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ABSTRACT

At present, the North American electric udlity industry is undergoing fndamental changes
that will effect the means by which revenues are generated. One of the revenue streams that

will gain imp is the ion line tariff. Re-regulation in this industry will

some means for

ing the ions made by each system generato to
the toral power flow in the transmission system in order to approximate the tariff coss in
advance. The existing literarure dealing with tariff rate design presents only the traditional
methods for atributing the current in transmission lines to their sources. One such method
is the procedure of performing successive load flow seudies. This thesis discusses some of

the proposed toll schemes and presents a I derivation for ing the

total power flow in a ission line into i to contributing

generators. The method is based on the use of the inverse admittance matrix for a system

configuration and the results from load flow solutions. It has been successfully applied to a
modified standard IEEE 14 bus system in an effort to evaluate its suitability for application
to the many proposed taziff schemes that apportion the cost of the physical plant berween
users. The simulations produce satisfactory results and indicate that this simplified method

is suited to the

of the costing methodologies anticipated under the emerging

deregulation regime. For its application, the proposed method requires only one load flow



solution for the operating point and configuration in question. The technique can be easily

incorporated into system planning software as an important fearure.
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CHAPTER 1
ELECTRIC UTILITY REGULATORY ISSUES

1.0 INTRODUCTION

Competition in the electrical utlity industry is quickly becoming common place world wide.
From its origins in Chile in the late 1970’s and The United Kingdom in the early 1980’, to
its present implementation in North America, regulatory bodies in Canada and the United
States aze presently revisiting the concept of  vertically integrated electric ulity industry
and its suitability for providing electrical energy services to customers. The attempts at
policy reshaping are being initiated to determine if greater economic efficiencies, customer
savings and accountability can be achieved at this point in the evolution of this 225 billion
dollar a year North American business. Conventional wisdom dictates that these objectives
can be achieved.

At present, electric utlities receive a monopoly franchise for the generation, transmission
and distribution of electricity, with a guaranteed rate of return to the investors, in exchange

for 1 commitment ot “obligation to serve” the customers reliably within its service



territory, at regulated rates. The opinion of many s that separate generating, transmitting
and distributing sectors of the industry can esist independently to foster wholesale and
retail competition within the generation and sales sectors of the industry. Simply put, what
is needed is a fnctional and financial unbundling of the present systems and services.

Under an structure the ission and will exist, to

provide the physical assets required for the desired competition to take place. The

introduction of fundamental market place concepts will require that the energy generating

companies be able to reach the through the ission and distribution links,
in 2 non discriminating, open access manner. This access will be achieved through the use
of some form of tariff . This tariff will be required to permit the recovery of the already
expended capital investments in the transmission system while at the same time send the
proper economic signals to the participants in order to obtain the required investments for
future expansion.

The objective of the research presented in this thesis is to deal mainly with this subject of
wheeling cost allocation, It discusses the different mechanisms available for charging for
the use of transmission faciliies by third parties, and presents a mathematical derivation,
based on the inverse Jacobian matrix present in a de-coupled load flow study, to estimate
the use of a transmission facility by a generator. The derivation outlined is applied to a
number of load flow solutions in an effort to calculate the contribution of each generator’s
output to the total flow in each transmission line of the system. In addition, this thesis

discusses the more probable structure of the industry in the future and the new role of its



participants in an effort to illustrate the requirement for the flow based types of
compensation schemes.

1.1 REGULATORY HISTORY

The electic udlity industry has historically been d as a regulated

poly system.
The structural center of this system has been the distribution leve! franchise which was
provided an exclusive service territory, in which the companies wee given the right and
obligation to service all retail customers. Each company’s need to ensure an adequate supply

of energy to meet its I

jgations extended the ity to the ion supplies and the
transmission systems needed for the delivery of this energy. The monopoly franchising
structure was enacted 50 3s to enable highly capital intensive utllities the opportunity to raise
the financing needed for projects and to spread out the recovery of these costs over a 30 ot
40 year period with the guarantee of a stable customer base.

In the United States this monopoly structure remained undil the late 1970's. At that time the
Public Utlities Regulatory Policy Act (PURPA ,1978) of the U.S. increased the U.S. federal
government’s involvement in the electrical industry in an effort to encourage the generation
of electricity from waste fuels, waste steam and renewable sources, and to promote  the
utllization of steam from generation for other purposes. Energy produced by such means
was requited to be purchased by public utlities at avoided costs, in an effort to limit the
country’s reliance on foreign oil. PURPA (1978) was drafted after the o crisis of the mid
1970's. As a result of the opportunities provided by PURPA, and in combination with
advancements in natural gas fueled combined cycle generation technology, industries in

some states determined that it was beneficial to by-pass electric utilties and generate their



own electricity. (At this time industries were witnessing substantial increases in industrial
electrical rates. From 1970 to 1985 industrial prices increased by 86%, and residential prices
increased by 25%, after adjusting for inflation 1] ).

Based partly on the success of PURPA and the influence of the Independent Power
Producers (IPP’S) which flourished as a result of PURPA, revisions to the Energy Policy
Act (EPA) of the United States (Oct, 24, 1992) were undertaken to strongly encourage aa
increase in the competition for the wholesale distribution of electricity. This increase in
competition was achieved by increasing the authority of the Federal Energy Regulatory
Commission (FERC). This increase in authority permitted FERC to order transmitting
utlities to provide wholesale transmission setvices to agencies generating clectricity for sale
or resale [2]. At that point in time many very large electricity consumers, hence employers,
were threatening to move out of their present states, and into states which could supply
lower cost energy. These employers demanded access to lower cost supplies from other
states through their elected state representatives. (Average udlity rates range from 3to §
cents per kWh in the northwest to 9 to 11 cents per kWh in California [1] ). Some of the
cost differences which existed from state to state were the result of cost based
compensation schemes which enticed certain udlities to over invest in generating assets,
particularly nuclear sources. Poor business philosophies developed from the credo “the
meters will go around” and other personal opportunities that present themselves in a non-
competitive culture, also attzibuted to price variance. The need to modify the powers of

FERC was necessitated by the Public Utilities Holding Company Act (PUHCA) of 1935.



The PUHCA limited the ability of 2 company to acquire geographically distant udliry assets
through holding companies, thereby limiting a holding company’s influence to 2 single state.
The holding act was necessary because in 1932 about one half of the investor owned udlity
market was controlled by three holding companies.

As a result of these regional price diffecences FERC issued thee Notices OF Proposed Rule
making (NOPR), two on March 29, 1995 and another on December 13, 1995. The
Commission then held extensive hearings into the transmission of electric energy under its
authority to regulate industry wide interstate commerce and its authority to remedy undue
discrimination as geanted by section 205 2ad 206 of the Federal Power Act (FPA), [1]. Asa
result of these hearings FERC has published two final rulings contemporaneously on April
24,1996, that have fundamentally changed the electric uility industry in the Unied States
and, without direct authority, in Canada as well. These final rulings are FERC order number
888 [1], which contains both the final rule on open access and the final rule on stranded
cost and FERC 889 [3], which contains the final rule on an open access same-time
information system, (OASIS). These 3 interrelated final rulings are designed to remove
impediments to the wholesale trade of electricity, and to give the industry new direction and
operating guidelines, in an effort to reduce customer costs. As a result of consolidating and
streamlining operations, FERC estimates that the benefits from these rulings to be $38 to
$5.4 billion per year in the US in cost savings. Non-quantifiable benefits that include better
use of existing resources, anticipated technical and market innovations, and less geographical

rate distortions are additional benefits [1].



1.2 FEDERAL ENERGY REGULATORY COMMISSION RULE 888

The Federal Energy Regulatory Commission (FERC) ruling 888 is exhaustive by way of
including the arguments for and against the policy changes directed toward a re-regulated
industry, and as well, the commission’s decisions on each policy. Only five of the many
aspects which effect  re-regulation and which are most relevant  to this thesis will be
mentioned.

1.21 Open Access

The legal and policy cornerstone of these final rulings is the ability to remedy undue

in access to the owned ission systems that control whether
and to whom electricity can be wheeled. The remedy is mandated open access, a
prescription that involves wheeling. There are many definitions for wheeling. Simply put,
wheeling is basically the transfer of electrical energy by a transmission or distribution
owning utllity for other buers and sellers. In the past, if wheeling was done, it was
generally done on a voluntary and goodwill basis enacted with a simple compensation

scheme. The final rule now requires public utlities, which have facilities which could be

used for the trade of electricity in interstate to file a single

open access tariff. The tariff is to offer both network load based service, and contract point-
to-point service, to third party users of the system such as Independent Power Producers
(IPP's), energy maketers, and competing utlliies. Under this new system, a transmitting
uility’s native load is to be treated no differently then that of a third party generator. The
commission acknowledges a lack of market power for generators by recognizing that

transmission services remain a natural monopoly due to economies of scale and that unduly



discriminatory and anti-competitive practices exist today in the electric industry. The
commission expects that this open access rule will provide those customers who are

presently captive to a single supplier, the ability to obtain less expensive energy.

STRANDED COSTS

There are many definitions for stranded costs as it applies to electric utilities in a re-
regulated environment. Basically stranded costs are all legitimate, prudently incurred and
verifiable investments made by an electric energy provider in physical assets, binding power
purchase contracts, and long term fuel purchase contracts, which were entered into in
order to fulfilltheir regulatory obligations and which would have been recoverable but for
the implementation of competition, and which as a result of this regulatory change, cannot
be reasonably recovered. When a udlity sels its facilities, or cancels contracts, the difference
between the book value and the proceeds of the sale is considered the stranded cost. The
final rule provides a formula for calculating the stranded costs based on a revenues lost
approach.

The commission discusses numerous scenarios that could produce stranded investments in
an industry undergoing a transition from a regulated to competitive market place. Most of

the issioner’s relate to the portion of the industry. The

commission’s conclusion on stranded costs is highlighted in the following quote from the
final rule. * We reaffirm our preliminary determination that the recovery of legitimate,
prudent and verifiable stranded costs should be allowed” [ 1]. The justification for their

position on guaranteeing investments takes its lead from the US President’s economic



report of February 1996. The relevant portion of interest in the economic report compates
the rates of return for regulated and free market companies in good and bad economic
times. The economic report makes  case for allowing udlities o recover stranded costs
whete these costs arise from after-the-fact changes in regulatory philosophy. The recovery
of these charges may come about through the implementation of 2 competitive transidon

charge to all customers or through the application of exit fees to specific customers.

1.2.3 RECIPROCITY

While the Commission has no authority to order private utlities to open up their
transmission lines indiscriminately to third party suppliers, the commission has instiruted a
provision where by any private utllity which wishes to avail of the wheeling opportuniies
presented to them by public udlities must themselves provide public ulities with services
equivalent to those which they are providing to themselves in a nondiscriminatory manner.
Itis this provision which ultimately effects the electric udlity industry in Canada. An excerpt
from the final rule states;

The posturing of Ontario hydro before the U.S.
zegulators pleading for open access and non-
discriminatory transmission treatment - even for
extra-territorial entities, should be met with 2 strong

ceply that such provisions should also be afforded
transmission dependent entities on the Canadian side
of the border. Ontasio Hydro’s aggressive pursuit of
U.S. market opportunities while the posturing of
Ontario Hydro before U.S. simultaneously blochng
competitors through the control of their transmission
assets can not be ignored [1].

For this to occut in Canada the language, in what is expected to be chapter 12 of Canada's



Internal Trade Agreement which will deal with inter-provincial wheeling, will have to

resemble the reciprocity provision of FERC 888 in the U.S.

1.2.4 FLOW BASED PRICING VERSES CONTRACT PATH PRICING

The suitability of contract path pricing and flow based pricing for transmission customers
in a re-regulated industry, s discussed in final rule [1]. The commission states that they will
not require flow based pricing at the time the final rule is issued because the introduction of
such a requirement could delay the change towards re-regulation. The commission,
however, does conclude that the long standing use of contract path pricing for determining
wheeling tasiffs does not adequately reflect the use of the transmission system by
generating companies, and as a result does not conform to economic theory regarding
generation siting and efficient use of resources. In an cffort to more adequately reflect the
use of capacity costs which was requested by the participants in the hearing, the commission

endorses the development of flow based pricing methodologies so as to eventually

p proven methodologies. The ission final report states “..We wish to

emphasize ... we are not endorsing the traditional contract path approach as the_only
available approach. . .but need to see better developed approaches from the industry before
we can consider generic adoption of alternative pricing” [ 1].

The commission recognizes the need for flow based pricing schemes and that further

development of these schemes is needed before their implementation.

125 INDEPENDENT SYSTEM OPERATORS
Independent System Operators (ISO) are fully regulated, independent corporate entities,
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which are formed to manage the interconnected transmission systems of numerous utilities
for the benefit of all potential transmission users and not only to the benefit of the owners
of the physical plant. In addition to the day-to-day operation of such things as real and
reactive load balancing, restoration, back-up / spinning reserve, and encrgy dispatch, the

function of the ISO is to notify system users of things such as avallable capacity, required

security ints, etc. The ission concludes that functional
unbundling of wholesale services is necessary to implement nondiscriminatory open

transmission access and that corporate unbundling should not be required, and hence are

not i ivestit by the ittis 1 utlities. In ing this move
to functional unbundling, the commission recognizes that an ISO could play an important
role in the competitive bulk power markets. The commission has issued codes of conduct
by which the operational unbundling of utilties, through ISOs, should operate to provide
wholesale buyers and sellers access to electric power, if an ISO should choose to be
constructed. The objective is to regulate the monopolistic portion of the industry while
permitting competition to take place in the other sectors. The basic underlying principle of
ISO operation is the complete removal of the ISOs daily operation from the uility
companies from which the ISO was constructed. Control room personnel and
management are to have no financial interests i, or aze not to be influenced by, any of the
utilities for which the transmission infrastructure is being operated. The ISOs are to have
business strategies and goals which address the needs for nondiscriminatory electricity

transport.
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FERC’S recommendations and determinations on these and other important issues will be

the blue prints by which industry management, and its engineers, are required to function.
1.3 FUTURE STRUCTURE

Based on the rulings of FERC 888 and the recommendations contained within, it is

inevitable that the structure of the industry is going to have to change to accommodate the
ruling. In some US states it has already changed. The greatest influence of the FERC ruling
with respect to re-structuring, comes from its requirement to force utilities that have

and distribution facilites to i unbundle the

assets from those of the ission and distribution it in order to provide
electrical customers with nondiscriminatory access to electrical generation. The Electrical

Power Act (EPA) makes no distinction between the ission and the di

faciliies in terms of their wheeling potential [2]).

131 GENERATION SECTOR

The generation sector will be the first sector in the industry to fully feel the effect of market
place forces. The traditional use of cost based revenues will be abandoned for revenues
generated from auctions and spot pricing. This change will create enormous stranded costs.
This fundamental change in the way revenues are generated will force the generating utlities
to entertain innovative mechanisms for marketing their product and for limiting financial
rsks. Market strategies, developed from the use of financial instruments common in the
equity and bond markets, such as options , forward contracts, futures and interruptible

services ( from both the supply and demand sides), will be available to provide economic
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incentives to the market participants who can strategically use their flexibility in generation
and consumption patterns to provide immediate economic gains and hedges against
market risks. References [4-8] deal with issues related to market clearing prices, bidding and
contract concepts.

It is expected that the majority of contzacts undertaken in the proposed structure will be
multlateral, although bilateral contracts will exist as well. The exchange of these contracts is
expected to be facilitated through the construction of power exchanges, (similar to 2
commodities exchange), in association with the ISOs. The bids are expected to include such
things as amount of energy, peak demand, duration, delivery and receipt points, frmness,
price, etc. Generators and customers will provide closed bids electronically, reference [3],
and the lowest priced generators will be matched to the highest paying customers subject to

system constraints.

1.32 TRANSMISSION SECTOR
Based on the Federal Energy G ission’s requi and on the

of industry participants in the de-regulation hearing, it appears as though the functional
unbundling requested to manage the transmission assets, will come about through the
creation of Independent System Operators (ISOs). To function properly ISOs will require
the operational unbundling of existing utlities. The likelihood of the existence of ISOs was
anicipated by the commissioners who as a result, have proposed guide lines for their
creation. ISOs are an advancement in the concept of the power pools, and Regional

Transmission Groups (RTGs), which are present in different parts of North America.
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Transmission line owning ucilities will hand over the operation of their transmitting assets to
the independent system operator.

