integrated system view is required once two or more inter
connections have been established, so that the two systems begin to 
perform as one. All interconnection planning matures from specific to 
an integrated system view to justify the next interconnection. 

Approvals for interconnections arc approached in two steps. Fin; t, 
internal company approvals are obtained. Then, inter-company approval 
is negotiated. Usually the second step is easy in a mature, integrated 
system. Both companies will have been working together to establish the 
need for the interconnection to obtain their individual company internal 
approvals. Once these are obtained, the inter-company agreement is 
rather straightforward. System planners from both utilities will have 
been working together, supplying data and doing studies, to determine 
the best facility to serve both companies. 

Almost every interconnection will benefit both parties. Sometimes 
the financial situation of one company will prevent them from taking 
advantage of the savings. For example, the situation shown in Figure I-
1, where one company had a generating station with a double circuit 
tower line constructed away from it and only a single circuit on that 
tower line. 

A neighboring utility needed to transport power generally in the 
same direction, parallel with this existing tower line. By intercon
necting at the generating station, and again at the other end of the 
line with the open position, both companies would have found about a 15 
percent savings. Ten million dollars, however, were required at the 
front end of the project, and the one utility owning the generating 
station and tower line, could not afford the capital that particular 
year. The second utility could pot afford to wait for the transmission 
capacity. The second utility was willing to pay the carrying charges on 
the transmission line for the years until the first utility needed the 
additional line away from their generating station. The first utility, 
however, did not have the capital available to spend on putting up the 
second circuit. 

The alternative, which the second utility adopted, was to reconduc
tor a 138-kV line. The result of the tight financial situation is a 
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non-interconnected system with a link missing between the second utility 
and the first utility's generating station. This link would have pro
vided benefits to both of them, but now that the second utility has 
strengthened its own network, the interconnection will be more expensive 
for the first utility. Most of the benefits from the interconnection 
will now fall to them and thus most of the costs. A short run reduction 
in capital investment has increased costs in the long run. 

SHARING 

In a thoroughly integrated power pool environment there is oppor
tunity for negotiating sharing agreements on one, two or several inter
co'!::tr:i,ections a year. When management may have difficulty reaching a cost 
shar.ing agreement on one of the interconnections, they find it easier to 
reach agreements on a package of several interconnections. These nego
tiations among utilities may involve over 10 companies in a thoroughly 
integrated system, such as the middle part of the United States. 

TRANSFER CAPACITY 

What is the transfer capability from an electric utility with only 
two interconnections, one rated 200 megawatts and one rated 300 mega
watts? It certainly is not 500 megawatts, because the transfer must be 
able to take place during a contingency on one line. Is the value, 
however, 200 or 300? This is a "fuzzy" problem with no simple answer. 
It has been the subject of much debate among engineers in similar situa
tions. 

The question is more difficult for a utility in say Tnrliana, Ohio, 
or Illinois, where there may be, perhaps, thirty-six different intercon
nections involved. Let's say each interconnection is worth 200 mega-· 
wat.ts. What is the transfer capability? Applying the rule of one 
transmission circuit on outage, there would be thirty-five lines, each 
with 200 megawatts, but 7000 MW capability is the wrong answer. It 
takes no account of the power flow through the system, either due to 
direct power shipments in and out, or due to circulating flows. Conrli
tions outside of the utility system determine the transfer capability. 
For example, when a large 800 megawatt or a 1,000 megawatt unit trips 
off line while carrying nearly full load, the changes in circulating 
flows can trip lines in the neighboring utility. To prevent sucp line 
tripping, they must limit their power transfers to leave transmission 
reserve margin for the power swings in case of a generator trip off. 

't. 
The circulating flows will change with the seasons. In the summer 

they may be from south to north, in the same direction that the utility 
which is experiencing the circulating flow is trying to ship power~ 
Thus, in a peak season the utility finds its own transmission network 
limited by neighbor's actions. But in the winter, the circulating flows 
may be from north to south. In this season, the utility finds that if 
it picks up generation in the south to match a load increase in the 
north the flows through its system are actually reduced. 
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Utility planners monitor their system flows continually by studying 
not only their own systems, but the entire power pool. Very frequently 
the worst contingency which they must guard against is not related to 
the facility in their own service territory, but it may be in a neigh
bor's, in the next state, or even two states away. For example, utili
ties in Illinois may find that the large units in a Tennessee Valley 
Authority can cause significant circulating flow changes if they are 
~tripped off. Test cases for Illinois, therefore, become the tripping of 
units in Tennessee. 

PLANNING AS A POWER POOL 

Most power pool planning in the United States is a voluntary ef
fort. There are no contracts between one utility and all other members 
of a pool. There are contracts between neighbors written for individual 
interconnection situations. Utility planners find it to their mutual 
benefits to seek the best transmission network for the group of utili
ties. What's best for the group of utilities is sought naturally 
without needing a pool contract. 

SHARING 

A utility may find itself owning a transmission line that does not 
even originate or terminate in its service territory. The line only 
crosses the service territory. The utilties' 0wnership of that line may 
be its contribution to the integrated system to even-up and make whole 
its neighboring system, because some of the power flow on the neighbor's 
lines were contribu.ted by the owning utility. In the past, 'Che system 
viewpoint of the system planner could be sold to the Public Service 
Commission. Transmission circuits could be justified on a-system relia
bility basis. Today, Public Service Commissions are being pressed to 
view transmission as serving some customers. In an integrated trans-
mission network, identifying which customers are served by which trans
mission circuit is a tough and almost impossible job. Transmission 
lines giving support to a load area are easily identified. Those that 
back-up the load area, or give general transmission reserve for contin
gencies, are very difficult to justify to the Public Service Commission. 
These back-up facilities may even be in another state. 

For example, in a recent hearing property owners appeared and 
requested justification for a proposed transmission circuit across their 
land. They wanted to know how this transmission line was going to 
directly serve them. This parochial viewpoint is becoming more and more 
prevalant, and disturbs many system planners. Outside interests are 
putting pressure on the planners to abandon their system viewpoint and 
give ever increasing weight to loc·al problems. Planners must continue 
to take the system's viewpoint because the system works as a whole. But 
a new factor in selecting lines for addition will be the ability to also 
relate the line to local requirements. 
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In some cost-sharing agreements, one utility will own the entire 
interconnection between two substations, not just up to the service 
territory boundaries. Owning from switch-to-switch gives clear indica
tion as to who is responsible for tree trimming along the right-of-way, 
replacing insulators, and other maintenance. State lines, however, are 
a special situation, for one utility cannot own transmission circuits in 
another state. But utilities have overcome this requirement by mainten
ance agreements which allows crews'from one utility to come into another's 
service area for maintenance requirements. In this way, one line still 
is assigned to one company for maintenance along its entire length. 

There are times when the actual ownership of the line has to wait 
to be determined until after the line is built. For example, a long 
line crossing flat farm land and then rather rugged terrain is to be 
split fifty-fifty between two utilities. Since the cost of this line is 
not known exactly, they may wait until the construction is finished, at 
which time they determine how many miles of flat farmland right-of-way 
will equal the other half of the line, and determine where to split the 

. line ownership. Maintenance will be done by one company for the entire 
length of the interconnection. The utility which will be doing the 
maintenance specifies the construction standards so that the hardware 
used will match their parts inventory for maintenance purposes. 

All cost sharing arrangements, though tailored to each specific 
interconnection, must use legal mechanisms that are compatible with 
Commission rules and that are practical and minimize the cost to the 
customer. 

THE NEW TREND 

Capital costs for new equipment are higher, not lower than existing 
equipment. Decreasing unit costs were possible before about 1970 so 
that new facilities reduced the costs of electricity to the customers. 
Therefore. in the past when confronted with a "fuzzy" decision problem, 
either to'add a line, slightly overbuilding the system, or to postpone 
the line a year, leaving the system underbuilt, the planner and manage
ment would tend toward the overbuilding solution. Since about 1970, 
every new facility increases costs. Therefore, in the same "fuzzy" 
situation, to leave the system slightly underbuilt or to add a facility 
this year and overbuilding the system, the economic pressure is now on 
the planner and management to leave the system underbuilt. 

Unfortunately, there is an over-reaction to this situation. Since 
utilities tended to choose in the favor of overbuilding because of the 
previous economies of scale, many critics still claim that the planners 
tend to overbuild the system. Conversations with planners indicate they 
are already tending to choose the underbuilt situation due to economic 
pressure. And now they are experiencing a second push to underbuild 
even further because of the previous history of overbuilding for economy 
purposes. 
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Planners are aware that a similar situation occurred in the late 
1950's and 60's. Electrical manufacturers who had been providing com
fortable margin of reserve, something like twenty percent, in the trans
formers, motors and other electrical equipment, felt economic pressures 
to design to closer tolerances. Utilities accustomed to counting on 
that extra margin of reserve to help them operate their systems, exper
ienced more equipment failures. The result was that utility planners 
increased their design margins to be sure enough reserve was built into 
the utility system. 

The utility planners are afraid their customers may experience more 
failures and have to increase their tolerance for blackouts. 

ECONOMICS RATE TRANSMISSION CIRCUITS 

Because of the tighter economic conditions, utilities are learning 
to work their system much harder. They are accepting 125 C, instead of 
60 C, temperature increases for rating purposes. One utility has gone 
through and doubled the rating of their existing 138 kV circuits. This 
changed rating did not occur overnight. Heavier loadings were tried. 
Sag and clearance checks were made. Tests were made of the effects of 
heating on line hardware. Utility engineers worried about conductor 
clamps and splices. Once all of these factors had been tested and found 
to be able to accept the higher temperatures, then the line ratings were 
increased. 

These higher ratings leave less margin for error in system plan
ning. This situation is coming at the same time that less equipment is 
being added to the system, so system planners are hearing from their 
operating people that the system is becoming shakier to operate. 
Planners are still using the same design criteria, such as protecting 
against double line outages, but with the increased line rating. Plan
ners are using a new philosophy in "fuzzy" choice situations. Economics 
are pressuring them to leave the system underbuilt for a year rather 
than putting in a facility and having the system overbuilt for a year. 
This classification of underbuilt is based on the new ratings, however. 
Some power delivery systems are being designed with two reductions, 
higher design ratings and less severe tests, in transmission reserve. 
This may not be the case in all utilities, but all utilities are under 
the pressure to reduce costs, which means reduce investment. 

System planners are confronted continually with "fuzzy" planning 
problems, often referred to as the gray area, where a new facility is 
sort of needed but it is not clearly black and white. It's a judgement 
area.. Planners continually ask themselves. "Do we take the risk of not 
having the new facility?". To answer that question they look back 
through history. How frequently have contingencies or similar situa
tions occurred in the past. They look at the amount of the overload 
that is caused, whether it is one percent or fifty percent. They look 
at the time of year that the overload occurs and whether it is at peak 
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load or not. And they look at the consequences of the overload. If the 
overload .causes the line to trip, will the the system begin to cascade 
and cause customer blackouts. The utility might accept the possibility 
of damages to its own facility and be willing to live with that risk by 
postponing the expenditure. But if the consequence involves customer 
blackouts, even with a small probability of occurrence judgement would 
push towards adding the needed facility. 