In a transmission industry structured around ISOs and competitve bidding processes, the
ISOs , in close association with the power exchange, will permit the execution of

generation-customer contracts, based on line availability, frequency control, voltage stability,

and other security ins. From an engineering perspective this could be seen as the
new form of economic dispatch. In order to ensure system security, in a structure such as
this, the ISO will have to manage the production resources required to maintain the reactive
and real power needed by the system itself as result of the underlying physics associated
with supporting an electriciy transportation system. This system support will be achieved
by guaranteeing black start capacity, quick start and spinning reserves and by calling for
amounts of reactive power from locationally selective suppliess. These system requirements
will be called for by the ISO for its own use, and will most likely be achieved through the
use of auctions. Having first satisfied these requirements, the IO will then will have to
direct and divert real energy throughout the system, without prejudice, to accommodate the
sell and buy matches. It is from  this random and selective wheeling of real energy over the
transmission lines that transmission owners will seek compensation for the use of their
physical assets. In a phrase, “the flow of dollars will have to follow the flow of electrons”. It

is the need, the ways, and the means for ing this comp ion to the

owning utilities for the use of their lines which this thesis is interested in. The added

production expenses associated with line losses and reactie power requirements will be



touched on.

1.3.3 DISTRIBUTION SECTOR

[t is inevitable that retail competition will follow wholesale competition. Retail competition
has already been implemented as test studies in some US states, and full customer choice
will be implemented in a number of US states in January 1998. An industry where a
residential customer negotiates directly for his/her power needs, or does so through a
broker, will initiate changes to the distribution portion of the industry, Distribution
companies will sdll act as servicing companies and will be expected to provide and maintain
the physical infrastructure for delivering energy. They will be compensated for this effort
through regulators based on investment costs and associated expenses. However,
distribution companies will as well resemble power marketers with corporate objectives
different from that of the regulated portion of the distribution industry. One of the major
differences between the old form of the distribution industry and the new form will be the
fact that energy consumers will now be looked upon as “customers” as opposed to rate
payers. To attract and maintain these customers different customer service and marketing
strategies will be attempted to manage this relationship. Marketers from the distribution
utllities will enhance their product with promotions such as appliances, and cellular phones,
or will bundle their energy sale with remote control of heaters, real time biling to provide
off peak rates, and other services, as provided through an alliance with communications
companies. The sale of ‘green power’, generated from environmentally friendly sources will

be promoted. Electric bills which highlight the cost of the supply from the generator, and
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the cost of transportation from the ission and distributi ies are expected

to be common place.
This dual role of the distribution companies will require the separation of business activities
and financial records.

The remaining chapters of this thesis consist of re-regulaion issues associated with the costs
of the transmission infrastructure.

Chapter two deals with the wheeling cost allocation schemes that are under consideration
for allocating the costs of the physical transmission plant berween users. This chapter
presents a critical discussion of the literature dealing with this topic.

Chapter three contains the factors. The

factor is derived.

In chapter four, the modified IEEE 14 bus sample power system has been successfully
simulaed in order to determine the suitability of the proposed generalized participation
factors.

The conclusions, summary and suggestions for future works are outlined in chapter 5.



CHAPTER 2
WHEELING COST ALLOCATION SCHEMES AND PRICING

2.0 INTRODUCTION

The present and long established means for calculati for wheeling

transactions has been the contract path method [1]. This method is often referred to as the

fictitious contract path. In the anticipation of the more numerous and complex wheeling

transactions that will result from a competiti i utility
are not expected to be satisfied with this approach as a method for calculating the rental
costs for energy space on the transmission lines for which they ate financially responsible.

As pointed out earlier, the Federal Energy Regulatory Commission (FERC) has ized

this ing and has d the development of other costing schemes to more

accurately reflect the use of a transmission system. The capital cost of the physical

‘making up the ission system, and its associated protection and control
quip are the greatest comp of the total ission costs. These costs, once
g are independent of network operation. This chapter outlines some of the

methods under consideration for allocating these costs between system users, and evaluates

their positive points as well as short comings by way of a critical review of the present cost



and pricing literature.
All the methodologies discussed will be those methods which are appropriate tools for

analyzing the costs associated with firm ions. Firm ions are that class of

transactions for which the wheeling utlity commits to having sufficient reserved capacity
available to transmit the peak power agreed upon, either between the designated sending
and receiving busses, o on the network as a whole, which ever the contract specifies. This
class of power is distinguished from non-firm contracts which are more optimally dsiven.
This concept is fundamentally similar to the distinction between firm and non firm power
sales.

The costs to be analyzed are those costs associated with the construction and operation of
the transmission network. To create an indication of what is being discussed, the literature
generally separates the cost of electricity transmission into the following three groups:

1) Existing system costs: The cost of the existing transmission system is the cost
associated with the investment made in building and the expenses incurred in
maintaining the present transmission system. These costs have been incurred,
and the question becomes how to allocate these costs among transmission users
[9]. Shirmohammadi in reference [10], refers to this group of expenses as
embedded costs, presumably because they are prevalent in embedded cost

analysis. These are listed as follows;

« return on the transmission rate base; money to pay for the long
term debt, borrowed to install the plant,

= depreciation of transmission facilities, return of investment,

+ operation and mai hardware
repairs etc.,

s taxes; propesty, federal ,provincial, differed,

« administrative and general expenses; engineering, transportation,
environmental, etc.

The detailed list is avaiable in reference [11]. Traditionally, utlities rolled all their
and distrbution costs into one financial report. These past
repom will now require dissection to determine appropriate transmission costs, in
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order to prevent cross subsidization between different sectors of the company, and

to calculate any stranded investments in a particular sector, and as well, to make any

economic decisions.

2) System operating costs: The operating costs of a transmission transaction are
the production ( primarly fuel) costs that a udlity incurs in order to
accommodate the transaction [9). They result from changes in;

= costofline losses, I* R,

s cost of rescheduling caused by line loading constraints and bus
voltage limits,

«  cost of re-dispatch associated with start up time and spinning
reserve, unit commitment,

«  additional operation and maintenance.
Happ in reference [2] refers to these functions as ancillary services and adds,
«  frequency regulation,
«  back up support to the source of the wheel.

To the above list Wollenbeg in [11] refers to these types of costs as “marginal
costs”, presumably because these types of expenses are analyzed in marginal cost
analysis. Happ in [11] refers to these costs as both “production” and “operating
costs”.

3) Reinforcement costs: Reinforcement costs are those transmission infrastructure
costs incurred to increase the capacity of the system to accommodate the
wheeling transaction. These as well can be credits for delaying or avoiding
reinforcements [9,11]. The needed reinforcements, and associated capital costs,
are determined through the application of traditional least cost tansmission
expansion methodologies based on expected load growth and geographical
position. Generation costs to provide Var support are not included here.

The costs listed above are quoted on an annual basis in this thesis to maintain simpliciy in
the analogies. However, in reality for a transmission udility, the original up front costs of
construction have to be translated into an annual revenue requirement to determine the

yeadly income required to compensate the creditors for the money borrowed over the life

of the project. This calculation of annual revenues involves accounting considerations  that



spread the cost of construction out over a 30 or 40 year period, calculate interest on the
money borrowed, depreciate the value of the installed plant over its life, account for
inflation, as well as other financial issues. This is done to establish the connection berween
the present worth of the installed plant, and the price the users of the system must pay in
every year of the systems life, in order to make the investment profitable.

2.1 DISCUSSION OF TERMINOLOGY

The treatment and calculations, as applied to costs and pricing in the literature, can be
confusing if critical attention is not given to the headings, and subheadings, under which the
costs, ase discussed. As written by Shirmohammadi in [12], “For 4 technical review of cost
based pricing, the distinction berween transmission prices and costs becomes very difficult
and confusing. This is particularly true when we discuss the incremental transmission pricing
methodologies and may explain much of the confusion in the existing literature on costs
and prices”. Ifa reader is keenly aware of the context and headings in which costs are
discussed the reader will find that, with very few exceptions, each papes produces the same
information, and the same results, the difference is mainly in the approach to the
presentations taken by the authors, and the use of words such as “costs” and
“methodology”.

Shirmohammadi and Happ [11,12] both address the problem of terminology by imposing a
distinction berween costs and price. For these two authors “costs” are considered as the
components of the system, which when put together, wil create a “price”, which the
wheeling utility will charge. These two authors structure their papers by defining prices and
then break these prices down into sub components called costs. Other authors introduce

their discussion by outlining costs and then build these costs into a price, without making
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the distinction between costs and price[13). As well, some authors use the same or similar
word to describe two different concepts. In [9], under the heading of ‘existing system costs’,
Shirmohammadi states that ..... this method is known as the “postage stamp” or the
“rolled-in” method”. Depending on the definition the reader could think that these two
terms are one in the same. However in [12] this same auchor classifies “postage stamp
methodology” as a sub classification of the “rolled-in Transmission paradigm”. This can be
confusing. On the same topic in reference [11] the author uses a classification called
“Rolled-in-embedded Method” under which he says “ the rolled-in method assumes that
the entire transmission system is used in wheeling irrespective of the actual transmission
facilities that carry the wheel... Which is the reason that this method is also called the
postage stamp method. The embedded capital costs correspondingly reflect the entire
system”. This is a litele different from those in reference [12]. In reference (14] the author,
under the heading of “embedded methods”, states “....Allocation methodologies differ on
their definition and measure of this “extent of use”. They can be classified as load flow
based methods and rolled-in methods the main short comings of the latter methods ( such
as postage stamp and contract path)...” . What the author is saying here is that the contract
path method is a rolled-in method, as is the postage stamp method, however contract path
pricing is not, according to the definition quoted from reference(11]. The reason is that the
contract path does not assume the use of the entire system in the transaction, however it
could be if the definition in reference [12] s followed. This analysis may seem trivial,
however it can be very confusing, as the differences are subtle. The best approach when

reading the literature is to look past the definitions and at the ing philosophy of the

discussion.
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‘Thete are other examples of these sorts of loose definitions in the literature. To establish 3
standard by which to explain the different cost methodologies, and to avoid confusion in

this thesis, this author will use a distinction which is used by Shirmohammadi and Happ in

most of their publications. Prices and price dologies will be calculated based on the
costs ot the cost methodologies (allocators ) used. The cost methodologies will be allocators
for dividing up the cost of the system between users. Price methodologies will be the way
the costs are combined and strucrured to establish price.

2.2 PREMISE
To evaluate the different cost and pricing methodologies a standard ot criteria has to be

established by which to make judgments. Based on the final ruling FERC 888 [1], the

following two issues will be the criteria for making evaluations.

221 INDUSTRY STRUCTURE
In FERC 888 [1] the commission indicates that there will be no competition in the

transmission component of the industry. Their argument is that sufficient economies of
scale are present in the transmission system, from which natural monopolies develop.
Statements similar to the previous are found in other papers [15,16]. Because there will be
0 competition, for now, market based, or value based rates will not be considered. Prices
based on supply and demand for transmission services where transmission customers will
pay based on what they feel itis worth to them, will not be discussed, simply because the
transmission customer will have no other source from which to shop for services. To that
end, the long established custom of cost based pricing will continue in this sector of the

industry in the near future.
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2.2.2 STRANDED COSTS
In final ruling 888 [1], FERC has stated that all verifiable costs will be recovered. With this
concept in mind it will be required that the costs of the transmission network be recovered
from the users of the network to prevent any cross subsidization from other parts of the
utlity industry or from outside sources, and to ensure that the transmission network
receives sufficient revenue to pay for the plant installed, the maintenance associated with it,
and return on investment.
2.3 PRICING SCHEMES

As pointed out eaclier, the groupings, structure, and terminology presented in the papers is
not consistent. However, pricing methodologies, can be broken down into three major
groups. Happ in reference [11] breaks them down in the following two groups:

1) embedded cost of wheeling methods,

2) long run incremental cost of wheeling methods.
In reference {17] he adds the following to the above list:

3) short run marginal cost methods.
Shirmohammadi, in reference [12], breaks costs down into two major groups, while
covering the same material. His groupings are:

1) rolled-in transmission pricing paradigm,

2) incremental transmission pricing paradigm.
In an earlier work [10], which is a fundamental paper on wheeling, Shirmohammadi lists
three pricing schemes as:

1) embedded cost pricing,

2) marginal cost pricing,

3) value based pricing.



One needs to note, however, that the structure and titles are not as important as are the

underlying concepts.

23.1 EMBEDDED PRICING
With this form of pricing scheme, as outlined in method number 1 of references [10-12, 17],

the costs of reinforcements to the transmission system, if required, are added to the costs of

the existing i when costing calculations are p d. If the costs of

teinforcements are added to the total costs of the existing infrastructure to create 2 new
total cost, then the possibility exists for identifying the cost allocator as a rolled-in method.
£ the cost of reinforcements are added to the costs of the specific facility to which the
reinforcements are made, then the term embedded cost s probably more appropriate. This
total cost, eithet calculated on an entire system bases ot on a facility-by-facility basis, is then
divided between the users of the system based on some allocator to apportion the existing
costs and reinforcement costs between the transmission users. There are numerous
allocators listed in the literature, Happ in 11, 17], lists some of these as:

rolled-in-embedded,

2) contract path,

3) boundary flow ( line by line),

4) boundaty flow ( net interchange),

5) line -by -line negative change,

6) line -by-line magnitude addition,

7) line- by -line only positive change.
Accordingly, to Shirmohammadi in refesence [13] they are:

1) postage stamp methodology,
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2) contract path methodology,
3) distance based MW- Mile methodology,
4) Power flow based MW-Mile methodology.
Others use some of these methodologies via different names [14]. Note that while some of

these allocators use the term “transmission line” only, the understanding is that the same

apply to other ission resources such as transformers, reactors, relays,

and other substation equipment.

2.3.1.1 Postage Stamp Allocator as applied to embedded pricing
Through the use of this allocator the yearly existing system costs C,,., are added to the
rearly reinforcement costs for the entire system C,,, to create a total system cost, C,, 3s:
Cuy = Gy #Cyy, @1
The total system cost C,,,, is then divided between the system users, based on a users load
at the time of system peak, to determine the annual price which the user will pay to the
wheeling udlity:
PRy, = Cyy " (Pu/ Ppup) 22)
Where, PR, is the total price user x pays for system use per year, in year y,
P, isuserx" power at the time of system peak, and
P, is the annual peak power on the system.
Itis to be indicated that no load flow or system studies are conducted with this allocator.

2.3.1.2 Contract Path Allocator as applied to embedded pricing
The contract path allocator, also called the point-to-point method or sometimes the red line
method, assumes that the electricity wheeled is confined to a particular path on the
transmission system and that other parts of the transmission system do not transmit any of

the energy. All for based on this method are based on the cost of the
energy.
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capacity of the lines that make up the link between the sending and receiving busses.
Reinforcement costs, if they exist, are added to the existing plant costs of the lines in
question if the reinforcements are on the path specified. No load flow or system studies are
required.
On a per line basis the total yearly cost of 1 line is given as:
Cy,=C,, +Cy, (23)
where,  C,, is the total cost of transmission line L, in year y,

C., is the cost of existing plant on line L, in year y and,
C,, is the cost of reinforcements on line L, in year y.

ey
The yeady per capacity cost of a line, in § per MW is given as:
C.y =C, /CAP, $/MW (24)
where, ~CAP, is the capacity of line L.
The yeadly price of wheeling on line L for user x would be
PRy, =C,, * Py (25)
where, PRy, is the price user x pays the wheeling uility for the use of line L, in
yeary and,
P, is user x's peak power on line L.
The total price for wheeling will be the price per line summed over all the lines in the
contract path and is given as:
PR, = L' PRy, (26)
where, lare the lines in the path.
23.1.3 Boundary Flow Allocator as applied to embedded pricing
Boundary flow allocation of costs ate very similar to those of the postage stamp allocation

above, in that the costs of any rei required to date the ion ate

lumped in with the costs of the existing system without consideration for where the
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reinforcements are placed and for whom they most benefit. The net effect to a system from

a wheeling transaction passing through the system is calculated by performing load flow

studies with and without the wheeling on to determine the quantity of
power passing through the system. Modifying reference [11], the yearly price paid to the

wheeling company is calculated based on two approaches:

intertie-by-intertie: PR, =C,, * (%L |AP,, |/ P,,.) (27)

Where, P, is the power on the interchange lines of the wheeling system.

netinterchange:: PRy, = Cg, * (¥ I, | A netinterchange, |/ P,,.) (28)

Where, net interchange is power flow berween the wheeling utlity and a
neighboring utllity K.