One reason why transmission circuit ratings are so difficult to pin 
down is the unusual steps that utilities take during actual operation of 
the system to squeeze extra megawatts of power through to the customers. 
The story is told of one midwest utility a few years ago that, during a 
very hot summer, had line crews out spraying water on 138-kV trans
formers to keep them cooled down during the peak air conditioning season. 
The air conditioning demand had surged beyond their load forecasts. 
This spraying of transformers continued for forty-two days straight. No 
planner would want to include. the capability of using transformers in 
this over-rated condir.ion in any planning sttidy. 

The integrated concept is a major factor in interconnection plan
ning. This means that every facility will have multiple uses, sometimes 
for serving load and, more often in large integrated grids, providing 
transmission reserve for the outages of the utility's and neighboring 
facilities. Interconnections seldom serve load. They provide the 
flexibility and the back-up for each utility to reliably serve load at 
low cost. They help the utility minimize the cost of network and gener
ating facilities that actually serve the load. Generation reserve 
savings are relative and not absolute. In fact, all i~terconnection 
savings are relative to some other investment that would have to be made 
if the interconnection was not used. 

When testing for transfer limits, the Bull Run unit in TVA, when it 
was first installed, was the maximum frequency impact event for Illinois. 
The Bull Run unit was not in Illinois, it was not even in an adjacent 
state. It was in the Tennessee Valley Authority system, but it was a 
major single event to take into account in planning Illinois .. Plauners 
understand this situation. 

There are no simple answ.ers .to complex problems. There are no 
simple network reductions or equivalent circuits that will allow one to 
simplify the eastern half of the United States for easy comprehension. 
Computerized power flow calculations must be used to study the complex
ity of the eastern United States without much simplification. The 
results of these large studies provide the experience needed to augment 
the intuition and judgement of the system planner. 

One of the problems with using simplifications to enhance communi
cation is that one of those you.are communicating to will try to use the 
simplification to solve the entire problem. They will solve this over-
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simplified problem exactly, but the answer is wrong for the real unsim
plified problem. 

BALANCED VOLTAGES 

All system planning is done assuming that three-phase voltages will 
be balanced, that is, they will be of generally the same magnitude. 
System planners, however, are discovering unbalances up to five percent 
are appearing on some 345 kV lines that have not been transposed. This 
problem has not yet reached the magnitude to influence the line ratings 
used in system planning studies. The problem is still one of design 
rather than planning. But it is being watched. 

INTERVIEW WITH AN EASTERN UTILITY PLANNER 

During a discussion of the reliability test rules used for trans
mission planning, two levels of tests were mentioned. The first was a 
contingency requirement that the system must pass without experiencing 
cascading outages, QUt may have some load interruptions. The second 
level is one that must be passed without load loss and includes single 
line outages, tower outages, and stuck-breaker ouiages. The stuck
breaker requirement causes us to put the breaker on the low side of 
transformers occasionally, or other design changes. 

Several layers of network studies are done by members of the power 
pool. For example, there was a USA study of coal by wire done about 
three years ago and repeated about a year and a half ago. This study 
used a representation of the United States of about 7,000 buses. Of 
course, even this size of representation still requir~d some network 
reduction and approximations. Then there were two-region studies look
ing about six months ahead. These studies identify weak spots in a 
transmission network and contingencies which will cause trouble or 
create these weak spots. There's no chance to change the network design 
at this point. These joint studies provide guidance for system opera
tion. 

Then about five years ahead we make joint regional studies. Also 
we'll study the utilities south of us in a different regional study. 
Ten year studies are made of our region going up to 1986. But only up 
to 1983 is very solid; beyond that the generation planning is very 
uncertain. 

In 1973 we were planning more than ten years ahead. But in 1974, 
as we began a new set of studies, the load forecasts began to change, 
generation plans were changed, and it became useless to continue the 
study for all the data assumptions were out of date. 
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INTERVIEW WITH SYSTEM PLANNERS FOR ONE UTILITY 
IN AN EAST CENTRAL POWER POOL 

In 1962, our company and our neighboring utility considered inter
connecting. We both computed our generation reserve requirement if we 
interconnected. We used the Halperin and Adler method (1958) developed 
at the Commonwealth Edison. Those 1962 probability studies convinced us 
that interconnecting our two companies would allow us to use larger 
units and at the same time reduce our reserve. The economies of scale 
were such that by adding 350 MW and 500 MW units, we could obtain lower 
dollars/kw for capacity and lower fuel cost requirements per KWHR of 
energy. These cost savings were in comparison to our 200 MW units then 
going into service. Four 138-kV lines were used to make the intercon
nection, giving us approximately 400 MW of capacity. 

We began alternating the .dates for unit installation. One company 
would own the generating plant and the other company would buy capacity 
for one year. Then the next year we would swap and our neighbor would 
own the power plant and we would buy capacity. This continued until 
1973. Now we have reached the unit sizes where each of us can plan our 
own generation and occasionally sell capacity to one another. The exact 
size and installation dates are coordinated with the power pool. 

The savings in generation installed costs more than justified the 
money for the transmission circuits. By 1970, our pool was in the midst 
of the Midwest interconnected system. We had signed agreements with our 
neighbors and built 345-kV circuits. The interconnections were sold on 
the basis of the benefits of reserve sharing between power pools but 
they paid for themselves with transmission cost savings when large power 
plants were located later along these same interconnections. These 
interconnections also allowed us to sell part of our pump-storage hydro 
capacity to a utility not directly connected to our power pool. We had 
to work out an agreement with our neighbors to pay for the cost of 
wheeling energy through their system. But it has a snowball effect, you 
can't plan interconnections alone, and once interconnected and adding 
power plants along the line, plus using the capacity to wheel power from 
a pump-storage plant, requires more interconnection.capacity to replace 
the emergency transfer capability being used for other functions. We 
now plan our entire power pool as just one component of the much larger 
reliability region. We can't just run power flow studies of our own 
pool, but must represent the electrical system outside our power pool 
extending many states away. 

These power flow calculations representing over 1000 buses are used 
to check both our internal system and tie capabilities to be sure we 
have our desired power import capability. Based on past experience, we 
have selected 20 percent as a desired import capability, that is 20 
percent of the total pool load. This is with emergency line ratings and 
with one line out of service. We also try to get 10 percent import 
capability when we have one line out of service and both circuits on a 
double circuit tower trip out. 
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We plan on this 20 percent import capability over interconnections, 
along with approximately 2Q percent of our load as generation reserve. 
This gives us approximately a 40 percent reserve margin on our system. 

The tight financial situation has caused us to re-evaluate our 
criteria and. consider living with lower import capabilities thah desired. 
For example, in 1978, we would like.to have 2400 MW import capability, 
but we may now have to live with 1800 MW, riding through one year with 
rather tight reserves. 

If we purchase generation capacity outside of the power pool, that 
capacity then has to be added to the transfer limit when we test our 
network with our power flow calculations. For example, if we want 2400 
MW of transfer capacity and we purchase 300 MW of. generation capacity 
from our neighbors outside the pool, then we would test our network for 
an import capability of 2700 MW. Power flow calculations are also made 
of the effects of power transfers in parallel to our power pool. For 
example, when the MAIN utilities were transferring power to New England, 
30 percent of the power transfer went through our system, although we 
were not in a direct line between parties selling and purchasing. The 
power losses in our system were increased due to this wheeling of power. 
We kept our net interchange at its desired value. For every extra 
megawatt that came into our system, we pushed an extra megawatt out 
toward New England, but because of losses, we had to put more energy 
into our system while these transfers were going on. The question of 
who to charge for wheeling, to make up the cost of the losses turned out 
to be too complex to solve, so we coulrln' t. rhr~rge for the wheeling 
losses. 

Wheeling costs are charged.when we purchase power from a utility on 
the other side of our neighbor and power flows in through him. Two
party agreements for importing power are quite common within the indus
try and now three-party agreements are beginning to be negotiated, 
setting up an agreement including wheeling charges for the utility in 
the middle. These agreements usually are made along the short path 
between origination and delivery of power. For yower exchanges you need 
both the interconnection and a contractual agreement, and in the past, 
engineers have worked out both the technical problems and the agreement. 

Some unusual situations may occur. You are only allowed to impor·t 
as much as the value of your interconnection even though very little 
power may flow on that particular interconnection when the .import occurs. 
Because of loop flows, the power may actually enter the system over 
other tie lines. 

Gathering the information for ac power flow calculations requires 
a major effort for our planners and for planners in every utility, even 

.though most of the data is the same as last year's studies in the region. 
We all submit data on the transmission circuits we plan to build or 
change in 1984, for example. One utility has agreed to gather all this 
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information and put it on their digital computer program to compute 
power flows; the transfer capabilities are· judged by studying thousands 
and thousands of different combinations of sales, generation dispatches, 
and loads. And there are several hundred different circuit loadings to 
look at. Distribution factors are used to track the megawatts of real 
power. Bus voltages are not computed when distribution factors are 

·used. Single line outages are taken, and many combinations of multipie 
li~e outages. Past experience guides the selection of the multiple line 
O¥tages to check. Then the outages are tabulated versus the transmis
sion lines selected to be monitored within the digital computer program. 
These lines being monitored are ones that have shown to be potential 
power bottlenecks in previous studies. Or, if there is any question, 
the line is monitored. 

We are always restudying the question, 11 what outages should be 
taken to simulate the many different transfers and creditable contingen
cies that might occur." For example, we might study a 4000 MW transfer 
between two power pools in the region. A bottleneck might show up in 
one area, not in our power pool, when we arc importing a significant but 
credible amount of power. There may also be a case where there will be 
a bottleneck in our system when our neighbors are importing large 
amounts of power. Both bottlenecks are fixed usually without any finan
cial exchange. 

There is a great deal of cooperation among all the system planners 
within the region to share information about where potetitial network 
problems may exist and some ways to fix them. We keep looking for the 
worst transfer case £rom the transmission network.point of view, the 
transfer which might likely occur, and will exceed the capacity of the 
proposed transmission network. With networks of nearly 10,000 circuits 
and 5,000 different locations, we have to rely·on experience and judge
ment to pick out ~hege cases: We are continually looking for cases that 
we might h,ve overlooked in the past. 

NEGOTIATIONS 

The one .company concept is· used for planning within the.pow~r·puol. 
Engineering determines the.best generation and transmission s~stem'orl'~ 
pool basis and then cost sharing is negotiated. Even the cost of 
interconnections to neighboring utilities is·shared between the pool 
members. Each c~st sharing agreement. ·may be different. · For example, 
with ties to one utility each of us pays for the coristruction in uur own 
service area. Ties to another power pool on the ·other side ~r~ shared 
on a fifty-fifty basis, no matter how much of the line is iri each ser
vice area. Thus, we have two types of agreements, different for the 
pools on either side. 

' . 
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Within the power pool w~ use a grid line concept, that is, each 
transmission line added for the benefit of the total pool will be paid 
for by all pool members. Those transmission circuits used only to serve 
local load will be paid for by the one utility. Of course, there are 
negotiations to determine which lines are local lines and which lines 
are grid lines. But it all balances out in our experience. One utility 
may use a grid line very heavily and get more than his fair share of 
benefits, but in a year or two, another utility may be the one to bene.fit 
most and so it all works out in the long run. 

Occasionally, experience shows that there is a need for a change in 
the split. We are continually wrestling with the question, "What is 
fair?". Right now our cost sharing is based on the summer and winter 
peaks of each company member. Some of the utilities have a rather sharp 
summer peak almost 20 percent higher than their winter peak, while 
others in the power pool experience nearly the same peak demand both 
summer and winter. We are in negotiations right now to modify the 
sharing formula. The benefits are such that we are certain we can reach 
some agreement. 

The large utilities in our pool brought with them benefits to the 
others as we pooled. We also have some small municipal utilities inside 
the pool area along with some co-ops. We have provided interconnections 
to several of the municipals ·and tie lin,es for wholesale power delivery 
to other municipals. The classification for interconnection or wholesale 
rate is generally based on whether the municipal or co-op has generation 
reserves and is likely to be able to assist the power pool should short
ages O<..:cur. If he can provide emergency capacity for other pool members, 
then he is allowed to buy energy at the intercotinection rate. If his 
generation is less than·his load, .then he is treated as a wholesale 
customer and buys at the wholesale power rate. Each utility must retain 
generation reserves to participate in the interconnection benefits. 

The negotiations for cost sharing between a small utility and the 
large power pool are.very difficult because the large pool r~ceives·very 
few benefits by having another small member join it. The small member, 
however, receives great benefits. We would like to split the cost on a 
benefit basis and the municipals and co-ops would like to split the cost 
on a fifty-fifty basis. We ultimately reach agreements, but there are 
some long negotiation periods. 

We are·now wheeling power for municipals that are interconnected. 
It is interruptable power, flowing only if the network has capacity to 
take it. The municipals are considering buying pQrt of a power plant 
owned by a neighboring utility and then our company will wheel power to 
the municipals. 

There are several rates for energy sales. The emergency rate is 
the cost of the power plus 10 percent. There is also a capacity charge. 
For example, for one hour the capacity charge might be one cent per kW. 
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For one day, it might be ten cents, and for one week fifty cents per KW. 
There is also an economy rate where power is exchanged between utilities, 
based on the incremental costs of the next fifty MW's of power in the 
two companies. For example, if our company could generate at 1 per unit 
and our neighbor can generate at 1.4 per unit, we would agree to sell 
power at 1.2 per unit, cost at the boundary of our service areas and 
including losses. 

There are also reserve power contracts for one week or longer. For 
periods longer than six months, we usually negotiate to try and arrive 
at a better rate. 

Interconnections require committees to coordinate the planning and 
operation of the syst~m. lrt our power pool, each utility meets separately 
with the municipals in its service area and only the major utilities 
meet together on a power pool basis. 

One of the benefits of interconnections is the opportunity to buy 
power from a neighbor's new generating units. In a particular case, we 
are buying power from two units of a utility not within our power pool. 
Our negotiations included both transmission and operation costs. We get 
energy only whep the units are running. We have made agreements to 
schedule generation maintenance for the benefits of both of us. Our 
pool peaks in the summer, while this utility has its peak in the winter 
season and maintenance will be scheduled recognizing. this fact. 

In addition to the pool committees, there are committees to coordi
nate the power pools within our reliability region. There is the long 
range planning committee, an operating committee made up of dispatchers, 
there is an administrative committee made up of the vice-presidents of 
utilities to negotiate the contracts and agree on expenditures. Then 
there is the executive committee made up of the presidents and the 
chairmen of the boards of the utilities. The interconnected system 
works together as one unit and .it takes a lot of work by coordination 
committees to make sure it is planned together and prepared for operation 
<is a.n. integrated system. 
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Appendix II 

NETWORK FLOW FOLLOWS ELECTRICAL LAWS RATHER THAN HUMAN DESIRES 

A ne~ way of thinking is necessary when considering electrical 
network planning because of the behavior of power flow. instead of 
delivering· ·the product by the most direct route- from manufacturing 
location to demand location, the electric power shipment will divide 
itself among all parallel routes. The amount of the division is deter
mined by the electrical properties of the network, tending to minimize 
power losses. (Electrical losses will be a minimum if the reactance-to
resistance ratios of the network branches are alike.) 

S~nce network flows play a major role in transmission and intercon
nection planning, the following example is meant to give the reader a 
feel for the behavior. From Figure II-1, contrast the situation of 100 
automobiles driving from Cleveland to Buffalo and the route chosen in 
delivering 100 megawatts from Cleveland to Buffalo. While the 100 auto 
drivers, wishing to minimize time and fuel consumption, would drive 
directly from Cleveland to Buffalo, the route of the 100 .MW of power is 
selected by the electrical constants of the two parallel paths. With 63 
MW flowing direct and 37 MW circulating by way of Pittsburgh, electrical 
losses are minimized. Note that at Cleveland the power flows are 63.5 
MW directly to Buffalo and 37.2 MW by way of Pittsburgh. The losses are 
0.7 MW. In contrast, all of the autos arrived. But all of the fuel did 
not arrive, just as all of the power sent was not received. 

The utility operators that were already delivering power from 
Pittsburgh to Buffalo or Cleveland to Pittsburgh, in our hypothetical 
example will be annoyed with the discovery of 37 MW on top of any power 
delivery they were already making. Or rather they would if they hadn't 
been studying situations just like this,for most of their professional 
life. Let's look more closely at a simultaneous use of a. network to 
highlight yet another unique behavior of electrical networks. Suppose a 
100 MW power delivery is scheduled from Cleveland to Pittsburgh and no 
other uses of the network are in progress. The power flow diagram for 
our hypothetical example might look like Figure II-2. Pittsburgh receives 
100 MW and Cleveland sends 100.7 MW, the 0.7 MW being the losses. The 
24 MW circulates around to Pittsburgh by way of Buffalo. Now we simul
tan·eously make two deliveries, both 100 MW and both from Cleveland, one 
to Buffalo and the other to Pittsburgh. Figure II-3 displays this 
result. Figure II-3 shows 87 and 13 MW arriving at Bufifalo, 113+ MW, 
meaning a little more than 113 MW arriving-at Pittsburgh anci 13+ MW 
leaving. The little extra are the losses between Pittsburgh and Buffalo. 
Cleveland is supplying 88.0 plus 114.3 equals 202.3 MW or power; the 2.3 
MW extra are losses in the delivery. 

Figure II-3 displays several very unusual facts that differentiate 
electrical networks from highway networks or telephone networks. First 
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more of the commodity power goes into the network than comes out. 
Second, relatively more losses occur because of the simultaneous power 
deliveries in the same direction. Compare 2.3 MW losses with simultane
ous deliveries, Figure II-3, with 0.7 + 0.7 = 1.4 MW losses with non-sim
ultaneous flows, Figure II-l and Figure II-2. Third, the deliveries do 
not take the direct paths from production to demand. If they had been 
autos instead of megawatts, the flow would be as in Figure II-4. Thus 
our common sense based on networks encountered every day does not pre
pare us to understand or predict how electrical networks hsould be 
planned or how they will function once constructed. 

Two other points need mentioning. How shall we estimate the amount 
of power that can be delivered to Pittsburgh and Buffalo from Cleveland. 
How should the cost of losses be assigned to the customers in Buffalo 
and Pittsburgh? 

Rating the power delivery capabiliti"es of a network is an important 
task in network planning but it is not straightforward. To illustrate, 
suppose each circuit in our hypothetical example is rated at 100 MW. A 
first glance at Figure II-5 would indicate that 200 MW is the transfer 
capability from Cleveland to the other two cities. But look back at 
Figure II-3, the power flows computed for such a transfer. The Cleve
land to Pittsburgh circuit is overloaded by 13 to 14,3 MW. Thus the 
transfer capability isn't 200 MW, the sum of the circuit capacities away 
from Cleveland. And if circuit outages are anticipated as they are in 
planning, than the transfer capability is 125 MW, the emergency rating 
of the network with one circuit not available. This intioduces a new 
topic which is discussed in detail in the chapter on Transmission Plan
ning. The point is, the network flow laws do not permit us to route 
power on an electric-power transmission network the way we might prefer: 
An interesting question to ponder at this point is which delivery caused 
the Cleveland to Pittsburgh overload? Figure II-2 shows tha.t a 100 MW 
delivery to Pittsburgh is not overloaded as long as Buffalo is not 
taking a delivery. While 100 MW to. Buffalo is within the ratings if 
Pittsburgh is not taking any delivery. And if these circuits are owned 
and operated by different organizations, each expecting to get its 100 
MW of delivery capability, we have the makings of a tough negotiation 
session as the Pittsburgh group tries to get the Buffalo megawatts off 
their circuit. Power companies have learned·to live with and work 
together to accommodate this perverse .behavior of electrical networks. 

Figures II-l through II-5 .have illustrated one factor that makes it 
hard to answer the simple question: ''How much power can you transfer 
east from Cleveland?". The flows don't necessarily go where the capac
ity is. Another factor is the simultaneous use of the network by all 
interconnected utilities. 

Loss allocation was also mentioned. The problem is that losses 
don't just increase as flows increase; instead they increase by quad
rupling each time the power flows double. This fact caused the losses 
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Figure II-4. Automobile traffic 100 cars from Cleveland 
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Pittsburgh 
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Figure II-5. Transmission circuit ratings for 
hypothetical example. Each cirGuit 
is capable of transferring 100 MW of 
electric power in either direction 



to vary as shown in Table Il-l for the three power delivery situations 
in Figure Il-l, II-2 and Il-3. Making the power deliveries simultane
ously has more than doubled the losses as Table Il-l displays. Compare 
the increase in losses with the more familiar highway tolls. If it 
costs 70c to drive to·Buffalo and 70¢ to drive to Pittsburgh, then 
simultaneous use of the higQway to· Buffalo and to Pittsburgh by two cars 
would cost $1.40, not $2.30, comparable to power losses. Losses are not 
in the realm of everyday experience, except for electric power system 
personnel, and special training is required to think about power sys
tems. 

TABLE Il-l 

COMPARISON OF LOSSES 

FOR HYPOTHETICAL EXAMPLE 

Delivery Losses 

100 MW Cleveland to Buffalo 0.7 MW 

100 MW Cleveland to Pittsburgh 0.7 MW 

100 MW to both Buffalo and Pittsburgh 2.3 MW 
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Appendix I II 

INTERCONNECTION FOR AREA BACKUP 

Area backup refers to supplying electric service during planned or 
unexpected line outages or local generation outages. The presence of an 
additional circuit also reduces power losses and voltage fluctuations. 

ALTERNATE SUPPLY ROUTE FOR CONTINGENCIES 

A frequent reason for an interconnection is contingency protection. 
The demand in an area will show signs of outgrowing its service capabil
ities. AC load flow calculations for a few years into the futu~e will 
show low v~ltages, overloaded equipment, and even the inability to 
supply demand. The area is next to the service territory of a neighbor
ing utility and a strong interconnection point is available. 

The following story· (based on Figure III-l) is typical of many 
interconnections for area backup. The significant factors are: 

Proximity 

The two service areas were next to one another allowing a lower 
cost transmission circuit than would have been possible otherwise. 

Energy. Available 

A generating station was located at the nearest ne·twork substation. 
And the neighbor was willing to trade energy for emergency purposes. 