Itis to be noted that equations (2.7 ) and (2.8) are not the same because of loop flows
which can go out through one neighboring ulity and come back into the wheeling uility
through another neighboring utiity.
In reference [13], the author approaches the boundary flow a little differently by considering
only the change in power flowing out of the wheeler’s system. The author calls it the
“power allocation method”, (PAM), and still bases the wheeling price on the total system
cost. The author does not call it an embedded method, he simply lists PAM as a tool for
application and expresses the total yearly price a wheeling customer pays for the use of the
physical system assets is given as:

PR, = Coy *[ (5 (BoWgu \ - HoWye, 1 )/ magnitude of

transaction] (29)
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2.3.1.4 Megawatt-Mile Allocator as it applies to embedded pricing
The Megawatt-Mile allocator is the most popular and most discussed cost based allocator in
the literature. This is the principal flow based allocator referenced by FERC in ruling 888
[1]. A number of authors express similar ideas on how to implement a flow based allocator
and on what a flow based allocator should be based. For the purposes of this thesis some
of the more relevant works will be individually discussed.
Reference [10] is one of the eacliest papers on flow based allocators and is widely referenced
by other authors. In this paper, Shirmohammadi describes a flow based allocator which
distributes costs berween users based on their use of the total system cost, and system
capacity. The author begins by first determining the cost of per unit capacity per mile for
each line, a term which he calls W, His per unit capacity per length cost W, is nota
multiplier based on the actual expenses incurred to build a particular line, rather it is a more
general estimate based on construction practice. This allocator determines the cost per
megawatt-mile capacity of a line based mainly on the voltage class of the line, but as well
includes such things as the conductor type used in the lines construction, and probably,
although he does not specify it, tower design. Once determined, this cost per unit capacity-
length for each line, W, is then multiplied by the magnitude of the power being wheeled
across line | and then again by the line length of line I to establish a dollar figure for the

power transferred over the line in question. This process is repeated for all lines in the

system to create a ion. This process is then repeated again for all
transactions in the system to create a summation of the summations. This double
summation s then divided into the summation of a particular transaction to establish the

total price paid to the wheeling company for that transaction. Any reinforcements required
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to accommodate the wheeling transaction would be added to the total existing sstem costs,
not on a facility-by-facility basis, but to the system as a whole. Accordingly, the expression
for the price a customer pays pet yeat for the use of the physical transmission system is
given as:
PR, =Cy, *[L W, * Py =L ]/[Z, X, W, * P, * L] (210)
where, W, isa factor reflecting the cost of line | on a megawatt-mile bases (§ /

MW- M),

L, is the length of line | in miles,

P, is the power flow over line | at the time of system peak resulting

from the transaction of user x and,

X is the set of all transactions.
The author indicates that the method for determining the flows on the lines resulting from
each transaction is to be enacted by performing dc load flow analysis on each transaction
without having any of the other transactions present in the system. Transaction x is the only
flow on the system at the time the dc load flow is performed. This method does not
account for the interactions of simultaneous power flows on the system. However the
effects of simultaneous transactions can be drawn out of the author’s second example in
reference [10] where he employs generation shift factors.
In Shirmohammady’s second example, he complicates the analysis by suggesting wheeling
transactions whereby multiple loads and multiple generations are present in  contract, and
both vary between minimum and maximum values over the wheeling contract period. The
author then presents the problem of how much line capacity must be reserved on each
transmission line so that the wheeling company can ensure its commitment to always having
adequate capacity on the system to satisfy the wheel, and then to ultimately charge the
company requesting the wheel based on the capacity that the wheeling utility has to set

aside. The wheeling utility cannot rent the needed line capacity to any other company
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because the wheeling company has committed to having the reserves in the line. The author
poses the solution to this problem of multiple sources and loads, by performing a load flow
analysis on the system with only this group of transactions present. He then suggests that
the wheeling company estimate, and make constanr, the demands at the load busses, from
company X, at the time of system peak, in order to remove one group of changing
variables from the possible solution. It is then suggested that the wheeling udlity adjust the
amount of generation by company X , over all of its extremes (generation limits of
company X) to determine the resulting maximum fows possible on each line, that can be
created, depending on the method of dispatch chosen to feed the fixed loads. This method
for simulating line flows over the variation in generation, is through the use of generation
shift factors which permit the wheeling udlity to simulate the possible scenarios of generator
dispatch. The equation for determining a price to the company wishing to have power
wheeled is structured the same way as before except that P, which was constant before, is
0w the maximum of company X's flow over line | as detected through possible variations
in dispatch.

Happ in reference [11] provides his version of a megawatt-mile methodology under the
beading “line-by-line method”. For this author's analysis the total system cost is the cost of
the existing transmission plant plus the cost of reinforcements, same as noted in equation
(2.1). However, in the case of reference [11] the costs aze based on accounting practice as
opposed to estimates based on construction habits. It is this difference in determining the
costs of the facilities that differentiates the two methods. Happ in [11] suggests that in order
to determine the amount of power which flows over a transmission line as a result of a

transaction, the wheeling company should complete two load flow simulations on the
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wheeling system. One study without the wheel present and one with the wheel preseat, to

establish the difference in line flows. This method for determining line flows is different

than the previous method proposed in reference [10]. Happ in reference [11] includes

accounting considerations such as net plant value, depreciation, present worth analysis and

annual fixed charge rates in his original equation. Accordingly  simplified expression for the

yearly price which a transmission customer must pay for the use of the physical plant is

written as;

Where,

PR, =C,, * (X AMW Miles,, / X, MW Miles,) (2.11)

A MW Miles,, is the change megawatt flow on line | as a result of
transaction % multiplied by the length of line | in miles. There are three
varations, they are given as,

n

Where the negative A MW Mile changes on lines are
subtracted from the positive A MW Mile changes on lines to
produce a lower wheeling cost. Produce a credit if negative,

Where positive and negative line changes are first converted
into magnitudes before being add, same as Shirmohammadi,
and thus all wheels contsibute to an increase in wheeling costs,
and.

Whete only posiive A MW Mile changes are considered,
negative A MW Mile changes are treated as zero, thereby
removing the opportunity for a credit, while at the same tme
not creating a penalty.

It is suggested that MW Miles, can be either;

)

1) the total load on line 1, in megawarts muitiplied by the
length of line | in miles. Happ does not indicate at what time
the total load is to be determined, however it will be assumed
to be at system peak. Shirmohammadi in reference [ 10] only
considered line rating.

the line capacity of line 1, in megawatts multiplied by the
leagth of line Lin miles, same as Shirmohammadi.
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Kovacs in [13] describes three versions of 2 megawatt mile allocator, his last two, which
come under the heading “Generalized Flow Mile Methods™ are fundamentally the same as
other works. He describes an allocator that divides up the systems total cost in the same
way as reference [10] and as in reference [11], whete the author permitted the division or
derivations of costs based on some measure of system capacity. In reference (13], the
author reserves the term “megawatt-mile method” for cost division based on capacity. The
second method under this same “Flowmile” heading is the same as that of reference [11]. In
that seference Happ divides up the costs of the system based on  ratio of total flow-
distance change resulting from a transaction, to the total flow-distance on the system from
:]1n’msacdonl.lnuno(us:uoppokdlolpcmenu‘g:oﬁmuﬂedup:dly.
Kovacs’ first megawatt mile allocator, which he places under the heading “ Usage Method”,
is in some ways similar to other methods, in reality they are all similar. However, what is
unique about Kovacs’ analysis is that he does his analysis on a facility-by-facility bases as
opposed to a regional or system wide bases. His approach is to divide up the cost of each
individual line amongst the users of that line. This division is based upon the impact that a
wheeling transaction has on a particular line as determined by the change in the line flow.
The total yearly price which a transmission customer must pay based on the user’s
percentage of flow over each line can be written as.
PR, =(LC,* AP |) /(L L AR,])  (212)
Where, PR, is the total price paged by user X to wheel on the system,

C, is the total cost of line L, and

AP,y is change in power flow on line L resuiting from the transaction with

user X.
Kovacs, like Shirmohammadi, uses absolute value signs in the equation to accouat for

changes in power flow, and does discuss the effects of not using the absolute value signs.
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For Kovacs, the costs of reinforcements are attributed to the particular line which receives
the reinforcements and not to the entire system. Kovacs does this analysis under the
heading of “embedded cost methods”, 1s opposed to “rolled-in allocators”. This is a good
example of highlighting some of the confusion in the literature regarding these two terms.
The costs in this example are rolled-in on 4 line-by-line basis to those lines receiving
reinforcements as opposed to being rolled into the entire system costs, which s why it is
referred to as an embedded method. Itis to be clarified that it is not a rolled-in method

because all costs are not rolled-into one number for the entice system.
232 DISCUSSION OF THE EMBEDDED COST METHODS

2.3.2.1 Postage Stamp Method
The main short coming of the postage stamp method is that it charges all users of the
system based on a ratio of their contribution to the peak power level without taking into
account the distance over which the energy s transported. A transmission user selling
generated power to a customer near itself gains no advantage over a generator selling power
remote to itself and as a result, this cost allocator does not produce economic signals that
will properly influence the location of new generator plants. With this method a generator
close to its own customer may decide to by-pass the existing transmission system all
together. This will be pointed out when the benefits of the MW-Mile methods are discussed

in section 2.3.2.4.

2.3.2.2 Contract Path Methods
‘The main deficiency with the contract path methad is that it does not adequately represent

the actual path over which transmitted energy travels. That is to say, it ignores the physics
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associated with electrical transmission. Energy, when entering into 2 grid from 2 generator,
divides up inversely based on the impedance it encounters in the lines and is not confined
to the contract path selected. This problem is referred to as loop flow or the parallel path
problem in the literature, [18]. Contract path methods do not adequately compensate
neighboring utilities whose reserve system capacity is diminished by the wheel in question.
This is the imperus behind FERC's suggestion for developing more credible costing

methods

2.3.2.3 Boundary Flow Metbods
‘The main shortcomings of the boundary flow methods are the same as the postage stamp
method, in that the extent of use of the transmission system s not adequately reflected in

the evenrual price paid by the wheeling customes.

2.3.2.4 Megawatt Mile Allocators
The classic megawatt mile allocator proposed in reference [10] is an improvement over the
postage stamp allocator. This is pointed out in the discussion when the author compares the
two allocators based on a simple system. In that author’s example, he compares two
transactions, each 1000 kW, one is a short distance transaction using less system resources
than the other transaction, which is long distance transaction. The postage stamp method
would require each udlity to pay the wheeling udlity 50% of the system cost. Through the
use of this version of the megawatt-mile approach, the short distance udlity would be
required to pay only 7 % of the system costs. The utllity transmitting its energy a long
distance would be required to pay 93 %. This is a more accurate reflection of the use of

system resources. The main shortcoming of this methodology [10] is that system capacity is
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a measure which reflects price. Transmission systems are almost always over designed. One
of the reasons for this is system security. This is an asset which a user should pay for.
However, another reason for over designing is simply related to the avalable voltage levels
and conductor sizes available to the designer when considering an original design or
upgrades, and the cost of performing upgrades year after year. This tends to make capacity
values appear lumpy or discrete. As a result of pricing transmission access based on capacity,
it is likely that all the installed capacity will not be used and as a result the revenue generated
from wheeling transactions will under recover the needed dollars to support the system. As
2 result this method will produce stranded costs which are to be avoided [1]. In addition the
issue of defining capacity has been raised by some others. Capacity can be defined based on
thermal limits oz on surge impedance loading. The Federal Energy Regulatory Commission
has entered into a discussion on spare capacity in order to clarify issues relating to the
proper determination of ransmission capacity.

Happ in [11] improves on Shirmohammadi’s idea in reference [10] for dividing up the costs
of the system between users by basing the user’s price on a percentage of total use by all, as
opposed to capacity. With this approach, the total percentage of system use between users
will alwas total to one. This will provide full recovery of costs, which is the desired
objective. However in reference [11] the author divides up the cost of the total system
between users, and does not divide up the costs on a facility-by-facility basis.

Kovacs in reference [13] improves on the work in [11] by dividing up the cost between
users not on the system as a whole, but on a facllity-by-facility bases, while at the same
calculating the use of a line as the flow of a transaction divided by the sum of the flows.

This avoids the capacity issue and ensures that the total of all the ratios of use will equal
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one. The division of costs on a facility by facility basis between users ensures that the users
of the more expensive portions of the system pay for such use. This is the most desirable
method.
One of the issues common to all megawatt-mile indicators is the issue of what to do when
a wheeling transaction indicates that there has been a reduction in line flow as a result of the
wheel. This was pointed out in references [11,13]. The ratio of use can be simply formulated
as;
Ratio of use = (£, AP, ) /(L L, AP,) (213)
There are three principal conditional changes in powet flow on a line. These are as follows:
1) The sign associated with the power flow (direction) from the wheel is retained
and when added to the predominant power flow, can cause a net increase or
decrease in flow on the line in question.
2) The sign associated with the power flow (direction) from the wheel is discarded ,
so that only the absolute value is considered, and when added to the other
power flows through the summation process will cause only a net increase.

3) Those wheels which cause a reduction of flow on the line in queston are
discarded and not included in the summation

In ceferences [10,13] the absolute value approach, condition two above, has been used.
Reference [11] leaves this option open. One of the problems with condition 1 above is that
it is possible for a wheeling customer to produce a negative value within the summation,
this in turn would produce a wheeling credit. If the wheeling transaction under
consideration reduces line loading but at the same time produces no alleviation of
congestion, simply because no congestion existed, then the wheeling customer would
receive a credit for alleviating a problem that never existed. However, there are instances
when the reduction in congestion, resulting from the siting of generation such as to reduce

the predominant flow in a part of the system, is beneficial. For such an action at that time,



it would seem appropriate that the generator receive credit for avoiding or delaying
reinforcements. This can only be determined after a contingency analysis, where the
generator commits to availability during those peak times when line reduction is required.

However, the greater concept of rewarding system users, or penalizing system users, for

is not a concept consistent with embedded cost analysis. With embedded
cost analysis no one user receives  penalty, or credit, for reinforcements. As a general rule,

embedded cost allocators, and some others to be discussed, charge system users based on

their contribution to the system peak. G itting without contributing to the
peak flow receive lower access tariffs . Consistent with this philosophy those generzrors
which reduce line flows, and as such are not contributing to system peak should receive
reduced tariffs, making the third option realistic.

Another complication could exist if the summation in the numerator is permitted to be
calculated while including the negative sign for those wheels which reduce load, while in the
denominator the absolute value of all the changed flows were used in the summation. This
complication would exist because the ratio of numerator to denominator would be less than
unity thereby reducing the revenue input to the wheeling company. However, it is possible

for the denominator to be calculated with the negative sign included.

2.3.2.5 Comments on all Embedded Methods
The advantages of embedded cost allocators are their obvious simplicity, with the postage
stamp allocator being the simplest. Another advantage of the majority of the allocators is
that, access fees are based on a percentage of system peak load. It is the system’s peak load
which determines the needed design capacity and cost. Wheeling at times other than peak

period would produce a reduced access fee. This diversity diminishes the need for system
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expansion, and makes better use of existing capacity. This standard demand side
‘management concept was not brought out in the literature.

Embedded, and other methods, which apportion the cost of the existing system and
reinforcements between users limit themselves to that. That is to say, they are allocators for
dividing up the costs of the physical transmission plant only, and they in no way account for

the line losses, ion dispatch, and var ion that a system requires to permit it

to function a5 a proper transmission system. However, having recognized this limitation
another group of allocators have been constructed to account for these production issues.

One such group of allocators are those titled short run marginal costs (SRMC).

In addition to the problem of p costs, economic considerations do not support
the way which embedded methods include the cost of reinforcements into the calculations
. the fact that reinforcement costs get lumped in with the existing costs. Dispersing the
costs of reinforcements between all users of the system is not economically justified as these
costs are not properly charged to those users who force the upgrades to occur. Some
embedded allocators are worse than others on this issue. The methods that roll the costs of
upgrades in with the total costs of the existing system, such as the postage stamp method,
the boundary flow method and some forms of the megawatt-mile indicators do this. With
these methods, the percentage of the upgrade costs are then allocated to all system users
regardless of the customers electrical use of the upgrades. The flow mile method [13], is an
improvement in this regard because it calculates the costs of the existing system and
reinforcemeats on a facility-by-facility bases. Hence when upgrade costs are accounted for,
they become included in only those facilities requiring the upgrades. As a result only the

usets of the particular upgraded piece of the system are charged with a portion of the
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upgrade costs, not all However,

dly those existing on that
part of the system would share in the costs of reinforcements. This does not conform with
economic theory. Proper economic signals should be issued to those system users requiring
the upgrades. This is where the concepts of what are called marginal and incremental cost

analysis begins to be applied. Incremental cost analysis is the topic of the next section.

23.3 INCREMENTAL COSTS AND PRICING

In order to accommodate the wheeling company for the added expenses associated with
upgrading a transmission system for additional loads, the increased costs are required to be
converted into a tariff. The discussion of what costs are to be included in this tariff, and as
to how these expenses are to be assembled before being divided between system users,
varies depending on the cost allocation scheme used. In the last section the costs for the
necessary additional physical structures, or upgrades, needed to make the system robust
enough to handle these new and additional loads were included with the existing system
costs either as an addition to the total sum of the existing system costs of as an increase to
the cost of specific facilities. These reinforcement costs were then divided amongst new and
existing customers. This is known as the embedded method. With the incremental approach
to costing and pricing, the costs of reinforcements may be treated separately from existing
system costs and charged to only those customers requiring the upgrades. In addition the
added production costs are included in an incremental based electricity tasiff.

Incremental costing methodologies are broadly classified into two types. They can either be
classed as short run incremental costs, or they can be classed as long run incremental costs.