Mutual Benefits 

Both utilities could identify benefits from the interconnection. 
One system could receive service during line outages and the other could 
stabilize its generating plant during line outages. 

Cost Sharing Agreement 

An agreement on the sharing of the costs and benefits was accom
plished by identifying two interconnections to be built at about -the 
same time with the benefi.ts to the two companies reversed. As a result, 
no financial transaction was necessary. 

Continuing Need to Negotiate 

Negotiation continues once an interconnection is established be
cause both systems are growing and changing. New problems dev~lop 
either on th interconnection or. when an event in one area, such as the 
outage of the Smith-Hill circuit, causes problems for the other system, 
the overload between· Smith and Hill. 
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Area Voltage Support 

An ~nterconnection into an area will bring some additional reactive 
power capability, which raises the voltage. Some of the voltage support 
comes from the capacitance of the line, especially significant at voltage 
levels of 345 kV and above. No interconnection has been justified by 
this benefit. It is a small additional benefit, quantifiable by the 
installed cost of capacitors which would be required. These savings, 
however, have never been known to justify a transmission line or inter
connection. 

AREA BACKUP EXAMPLE 

The following fictionalized story, based on several real-life 
situations, is told to highlight the benefits and consequences of inter
connection for area backup. 

The demand at the Valley Substation near the edge of our service 
area had grown to the point where more transmission capacity was needed, 
Figure III-1. The smaller, lower voltage circuits at Valley would soon 
be unable to supply the demand when the Webb to Valley circuit was out. 
A parallel circuit was considered from the Webb Substation east to 
Valley, 45 miles. The alternate selected was a 138-kV circuit between 
the Valley Substation and the Smith Power Plant of our neighboring 
utility. This would not be our first interconnection with our neighbor. 
The benefits and consequences we considered are listed in Table III-1. 

The 138-kV interconnection was only 25 miles in length, 20 miles 
shorter than parallelling the Webb to Valley circuit. Studies show that 
the voltage drops during various contingencies would be smaller using 
the two-way service to Valley from both Webb and Smith. With the tie in 
place, there would be opportunities to exchange economy energy to take 
advanLage of incremental cost differences between the systems. Also 
during a generating unit outage at Smith, some emergency power could be 
delivered to our neighbor. But the main reason for building the tie 
would be to provide emergency service during an outage of the Webb to 
Valley circuit. 

The several consequences due to interconnecting the two systems are 
shown in Table III-1. The construction and operating costs must be 
shared. One terminal and 15 miles of the transmission line would be in 
our service area while the remaining 10 miles and the other terminal 
would be in our neighbor's area. The cost sharing negotiations were 
complicated by both sides feeling that the other was getting the best of 
the bargain. 

The cost sharing negotiations ended with an agreement to put in two 
interconnections. Our neighbor was experiencing ·a similar situation at 
their Hill Substation, southeast of our Webb substation. So it was 
agreed to install both a Webb-Hill 138-kV circuit and a Valley-Smith 
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interconnections 
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TABLE III-1 · 

BENEFITS AND CONSEQUENCES OF AN ADDITIONAL INTERCONNECTION. 

BENEFITS 

1. Power will be available at Valley in case of emergencies. 

2. A 20-mile shorter 138-kV transmission line. 

3. Better voltage support at Valley than would be possible using 
a second line from Webb. 

4., OPJ?Ortuniti~$ to exchange economy energy. 

CONSEQUENCES 

1. Agreements for sharing the costs of circuit construction will be 
needed. 

2. The flows on the tie line will require monitoring for energy billing. 

3. Maintenance scheduling for the new line will have to be coordinated 
with the two dispatchers. 

4. Synchronizing-power will flow between the two systems, requiring a circuit 
rating larger than needed by the local service area. 

5. Further planning of the area will require coordinating meetings between 
the two companies. · 
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138-kV circuit and exchange no money. The·equipment in each service 
area would be built and owned by the company serving that area. 

Further agreements for energy transfers were needed. In this case, 
we agreed to repay energy with energy. Energy deliveries would be 
logged and each week, or as soon as possible, the log would be balanced 
to zero net interchange. No billing was expected to take place. 

Additional equipment would be necessary because this was an inter
connection and not an internal transmission line. The power flow on the 
circuit would have to be monitored and the data logged. Telephone 
equipment had already been installed so that both ·system dispatchers 
could communicate during emergenc~es and to improve operations. 

One more consequence of the interconnection would be the need to 
consult with our neighbor before scheduling circuit maintenance in the 
Webb-Valley area. If they happened to be planning maintenance on one of 
their circuits in the Hill-Smith area or on the Smith generating unit at 
the same time, we would have to negotiate a new schedule. And finally 
the further development of electric service in the area will require 
information exchanges and coordinating meetings. 

In spite of the_requirements for cost sharing agreements, additional 
equipment, and maintenance and planning co~rdination, the costs of 
interconnecting were 35 percent below the costs of the alternate choice 
of strengthening our own service areas. Therefore, the Valley to Smith. 
tie was committed, and a year later, its companion Webb-Hill circuit was 
installed. 

Service in the Webb-Smith area was improved to everyone's satisfac
tion. The energy transfers were balanced to zero every week or sooner. 
Occasionally a circuit would trip out, but the customers were unaffected. 
Even the sudden loss of the Smith 200 MW unit did not interrupt any 
customers or cause any equipment overloads. 

Now, several years later, the two 138-kV circuits into our Webb 
station overload when our neighbor's Smith-Hill circuit is on outage. 
These overloaded 138-kV circuits are internal to our system and therefore 
any strengthening of them, by paralleling with a third circuit for 
example, would normally be our expense. But an outage in ou~ neighbor's 
system is causing the problem. Is he leaning on our transmission capacity 
and not providing his fair share? Its time for another round of planning 
and negotiations. 
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Appendix IV 

NETWORK CAPACITY -- MEASUREMENT DIFFICULTIES 

SINGLE CIRCUIT 

What is the capacity of this single-circuit network (Figure 1), 140 
MW, 100 MW or zero? Line A to B is rated 100 MW normal, 125 MW for a 
long-term emergency, and 140 MW for a short-term emergency. 

Answer: "It all depends". The 100 MW rating was judged to be an 
economic loading, based on the losses which increase as the square of 
the power flow. But if A or B is short of power, 125 MW could be trans
ferred for a day. At 140 MW, heating causes increased conductor sag and 
some loss of conductor life. This loading should be used only for an 

·hour. 

When the circuit is open for any reason, however, maintenance or 
forced outage, no power may be transferred. Since a forced outage 
occurs once in every two lightning storms, occasionally during high 
winds, and may occur even on clear days, the reliable transfer capability 
of this single circuit is zero. The question comes down to: "What 
power· can be transmitted and not interrupt customers if a credible 
event, such as the loss of one circuit, takes place?" The answer is 
zero. 

DOUBLE CIRCUIT 

What is the capacity of this double-circuit network (Figure 2), 200 
MW, 125 MW, 75 MW, or zero? 

Again, the circuit ratings are 100 MW normal, 125 MW long term 
emergency, and 140 MW short-term emergency. 

Answer: The capacity is 125 MW during the outage of one line, 
therefore the rating is not higher than 125. MW. 

If there is a creditable contingency that will cause stability 
problem when one line is out of service, the rating then is reduced 
still further. For example, if the sudden loss of the largest unit in 
the receiving area causes power surges which trigger the relays to open 
the second circuit when. the loading is above 75 MW, then 75 MW is the 
capability of the network due to stability considerations. 

Or, if the two circuits are on the same right~of-way and experience 
has shown that weather, airplanes, or some other credible event could 
take out both circuits, then the network capacity for planning purposes 
is zero. 
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Figure IV-1. Single Circuit 

Figure IV-2. Double Circuit 
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SIMULTANEOUS NETWORK USE 

There is another difficulty 
simultaneous use of the network. 
Figure 3. 

in measuring network capability, the 
Take the three-area situation in 

Each circuit is rated as before, 100 MW normal, 125 MW long-term 
emergency, and 140 MW short-term emergency. 

What is the capacity of this network? 

Let's assume that the circuits are not on the same route and power 
surges from generators do not limit the'transfers so that we may replace 
Figure 3 with Figure 4. 

How much power can A transfer to B? 
How much power can B transfer to C? 
How much power. can A transfer to C? 

125 MW. 
125 MW. 
Cannot tell. 

The A to C transfer capability is complicated by the operation of 
B. If B is transferring 100 MW to C, then A can transfer only 25 MW to 
c. 

This inability to give one answer to a network capacity question is 
A. fundamental factqr in transmission planning. 

Without the ability to state the capacity of a network as a single 
number, there is no way to compare capacity to demand as there is in 
generation planning. 

The fundamental test for sufficient capacity is a set of extreme 
cases which stress the network. For example, we may project that in a 
certain future year the extreme transfers are those shown in Table I. 
(Losses and reactive power flows.have been ignored to illustrate the 
concept.) 

The network in Figure 3 is short of capacity during forecasted 
dispatch number 6. The shortage is 140 - 125 = 15 MW between areas B 
and C. 

Now comes the hard part. What is the likelihood of dispatch number 
6? Experience may indicate that heavy transfers into area B have been 
occurring and are increasing each year. Or dispatch 61may represent a 
"coal by wire" delivery which is expected to.happen only if an oil 
embargo occurs • 

. The usual utility policy is that no one shall be denied electricity 
during a credible occurrence. Therefore, the measurement of network 
capability comes down to defining credible power delivery situations. 
Credible power delivery dispatches are a fundamental factor in transmis
sion planning. 
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Fi.gnre TV-3. Three Areas ln Series 

Figure IV~4. Capacity Equivalent of 
Figure 3 



TABLE IV-I 

POWER FLOWS FOR VARIOUS DISPATCHES 

Generation-Load Power Flows 
Dispatch A B c A - B B - c 

1 80 -80 0 80 0 
2 90 0 -90 90 90 
3 75 -35 -40 75 40 
4 75 40 -115 75 115 
5 0 70 -70 0 70 
6 65 85 -140. 50 140* 

*Flow beyond 125 MW capacity 
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Appendix V 

This appendix contains two exakple questionnaires completed by 
utility system planners. They are included to illustrate the types of 
comments received. One questionnaire refers to a first interconnection 
between investor owned utilities. ·The second refers to an additional 
interconnection between a government owned utility and an investor owned 
utility. 
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Questionnaire Example #1 

INTERVIEW FORM 

ERDA CONTRACT E(49-18)-2147 

·Fa{; tors Affecting the Planning· of Interconnections . 

L.L. Garver 

Building 2, Room 646 

Electric Utility Systems Engineering Department 

General Electric Company 

Schenectady, New York 

October 26, 1976 

12345 

Your answers to the following questions will aid in idcntitying and 
ranking the factors that go into planning bulk-power transmission inter
connections. Interconnections in this case are circuits involving two 
or more companies. Use one study that you are now or were recently 
involved in, as the basis for selecting your answers to the following 
questions. 

A. Is the interconnection the first or an additional circuit between 
the two companies? .

7 
. · 7 , ) 

L~t-~ ((-1-_Z:C,·-«~<-v . ..---c://u:q. ~·1-~.~~i,-

B. Which of these types of interconnections seems to best fit this 
particular situation? 

1. Company to compnny within a pool~-pooling ~ontracts already 

existed . 