The short run incremental cost form calculates only the added cost of new production on

an incremental basis without regard for e costs. Long run i 1 costing
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calculates the total sum of all costs to the wheeling company for expenses incurred to
accommodate the wheel. For long run incremental costing this includes the added cost of
new physical reinforcements, additional operation and maintenance, and of new production,

to be charged only to new customers on an incremental basis.

2.3.3.1 Short run incremental cost method
The short run incremental cost (SRIC) methods account for the total change in producton
costs experienced by the wheeling udlity, associated with the new wheeling transactions
that ace being considered over the life of a specific least cost expansion study period. These
total changes in production costs over the study period ace estimated by performing optimal
power flow (OPF) studies. Two OPF studies are conducted for the period over which
future load growth is being considered. One is performed for that year in the study period
when all wheeling transactions, and all physical reinforcement projects, are in place on the
system, in order to determine the production costs at that point in time in the future. This
total production cost will be designated as IPC,. A second OPF study is conducted for
some point in the study period that considers any reinforcements that were previously
planned for this study period, but which are not the direct result of the new transactions
being considered in this period. These ace ceinforcements that have been planaed in
advance and that would have been undertaken regardless of the findings in this present
study. The production costs at this time, with the already committed reinforcements, will be
designated as IPC,. It is the difference between the total production costs IPC, and the
reference production costs IPC,, that the wheeling utlity will divide between those
customers associated with the new additional future loads that were not previously

considered.
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AIPC, = IPC, - IPC, (214)

Where, IPC,aze the total production costs of the wheeling uility at that time in
the study period when all the wheels are being conducted and all the
reinforcements are in place, expressed in §/year,

IPC, are the production costs associated with that poit in the srudy
pesiod when any previously d to rei and wheels are
present on the wheelers system, expressed in §/year, and

AIPC, is the difference between the above costs which will be shared
berween the new customers requiring increased capacity. Expressed in
§/year.

In order to determine access fees for customers, the allocation of these costs berween the

generators of these new wheeling loads will be explained in the sections dealing with

incremental allocators in the long run incremental cost section, as follows.

2.3.3.2 Long Run Incremental Costs
Long run incremental costs (LRIC) account for the changes in production costs and the
changes in infrastructure costs which are associated with the increased loads being
considered in the study period. The changes in production costs are as outlined sbove. The
changes in infrastructure costs are calculated via the use of least cost expansion
methodologies.
Some of the long run incremental costing methods (LRIC) are listed as follows [11,17]

1) LRIC ( dollar per MW allocation),

2) LRIC (dollar per MW Mile Allocation negative change),

LRIC (dollar per MW Mile Allocation magnitude addition),
4) LRIC (dollar per MW Mile Allocation only positive change), and

5) LRIC (interface flow by region).



For a specific study period, the required reinforcements, the time these specific

reinforcements are needed, the associated capital i and the i p
which initiated the requirements, are identified by the wheeling udlity. In incremental
analysis, the differences in total reinforcement costs over the study period are shared by the
customers being considered in that study period. This is distinct from maginal cost analysis
which only allocates a percentage of the total costs between customers. This total change in
reinforcement costs is calculated by first determining the total costs associated with all the
reinforcements that will be required as the result of all wheeling over the life of the study
period. This will be designated as IRC,. Secondly, the reinforcement costs associated with
any upgrades that were previously scheduled to be performed over the course of the study
period, regardless of the conclusions obtained from the present study, are identified. These
reference costs will be designated as IRC,. The difference of these reinforcement costs to be
allocated between new customers is given as;
AIRC, =IRC, - IRC, (215)
where,  [RC, is the total cost of all the reinforcements that will be constructed

over the entire life of the study period. The cost of all reinforcements are

brought back to year 1 of the study period, Expressed in $/year,

IRC, is the total cost of reinforcements that were previously scheduled to

be undertaken during this study period as a result of previous studies and

are not associated with any of the new wheels being considered. The cost

of all these previously determined reinforcements are brought back to

year 1 of the study period. Expressed in § / year, and

AIRC, are the changes in reinforcement costs. Expressed in §/year.

2.3.3.3 General Incremental costing concepts
The added costs for both reinforcements and production that will be incurred as a result of

projects going on-line during different years over the course of the study period, are
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required to be brought back to the first year of the study period for evaluation. By way of
example, in 2 ten year study period different generation may go on-line in years, one, three,

and five, with the required reis projects being din years one and three.

This will produce production costs changes in years one, three, and five, and reinforcement
costs in years one and three. The upgrade in year three is designed to handle both of the
generation projects slated for years three and five, as was determined by a least cost
expansion study for this ten year period. Because these furure reinforcement and
production costs occur at separate years, and because incremental analysis allots the change
in total costs over rhe study period, these costs all have to be evaluated at year one of the
study period. This requires accounting considerations which include the spreading out of
project costs over their life from the in service date to the end of their book life. This is
done in order to determine annual costs over this period, and to then bring all of these
annual costs, which start at the in service dates, back to year one of the study period. The
total change in incremental reinforcement costs, AIRC,, and the total changes in
incremental production costs, AIPC , as used within, are assumed to have had the necessary
economic analysis performed on them, i.e. present worth, depreciation, etc., to express
thern as a yearly value for each year of the study period.

In the following discussion, both production and rei i I costs will be

considered. This is the long run incremental method. If the short run incremental method is

ofinterest, then only the production costs should be considered in the evaluation of the

allocators.
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2.3.3.4 Dollar per MW Allocator, as applied to long run incremental pricing

The dollar per megawart allocator is conceptually similar to the postage stamp allocator
discussed in a previous section. Via this allocator, the total difference in reinforcement costs
for the entire system, and the total difference in production costs for the entire system,
over the course of the study period, are divided between the new system users. The division
of these costs is based on each user’s contribution to the total incremental load change.
This is done to determine the annual price which each user will pay to the wheeling utlity
for its additional loads on the system.

IPR,,, = ( AIPC, + AIRC)) * (Ip,, / IP,,) (216)

Where, IPR,,, is the total price user x pays for system use per year to
sccommodate his new load on the reinforced system,

IP,, is user x's incremental power contribution on the system in year y,
over the cousse of the study period. This may be zero for those years
before he requires wheeling services, and

IP,, is the sum of the magnitudes of each new load that will be introduced
t0 the system over the study period.

2.3.3.5 Dollar Per Megawatt-Mile Allocator as applied to incremental pricing

This logy is similar to the embedded meg: ile allocator

proposed in an earlier section [11]. Via this allocator, two load flow studies are conducted
for each year of the study, for each new wheel being undertaken, to determine the change in
the flows on each line of the system that result from the new wheel. As before, for each
new wheel, the change in line flows, in megawatts, and as indicated by the two load flows, is
multiplied by the length of line L, in miles, over which the change occurs. This is done to

determine the megs il ion per line. This iplication is done for all the

lines in the system to determine the total change in megawatt-miles for each customer per
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year. This can be expressed as:
AIMW Miles,,, = T, AlMegawatts,;, *L, (217)
where,  AlMegawatts,, is the change in the flow on line I (lower case L) as a result
of the incremental change in system use by customer < during a particular
year in the study. This will be zero for those early years in the study when
the transactions have yet to take place. As stated in the embedded cost
analysis this summation can take on various values depending on the
treatment given to the change in flow . the change in value can be treated
as either, absolute value, retain sign, or ignore if negative,
Lyis the length of line I (lower case L) in miles, and
AIMW Miles,, is the total change in Megawatt mile usage for customer x ,
for a particular year in the study.
The price paid by each customer per year is calculated as:
PR,,, = (AIPC, + AIRC,) * AIMW Miles,,, / Z, AIMW Miles,,
(218)
where, PRy, is the total price user x pays in year y for wheeling services, and
. AIMW Miles,, is the total incremental megawatt miles on the system as
a zesult of all wheeling requirements from all customers.
If desired, a similar incremental allocator can be constructed from Shirmohammadi’s
classical megawatt-mile allocator [10]. This will produce an allocator based on new installed
capacity cost estimates, created from kV ratings, etc. However this allocator would not be as
accurate and beneficial as the preceding since actual construction costs are readily available.
Through the approach to the megawatt-mile methodology outlined in reference [13), the
impacts of incremental flow changes on the system are evaluated on a facility-by-facility
basis a5 opposed to a system wide basis. The change in flow on each line can be determined

from successive load flows in year y. One load flow study with the wheel of company x
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present, and another study without the wheeling increment. For an incremental analysis, the
method in reference [13] can be re-formulated as:
PRy, = [ X (AIPC, + AIRC) *| AMW,, |*IC, ]/ L Z, |AMW,, | ]
(219)
Where, IC,, is the incremental cost of facility in yeary,

AMW,, is the change in megawatt flow, on facility £, in year , as a result

of the incremental flow created by company x at the end of the study

period, and

AMW,, is the change in megawatt flow on facility £, as a result of the
incremental flow created by company x.

2.3.3.6 Interface Flow By Region, as it applies to long run incremental pricing

The interface flow by region cost allocator s very similar to the boundasy flow allocator
described eaclier in the embedded costs section. This method requires the execution of two
load flow studies to determine the difference in system e line loading for each year of the
expansion study. One load flow study is performed with the incremental flow included, and
another study is performed without the incremental flow. This is done so that the difference
in flows can be determined, and is somewhat similar to what was done in the dollar per
megawatt allocator above. With this allocator the charge to the customer for changes in tie
line flow is calculated as:

PR,, = (AIPC, + AIRC,) *[ AP, / (% L |AIP, |)] (220)

where, [P, is the incremental flow over intertie | in year y, and

IP,, is the incremental power contributed by company x, in yeary.
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2.3.4. DISCUSSION OF THE INCREMENTAL COST METHODS

2.34.1 Short Ran Incremental Cost Allocator
As mentioned, short run incremental methods account only for changes in production
costs, and as 4 result, are not suitable on their own for providing compensation for the

physical infrastructure.

2.3.4.2 Dollar Per Megawatt Allocator
The main advantage of this form of allocator is its simplicity. However, the main short
comings of the dollar per megawatt allocator are similar to those of the embedded postage
stamp method. Through the use of this technique, no reflection of the extent of use of the

is considered. Given two simul i each clectrically

remote and of different value, in which you have one transaction using a minimal of the
new resources, and another transaction using the vast majority of the reinforcements, both
new customers would shae in the added costs based only on the new power transmitted.
The method does not draw a relationship between the extent to which each of the new

reinforcements are used by each customer.

2.3.4.3 Dollar per Megawatt-Mile Allocator

The version of the megawatt-mile allocator in reference [11] is an improvement over the
dollar per megawatt allocator above. This method recognizes the extent of use of the total
system upgrades and divides the total cost of upgrades by 2 new customer’s extent of use
based on the Megawatt-miles used. However again, this method does not draw a direct
correlation between a customer’s use of an expensive upgrade, such as a buried or

submarine cable, and the customers use of a less expensive upgrade, such as the re-
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conductoring of a weak link. The megawatt-mile allocator in reference [13] is an
improvement over that presented in [11] because it draws this connection between  the cost
of specific facility upgrades and a customer’s use of this specific facility. Howevet, all the
megawatt-mile allocators are limited by the fact that many reinforcements may go in place
before all usess of these reinforcements will require them. As a result, some system users
will be required to pay for the seinforcements before those users actually require them.
However these latter users do have the choice to request their own up grades at the required

tme.

2.344 Interface Flow By Region
The advantages and disadvantages of this method are the same as that of the dollar per

megawatt method.

2.3.4.5 Concluding Comments on all Incremental Methods
The main advantage of the incremental methods is that they force those companies which
require reinforcements to pay for them. The economic consideration dictates that the added
economic consequences will encourage new system users to be more responsible, especially

in terms of generator site selection.

2.3.5 SHORT RUN MARGINAL COST ANALYSIS
The short run marginal cost ( SRMC ) of electricity, as it applies to wheeling, is the

associated production costs of transmitting the last MW of power in a wheeling
transaction, while not accounting for any costs related to the reinforcements that may be
necessary in order to accommodate the wheel. The SRMC is calculated by conducting an

optimal power flow ( OPF ) study on the system with the base case load and the wheeling
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load present at the same time in the study. The OPF study wil indicate the optimal cost of
power at each bus on the system. The marginal cost per MW of transacted power becomes
the difference in the cost of power at the bus where power is being injected, and the cost
of power at the bus, or busses, where the power is being removed. The total cost of
transmitted power then becomes the marginal cost per MW multiplied by the amount of
power being transmitted.
SRMC,, = [, L (MC, - MC, ) *PB,,] (221)
Where, MC, is the optimal cost of power at the injection bus,
MC, s the optimal cost of power at the receiving bus,

PB,,, is power balance berween the injected power at bus I and power
removed at bus r by the customer x, and

SRMC,, is the tortal short run marginal cost for customer x.
2.3.6 DISCUSSION OF THE SHORT RUN MARGINAL COST METHOD
As pointed out in references (12, 19-22], short run marginal cost (SRMC) theory grossly fails
to produce the revenue required to maintain and expand a transmission system. Reference

[22) indicates that SRMC revenues can be as low as 15% of what is required to recover the

capital costs, depending on system ion. The inadequacies of SRMC can be
explained simply as follows. SRMC revenues are directly dependent on system losses. An
upgraded, less lossy system is more expensive to construct, yet under SRMC theory the
revenues produced by this more expensive system, ace less than that of a lossy system. In

this sense the relationship between SRMC and system revenues is inversely proportional. It

is well recognized that there is a need for cost allocations when empls

SRMC to produce revenue iliation. The needed I cost allocation can be

achieved through the use of the embedded or incremental cost allocators, to account for the
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cost of the system infrastructure.
Short run marginal cost theory is often applied to the combined assessment of generation

and transmission costing [19].



CHAPTER 3
GENERALIZED PARTICIPATION FACTORS

3.0 INTRODUCTION

phically dispersed ion dependent customers are

In a re-regulated industry,
expected to avail of the new open access opportunities. This liberalized access to the
transmission system wil necessitate some means for estimating the magnitude and path of
the current from the different sources in order to develop and implement some meaningful
form of an open access tariff. There are 2 number of traditional methods used for

estimating the effect of generation input on the power transfer in a transmission system.

One of these traditional methods is imp byp ing two ive load flow
studies on a system, one study with the wheel in question, and another study without, in
order to determine the variance in flow on the lines in the system. Another approach for
determining the path traveled by the current from a souzce is to perform 2 load flow study
on the test system while the system contains only the wheel in question. However, another

available method is created by extending the philosophy of the generation shift factors

which are often used in security analysis. G ion shift factors are ical tools

generally applied to a system load flow solution in order to determine the change in

50
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power flow that would result on a particular line if 2 specific generator were to change its
power output while at the same time requiring the swing bus to accommodate for this
change. An extension of the generation shift factor philosophy will be presented as 2
method for tracing the flow of current from a generation source.

3.1 SIMPLE SYSTEM

For a typical electrical system the objective is to establish a relationship between the power
injected / removed at a particular bus and the real power flow on transmission lines
everywhere in the system. This relationship includes those lines and busses which are not
directly connected. Via KirchofPs current law, for the simple system of figure 1, which
contains no phase shifters, tap changing transformers or other devices which regulate power

flow, the following equations can be written for each bus;

=€ -E) Y. +(E-E) Y +E (Yt Y ()
L=(E:-E)Y, +(E-E) Y+ B (Yo + Ya) (32

L=(Es-E) Y, +(E-Ep) Y+ Ey (Yo + Yy (33)

Figure 3.1 - Simple 3 bus system
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Rearranging these equations produces,
L=E (Y + Y, + Y, +Y) + E(Y,) +E (Y) (34)
L=E, (-Yo) *Ey (Y * Yo + Y +Y,) + E;(Y)  (35)
L=E (Y. )+ B (Y)+E, (Y, + Y, + Yy +Ys) (36)

In matzix form these relationships can be re-writcen as,

4 Yo Ve Vi Yie Y Y. &
b Y Yo Yo Y~ Yo Ve &
L= X Ye Yo Yer i~ Yip, o | 3.7

Where the central matrix is referred to as the Yy, matrix. The quantities within the Yy, aze
values from the representation of the transmission lines and as  result are dependent on
the transmission line model used. The line model used in figure 1 is that of a medium length

line, less than 240 km, typically called a  line representation . The normally distrbuted

pacitance in the line is rep d by two ideal capacitors, each of one half value to that
of the total capacitance, placed at the ends of the line, terms Y, or similar, in the masix. A
simplification of the medium line model is the short line model,less than 80 km, and is
composed of only the series resistance and series inductance of the power line [23]. The

short line model is the model that will be used in the derivation. The previous equation re-

written with the simplified Y,,, matrix becomes,

11 ieY, Y, Y TR
I A L)
,'1_ = Y, Y Y-‘vrj . ‘_E), (3.8

or in summation format the relationships in the matrix can be expressed as;
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=2 *Y.E, (39)
Where, I, is the value of current leaving bus n through the transmission system, it
is a complex quantity, |1, | £6,
E, is the value of voltage at bus n, it is a complex quantity, |E, | £,
£8 is the angle of the quantity in question, referenced to the swing bus
Y. are admittance values which come from the admittance matrix above,
termed Y., ( the bus subscript is used to indicate that the admittance’s
are based on KCL as opposed to KVL which would create a matrix
termed Y,.). Yon = (Z.a £8)' =G +B. G is conductance, B is
susceptance.
For n=m Y, is called the driving point admittance and numerically is the sum of
all the admittance’s connected to bus n (or m ), and
Forn#m Y, is called the transfer admirtance and numerically is equal to the
negative of the value of admittance connecting bus n to bus m.
Given the fact that the quantity of both real power, P, and reactive power, Q, are known
for all busses except the slack bus, another group of equations can be created to help solve
for line flows. (P and Q are calculated at the slack bus to account for system losses and
unmatched generation ). The equation for the apparent powet leaving bus n, is given as
follows,
=P +iQ=EL (310)
Substituting into equation (3.10) the equation for the sum of the currents leaving the bus,
equation (3.9), produces,
S, =P +jQ.= E,(,Z"YmE.) @3a1)
The expression in equation (3.11) indicates that the apparent power leaving bus n is
equivalent to the sum of the apparent power on the transmission lines attached to the bus.
Expanding equation (3.11) into its rectangular form and equating the real terms to

themselves, and the imaginary terms to themselves, produces.
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B =Y |Eq | |Eq |[ Guncos( 6, -8,) + B,,sin(8,-6,)] (3.12)

Q. =M |E, | |E, | [ Gunsin(6, - 0,) - B, cos(®,-0,)] (313)
The values P and Q are related, however, the effect of a change in power injected at a bus
produces only a slight effect on the value of reactive power Q produced , and vice-versa.
Thus the solutions to these two equations can be solved independently to determine line
flows. This philosophy is uilized in the dc load flow solution technique which in turn is a
further simplification of the fast de-coupled load flow solution techique. The technique is
termed dc because no values for volt-amps or vars are obtained from the solution (24,25].
An advantage of the dc technique is that it is linear. Ideally the relationship between
megawatt flow and power injection or removal is nonlinear, as in the ac solution, however
de solutions provide excellent approximations [13]. With this approach, the expression for
P, in equation ( 3.12 ) will be analyzed without regard for Q, , in equation (3.13).

3.2 NEWTON’S METHOD

The most popular solution technique for determining the solution to a group of nonlinear

equations with structures similar to equation (3.13) is the Newton technique, more

peci the N Raphson technique. The N Raphson technique is an
extension of the Newton method and is designed for solving a group of simultaneous
equations , whereas the classical Newton method is designed for obtaining the roots of 2
single equation. Both are iterative techniques. The Newton iterative method and how it
applies to the power system equation of (3.12) is described to present the philosophy of the
Newton-Raphson technique.

Newton’s iterative technique works on a single equation by solving for the power mismatch

at the bus in question. For all practical purposes, all the energy entering a bus via the



transmission system is equal to the energy leaving the bus via the transmission and
distribution systems and as a result the power mismatch is zero. By viewing figure 3.2 it can
be seen that the 4 watts generated is consumed by the 1 ohm tesistor. The objective is to

determine the quantity of current, 1.

F(x)=P=PF *R (3.14)
(315
Figure 3.2 - Simple 1 bus ystem
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Through the use of Newton’s solution technique an initial estimate for I, termed I, , is

made in order to determine the power which such an estimate would produce. In this
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simple example an initial estimate of I, = 1.5A produces 2.25 watts of power, £ (I,) =
2.25W. The initial estimate made foz I produces a power mismatch, termed AP, , which is
calculated by subtracting the value of wattage produced by the estimate for I from the
known value of the result. For this example AP, would be 4 watts less the value of 2.25
watts which equates to 1.75W. The value AP, indicates the accuracy of the estimate. If
desired, another more accurate estimate for I can be generated by multiplying the value for
AP, created by the estimate fo I, by the inverse of the derivative of the original function
evaluated at the point of the estimate and then to add this value of current, Al to the
original estimate for I. For this example, the inverse of the original function, P=I*is

[ =V P. The derivative of the inverse [df()/d@]" , is (d@)/dfT) = ¥ P*, and is shown
in figure 3.4, This expression, evaluated at P equal to 2.25W, produces 0.333 AI/AP. The
value of the inverse multiplied by the AP of 1.75W from the previous estimate for [
produces a value of Al equal to 0.583A. This value of Al when added to the previous
estimate of 1.5A produces a new estimate, I, of 2.083A. The new value for I is then used
to calculate the power developed in the resistor in ordet to determine the accuracy of I
This process is repeated until two consecutive values for I ate close enough together to
satisfy the user. In other words, the process is continued unil Al is less then a specified
tolerance. This final value for I s the value for the current in the resistor. For this simple
example, the correct value of current is 2 amps.

3.3 GENERATION PARTICIPATION FACTORS
For the power system relationship in equation (3.12), the equation can be restructured for

the application of Newton’s method, and can be re-arranged to become similar to:



P, = f(8) + [df8,)/ d8,) AB (316
Where,  8,)is the power produced from the previous estimate for 8,
df(,)/ dO, relates power to phase angle,
A relates the modification to 8 to adjust power.
Re-written to express  in terms of the inverse derivative to modify the previous expression
for 8 produces:
A8 = [d8/dP))] [P, - P (317
Where, P, - P, is the error, or difference between estimates
In order to produce expressions similar to equations ( 3.16, 3.17) from the expression for
power in equation (3.12 ), the expression in (3.12) can be first expanded to produce:
P, =L |E,||Ea| [Gun (cosB, cos 6, + sinf,sind,) +
B, (sin 8, cos ,, - cos 8, sin )] (3.18)
At this point ideally it would be required to perform partial differentiation on equation
(3.18)) with respect to 4 different variables, 2 of these variables are voltage magnitudes E,,
and E, , and the other 2 variables are voltage angles 8,, and 6, However, as stated before, it
has been shown that the sensitivity of power flow on transmission lines to slight changes in
voltage magnitude at the terminating busses is small relative to the angular position of these
voltages. Hence the desivatives of the power equation with respect to voltage magnitude will
be small and will not be considered [24,25]. The two remaining derivatives of the power
equation, one with respect to the voltage angle 8, and the other with respect to voltage
angle 6, are derived separately as follows:
3P,/09,,= |E,| |En| {G,n [-cosB, sinB, + sinB, cos6,] +

B... [ - sin 8, sin 6, - cosf, cos,] } (3.19)
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OP,/38,, = |E,| |Eq| {Gom [- Y2 (sin(8, +8,,) + sin( 8, - 6,)) +
Va( sin(8, + 6,)+ sin(8, - 8,))] +B,, [ V2 (-cos(8, + 0,,)
+cos (8,-8,)) - % (cos(8, +6,) + cos(8, -8,))] }

(3:20)

3P,/38,, = |E,| |Ep| {Gun [ - Vasin(0,-6,) + Y2 sin(8, - 0,)] +
B, [V2 (2cos(8, - 0]} e21)

P,/20, = |Ey| |Eal {Gun[ - V2sin(8,-8,) + Y2 sin®, - 0,)] -
B, [ cos(8, - 0.} (3.22)

P/, =|E,| |Eq| {Gom [sia( 0, - 8,) |- Bom [ cos( 8, - 0]}

(623)

P/, = |E,| |Ep| {Gup [cosB, cosB,, + sind, sind, ] -
B, [ -sin6, cosB,, + (cos 8, sin 8,)] } (3.24)
P/, = |E,| |Eq| {Gun [ V2 (co5(8, +8,,) + cos(6,-6,)) +
Y2 (-cos(8, + 8,,) + cos(0, - 8, ))] -
B,y [ Y2 (sin(0,+8,,) +sin (0,-0,)) +
V2 (sin(0,+8,) +sin(8,-6,))]} (3.25)
P,/28, = |E,| |Eq| {Gom c0S( O, - 8, ) -Bun [+ V2 sin( 6, - 6)
- sin(8,-8,)1} (3.26)
P,/28, = |E,| |Eq| {Gun co5(8, -8,) ]+ By sin( 8, - 6)}

(3:27)
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Prior to placing these two derivatives into a matrix form for the solution of simultaneous
equadions as is required for a power flow solution, where the matrix inversion will be carried
out to obtain (3,/35)", a number of simplifications will be made o the expression.
The simplifications are s follows:
1) for small angles the cosine of the angle is equal to 1. Generally on a
transmission system the angles at adjacent busses are small ( < 10
degrees ). As a result this simplification wil be used.
2) for small angles the sine of the angle ( in radians) is generally equal

to the radian measure. As a result, angles of less then 10 degrees

(175 radians) the sine function can be removed from the equation .
As a result of employing these two simplifications, equations (3.23 ) and ( 3.27 ) reduce to
the following:

P,/38. = |E,||E4| {Gm (6,-6.)- B} (.28)

OP,/30, = |E,| |En| {Gum + Bun (8,-65) } (329)
[nspection of equations (3.28) and (3.29) indicates that the magnitudes of the slopes of the
two equations (derivatives) aze equivalent and the only difference in the two expressions is
the sign or direction associated with the slope. Equation (3.27) expresses the change in
power at a given bus n for a change in voltage phase angle at an adjoining bus m. It can be
seen that for an advance in phase angle at the adjoining bus m, an increase in k units of
power will ow into bus n. This is a positive change in fow as far as bus n is concemed.
Equation (3.29) expresses the change in power at bus n for a given change in voltage phase
angle at the same bus . It can be seen that for the same advance in phase angle, as was used
previously for m , but now at bus n, the same change of k units of power will flow.

However the flow is now out bus n, and over the line to bus m. This is 2 change in

negative flow, from the p ive of bus 0. The same magnitude of flow change occurs.
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However, it is at a different direction.

Restating the objective of the derivation, given two arbitrary adjacent buses in a system , the
objective is to determine the flow between these two busses for an injection/ removal of
power at a remote bus. Equations (3.28) and (3.29) provide past of the mechanism for
achieving this and will be set aside for the moment to examine another relationship
associated with the flow of power in a transmission system and which is needed in the
derivation.

For a transmission line an approximate equation for real power flow over  line joining
buses D and E, (m and n are not used to emphasize the fact that transmission line d-¢ is not
connected to busses m or n) can be expressed as;

P, = (IE, | |E, |Sin (8, -0) / Xa (330)
where X, is the imaginary component of the impedance of line de. Line resistance is
neglected
An expression for the change in power flow over a transmission line can be written as,

AP, = [|E, | |E, |sin (46,-46,)] /X, (31)
Using again, the simplification that for small angles sin x = x , equation (3.31) simplifies to

AP, = [|E, ||E.| (48,-46,)] /X, (332)
Hence an equation for AP,/ AP, ,which expresses the power change on a line with
respect to power change at a bus, can be written by multiplying both sides of equation
(3.32) by 1/AP, . This multiplication produces the following equation;

AP, /AP, = [|E, | |E. | (AB,-40,)] / [XsAP] (3.33)

Re-writing equation (3.33) produces:
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AP, / AP, = [|E, | |E, |/ X.] ((46,/AP) (A8, / AP)) (3.34)
Drawing on the reladonship set aside earlier, equation (3.28 ), and inverting it produces:

8, /8P, =1/ [ |E,||Eq| (G (8,-64) -Bm)] (335)
Bringing together the two relationships derived by substituting equation (3.35 ) into
equation (3.34), and modifying subscripts for clasity produces:

AP, / AP, = {E, |{E. |/ Xu} {(1/[ |E.| |Es| (Gu (6.-8.) -

B.)])- (/[ |E.| |E.|(Gu (8.-6,)-B.)]) }  (3.36)

I€ it is assumed that for a typical system, the magnitudes of bus voltages ace relatively close
to one another ( typically less then .05 p.u) E, /E, = 1. Equation (3.36) then simplifies to:

APy, / AP, = [1 / X4 ] {1/ [Gua (6, -6,) -By ]~

[1/[G.(8,-8,)-B.]]} (337)

For a typical system the value of B,; is 10 - 15 imes the value of G (8, - 8,). Equation
(3.37) simplifies to:

AP, /AP, =(1/X.](-1/ By ]-[-1/B.]) (338)
However, X= 1/B. Using this relationship equation ( 3.38) simplifies to:

AP, /AP, =[1/X,] ((-Xu 1-[-X2]) (339)
Equation (3.39) expresses the change in flow on line d-e as a function of the power leaving
bus n. However the ultimate objective is to express the change in flow from bus d to bus e
2 a function of the output of  generator n, or in other words as a function of the energy
entering a bus. Hence, by maintaining sign convention, at generator bus 0, -G, = P, . Re-
writing equation (3.39) in terms of a generator’s output produces.

AP,/ AG, =Xy - (X)) /Xe (3.40)
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It is to be noted that the values for impedances in the numerator of equation (3.40) are
derived from the inverse of the Y,,, matrix and that the values for impedance in the
denominator of equation (3.40) are the impedance for the line over which the power flow is
to be determined.
Equation (3.40) shows that the relationship between the power flow in a transmission line
and the power injected into the system from a generator, is primarily dependent upon the
impedance between busses, and as a result, system configuration.
Rewriting equation (3.40) produces;

AP, = A, AG, (B341)
Whete A,,, is defined to represent the change in real power flow on line d-¢ for every real
unit of generation change at generator n where:

Aaea =™ Ko - Xoe) / Xee (342)

Equation (3.40 ) however is not without limitations. It is a derivative relationship that

expresses the change in power flow in a line which results from a change in generation ata
bus. The objective of this derivation is to find an expression that is accurate for drawing a
relationship between the total flow on a transmission line and the total output of 2
generator, not just for the changes in line flow that result from changes in generator output.
This can be achieved by generalizing a particular solution. Let the general solution to be
derived take the form,

P =5Cun Gy (343)

or

Pu=ZL"Dus L, (344)



63

where;  Cy, is a constant that relates the power flow on line d-¢ to the
generation of G, .
Ci., is a constant that relates the power flow on line d-¢ to the load L,
G, is the real power output of generator n, and
L, is the real power load at all load busses n.

The jon is to be d over all the or loads (but not both) to

determine the total line flow from the contributions of all generators/loads.