. ~ Company to company--special contracts required. 

3. Pool to pool within a NERC region. 

4. Pool to pool between NERC regions. 

5. Municipal to company. 

6. Co-op to company. 

7. Federal or state authority to company. 
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C. FACTORS INFLUENCING THE DECISION TO BUILD THIS INTERCONNECTION. 

Please rank the following factors by their importance to the de
cision to build this interconnection. Mark with a "$" those fac
tors which were quantified in dollar savings to just.ify the de...:' 
cision. If you can, also rank the factors from the viewpoint of 
the other party in the agreement. 

Ranking Criteria to Use 

A. A very important factor 
B. Important 
c. cu.timportant 
D. Not considered 

IMPORTANCE FACTORS THAT INFLUENCE THE INTERCONNECTION DECISION 

Ours Theirs 

_[} D 
LJ 0 
0 0 
D 0 
0 D 

fA /A 
LJ 0 
B B 
0 /} 

A A 

VA /A 
J7 0 
0 0 

VA J'l) 

c c 
,L7 j) 

0 /) 
~A. I' f) 

(J f) 

~' /I 

1. Summer/Winter Peak Load Diversity 

2. Daily Peak Diversity 

3. Generation Reserve May Be Reduced 

4. Larger Generation Units May Be Used 

5. Opportunity to Jointly Own a Generation Unit 

6. Diversify Energy Sources: Hydro, Coal Oil, Etc. 

7. A Source of Reactive Power 

8. Provide Transmission for Area Backup 

9. Provide Transmission Reserve for Generating Plant 

10. Provide Parallel Path Transmission Reserve 

11. Maintain or Increase Transfer Capability 

12. Loads with Special Features 

13. Les~ Generation Controller Activity 

14. Increased Capacity and Energy Purchases and Sales 

Opportunities 

15. Improve Service Quality, Stability 

16. Investment Cost Compared to Alternate Plans 

17. Operating Costs Compared to Alternate Plans 

18. Larger Operating Environment 

19. System Changes Need Coordination 

20. Larger Planning Environment 
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IMPORTANCE. 

Ours Theirs 

0 0 
/} j) 

0 p 

D p 

·D 0 

c_ c 
0 0 

.£1 p 
£} [} 

0 0 

0 0 
c c 
c c 
[} 0 
D 0 

p D 
]_7 0 
0 .0 

0 /) 

.r\ 8 

-

!] !3 
c c 
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21. :Larger 'organization for Coordination 

22. Performance Dependence on Others 

23. Uncertain of Neighbor's Actions 

24. Limitation of Management Actions 

25. Need to Negotiate Corrective Actions For Problems 

26. Mututal Trust Between Members 

27. D~(;i:5i01J.S by Committee llilther Than One Authority 

28.. Difficulty in Sharing Gonaration RQ&Iirvw Re!Ppon~:f.b:l.lHy 

29. Difficulty in Reaching Cost Sharing Agreements 

30, Different Operating Policies 

31. Past Coordination Experiences 

32. Financial Strength of Your Company 

33. Financial Strength of Neighbors 

34. State and Local Government Policies 

35. Federal Government Policies 

36. Environmental Laws 

37. National Defense 

38. Better Utilization of Nation's Resources 

39. Need to Open Lower kV Ties When Paralleling Higher 

kV Ties--Bottleneck Prevention 

40. Cost of Emergency Energy, e.g., Neighbor's High Cost

Oil Units 

41. Need to Justify Decision to Public Service Commission 

42. Need to Justify Construction at Local R-0-W Hearings 



D. SIZING AND USING THE INTERCONNECTION 

The interconnection size, meaning circuit voltage level and power 
carrying capability, is selected based on anticipated power trans
fers. Some transfers can be defined with relative certainty, e.g., 
due to contracts. Other transfer cases are used as extremes, an 
umbrella .to cover an infinite spectrum of possibilites. Please 
indicate the general categories of test cases to be used for power 
flow and stability calculations ·in selecting the size of the inter
connection in the previous questions. 

The uses of interconnections are different than those planned in 
the original justification •. In the second column, check the speci
fic uses of existing ties. Were these included in the umbrella 
cas~s, mentioned above, when these existing ties were planned? I = 
Included NI ; Not Included. 

Ranking Criteria to Use 

A. Always Considerd, how many tests? 
B. Usually Consjdered, how many tests? 
C. Seldom Considered 
D. Not Considered 

FACTORS THAT INFLUENCE THE SIZE AND USE OF INTERCONNECTIONS 

1. 

2. 

3. 

4. 

5. 

Peak Load, no outages, 1/year, !/season, 

!/month? 

Off-peak, no outages 1/year, !/season, 

!/month? 

Off-peak energy storage deliveries 

Times of area peaks but not system peak 

Economy energy transfers 

6. 

7. 

8. 

9. 

Planned equipment outages, e.g., 

maintenance 

Unplanned equipment outages 

Sudden loss of equipment 

Construction delays 

c 
AZO 
A zo 

·---!35 

c 
(J) -A z_ 
(j)AZ 
([}!JZ 

10. Fuel shortages A J- (J) !12 
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11. Higher demands than expected 

12. Regulating or synchronizing power flow 

13. Different voltage schedules 

14. Contracts for energy transfers 

15. Joint ownership of generating plants 

16. Circulating flow possibilites 

17. Third"-party deliveries across system 

18. Third-party deliveries in parallel with 

system 

Used 

For Planning 

c.z 
[J 
D 

A ltJ 

.0 

A!O 
,...t-1 ;o 
c ...., 

L 

Recent Uses 

in Operation 

(r) 
-
-· 
rr) 
-

( --) _L 
(J) 

(]_) 

E. Was a completely new contract negotiated or an existing contract 

modified for the interco~nection of questions A through ~? / 

JZc~v-- ~~LZvL~~/~~-~~ Z:C/ 

G. What alternatives to this interconnection were considered? What 
I 

was the basis of selection between alternatives, e.g., lower capi-

tal cost, lower pres~nt worth of future revenue requirements, 

government regul?ti.ons, etc?. . · -p,7 h-:~ --:rJ· /' 
/ -,-·· --7': .( ~L -<.:. I'-. L r-L- /i ?.· '-CJ' ' ::f- ;:_{. .. .-<'(..A_---t...~ L..:·~<L-'-~·~t..-(. _c:.(.J....(;"(:.l../. ~.,)::. t -:;.> , ·. z:·~ -./ . ' . d r:"-/". t:J-;( (..c.';-1' _.-/(._. .... -/~.(...~ --·U.A--; C..!.-- ·' :·' 

1--· /,{ __./(--e_.; '-~c f / . ~ _;:_ ~0· :.V.:._..e.: '- ~ c ~ r:r-L ___c/~T 
/ _..-C. . / \.....-(. ?....-( --- / ' '--<::.-i2- ::_..,. <--·c-c- .- .c~· ... -!. _.. . , _z:;-~-:.._r 

.·;;"' ~· ., /J "? ..., --i_~.C.?C.L.· ~/' ~---:_..c.~~U~? -~ . 
L,../(.. c ~~ .. - - ~_.-<.. ·--~ . 
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Questionnaire Example #2 

INTERVIEW FORM 

ERDA CONTRACT E(49-18)-2147 

Factors Affecting the Planning of Interconnections 

1.1. Garver 

Building 2, Room 646 

Electric Utility Systems Engineering Department 

General Electric Company 

Schenectady, New York 

October 26, 1976 

12345 

Your answers to the following questions will aid in identifying and 
ranking the factors that go into planning bulk-power transmission inter
connections. Interconnections in this case are circuits involving two 
or more companies •. Use one study that you are now or were recently 
involved in, as the basis for selecting your answers to the following 
questions. 

A. Is the interconnection the first or an additional circuit between 
the two companies? 

An additional circuit. 

B. Which of these types of interconnections seems to best fit this 
particular situation? 

1. 

2. 

3. 

4. 

5. 

6. 

XX 7. 

Company to company within a pool--pooling contracts already 

existed. 

Company to company--special contracts required. 

Pool to pool within a NERC region. 

Pool to pool between NERC regions.· 

Municipal to company. 

Co-op to company. 

Federal or state·authority to company. 
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C. FACTORS INFLUENCING THE DECISION TO BUILD THIS INTERCONNECTION. 

Please rank the following factors by their importance to the de
cision to build this interconnection; Mark.with a"$" those fac
tors which were quantified in dollar savi~gs to justify the de
C1S10n. If you can, also rank the factors from the viewpoint of 
the other party in the agreement. 

Ranking Criteria to Use 

A. A very important factor 
B. Important· 
C.f'tol-Important 
D. Not considered 

IMPORTANCE FACTORS THAT INFLUENCE THE INTERCONNECTION DECISION 

Ours Theirs 

c c 
D D 

c c 
D D 

D D 

c c 
c c 

$A :3A 

D D 

:!:-.A t.A 

A A 
c c 
D D 

B B 

B B 

$A $A 

$c $c 

D D 

? ? 

D D 
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2. Daily Peak Diversity 

3. Generation Reserve May Be Reduced 

4. Larger Generation Units May Be Used 

5. Opportunity to Jointly ~m a Generation Unit 

6. Diversify Energy.Sources: Hydro, CoalOil, Etc. 

7. A Source of Reactive Pm.;rer 

8. Provide Transmission for Area Backup 

9. Provide Transmission Reserve for Generating Plant 

10. Provide,Parallel Path Transmission Reserve 

11. Maintain or Increase Transfer Capability 

12. Loads with Special Features 

13. Less Generation Controller Activity 

14. Increased Capacity and Energy Purchases and Sales 

Opportunities 

15. Improve Service Quality, Stability 

16. Investment Cost Compared to Alternate Plans 

17. Operating Costs Compared to Alternate Plans 

18. Larger Operating Environment 

19. System Changes Need Coordination 

20. Larger Planning Environment 



IMPORTANCE 

Ours Theirs 

D D 

D - D 

D D 

D D 

B B 

? ? 

D D 

D D 

B B 

B B 

B B 

D D 

D D 

D D 

D D 

B B 

D D 

D D 

B B. 

D D 

D B 

B B 

21. Larger Organ~~ation for Coordination 

22. Performance Dependence on Oth~rs·. 

23.· Unc~rtain of Neighbor's Actions. 

24. Limitation of Management Actions 

25. Need to Negotiate Corrective Actions For Problems 

26. Mututal Trust Between Members 

27. Decisions by Committee ·Rather Than One Authority 

28. Difficulty in Sharing Generation Reserve Responsibility 

29. Difficulty in Reaching Cost Sharing Agreements 

30. Diff~rent Operating Policies 

31. Past Coordination Experiences 

32. Financial Strength of Your Company 

33. Financial Strength of Neighbors 

34. State and Local Government Policies 

35. Federal Government Policies 

36. Environmental Laws 

37. National Defense 

38. Better Utilization of Nation's Resources 

39. Need to Open Lower kV Ties When Paralleling Higher 

kV Ties--Bottleneck Prevention 

40. Cost of Emergency Energy, e.g., Neighbor's High Cost. 

Oil Units 

41. Need to Justify Decision to Public Service Commission 

42. Need to Justify Construction at Local R-0-W Hearings 
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D. SIZING AND USING THE INTERCONNECTION 

The interconnection size, meaning circuit voltage level and power 
carrying capability, is selected based on anticipated power trans
fers. Some transfers can be defined with relative certainty, e.g., 
due to contracts. Other transfer cases are used as extremes, an 
umbrella to cover an infinite spectrum of possibilites. Please 
indicate the general categories of test cases to be used for power 
flow and stability calculations in selecting the size of the inter
connection in the previous questions. 