The relationship in equation (3.40) represents the change in real power flow ona
particular line that results from a change in generation on a bus. If the changes in system
losses that occur with a change in generation shifting are ignored, and if the load at the
busses is held constant, 5o as to maintain the same total generation in the system, equation
(3:434) can be used to represent the change in real power flow on a line while generation is
reduced at one bus and equally compensated for by another bus. In keeping with standard
practice, the slack bus will be used to provide the difference in generation. Reducing
generation at a particular bus n and compensating for this loss by increasing the output of
the swing bus generator produces:

AP, = -( C.,*AG,) + (Cyu, AG,) (3.45)

Where, AG, is the change in generation on bus b, and is equal to the negative of

the change at the slack bus , -AG,, and
C..,a0d C,,, are the coefficients that the reflect the change in MW flow
g;xsﬁ:t d-e for changes in generation at the arbitrary bus n, and the slack
Similarly, equation 3.41 can be used to account for equal and opposite injections at the
slack bus and another selected bus as follows:
AP, = - Ay AG,+ A,,AG, (3.46)

Equations (3.41) and (3.47 ) represent the same generation and line flow change
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celationship. Therefore equating both equations (3.45) and (3.46) produces:
<A, AG, +A,,AG,= -C,,AG, + C,,AG, (347)

For the equal and opposite injection at the selected bus and the slack bus the following

holds:
|4G, |= |AG, | (3.48)
Hence eqution (3.47) simplifis to:
Ay Py = L+ Gy (3.49)
Cop = Coy +Apa-Ay, (3.50)

In addition, another group of relationships can be produced, to determine the value for the
constants C,,, and C.. The extreme case of equation (3.41) can be taken by reducing the
production at all generator busses to zero, thereby forcing the slack bus to pick up the load
of the entize system. As a result of the shift in generation, the change in flow on line d-e
that results from all the load being serviced from the slack bus produces:

AP, =Py - Puc gaiso = 22 Aun (-G )+ I Ay, G,

n# slack (3.51)
Where, Py, yua is the real power flow on line d-e after all the

generation has been shifted to the slack bus,

Py sciacn I8 the flow on the lines before the shifts
For the general form of the equation to remain true and for equation (3.51) to be true, the
following would have to hold;

P =€ 0i G (352)
However, equation (3.51) shifts all generation to the slack bus. Therefore it can be said that
the generation at the slack bus is now equal to the sum of the generation from all the
generators before the shift. If the change in losses are neglected,
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Gaua=3X" G, (333)
Substiruting equation (3.53) into equation (3.52) produces:
Piiti™ Cioiia THGL, (3.54)
Substituting equation (3.54 ) into equation (3.51) and rearranging produces:
Cossa I G = P o - Za" Aun Go + 5" AW, G,
o slack on RHS. (355)

Further re-arrangement to equation (3.55) produces:
Cuent =(Picohaom = 22" Aun Go + " 4u G.) /TG,
% slack in numerator (3.56)
Substitudng equaton (3.56 ) into equation (3.49) produces:
“Asen ey T-Con + P, poraem) "Lz Aaen G +Z3" A, G /LY G,
n# slack in aumerator ¥ (3.57)
Rearranging produces:
Can TAsn Ay +(Pot. poeom) AuaG,+5" AL, G)/LG,
n#slack in numerator T (3.58)
Where; A, can be solved from the inverse jacobian of the power system
configuration of the original load flow, equation (3.42),
P otuacny 3¢ the real power flows as calculated in the original load flow,
Z" Au, G, can be calculated once from the load flow results and
generation settings (n# slack), and
Z.N G, is the total system generation at the time of the load flow study
As 2 means for checking the results to the solution of equation (3.57), the results of the
original system study can be used. The following particular solution must hold:

Pucorsom) = 21" Caea G (3.59)
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Whete, P o md:;almnsm:hecwlomnowmnymmf\“
were
Having established the contributions made by each generator to the total power flow in
any particular line, it then becomes possible to determine each generaror’s contribution to
the load at any particular bus. For any load bus N, the following equation holds true:
L,=Z°P, (3.60)
Where, L, is the real power load at bus N, and P,, is the power flow in any line
connected to bus N.
Each expression for real power can be re-written to express the power as the sum of
contributions from different sources. For bus N we can write:
ZOL =L L P, (1)
Where, L, is the real power load at bus n contributed by generator g, and
Pyog is generator g's contribution to the real power flow in any line
connected to bus N.
Hence, a generator's contribution to the load at bus N can be determined by choosing a
specific generator number g, and can be written as:
L,=L0P, (3.62)
The results from Equation (3.56) are comparable to the system load flow solutions.
It is expected that equations relating the absolute flow on a transmission line to the output
of generators can be dezived by using another group of linear shift factors known as line
outage factors. This is considered to be beyond the scope of this thesis.
3.4 LOAD PARTICIPATION FACTORS
While the relationship derived establishes a dence between the flow on particular

lines and the energy inputted to the system by generators, another relationship, based on
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similar philosophy, can be obtained to determine a correspondence between  the flow on
particular lines and the power drawn from the system at load buses. An alternate expression
such as this may have value in a re-regulated electrical industry.

The cost of electricity transportation is dependent to some extent on the location of the
sending and receiving busses. Depending on the form of generation, restrictions such as
cooling water and emissions may establish a greater influence on the site of the generation
than on the location of the energy consumer’s facilities. Because of this greater flexibility
large energy customers may be interested in establishing the relationship between the cost
of energy and the selected geographical site. Without outlining the derivation, wheeling

costs derived from the location of the load busses can be shown to be:

P,=Z" Dy, L, (363)
Where, P, is the flow on line D-E, as before,

D, is the constant that relates the load on line D-E to the load at

bus n, a0d

L, is the real component of the power load at bus n.
For the equation (3.63) above D, can be shown to be:

Dan

Aden “Aaes +( Puc potoon 22" Auen Lo +Z" A L /T L,
n# slackin numerator ¥ (3.64)

Where Ay, and A, can be solved from the inverse Jacobian of the power
system configuration of the original load flow, equation (3.42), where R is
the reference bus
Py oo 27€ the real power flows as calculated in the original load flow,
TN Aun L, can be calculated once from the load flow results and the
load at busses (n# slack), and
N L, is the total system load at the time of the load flow study.

‘The similaity in the derivations of equations (3.63-3.64), and equations (3.58-3.59) can be



understood by viewing the sign convention associated with load power and generated

power at system busses.
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CHAPTER 4
APPLICATION AND DISCUSSION

4.0 INTRODUCTION
The formuladons derived in chapter 3 are applied to a modified IEEE 14 bus system to

determine the suitability of the develop g

for di ing the

made by each generator to the total load flow on each transmission line in the test system.

4.1 TEST SYSTEM
The tests were applied to a modified IEEE 14 bus system. The system data is contained in

appendix A. The bus system was modified as follows:

1) The original [EEE system contains both generation and load on the second bus
in the system. In an effort to separately analyze the load and generation
components of current entering and leaving a particular bus the generation at
bus number 2 was relocated. A new bus, number 16 was introduced and
connected radially to bus number 2. A new transmission line, joining these 2
busses was then added o the system data. The effect of relocating the
generation at bus number two in no way influences the accuracy of the results.
However, idealzing each bus in the system 2s either 2 generation ot load bus
does imptove the clarity of the results and does more easily permit the
of accuracy. The generation at bus number 2 was relocated to bus number 16 to
artain the above stated objective.

2) The original IEEE 14 bus system contains only two generation sources, one at
bus 1 and another at bus 2 in the system. In an effort to more completely check
the formulations derived in chapter 3 a third generator was added to the system.
This third system generator was placed at bus number 8. The or
configuration contains only 4 static capacitor at bus 8 and no load is present.
‘The capacitor was replaced with generation. The contribution made by this new
generator to the load flows of the system are opposite to that of the
predominant flows offered by the generation at busses 1 and 16 and helps
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better represent the random flow in a system. Bus 8 is attached to the main
portion of the system through a radial feed.

w

In addidon bus 1 of the IEEE 14 bus system was renumbered bus 15 and the
swing generator was placed at a new reference bus 1 which is connected radially
to the new bus 15. The transmission line connecting these 2 busses was then
added to the system data.

Figure 4.1- Modsfied IEEE 14 bus system single line diagram

The solutions to the system studies were achieved through the use of a DOS based load
flow program that accompanies the student text titled “Power System Analysis and Design
With Personal Computer Applications” by Glover, Sarma, and Digby, reference [47]. In
addition, a utility present in the Microsoft” Windows version of  later revision to the same
program was used to perform the inverse matrix operation on the bus admittance matrix.
The system base chosen was 100 MVA. The swing bus starting value was set to 1005 p.u.

The remaining generation busses were configured for voltage regulation at 1.0 p.u.



Generation available var supply was established at a imiting p.. of + 0.8. The calculations
for determining the line contributions through the method illustrated were all performed in
Microsoft™ Excel spread sheets. Appendix D contains the cell formulae.

4.2 TEST PROCEDURE
Five system studies were performed. The raw data and the load flow solution printouts ae

provided in appendix B, tables B1 - BS. The first study performed is a base case study
containing the installed load, generation and line impedances identified with the modified
14 bus system, with the exceptions identified above. The generation at bus 8 was randomly
chosen to be 0.07 p.u. The impedance of the two new lines was randomly chosen to be
Z=003+i0.1.

The second and third system studies performed simulate a system experiencing a uniform
uplift to that of the base case. The second study contains load and generation settings that
are twice that of the base case. The third system study contains loads and generation
settings that are three times to that of the base case. These first three studies when analyzed
together, simulate a system in which equivaleat droop settings are applied to the governors
of each machine for the purpose of load sharing. Table groupings C.1 - C.3 in appendix C
and figures 4.5 - 4.7 include the results associated with these tests.

The fourth and fifth system studies contain the initial system generation settings that are
presentin the base case, and are fixed at the non-swing busses, as if to have their load
limiters set 5o as to be unaffected by loading. For these simulations however, the demands
at the load busses are incrementally increased to be twice to that of the base case for study
four, and three times to that of the base case in study five. The first, fourth and fifth

studies, when considered together, represent a system which contains non-swing bus
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generators which produce coastant output while requiring the generation at the swing bus
to accommodate the change in loading. Table groupings C.1, C.4 - C.5, as well as figures 4.8
- 4.10, indicate the results associated with this group of tests.

The formulations of chapter 3 aze applied to the system solutions to determine the
contributions made by each generator to the total current on a particular line. The method
for determining the contributions are illustrated in figure 4.3 and are as follows:

1) The inverse to the Y,,, admittance matrix was calculated from the system line
data using Z=0R + jX as the line impedance, resistance is neglected.

2) The ‘A’ factors for each of the generators were calculated from the inverse
matrix and the line data ( three in this case) using equation (3.42) from chapter 3
as:

Aden = Ko = Xae) / Xee 1
This was done once and was used in all scenarios dealing with the system.
3) For a particular load flow solution the swing bus ( reference bus) participation
factor is calculated for the scenario in question using the ‘A’ factors from the system
configuration as well as the line flow results and, each of the generators MW output
as identified in the system load flow study. The participation factor for the reference
bus is calculated using equation (3.56) of chapter 3 as;
Cuvsut =(Pac gmen = 22" Auen G+ I A, Go) / 57 G, (42)
o# slack in numerator
This is done once for each test case from the information in the load flow solution.
4) For the case in question the participation factors for each generator, relaing the
current injected from the generator to the flow in each line ( 22 in these cases) ate
calculated using equation (3.58) in chapter 3 as:
Catn =Auen Ay +Po oy " Aen G+ A, G, )/EN G,
o# slack in numerator T (43)
5) A particular generator’s contribution to the powet flow on each line is calculated

by multiplying a particular generator’s output, as is indicated by the load flow
results, by that generators participation factor for all the lines in the system.
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Step § s repeated for each generator in the system

The contrbution made by each generator o the current in a line are added
together on 1 line by line, and generator-by-generator, basis to establish the total
curreat on each line.

The contribution made by each generator to the current in 1 line are added at
each load bus for all the incoming and outgoing lines at that bus to determine
each generators contribution to the load at that bus.

Steps 3 to 8 were repeated for each of the other 4 case studies.
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Calculate susceptance mamix B from
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Figure 4.2 - De-coupled 1oad Flow Flow Chart



Calculate Y, matrix from Z= 0 + JX;

Calculate Yy inverse Yy,

Calculate 'A' factors A, = (Xan - Xer)/ Xse
for all relationships between lines and generators

Calculate slack bus participation factor
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T

Calkculate remaining generator bus participation factors
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v
calculate total line flow by summing each generator's contibution
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¥

Cakulte cach generator's contribution to load
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Figure 4.3 - Participation Factor Flow Chart
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To determine the accuracy of the decomposition formulae the total of the contributions
made by each generator to a particular line are checked against the total line current as
determined by the load flow solution. Columns titled “difference” in section B of tables C.1

- C.5 numerate the accuracy.

A second check for accuracy is performed by computing the ions in each line
current made by each generator, to and from, a load bus. This is done to determine if the
sum of the differences in line flows attributable to all generator equate to the same value as
that of the installed load at the bus in question. Columns dtled “difference” in sections C of
tables C.1 - C.5 numerate the accuracy.

A third test for accuracy is performed by totaling the power contributed by each generator
to each installed load to determine if a particular generator’s total contribution to all the
loads at the demand busses is equal to that of the same generators output as identified in the
load flow solution. Rows dtled “difference” in section C of tables C.1 - C.5 numerate this.
The determination of accuracy via the second and third methods as mentioned above are
calculable through a number of approaches. The possibility of different approaches exists as
2 result of there being two different current values presented for the same line in the load
flow solution. For arbitrary busses A and B the solution will present a value of flow from A
to B and a value for flow from B to A. The second is the negative to that specified from A
to B and as wellis of a slightly different value. These two differing values require a decision
when implementing the formulae of the previous chapter, and as outlined in the above
steps. This decision is required because the equation which dissects the total line current
into components made by each generator contains a variable, C,,,, representing the value of

current in the line in question resulting from 2 generator. Each of the two different values



77

for line curzent displayed in a load flow solution will produce slightly different results for a
generator's participation factor in the total line current. In an effort to account for the
discrepancy between the sending end and receiving end curreat values, and the problems
they present when attempting summations at a load bus, it is possible to take three
approaches

1) The average of the 2 line currents, forward and reverse, can be used to create an
average value for the line participation factors for each generator. calculating 1
participation factor for the line in order to minimize the discrepancy berween
the sending and receiving voltages and creates one participation factor for the
line - generator relationship.

The second method is to account for the differences in sending and receiving
current values by creating a participation factor at the sending end of the line
by using the value of sending current from the load flow soludon. For those
cases when a participation factor is required at a receiving end bus, the ratio of
the reverse current to the forward current can be used to adjust the power
entering the bus so that the summation can be calculated at the bus to
determine the load drawn from the lines. The generators then maintain the same
participation factor throughout the line.

Another approach is to permit two different participadon factors to be
calculated for each line - generator relationship, in assocation with each
generator by using the forward current in one case and then the reverse current
in the second case. This will create 2 different participation factors for each line
and will slightly influence the magnirude of participation.

The reduction of discrepancies through one of the techniques was only applied to bus
number 5 in case study 5, table C.5-C. to illustrate the ability to reduce and account for the
disagreements present. This is discussed later in section 4.3.6, and figure 4.4.

4.3 TEST RESULTS

An analysis of the test results exhibit some interesting properties that are consistent with

what is expected from the test system. Three points stand out. These are given as:

4.3.1 POINT ONE, RADIAL FEED
The first point deals with the flow on line numbers 14, 21 and 22. Line 14 connects bus 7
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to bus 8 and is a radial feed. For all case studies the flow on this line is attributable only to
geaerator 8. The decomposition results obtained confirm this within less than 1 percent
error. Line 14 exists only to connect generator 8 to the main portion of the system and the
value of flow on this line through the decomposition approach tracks the generation output
of generator 8 as the output is changed in all the tests and is consistently attributed to
generator 8. The results are shown in sections B of tables C.1-C.5. Similar analysis when
applied to lines 21 and 22 indicate that the flow on these lines is attributable to only the

generators to which they connect. These are the expected solutions.

4.32 POINT TWO, LOOP FEED
The second point, distinct and opposite from the first, deals with the flow on lines 1 and 2

which join busses 15 to 2 and busses 15 to S respectively. The total flow along lines 1 and 2,
2s identified in the load flow solution, are equivalent to that generated by generator 1 as it
should be based on KCL. Rows 1and 2 in section B of tables C.1 - C.5 llustrate this
observation. Based on case study 1, generator 1’s component of flow on transmission line
number 1, as calculated through the use of participation factors, totals 102.5% of the
resultant flow on line 1. Similarly, generator 1’s component of flow on transmission line
number 2 is 94.8% of the resultant flow on line 2. This analysis indicates that the output of
geneator 1 opposes the flow from the other generators on line 1 and reinforces the flow
from the other generators on line 2. This is as expected, and s exactly the type of condition
for which the decomposition formula is useful. Lines 1 and 2 create a loop feed in the
system and will contain flow within themselves from generators 8 and 16 regardless as to
whether or not generator 1 is on line and producing. Even though generator 1 is radially

connected to these lines, the total use of these lines is not directly attributable to generator
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1. This is an ideal example highlighting the decomposition of line flows into contributions

made by each generator. The example also highlights one of the issues prevalent in

transmission access costing and the ped method’s for iating line

costs.

43.3 POINT THREE, COUNTER FLOW
The third point deals with the flows to generator 8 in ission lines 4, 5, 6,

and other lines as well, as illustrated in section B of tables C.1 -C.5. The current
components attributable to generator 8 appear with an assodiated negative sign indicaing
that the flows from generator 8 run counter to the predominant flows of generators 1 and
16. This is verifiable through visual inspection of the system and is useful information for

costing purposes as well

434 TESTGROUP 1

Itis evident from the results of the first group of tests, cases 1-3, table groupings C.1 - C.3,
that in a system with isometric changes in load and generation, the system exhibits
consistent participation factors for each generator - line relationship. For such aa

arrangement of scenarios of load sharing, the component of line current in each line

by 4 generator is predictable This fact is ilustrated in gures 45 - 4.7. This

reaction to the system change as illustrated in the results, is as expected.

435 TEST GROUP 2
The second group of tests deals with a system with fixed values of generation at the non-

swing busses which do not share in load following. The results in figures 4.8 - 4.10 and

tables C.1, C.4 - C.5 in appendix C, indicate that the contzibution of generation to line flows



are calculable. As well the generator - line participation factor combinations are oaly

roughly predictable over large load changes. The worst example of this poor predictability is

evident when comparing generator 8's ion to the flow on jssion line 1 in
studies 1 and 5. Generator &'s participation factor varies by 50% in these 2 cases. The entire
load of the system differs by a multiple of 3 times in these 2 studies, and the change in
generation required to meet the new load is completely serviced by the swing bus, generator
1, which is connected to transmission line 1. The lack of accurate predictability is expected
due to the attempt to model a non linear system by way of a linear approach. This linear
approach does not suitably account for the interactive component of line flows from
generators. Although, the results over large load changes do offer some insight into the
zone of influence of each generator on the power system and could possibly be used for
small load changes, especially for transmission lines remote from the generator which is
varying its contribution to the system. The comparison of other participation factors
relating generator outputs and transmission line flows for the extreme differences in
dispatch berween case studies 1 and 5 generally differ by less than 10% for lines electrically
remote from the direct influences of generators and can provide rough estimates in these
cases. Figure 4.10 illustrates the participation factors over large load changes whea no load

sharing is established.

43.6 ACCURACY OF RESULTS

The results of the first group of tests, tests 1 - 3, are summarized in figures 4.5 - 4.7, and
table groups C.1 - C.3, show that the contributions of each generator to the total flow in a
transmission line are accurate as compared against the solutions in the load flow study. The

magnitude of these errors and the associated percentages can be seen in columns tided
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difference of section B of the tables and are satisfactory in the context of assumptions of

constant line parameters, neglected line resistance and bus voltages approximating 1 p.u.
Superior accuracy was expected here because the mathematical procedure does not actually
estimate the total current in a transmission line by adding up each generator’s contribution
to the toral. In reality the procedure works backward from the answer presented in the
load flow solution. The method uses the transmission line currents that were solved for in
the AC load flow solution, and then attzibutes specific percentages of each line current to

each generator. When these percentages ace recombined, the total will equal 100% once

again. Even an when ined will produce a total equal to
100%. Such an erroneous decomposition can result from a poor inversion of the Y,
matdix, or from false values within the original matrix. As a result any errors in
decomposition are traceable only by examining the loads at the busses.
The second test for accuracy , outlined in columns dtled “difference” in sections C of tables
C.1-C.5, indicates that each generators contribution to the total load at a particular bus
when added together are generally within 1. % of that of the installed load, which again is
satisfactory. This can be improved if line losses are extracted from the results.
The only exceptions to this are numerated in rows 3, 5 and 7 in tables C.1-C to C.5-C. The
calculated difference in these cases can be easily explained and reduced by using one of the
3 methods mentioned in section 4.2 of this chapter. The calculated difference in row 6 of
table C.5-C, which is the largest disagreement in all the tables, and which deals with the load
atbus 5, is calculated to be 18.42% when no attempt is made to reduce the discrepancies
attibutable to line losses. Through the use of method 2 in section 4.2 the calculated

difference at bus 5 in study 5 can be reduced to less than 1%. The difference between
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forward and reverse flows on lines joining busses 15-5, and 2-5, and the line losses that
cause this difference, are the reasons for the discrepancies. The more appealing answer, and
its effect on the total contribution from generators o loads, in case study 5 is shown below.
However the adjustment of this calculated difference in no way effects the credibility of the
formulae derived in the thesis. The justification for not using one of the three correction
methods listed previously is the fact that the objective of the illustrations in sections “C” of
the tables is to account for the total output of the generators. By comparing only the
calculated loads at the busses to the outputs of the generators, the difference would contain
two components. One of the components would be line losses and the other would be the
errors resulting from the formulae. By not calcularing line losses, the erzors that result from

the application of the formulae become more evident.

Busnum  instaledload g1 cont g6cont g8 cont Totsicont  Ofference %t
5 00228 001909121 000117272 000243607 0023 00002 087715298
Calculsted Total output 069562891  0.03681406  0.07005703 08085
Actusl Gen output 07 004 007
difference. 000437109 000018534  -5.7032E-05
% difference 062444119 045485888 -0.08147413

Figure 4.4 - Modified excerpt from table C.5-C, bus number 5.

The third test for accuracy, as given in rows titled difference in section C of tables C.1 - C5
indicate that errors up to 1% are present. The total of the contributions for a particular
generator to all of the installed loads are within acceptable error for estimating purposes.
These eror percentages can be reduced if line losses are more accurately accounted for.

No attempt was made in this thesis to calculate the line losses attributable to each generator



as it s expected that given the generally small errors present, these copper losses are

calculsble. The simple implementation of I** R can be applied easily as well
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CHAPTER 5
SUMMARY AND CONCLUSIONS

5.0 SUMMARY

Full retail and wholesale competition in the electric utlity industry is  fait accompli. In the
near future energy consumers will have a choice from whom to purchase their electric
energy and some choice in the terms by which the energy s contracted. This introduction

of consumer choice will initiate major changes in the corporate structure of electric utllides,

the methods by which these ies aze managed, the isms by which revenues
are generated and the manner by which the industry is regulated. The long standing industry
structure comprised of regulated vertically integrated uilities which receive compensation

based on verifiable and approved costs will be phased out. A more market based industry

prised of a regulated ission sector which is independent of the less regulated
generation and retail sectors, in a business dominated by a limited aumber of multinational
uilities, formed through mergers and acquisitions, is highly probable.

A necessary mechanism for achieving this fundamental and significant change in the
industry is the ability to have energy generators access their energy customets in a
nondiscriminatory manner. This necessary link between sellers and buyers has been

achieved in certain jurisdictions by legislating open access to the transmission systems of

public utilities. Access to the transmission systems of private utllities will come about
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through reciprocity provisions in the legislation. This open access to the transmission
system will necessitate the fling of open access tariffs by transmission owning udliies, to
each corporation’s regulatory body, so that market participants will have some
understanding of the resulting tariffs. It is expected that for the first few years after re-
regulation wheeling rate design will be cost based as opposed to value based. The tariffs are
necessary for obtaining the required revenues needed to pay for the capital and operating
costs of the transmission infrastrucure, and to finance any future reinforcements.

The terms by which cost based wheeling rates have historically been calculated are without

and will prove unsati in an era of open access. A pricing system

reflecting the extent of use of the transmission system is a desirable component in future
tolls. The customary costing methods used for compensation, such as the postage stamp
method, and the contract path method, while simple to implement, oversimplify the physics
of electric transmission and as a result do not adequately reflect the extent of use of the
transmission infrastructure. The inability of these methods to account for loop flows is their

major limitation. The federal Energy v C ission in the US has ized this

limitation and has commissioned studies into the issues of loop flows and has

ded the develop of costing dologies which more accurately reflect the

extent of use of the system. The more credible costing methods being coasidered for
evaluation to satisfy this request are based on some version of the Megawatt-Mile

hodology. This logy i the amount of power being contracted and

the transmission facilties used in the transaction. This measure of system use by a wheeling
customer is then used in differing ways to apportion the costs of the existing system and

upgrades between system users. The costs can be evaluated and allocated on an embedded,



marginal, or incremental basis, as discussed in chapter two.

The Sow and distance sensitive ion schemes being considered, regardless of

version, all require some method for de ining the path and itude of the

powe between the generator and consumer so that the costing methodology can be
employed. The application of participation factors to a load flow solution provide a
mechanism for estimating the needed quantities and paths of transacted power.

The participation factors used in this thesis are obtained from the expression for generaton
shift factors and as a result are based on system configuration. Participation factors are
created by generalizing the particular solution for these ‘A’ factors. ‘A’ factors provide a
mechanism for estimating the change in flow on a transmission line that result from a
change in ourput from 2 particular source. The generalization of this particula solution

provides an expression that relates the absolute flow on a traasmission line to the sum of

directly ble to specific This absolute ip is
obuained by shifting all the generation on the system to the swing bus, through the use of
the A’ factors, 50 as to obtain the needed quantties and constants for the particular
system operating point in question. Each unique operating scenario requires the
reformulation of new participation factors.

5.1 MAJOR CONTRIBUTION OF THIS WORK
The formulations developed in chapter 3, while modest, produce encouraging resuls, as 2

means for resolving the total flow on a ission line into o

the output of particular generators. While it is certain that the billing for wheeling services
will be achieved through some form of revenue metering, the formulations derived within

have value as a planning tool for estimating the usage of facilicies by system users. The main
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advantage of employing generalized participation factors is the ability to incorporate al the
transactions that are present in a transmission system at a particular time into one study
thereby increasing the speed with which different costing cases can be developed and
analyzed. In comparison, through the method of successive studies, an equal plus one

number of studies as that of need be conducted to de ine the

made by each source to the total flow on each facility in the system. The method of
isolating transactions also requires that an equal number plus one system studies to that of
generators be completed to discern system flows between transmission customers. The
implementation of this method is simple for any system and may be quite simple if the
inverse Jacobian matrix is extractable from the system software used for calculating load
flow solutions. The method requires that one system load flow study be conducted from

which the ion and application of the lized participation factors is then carried

out. The formulation can easily be incorporated into system planning software as a.ulity.
5.2 CONCLUSIONS
The need for an efficient methodology which resolves the power flow on transmission lines

into comp to specific is a requil when ping and

implementing acceptable open access tasiffs. While it may be years before suitable tasiffs are

widely accepted by regulatory bodies and lly i the method outlined in

this thesis shows encouraging results as a method for estimating such resolution of flows. A

sample [EEE 14 bus system has been i It provides

tests of the novel cost allocation methods outlined in this thesis.

5.3 RECOMMENDATIONS FOR FUTURE WORKS
Firstly, the formulae in this work were developed for

to simple

systems which do not include phase shifting transformers. Modifications to include the
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effects of these devices would add to the usefulness of the devised method. Secondly, the
relationship between line currents and generator injections can be investigated through the
application of line outage factors. Thirdly, this thesis deals mainly with the costs associated
with real power flow in 4 transmission system. For a complete analysis of tariff costs,
consideration and research will have to be given to the costs of production associated with
transmission. Fourthly, it may be desirable to analyze the costs of electricity transport from
the perspective of the receiving load busses as opposed to the generation busses, as earlier
alluded to. Finally, the costs associated with the use of the distribution systems will require

further research.
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APPENDIX A

IEEE 14 BUS SYSTEM AND SYSTEM DATA




TABLE A.1- MODIFIED IEEE 14 BUS SYSTEM, BUS DATA

STARTING BUS VOLTAGES GENERATION
BUSNUMBER | MAGNITUDE | ANGLE MW MVAR LIMIT
1005 1 SWING

[

007 | +-005 [ [
T 0295 | 00166
009 0058
J T .005

¥ [] 0

004 +/-003 0 []

BASE = T00MVA

TABLE A.2 - MODIFIED IEEE 14 BUS SYSTEM, LINE DATA

LINE NUMBER | LINE DESIGNATION | RESISTANCE | IND_ REAC. | CAPACITANCE

W 001938 05917 0528
W 05403 22304 0452
L2 04689 19797 .0438

4 L 24 105811 17632 .0374
25 .05695 17388 .034
L34 06701 17103 0346
L4 01335 | 0.04211 .0128
L4 0001 | 020912
L4 i 0.15 T os%18 |
L 5% 0.07 25202 |
(511 000468 | 0.1989 |
612 012281 | 025881
1613 0.06615 13027
L7+ 0.05 17815
L7 0.03 11001
Lo10 03181 .0845
Lo 12711 27038
10 .08205 19207
L2 22092 19988

20 C 17083 34802

21 L1- 0.03 0.1

2 L2- 0.03 [X]

BASE = 100 MVA




A-2

MODIFIED IEEE 14 BUS SYSTEM, SINGLE LINE DIAGRAM

FIGURE A.1 MODIFIED IEEE 14 BUS SYSTEM
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CASE STUDY 1 - BASE CASE B-1
CASE STUDY 2 - DOUBLE LOAD WITH LOAD SHARING B-9
CASE STUDY 3 - TRIPLE LOAD WITH LOAD SHARING B-17

CASE STUDY 4 - DOUBLE LOAD, ADDITIONAL LOAD
SERVICED BY SLACK BUS B-24
CASE STUDY 5 - TRIPLE LOAD, ADDITIONAL LOAD

SERVICED BY SLACK BUS B-32

RAW DATA AND LOAD FLOW SOLUTIONS
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CASE STUDY 1 - BASE CASE




22

THE NUMBER OF LINES IS : 22
115 2 .01938 .05917 0 0 5
2 15 5 .05403 .22304 0 0 5
3 2 3 .04699 .19797 0 0 S
4 2 4 05811 .17632 0 0 5
5 2 5 .05695 .17388 0 0 5
6 3 4 .06701 .17103 0 0 §
7 45 .04211 0 0 5
8§ 4 7 .0001 .20912 0 0 5

9 4 9 55618 0 0 5

10 5 6 .07 .25202 0 0 S

11 6 11 .09498 .1989 0 s
12 6 12 .12291 .25561 0 0 §

20 13 14 .17093 34802

21 1 A 100 5

22 2 5

10 1.005 0 0 0 0 )

2 1100 0 .0217 .0127 0 0O
31100 0 .092 .019 0 0O
4 1 100 0 .0478 -.0039 0 0
5 1100 0 .0076 .0016 O 0
6 1100 0 .0112 .0075 0 0
711000 00 [

8 2 10 .07 ) .05 -.05

9 1 1 0 0 0 .0295 .0166 0 0
10 110 0 0 .009 .0058 0 0
11 1 1 0 0 0 .0035 .0018 0 0
12 1 1.0 0 0 .0061 .0016 Q O
13 110 0 0 .0135 .0058 0 O
14 11 00 0 .0149 .005 0 O
15 110000 00

16 2 1 0 .04 0 0 0 .03 -.03
WARNING:

THE TOLERANCE LEVEL IS  .0001 .

DO YOU WANT TO CHANGE THE TOLERANCE LEVEL ( Y OR N )2 nn
THE MAXIMUM NUMBER OF ITERATIONS IS 20 .

TO CHANGE NUMBER
stzcrmN cE INITIAL nus VOLTAGE MAGNITUDES AND

1. FLAT STAR'
2. ouTPUT VALUIB FROM THE PREVIOUS RUN

ENTER YOUR SELECTION ( 1 OR 2 ) 11

OF ITERATIONS ( ¥ OR N )? nn
ANGLES

B2



STARTING VALUES®**
005

cococoocoe coocoocoo

PROGRAM IS RUNNINGss<*

BUS ADMITTANCES MATRIX,REAL PARTS

2.752
0.000
0.000
0.000
0.000
0.000
0.000
-0.452
0.000
0.000
0.000
0.000
0.000
-2.307
0.000
0.000
0.000

8.085

0.000 0.000 0.000
0.000 0.000 0.000
12.274  -1.135 -1.686
0.000 0.000 0.000
-1.135 3.121 -1.986
0.000 0.000 0.000
-1.686  -1.986  10.967
0.000 ©.000 0.000
-1.701 0.000  -6.841
0.000 0.000 0.000
0.000 0.000 0.000
0.000  -1.955  -1.526
0.000 0.000  -0.002
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000  -0.452
-3.902 0.000 0.000

0.000
0.000
-1.701
0.000
0.000
0.000
-6.841
0.000
10.591
0.000
-1.023
-3.099
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
-1.023
0.000
7.603
0.000
0.000
0.000
0.000
0.000
0.000
-1.424

B3

.000

.000
.999

.000
-000
.002
-000
.000
026
.000
.000
.801
.000

.491
.000

.000

© oo moMOOOOSOEO©EOEOGGNOO

a0
000
000
.752
o000
000
000
000
000
000
000
000
41
000
491
.000

.000



0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
-3.902 5.783  -1.881 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000  -1.855 0.000 0.000
0.000 -1.881 3.836 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000  -1.526 0.000 0.000
0.000 0.000 0.000 4.015 -2.489 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000  -3.099 0.000 0.000
0.000 0.c00 0.000  -2.489 6.725  -1.137 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
-1.424 0.000 0.000 0.000  -1.137 2.561 0.000 0.000
-2.752 -4.999 0.000 0.000  -1.026 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 8.777 0.000
0.000 -2.752 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000 2.752

BUS ADMITTANCES MATRIX, IMAGINARY PARTS

-9.174  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.000

0.000  0.000  0.000  0.000 0.000  9.174  0.000
0.000 -39.529  4.782  5.116  5.194  0.000  0.000  0.000  0.000

0.000  0.000 0.000 0.000 0.000 15.263  9.174
0.000 4.782 -9.851  5.069 0.000 0.000 0.000 0.300  0.000
0.000  0.000 0.000 _0.000 _0.000 0.000  0.000

0.000  5.116  5.069 -38.221 21.579  0.000 4.782  0.000  1.676

0.000  0.000  0.000 _0.000 0.000 0.000  0.000
0.000  5.194  0.000 21.579 -34.691  3.684  0.000  0.000  0.000

0.000  0.000 0.000 0.000 0.000  4.235  0.000
0.000  0.000  ©0.000 0.000  3.684 -17.057  0.000  0.000  0.000

0.000  4.094 3.176  6.103  0.000  0.000  0.000
0.000 0.000 ©0.000 4.782  0.000  0.000 -18.497  5.254  B8.461

0.000  0.000 0.000 0.000 0.000 0.000 0.000
0.000  0.000 0.000 0.000 ©0.000 0.000 5.254 -5.254  0.000

0.000  0.000  0.000  0.000  0.000  0.000  0.000
0.000  0.000  0.000  1.676  0.000  0.000  8.461  0.000 -23.531