The uses of interconnections are different.than those planned in 
the original justification. In the second column, check the speci
fic uses of existing ties. Were these included in the umbrell~ 
cases, mentioned above, when .these existing ties wer~ planned? I "" 
Included NI·= Not Included. 

Ranking Criteria to Uec 

A. Always Considerd, how many tests? 
B. Usually Considered, how many tests? 
C. Seldom Considered 
D. Not Considered 

FACTORS THAT INFLUENCE THE SIZE AND USE OF INTERCONNECTIONS 

Used Recent Uses 

1. Peak Load, no outages, !/year, 1/season, 

!/month? 

2. Off-peak, no outages 1/year, !/season, 

1/month? 

3. Off-peak energy storage deliveries 

4. Times of area peaks but not system peak 

5. Economy energy transfers 

6. Planned equipment outages, e.g., 

maintenance 

7. Unplanned equipment outages 

8. Sudden loss of equipment 

9. Construction delays 

10. Fuel shortages 
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For Planning in Operation 

A I 

B I 

D ···r 

c ·n 
D I 

A I 

A I 

A I 

A I 

c I 



Used Recent Uses 

For Planning in Operation 

11. Higher demands than expected 

12. Regulating or synchronizing power flow 

13. Different voltage schedules 

14. Contracts for energy transfers 

15. Joint ownership of generating plants 

16. Circulating flow possibilites 

17. Third-party deliveries across system 

18. Third-party deliveries in parallel with 

system 

A 

A 

A 

A 

D 

B 

B 

B 

E. Was a completely new~. contract negotiated or .an existing ·contract 

modified for the interconnection of questions A through C? 

Contract modified 

F. How was the timing of this interconnection adjusted to suit all 

parties? Did one party agree to pay fixed charges on the circuit 

for one or two years? 

I 

I 

I 

I 

.~.ri 

NI 

I 

I 

Mutual benefits in the same time frame, therefore agreement between 
parties as to timing. (In other cases one party ,n.n pay fixed charges 
for a period of time until benefits are mutual.) 

. G. What alternatives to this interconnection were considered? What 

was the basis of selection between alternatives, e.g., lower capi

tal cost, lower pres~nt worth of future revenue requirements, 

government regulations, etc? 

Each party providing additional facilities independently to strengthen 
transmission to its own load centers near the interface between systems. 
serection to construct interconnection based on :Lm-rer initial capital 
cost and lm·rer future revenue requirements. 
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GLOSSARY 

This Glossary provides practical definitions of terms appearing in 
this report. For further listings of terms and definitions, see: "IEEE 
Standard Definitions in Power Operations Terminology Including Terms for 
Reporting and Analyzing Outages of Electrical Transmission and Distribu-

. tion Facilities and Interruptions to Customer Service", IEEE Standard 
346-1973, and also, "Glossary of Electric Utility Terms", EEI Publica
tion 70-40, Edison Electric Institute, 90 Park Avenue, New York, New 
York, 10016. 

Base Load Generation 

Btu, British Thermal 
Unit 

Bus 

Capability 

CIGRE 

Circuit 

Circulating Power 

Combined Cycle Unit 

Control Area 

Coordination 

Generating units with the lowest economic costs 
which will be kept loaded in continuous service 
when not on maintenance. 

The standard unit of measuring the quantity 
of a fuel. One Btu will raise the temperature 
of one pound of water one degree Fahrenheit. 

An electrical conductor which serves as a 
common connection for two or more electrical 
circuits. These are located in substations and 
switch yards. 

The maximum load which a generating unit, 
transmission circuit or other equipment can 
carry under specific conditions for a given 
period of time without exceeding limits of 
temperature and stress. 

International Conference on High Tension Elec
tric Systems. 

A conductor of electric current. 

The multiple-path flow of power occurring 
naturally in electrical networks. Also called 
network loop flow. Power does not actually 
circulate within an electrical network. 

A combustion turbine in combination with a 
waste heat boiler allowing the high temperature 
exhaust from the combustion turbine to produce 
steam, increasing plant efficiency. 

Area of electric service controlled from a 
single dispatch center. 

Any joint action taken by two or more electric. 
utility systems to achieve desirable and useful 
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Coordination, Full 

Demand 

Dispatching 

Diversity Factor 

Diversity, Load 

ECAR 

Energy RequiremPnts 

ERCOT 

Fixed Charges 

Forced Outage 
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objectives which they cannot obtain indepen
dently. 

The means by which all systems within a region, 
to the extent technologically and economically 
feasible, can achieve increased power supply 
reliability and economy by jointly pl~nning and 
operating the combined resources to serve the 
combined loads and by exploiting all opportuni
ties for coordination with adjacent regions. · 
Page II-2-45 (FPC, 1970). 

Load integrated over a specified interval of 
time. 

The selection of th~ output levels for operat
ing generating units. 

The ratio of the sum of non-coincidenL maximum 
dema~ds of two or more loads to their maximum 
demand for the same period. 

The difference between the sum of the maximum 
of two or more individual loads and the coinci
dent or combined maximum load usually measured 
in kilowatts over a specific period of time. 

East Central Area Reliability Coordination 
Agreement. Utilities located in Illinois, 
Tndiana, Michigan, Ohio, West Virginia, parts 
of Kentucky, Pennsylvania, Vi rg·i n i_;,~ and Nary
land. 

The electric energy requiremeuLs of a system 
including losses are (l) the net generation of 
a system, plus (2) the energy received from 
others, less (3) the energy delivered to other 
systems for resale. 

Electric Reliability Council of Texas. 

As used in cost studies, this term refers to 
annual costs attached to the ownership of 
property such as depreciation, taxes, insurance, 
cost of money and in some instances, rents, 
general and administrative expenses and rieces
sary regular maintenance. 

The occurrence of a component failure or other 
condition which requires that a generating unit 



Forced Outage Rate 

Generating Cap~city 

Generating Mix · 

Gigawatthour 

Gross Generation 

GWh 

Heat Rate, Net 

lEE 

IEEE . 

~ntegrated Operation 

'· 

or other major equipment be removed from ser
vice immediately. 

The factor determined by dividing the time in 
hours during which·a generating unit or other 
major equipment is unavailable due to a forced 
outage (forced outage hours) by the sum of the 
number of hours th~ .unit was actually operated 
(servic~ hours) and the forced outage hours. 

Gr6ss pow~~·gener~ted minus power used for 
plant auxiliaries. 

A gro~p of generating units obtaining their · 
energy requirements from various types of 
sources .. 

On~ m{ilion kilow~tthours. 

The total amount of electric power produced by 
a generating unit or a generating plant as 
measured at the generator terminals. 

Abbreviation fo.r "gigawatthour". 

A measur'e of generating station thermal effi
ciency, generally expressed in BTU per net 
kilowatthour. It is computed by dividing the 
total BTU content of fuel burned for electric 
generation by the resulting net kilowatthour 
generation. 

Institute of Electrical Engineers, Great Bri
tain. 

Institute of Electrical and Electronic Engi
neers, U.S.A. 

The operation of interconnected utilities from 
a central ~ispatch center without regard to 
ownership of generating units or transmission 
circuits. 

Ina.dvertent intercha!lge . The diffe.rence. between net actual interchange 
between two utilities and net scheduied inter
change, over a specified time interval. 

Intermediate Range Unit A generating unit that is normally operated to 
provide power for loads between base load and 
peak load levels. 
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Interconnection 

Kilo-Volt 

Ki.lowatthour 

kV 

kWh 

Lead Time 

Load 

Load Factor 

Loop F~ow: 

Loss Formula 

MAAC 

MAIN 

MARCA 

Margin 

G-4 

Transmission circuits between facilities owned 
by two separate utility companies. 

"1000 volts". One volt is the unit of electro
motive force which, if steadily applied to a 
circuit having a resistance of one ohm, will 
produce a current of one ampere. 

The basic unit of electric energy equal to one 
kilowatt of power supplied to or taken from an 
electric circuit steadily for one hour. 

Abbreviation for "Kilo-Volt". 

Abbreviation for "Kilowatthour". 

The period of time between the initiation of a 
facility and the commercial operating datP nf 
that. facility. 

The electric power used by devices connected to 
afr electrical generating system. 

The ratio of the average load in kilowaLts, 
.supplied during a designated period, to the 
peak or maximum load in kilowatts occurring in 
that. period. 

·Network loop flow, see Circulating Flow. 

.i •. 

A mathematical relation between generation 
outputs and the power losses in the transmis
sion network . 

Mid-Atlantic Area Council. Utilities in Dela
ware, New JersPy and portionc of Maryland a11d 

Pennsy 1 vania; · · 

Mid-America Interpool Network. Utilities in 
.portiqns of ·Wisconsin, Illinois,· Upper :~fichigan 
and. Missouri. 

' I •' ~ 

Mid-Continent.Area Reliability Coordination 
Agreement. Utilities in Iowa, Manitoba (Cana

. da), Minn~.sqta, Nor,t,h Dakota,· and por.t.ions ·of: 
Montana,· .Neb,r:as.ka, South Dakota, and Wisconsin. 

The different between net system capability and 
.maximum .lo~d ;·. See Reserve.: Capacity . 
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Megawatt 

Megawatthour 

MMBTU 

MVA 

MW 

. MWh 

NAPSIC 

NERC 

Net Generation 

NPCC 

Output 

Peaking Generation 

Peak Load 

Power 

Power Pool 

"1000 kilowatts". One kilowatt equals 1000 
watts. One watt is the electrical unit of 
power or rate of doing work equivalent to one 
ampere flowing under a pressure of one volt at 
unity power factor. 

"1000 kilowatthours". One kilowatthour is 
equal to one kilowatt of power supplied to or 
taken from an electric circuit steadily for one 
hour. 

Abbreviation for "one million British thermal 
units". 

Abbreviation for "Mega-volt amperes". 

Abbreviation for "megawatt". 

Abbreviation for "megawatthour" . 

North American Power Systems Interconnection 
Committee.· 

National·Electric Reliability Council, Research 
Park, Terhune Rl, Princeton, New Jersey. 

Gross ·generation less the power used in operat
ing the. power plant, i.e., the usable power 
leaving the ~enetatirig unit. 

Northeast Power Coordinating Council. Utili
ties in New England, New York and Ontario, 
Canada. 

The amount of electric energy delivered by a · 
generating ·unit, station or system. 

Gen~ration which is normally designed for use 
during the maximum load period of a designated 
time interval. 

The greatest of all demands of the load under 
consideration, which occurred during the pre
scribed period of time. 

The rate (in kilowatts) of generating, trans
ferring, ;or using energy. 

A group of p·ower systems operating as ·an inter
connected system and po~ling their resources: 
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Power Transfer 
Capability 

Pumped Hydro 

Reactive Power 

Reserve Capacity 

Regulating Power 

Reserve Margin 

Right-of-Way (R-0-W) 

Sch~duling 

GERC 

Spinning Reserve 

SPP 

Substation 
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The maximum power which a transmission inter
face can carry under specified conditions for a 
given time interval without exceeding approved 
limits of temperature, capacity of associated 
equipment system stability, and other factors. 

A hydro-electric plant which utilizes an ar
rangement wherP.by electric energy is generated 
for peak load use by utilizing water pumped 
into a storage reservoir during off-peak cost 
hours. 

Power to create electric and magnetic fields, 
e~pecially iequired by electric motors. 

The difference beteween net system capability 
and system maximum load requirements. It is 
the margin of capability available to provide 
·for scL~Juled Maintenance, emergency outages, 
system operaling requirements and .unforeseen 
loads. · 

The power flow required to maintain synchron
ized operation within the power system. 

The diffetence betweeri net system capability 
and system maximum load requirement. 

Corridor of land available through easement or 
fee ownership utilized by an electric utility 
system for its distribution or transmission 
facilities. 

The selection u£ Lhe generating units to oper
ate. 

Southeast Electric Reliability Council. Utili
tie~ in Tennessee, Georgia, Alabama, Florida, 
North and South Carolina and portions of Mis
sissippi and Virginia. 

Generating units connected to the bus and ready 
to take load. 

Southwest Power ·Pool. Utilities in Arkansas, 
Louisiana, Kansas, Oklahoma, and portions of 
Mississippi, Missouri, New Mexico and Texas. 

A switch-yard with transmission circuits, 
switching devices, circuit breakers and trans
formers connected to electrical bus~s. 



Synchronized Operation 

Synchronizing Power 

Transmission Interface 

Tripout 

Transmission System 

Voltage 

Wheeling 

wscc 

Electrical facilities connected and controlled 
to operate at the same frequency. 

The power flow required to bring and maintain 
two or more generating units in synchronized 
operation. 

One or more transmission circuits which are 
identified to measure power flows into or out 
of an area. 

The interruption of a power flow on a circuit 
or of the output from a generating unit. 

An interconnected group of electric transmis
sion lines and associated equipment for the 
movement or transfer of electric en~rgy in bulk 
between points of supply and points for deliv
ery. 

The voltage of a circuit in an electric system 
is the electric pressure of that circuit mea
sured in volts. In a three-phase system, it is 
generally expressed in terms of the voltage 
between phase conductors. 

Power transfers using an intervening system's 
transmission facilities. 

Western Systems Coordinating Council. Utili
ties in California, Oregon, Washington, Idaho, 
Utah, Arizona, Nevada, Colorado and portions of 
Montana, New Mexico, Texas and British Columbia. 
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Actions, planning, 2-16 
Active power, 2-3 
Adequacy of transmission, 5-10 
Analytical procedures, generation, 

4-94, 5-35 
Annual costs, generation, 4-62 
Annual costs, transmission, 5-33 
Adaptability, 5-12 
Adequacy, system, 5-10 
Alternate plans, 3-85, 5-12 
Annual peak demand, 2-10, 4-16 
Area backup, transmission, S-4, 

3-10, 3-41, 3-53, 3-87, 3-89, 
I-6, III-1 

Assistance policies, 4-32 

Base load capacity, 2-10 
Balance of generation-transmission 

capacity, 2-20 
Budget constraints, 3-32 
Bulk power system, definition, 2-6 

Capacitor planning, I-3 
Capacity limits, 5-24 
Capacity measurement, 4-22, 5-10, 

IV-1 
Capital shortages, I-3 
Carrying charges, 3-29, 4-57 
Changes to transmission system, 5-45 

5-51 

INDEX 

Characteristics of power systems, 3-12 
Charges for sales, I-21 
Circulating power flows, 3-4, 3-18, 

3-30, 3-41, 3-76, 3-84, I-5, I-9, 
I-12, 1-19, Il-l 

Closing an interconnection, I-4 
Committee decisi~ns, 3-69 
Confidence in forecasts, 4-6 
Conceptual planning, 5-34 
Consequences of postponing 

facilities, I-16 
Constraints, 2-35 
Construction justification, 3-78, 

3-89 
Contingency planning, 4-103 
Contracts for energy and capacity, 

3-83, 4-6, 4-23, 5-7 

Contracts, see interconnection con
tracts 

Contracts, sale & purchase, 3-41, 
4-32 

Control, generation, 3-57 
Coordination, 3-20, 3-65 
Coordination agreements, 3~25, 3-27, 

3-31, 3~33, 4-6, 4-ll, 4-13 
Coordination areas, 5-7 
-Coordination experiences, 3-72 
Coordination of maintenance, 3-33 
Coordination of new facilities, 3-33 
Coordinated Planning, I-4, I-10, I-13, 

I-18, I-22, 
Cost criteria, 2-35 
Cost, emergency energy, 3-39, 3-77 
Cost evaluation of transmission, 5-32, 

5-49 
Cost, generation, 4-ll, 4-55 
Costs, generation-interconnection 

planning, 4-55, 4-97 
Cost history, 4-57 
Cost, interconnection, 3-25, 3-27 
Costs, investment, 3-5, 3-60, 3-87, 

3-89 
Cosl uf Lapital, 4-57 
Costs, operating or production, S-5, 

3-63, 3-87, 3-89 
Cost projections, 4-57 
Cost, reliability tradeoff, 2-37, 

I-1 
Cost, typical generation plant, 4-61 
Cost sharing, 3-29, 3-70 · 
Cost sharing, interconnection, 3-85, 

I-9, I-12, I-13, I-20, III-2 
Costs, site related, 4-57 
Credible outages (see test cases) 
Criteria for acceptance, 2-35, 5-12 
Current, 2-3 

Daily peak diversity, 3-39 
Data gathering, I-19 
Decision by committee, 3-69 
Decisions, pianning, 2-7 
Decision analysis, 2-43 
Defense, nationa, 3-76 
Deferred taxes, 4~61 



Delays in installation, power 
deliveries due to, 3-81 

Demand diversity, 3-6 
Demand forecast, power and energy, 

4-13, 4-32, 5-18 
Demand growth, 2-35 
Demand, historical at generators and 

substations, 4-16 
Demand, magnitude and sequence, 4-16 
Demand, power flows due to higher, 

3-82 
Demand uncertainty, magnitude and 

sequence, 4-16 to 18, 4-20 
Dependence on others, 3-67 
DeprPr.iat tion rulco; 4 .. 5 7 
Depreciation expense, 4-61 
Dispatching, 4-93 
Disturbances, system-wide, 3-16 
Diversity, 2-5 
lliversity, daily peak, J-39, 3~49 
DivPrsity, demand; 3-6 
Diversity, energy sources, 3-10, 

3-39, 3-53 
Diversity, generation outage, 3-6, 

3-39 
Diversity, peak load, 3-49 
Dynamics of planning, 2-21 
Dynamics, system, 5-60 

Earnings, 4-61 
Economic activity, affect on demand, 

4-16, 4-21 
Economy of scale, 4-57 
Economy power, 3-41, 3-79, I-7 
Electric energy characteristics, 

3-15 
Emergency energy cost, 3-77, 
Em~rgency operating procedures, 3-33, 

4-51 
Emergencies outside service area, 

3-33 
Emergency power, 3-30, 3-41 
Energy, amount and sequence, 4-16 
Energy benefits of interconnection, 

I-3 
Energy capability of generators, 

4-23, 4-29 
Energy, commercial, 4-16 

Energy components, 2-2 
Energy in nuclear core, 4-23, 4-29 
Energy, industrial, 4-16 
Energy, residential, 4-16 
Energy sales contracts, 4-16 
Energy source diversification, 3-53 
Energy storage plants, 2-5, 4-23, 

4-29 
Energy, uncontrolled arrival, 4-23, 

4-29 
Environmental laws, 3-36, 3-75, 3-89 
Environmental protection equipment, 

4-57 
Events, larger set, 3-~3 
Existing system, 2-35 
Expandability planning, 4-95, 4-103 
Experience in selecting tests~ 5-16 
Experience, planning, 2-27, 2-43 
Experience with coordination, ~-11 

facility decision dates, 2-29 
Factors, fundamental, 2-34, 3-23, 

4-10, 5-8 
Factor trees, introduction, 3-27 
Faster solutions, 2-44 
Federal regulations, 3-36 
Financial capability, 3-25, 3-27, 

3-31, 3-32, 3-72 
Financial limits, 4-11, 4-13, 4-95, 

I-10, 1-14 
Financial strength, 3-72 
Flexibility, I-1, I-2 
Flow scheduling, I-6 
Forecasts, 4-63 
Forecasts for planning, 2-24 
Forecasts of economic activity, 4-16, 

4-21 
Forecasts of electricity prices and 

elasticity, 4-16 
Forecasts of weather extremes, 4-16 
Frequency, electrical, 2-3 
Frequency regulation, I-4 
Fuel availabilities, J-25, 3-27, 3-38 
Fuel shortages, power deliveries due 

to, 3-82 
Fuel types, 4-11, 4-13, 4-5 7, 4-95 
Future benefits and present decisions, 

4-6 



Future possible additions, 2-35 
Future transmission facilities, 5-64 

Generation capacity, 4-22, 4-32, 4-43, 
4-63 

Generation, capacity limited, 4-63, 
4-67 

Generation changes for transmission, 
5-58 

Generation, shared control, 3-57 
Generation, description, 4-65 
Generation, existing & future, 3-29, 

4-23, 5-5 
Generation, energy limited, 4-63, 

4-72, 4-74, 4-76 
Generation, larger units, 3-52 
Generation mix; 2-10, 4-99 
Generation owned, 4-6 
Generation planning, 2-9, 2-17, 3-30, 

3-39, 4-2, 4-10,·4-93 
Generation planning matrix, 2-38 
Generation reliability, 3-30, 4-12 
Generation reliability analysis, 

factors, 4-35 
Generation reserve, S-4, 2-12, 3-6, 

3-39, 3-50, 3-69, 3-87, 4-31 
Generation size effects, 3-8 
Generation system, existing ~ future, 

4-13' 4-14 
Generation-transmission, differences, 

2-18 
Generation-transmission planning, 

5-58, 5-70 
Government policy uncertainty, 3-36 
Government regulation, 2-44, 3-25, 

3-27, 3-35, 3-36, 4-ll, 4~13, 
4-95, 4-102 

Hearings, 3-36, I-l 
Horizon-year goal, 5-46 
Hydro reservoir plants, 4-23, 4-29 
Hydro scheduling, 4-83 

Immature interconnections, I-5, I-8, 
I-10 

Imports, contracts and economy, 3-30 
Inflation, 3-29, 4-57 
Income tax laws, 4-57 

Incremental costs of generation, 4-68 
Input/output, generation, 4-68 
Installation dates, 4-23, 4-57 
Installation lead times, 4-6 
Installed costs, generation, 4-56 
Intangibles, 4-95, 4-106 
Integrated generation planning, 4-8 
Interchange, power, 3-2 
Interconnected network capability, 

3-30 
Interconnection agreements, see 

contracts 
.Interconnection, alternatives to, 

3-85 
Interconnection and generation reserves, 

3-6, 4-31 
Interconnection, capacity needs, 3-16 
Interconnection characteristics, 3-18 
Interconnection contracts (agreements), 

3-85, 4-94, 4-102, I-7 
Interconnection decision, 3-27, 3-48, 

I-10 
Interconnection, definition, S-2, 3-2 
Interconnection, economy energy, 4-23 
Interconnection, emergency capacity 

help, 4-23 
Interconnections, existing and future, 

4-n, 4-14 
Interconnection factors, 3-23 
Interconnection inputs/outputs, 5-18 
Interconnection planning matrix, 2-41 
Interconnection planning, introduction, 

2-12 
Interconnection planning, 3-27, 3-48, 

I-10 
Interconnection questionnaire, 3-40, 

3-44 to 47 
Interconnection services, 3-20 
Interconnections, sizing, 3-78 
Interconnection types, 3-42 
Interconnection uses, 3-78 
Interviews, I-l to 22 
Intuition, 2-43 
Investment costs, S-3, S-7, 3-29, 

3-60, 3-87, 3-89, 4-55, 4-57 
Investment tax credit, 4-61 



Jointly owned generation, 3-39, 3-41, 
3-52, 3-83, 4~6, 4-57,1-22 

Judgement, planning, 2-43 
Justifying an int~rconnection, 3-78, 

I-3 
Lead times for new plants, 2-29, 

4-23, 4-31 
Leasing of facilities, 4-57 
Legal actions, 3-36 
Life expectancy, new plants, 4-6, 

4-23, 4-57 
Load diversity, 3-30, 3-39 
Load following capability, 4-14, 4-99 
Load growth, 3-29 
Load growth cap1bility of gener~ting 

system, 4-43 
Load-sharing between generators, 3-18 
Loads with special features, 3-57 
Loop flows, 3-4 
Loss allocation, I-19, TT-3 
Losses during wheeling, I-19 
Losses, powe~, 3-29, 4-16, 4-32, 4-79 
Loss-of-load probability method, 4-39 

Maintenance schedules, 4-16, 4-26, 
4-38, 4-63, 4-81, 4-82 

Management action limitations, 3-68 
Management by committee, 3-33 
Manpower, 5-12 
Market for energy increased, 3-58, 

3-87, 3-89 
Mature interconnection, I-5, I-8, 

I-10 
Metering power flows, I-6 
Mid-Range capacity, 2-10 
Minimum acceptable return, 4-57 
Mix of gene~~tion, j-10, 4-99 
Multi-area reliability studies, 4-5, 

4-41 
Multiple purposes of interconnection, 

I-16 
Mutual trust, S-4, 3-33, 3-68, 3-87 

National defense, 3-36, 3-76 
Need for capacity, 3-30 
Negotiation, 3-33, 3-68, III-1 
Neighbor's actions, uncertainty, 3-68 

Neighbor's plans, 3-30 
Network capacity, IV-1 
Network loop flows, 3-4, II-1 
Operating costs, S-4, 3-29, 3-63, 

3-87, 4-62 
Operating environment, 3-33, 3-63 
Operating philosophy, I-4 
Operating policy, 3-33, 3-72, 4-63, 

4-81 
Operating study of transmission, I-1 
Operation considerations, 2-21, 4-99 
Organization for coordination, 3-66 
Organization size, 3-33 
Outage diversity, 3-6 
Outages, tlass1fying forced and 

planned, 4-27 
Outages, power deliveries during, 

3-80 
Ownership, j~int, 3-52 

Performance characteristics, 3-18 
Performance expected, 5-12 
Peak load sequence, 4-28 
Peaking capacity, 2-10 
Phase-angle control , 5-59 
Planning agreements, 5-7 
Planning actions, 2-15 
Planning activities in one year, 2-22 
Planning coordination, 3-33 
Planning, dynamjcs of, S-1, 2-21 
Planning environment, 3-65 
Planning factors, fundamental, 2-34 
Planning, initiating, 2-12 
Planning; major questions, 2-14 
Planning, preparation for, 2-22 
Planning process, 2-6, 2-23 
Planning questions, 2-35, 3-23 
Plans, generation-interconnection, 

4-94 
Policies, federal, 3-74 
Policies, state and local, 3-74 
Political inputs, I-1 
Power capability of· generators, 4-23 
Power delivery requirements, S-6 
Power flow studies, 5-38, II-1 
Power flow control, I-4 
Power generation at buses, 5-18 



Power interchanges, 3-2 
Power losses, see losses 
Power transfer capability, S-3, 3-55, 

3-87, 3-89, 4-32 
Power transfer limits, 5-46 
Power transfer requirements, 3-41, 

. 4-112 
Power transfers, third-party, 3-84 
Production costs, S-4, 4-55, 4-63 
Property taxes, 4-57 
Public acceptance, 2-43; 4-95, 4-lOi 
Public pressure, S-2, 2-44, 3-25, 

3-27, 3-31, 4-ll, 4-13 . 
Public service commission, 3-77, 3-89 
Pumped-storage hydro plants, 4-23, 

4-29, 4-87 . 
Purchase and sales opportunity, S-3, 

3-29, 3-39, 4-63, 4-78 

Quantifying planning, difficulty, 
2-43 

Questions, planning, 2-14, 3-23 
Questionnaire participants, 3-43 
Questionnaire summary, 3-86, V-1 

Rates for sales, I-21 
Rating a network, II-3, IV-1 
Rating of transmission facilities, 

I-15, I-16 
Reactive power, 2-3,· 3-53 
Reactive power supply, 3-41, 5-59 
Recovery from blackout, 5-62 
Regulations, 2-37, 3-74, 3-77, see 

also government regulation 
Regulating-power flow, 3-82, I-4 
Reliability and adequacy of trans-

mission,· 5-10 
Reliability and costs, 2-37 
Reliability criteria, 2-35, 4-39 
Reliability, generation, 4-ll, 4-39 
Reliability in generation-intercon-

nection planning, 4-95, 4-97 
Reliability, interconnection,· 3-25, 

4-31 
·Reliability measures, 4-39, 5-23 
Reliability, sensitivty to neighbor's 

actions, 4-50 

Reliability studies, 4-39, 4-63 
Research·needs, S-7, 2-44, 4-112, 

5-71 
Reserve benefits of diversity, 3-39 
Reserve benefit of interconnections, 

4-45 . 
Reserve components, generation, 4-33 
Reserve, factors increasing need for, 

4-37 
Reserve, generation with interconnec-

tions, 4-36 
Reserve, parallel transmission, 3-41 
Reserve reductions, I-15 
Reserve rules compared, 4-39 
Reserve sharing, generation, 3-69 
Reserve, transmission, 3-10 
Res~rve transmission at generation, 

3-41, 3-54, 3-87 
Reserve transmission, parallel path, 

3-54, 3-87, 3-89 
Resource utilization, 3-76 
Retirement dispersion, 4-57 
Retirement dates, 4-23 
Retur·n to investors, acceptable, 4-5 7 
Route selection, transmission, 5-63 

Sales and purchase opp~tunities, S-3, 
3-29 

Salvage, 4-57 
Scope of study, 4-5, 4-31, 5~ 
Seasonal peak demands, 4-16 
Selecting a risk level, 4-39 
Selecting transmission alternative, 

5-69 
Selection of system tests, 5-14 
Selling power in an interconnection, 

I-5 
Sensitivity to uncertainties, 4-14 
Service l.mproved, stability, 3-60, 

3-87, 3-89 
Service territory, 4-6 
Sharing, reserves, 3-69 
Sharing costs, see cost shiring 
Short-circuit studies, 5-41 
Single-area generation assumption, 

4-7 
Siting, generation, 4-23, 4-106 



Size-type correlation, generation, 
4-58 

Sources of funds, 4-61 
Spare parts inventory, 4-26 
Spinning reserve policies, 4-90 
Stability, S-3, 3-18, 4-14, 5-29, 5-38 
Stability improved by interconnec.t.ion, 

3-41, 3-60, 3-87, 3-89 
Stability, power flows, 3-30, 3-41 
State taxes, 4-57 
State regulations, 3-36 
Steady-state consideration, 5-29 
Storage, power deliveries for, 2-5, 

3-79 
St.uc:Ji.ps anc:l an::~ lyti.ciit.l procedurec, 

5-34, 5-43 
Study experience, 4-6 
Studies, repetition, 2-31 
Study scope; 2-24 
Studies, types of, 2-25, 4-97, 5-35, 

5-43 
Substation planning, 5-52 
Synchronizing power flow, 3-41, .I-5 
System scope for interconnection 

study, 4-31; 4-32 
System size for coordination, 3-33 

Teamwork, I-9, I-20, I-22 
Test cases, 3-78, 5-14, I-5, I-13, 

l-20, IV-3 
Tests of networks, 5-14, I-2, T-17 
Three-party contracts, I-9, I-19 
Tie line power control, 3-33 
tie line power deliveries, 3-2, 3-33 
Ties, free flowing, 3-4 
Ties, mnlt.iplP 7 3-4 
Ties, opening lower kV, 3-76, I-9 
Ties to neighbors, possible, 4-6 
Time frame of study, generation, 

4-6, 5-7 
Time span, 2-24 
Timing interconnection installation, 

3-85 
Total installed capacity, 2-10 

Transfer capability, 3-54, 3-78, 5-46, 
I-8, I-12 

Transformer planning, 5-62 
Transmission deficiencies, 5-26 
Transmission as interconnections, 3-12 
Transmission losses, 4-63, 4-80 
Transmission planning, 2-ll, 2-17, 

3-29, 3-30, 3-40, 5-2 
Transmission planning, interconnec-

tion influences, 3-40, 3-41, 4-76 
Transmission planning matrix, 2~39 
Transmission reliability, 3-30, 5-10 
Transmission reserves, S-1. 3-10, 

3-53, 5-24 
T1.·austnission, Lypes of, 8.-/, 3-10, 

5-51, 5-64 
Two-area generation assumption, 4-7 
Type-size correlation, generation 1 

4-58 

Uncertainties, S-2, 2-ll, 2-44, 5-12, 
5-49 

Uncertainty, government policies, 
3-36 

Uncertainty not in reserve calcula7 
tion, 4-35 

Uncertainty of neighbor's actions, 
3-33, 3-68 

Unit commitment, 4-82, 4-87 
Unit load-growth value, 4-49 
Unit size, 3-39, 4-57 

Voltage, 2-3 
Voltage collapse, 3-20, 5-49 
Voltage level, selection,.5-53 
Voltdge limits, 5-49 
Voltage problems, 1~3, III-2 
Voltage schedules, 3-83 
Voltage stability, 3-20 

Weather affect on demand, 4-16, 4-21 
Wheeling power, 3-12, 3-30, I-10, 

I-19, I-21 

Zoning regulations, 3-36 



DISCUSSION 

W. J. Cloues, Philadelphia Electric Company. Add as a research need, 
page 2-44: National Needs - There is ne~d to (1) define national. 
objectives which might be met by installing generation and/or trans
mission over and above that justified economically by local inter
connected utilities, (2) study and determine the type of electrical 
facilities required to meet these national objectives, and (3) conduct 
cost-benefit analyses of the resulting electrical plans. 