0.000  0.000

10.365  0.000  0.000  0.000  3.029
0.000  0.000 0.000 0.000  0.000 10.365

0.000  0.000  0.000



-14.768  4.403  0.000 0.000  0.000  0.000
4.0%4

0.000
0.000  0.000 0.000 0.000  0.000 .000

°

4.403  -8.497  0.000 0.000 0.000 0.000  0.000
0.000  0.000 0.000 ©0.000 0.000 3.176  0.000

0.000  0.000 -5.428  2.252  0.000 0.000  0.000
0.00¢  0.000 0.000 0.000 0.000 §.103  0.000

0.000  0.000  2.252 -10.670  2.315  0.000  0.000
0.000  0.000  0.000 0.000 0.000 0.000  0.000

0.000  0.000  0.000  2.315 -5.344  0.000  0.000
9.174 15.263  0.000  0.000  4.235  0.000  0.000

0.000  0.000  0.000 0.000  0.000 -28.672  0.000
0.000  5.174  0.000 0.000 0.000 0.000  0.000

0.000  0.000 0.000 0.000 0.000 0.000 -9.174
+sesevs PLEASE WAIT .... PROGRAM IS RUNNING *

ertecesss  DLEASE WAIT .. PROGRAM IS RUNNING +evesvess
THE NUMBER OF ROWS IN THE JACOBIAN MATRIX = 28

ITERATION # 1
MISMATCH = 5.29E-01

eseeevers  DLEASE WAIT .. PROGRAM IS RUNNING wewe+
THE NUMBER OF ROWS IN THE JACOBIAN MATRIX = 28

B-5

0.000

0.000

0.000

0.000

3.028

0.00¢

0.000



B-6

ENTER YOUR SELECTION (1,2,3 OR 4) 33

00 YOU WANT TO DISPLAY THE BUS OUTPUT DATA ( Y OR N ) ? vy
DO YOU WANT TO DISPLAY THE LINE OUTPUT DATA ( Y OR N ) ? yy
DO YOU WANT TO DISPLAY THE TRANSFORMER OUTPUT DATA ( Y OR N ) ? nn
¥OU WANT TO DISPLAY THE OUTPUT DATA IN EXPONENTIAL FORMAT ( Y OR N | 2 yy
USE THE Ctrl BRINT SCREEN OPTION NOW IF YOU WANT TO PRINT THE RESULTS.
SRESS RETURN TO CONTINUE
POWER FLOW BUS OUTBUT DATA FOR

UOLTAGE  PHASE
MAGNITUDE ANGLE £

per per per
3Us#  unit degrees unic unic

L 1.01E+00 1.51E-01  2.64E-02  0.00E+00  0.00E+00
2 9.95E-01 0.00E+00  0.00E+00  2.17E-02  1.27E-02
3 3.89E-01 0.00E+00  0.00E+00  9.42E-02  1.90E-02
4 3.92E-01 0.00E+00  0.00E+00  4.78E-02  -3.30E-03
5 9.93E-01 0.00E+00  0.00E+00  7.60E-03  1.60E-03
§ 9.87E-01 0.00E+00  0.00E+00  1.12E-02  7.50E-03
7 9.92E-01 0.00E+00  0.00E+00  0.00E+00  0.00E+00
8 -00E4+00 7.00E-02  2.41E-02  0.00E+00  0.00E+00
3 .88E-01 0.00E+00  0.00E+00  2.958-02  1.66E-02
10 9.87E-01 0.00E+00  0.00E+00  9.00E-03  5.80E-03
11 9.87E-01 0.00E+00  0.00E+00  3.50E-03  1.80E-03
12 9.85E-01 0.00E+00  0.00E+00  6.10E-03  1.§0E-03
13 9.85E-01 0.00E+00  0.00E+00  1.35E-02  5.80E-03
14 9.85E-01 0.00E+00  0.00E+00  1.43E-02  5.00E-03
15 9.98E-01 0.00E+00  0.00E+00  0.00E+00  0.00E+00

16 9.99E-01 -9.77E-01  4.00E-02  3.008-02  0.00E+00  0.00E+00

TOTAL 2.61E-01  8.058-02  2.59E-01  7.35E-02

MISMATCH = 2.30E-05

POWER FLOW LINE OUTPUT DATA FOR

LINE # BUS TO BUS B Q S RATING EXCEEDED

1 15 2 1.03€-01  1.19E-02  1.03E-01



we e we

a

4
s

a0 L w0 e

o mw wu

-1.03E-01

4.778-02
-4.75E-02

6.06E-02
-6.04E-02

3.438-02
-3.432-02

2.588-02
-z.582-02

-3.388-02
3.398-02

-3.718-02
3.712-02

-1.562-02
1.56E-02

5.23E-03
-5.228-03

2.862-02
-2.858-02

-1.312-03
1.918-03

§.442-01
-5.43E-03

1.288-02
-1.288-02

-6.972-02
7.008-02

5.428-02
-5.41E-02

1.44E-02
-1.44E-02

1.538-02
-1.538-02

5.418-03
-5.418-03

3.32E-04
-3.32B-04

-4.12E-04
4.12E-04

1.51E-01

-1.138-02

1.228-02
-1.168-02

1.61E-02
-1.538-02

5.998-03
-5.778-03

§.268-03
-5.148-03

-3.70-03
3.918-03

3.668-04
-3.078-04

5.81E-03
-5.778-03

1.658-02
-1.628-02

9.41B-04
-3.40E-04

2.24E-03
-2.238-03

5.512-03
-5.488-03

-2.318-02
2.418-02

2.278-02
-2.238-02

6.69E-03
-6.678-03

4.768-03
-4.69E-03

§.27B-04
-6.27E-04

3.12B-04
-3.12E-04

2.64E-02

wa

¥

Y Y

an wNn wuw

me ua e

R

038-01

.928-02
.89E-02

.278-02
.23E-02

.48E-02
47802

.66E-02

652-02

.408-02
.41E-02

.71E-02
.712-02

56E-02

.568-02

2£-03
8E-03

30E-02

.288-02

138-03

.13£-03

82£-03
81£-03

39E-02
39E-02

358-02
408-02

878-02
85E-02

59E-02

.S9E-02

61E-02

.60E-02

48E-03

.48E-03

09E-04

.09E-04

178-04
178~

B-7



REMOVE

B-8

15 1 -1.50E-01 -2.41E-02  1.52E-01
2 16 -3.998-02 -2.98E-02  4.98E-02
16 2 4.00E-02  3.00E-02  5.00E-02

Ctrl PRINT SCREEN AND THEN PRESS RETURN TO CONTINUE.
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CASE STUDY 2 - DOUBLE LOAD WITH LOAD SHARING




n

15

PPN

srswNNNE

: s

PLEASE CHECK YOUR TRANSFORMER INPUT DATA.

PRESS RETURN TO CONTINUE
THE NUMBER OF TRANSFORMERS IS 0

THE TOLERANCE LEVEL IS  .0001 .

DO YOU WANT TO CHANGE THE TOLERANCE LEVEL ( ¥ OR N )? NN
THE MAXIMUM NUMBSR OF ITERATIONS IS 20 .

DO _YOU WANT TO CHANGE THE NUMBER OF ITERATIONS ( ¥ OR N )2 NN
SELECTION OF INITIAL BUS VOLTAGE MAGNITUDES AND ANGLES :

1. FLAT START
2. OUTPUT VALUES FROM THE PREVIOUS RUN
ENTER YOUR SELECTION ( 1 OR 2 ) 11

B-10



***STARTING VALUES®**
1.005 0

°

a

&
ccoocoeo cooo0oO

*+*+THE PROGRAM IS RUNNING®+e

BUS ADMITTANCES MATRIX,REAL PARTS

2.752 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 12.274  -1.135  -1.686
0.000 0.000 0.000 0.000
0.000 -1.135 3.121 -1.986
9.000 0.000 0.000 0.000
6.000 -1.686  -1.986  10.967
-0.452 0.000 0.000 0.000
0.000 -1.701 0.000  -6.841
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000  -1.955  -1.526
0.000 0.000 0.000  -0.002

-2.307 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000
0.000 0.000 0.000  -0.452
8.085 -3.902 0.000 0.000

0.000
0.000
-1.701
0.000
0.000
0.000
-6.841
0.000
10.591
0.000
-1.023
-3.099
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
-1.023
0.000
7.603
0.000
0.000
0.000
0.000
0.000
0.000

-1.424

0.000
-2.752
0.000
-4.999
0.000
0.000
-0.002
0.000
0.000
-1.026
0.000
0.000
3.801
0.000
-1.491
0.000
-2.307
0.000

0.000
2.000
0.000

-2.752
0.200
0.000
0.000
0.000
0.000
0.000
0.000
0.000

-1.491
0.000
1.491
0.000
0.000

0.000



000
902
000
000
.000
.000
000

o o o0 0 0 b o

.000

-1.424

0.000
0.000

°

.000

BUS ADMITTANCES MATRIX

5.783

.000
.000

[}
o

0
0.000
9.000
0

.000
-4.999
0.000
-2.752
0.000

0.000
.881
.000
.836
.000
.000
.000

-1
[
3
0
0
[
0.000
0.000
0.000
0.000
0.000
0.000
0

.000

.000
.000

[
0

0.000
0.000
0.000
4.015
0.000

489
.000
000
000
000
000

© o o 6 o o

.000

0.000 0
0.000 0
0.000 -1
0.000 0.
0.000 -1
-2.489 °
0.000  -3.
§.725 -1
0.000 °
-1.137 2
-1.026 0.
0.000 [
0.000 0
0.000 0

IMAGINARY PARTS

-5.174

0.000
0.000

0.000
©.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

10.365
0.000

0.000
0.000

-39.529
0.000

5.782

0.000
5.116

0.000
5.194

0.000
0.000

4.094
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000

0.000
4.782

0.000
-3.851

9.000
5.069

0.000
0.000

0.000
0.000

3.176
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000

0.000
5.116

0.000
5.069

0.000
-38.221

0.000  0.000

0.000  9.174
5.194¢  0.000

0.000 15.263
c.000  0.000

0.000  0.000

21.579  0.000

0.000  0.000

0.000
21.579 -34.691  3.684

0.000
0.000

§.103
4.782

0.000
0.000

0.000
1.676

0.000
0.000

0.000  4.235
3.684 -17.057

0.000  0.000
0.000  0.000

0.000  0.000
0.000  0.000

0.000  0.000
0.000  0.000

3.029  0.000
0.000  0.000

137
.000

.561

.000 0.
.000 [
955 0.

000

°
.526 0.
.000 0
033 0.

000

.000 8.
.000 0.

.000 c.

0.000

0.000
0.000

3.174
0.900

0.000
4.782

0.000
0.000

0.000
0.000

0.000
-18.497

9.000
5.254

0.000
8.461

0.000
0.000

B-12

.000

.000
.000

000
000

0.000

0.000

0.000

0.000

0.000

0.000

5.254

-5.254

0.000

0.000

0.000

0.000

2.000

1.676

0.000

0.000

8.461

0.g0¢

-23.531

10.36%



-14.788
0.000

4.403
0.000

0.000
0.000

0.000
0.000

0.000
9.174

0.000
0.000

0.000

4.403  0.000 0.000 0.000 0.000  0.000
0.000 0.000 ©0.000 0.000  4.094  0.000

-8.497  0.000  0.000 0.000  0.000  0.000
0.000 0.000 0.000 0.000 3.176  0.000

0.000 -5.428  2.252  0.000  0.000  0.000
0.000  0.000  0.000  0.000  6.103  0.000

0.000  2.252 -10.670  2.315  0.000  0.000
0.000 0.000 0.000 0.000 ©0.000  0.000

0.000  0.000 2.315 -5.344  0.000  0.000
15.263  0.000  0.000  4.235  0.000  0.000

0.000  0.000  0.000  0.000 -28.672  0.000
9.174  0.000  0.000  0.000  0.000  0.000

0.000  0.000  0.000 0.000  0.000 -9.174

evesevs PLEASE WAIT .... PROGRAM IS RUNNING =eeeees

ITERATION # 1

*++  PLEASE WAIT .. PROGRAM IS RuN'NmG .

THE NUMBER OF ROWS IN THE JACOBTAN MATAIX

ITERATION # 1

MISMATCH =

9.428-01

cerereane PROGRAM IS RUNNING +eesssees
THE NUMBER OF ROWS nv 'rn ncnam MATRIX = 28

B-13

0.

0.

0.000

0.000



ITERATION # 6
MISMATCH = 2.15E-05

QG 8 = 6.351948E-02
TOTAL NUMBER OF ITERATIONS = 6

MISMATCH =  2.1SE-05
PRESS RETURN TO CONTINUE

**THE RESULTS ARE NOW BEING SENT TO OUTPUT DATA FILES.e*

WOULD YOU LIKE TO:

1. UPDATE THE INPUT DATA FILES
2. RUN THE

3. DISPLAY THE OUTPUT DATA

4. sToP

ENTER YOUR SELECTION (1,2,3 OR 4) 33

DO YOU WANT TO DISPLAY THE BUS OUTPUT DATA ( Y OR N ) ? YY
DO YOU WANT TO DISPLAY THE LINE OUTPUT DATA ( Y OR N ) 2 ¥Y
DO YOU WANT TO DISPLAY THE TRANSFORMER OUTPUT DATA ( Y OR N ) 2 NN
YOU WANT TO DISPLAY THE OUTPUT DATA IN EXPONENTIAL FORMAT ( ¥ OR N ) ? ¥Y
USE THE Ctrl nuﬂ' SCREEN OPTION NOW IF YOU WANT TO PRINT THE RESULTS.
PRESS RETURN TO CO!

POWER FLOW BUS OUTPUT DATA FOR

°L QL .955V>1.0!

per per per per per
BUS#  unit degrees unit unit unit unit

1 018'00 0.00E+00  3.07B-01  5.24E-02  0.00E+00  0.00E+00

0.00E+00  0.00E+00  4.34E-02
9 7|l 01 0.00E+00  0.00B+00  1.88E-01
9.80E-01 0.00E+00  0.00E+00  9.56E-02
9.81E-01  -2.87E+00  0.00E+00  0.00E+00  1.52E-02
9.69E-01 -3.60E+00  0.00B+00  0.00E+00  2.24B-02 1. 50: 02

Er e
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7 9.82E-01  -2.69E+00 o 00E+00  0.00E+00  0.00E+00  0.00E+00

8 1.00E400 -1.44E+00  1.40E-01  6.355-02 0.00B+00 O

9  9.7328-01 -3.32E400  0.00B+00  0.00E+00  5.90E-02 3

10 9.71E-01  -3.445+00 00E+00  0.00E+00  1.80E-02 1

11 9.698-01 -3.558+00  0.00E+00  0.00E+00  7.00B-03 3

12 9.66E-01 -3.77E+00  0.00E+00  0.00E+00 1.228-02 3

13 9.66E-01 -3.768+00  0.00E+00  0.00E+Q0 2.70E-02

14 9.66E-01  -3.75B+00  0.00E+00  0.00E+00 2.98E-02

15 9.91E-01 -1.67E+00  0.00E+00  0.00E+00 0.00E~00

16 9.94E-01 -2.01E+00  §.00E-02  6.00E-02  0.00E+00 _00E+00
TOTAL 5.278-01  1.76E-01  5.188-01  1.47E-01

MISMATCH = 2.15E-05

POWER FLOW LINE OUTPUT DATA FOR

Q S RATING EXCEEDED
4 15 2 2.078-01  2.07E-02
2 15 -2.06E-01  -1.808-02
2 15 5 9.63E-02  2.22E-02
H 15 -9.588-02  -2.00E-02
3 2 3 1.228-01  3.20E-02
3 2 -1.21E-01  -2.88E-02
4 2 4 6.928-02  9.12E-03
4 2 -6.89E-02  -8.24E-03
H 2 s 5.198-02 1.058-02
s 2 -5.178-02  -9.39E-03
6 3 4 -6.758-02  -9.20E-03
3 3 6.78E-02  1.00E-02
7 4 5 -7.52B-02  4.76E-03 7.536-02
5 4 7.538-02  -4.51E-03 7.54E-02
8 4 7 -2.978-02  -8.51E-03 3.09E-02
T 4 2.978-02  8.71E-03 3.108-02
9 4 s 1.04E-02  9.75E-03 1.428-02
9 4 -1.038-02 -3.63E-03 1.412-02
10 5 6 5.708-02  3.138-02  6.50E-02
6 H -5.678-02  -3.01E-02  6.42E-02
1 § 11 -3.988-03  4.65E-04 4.01E-03
1 6 3.98E-03  -4.61E-04 4.01E-03
12 6 12 1.208-02  4.338-03 1.358-02



12 &
13 6 13
13 s
14 7 8
8 7
15 7 9
9 7
16 B 10
10 9
17 9 14
4 3
18 10 11
1 10
19 12 1
13 12
20 13 14
14 13
21 1 15
15 1
22 2 16
16

REMOVE Ctrl PRINT SCREEN AND THEN PRESS

-1

24
2.

-1.
1.

.
-1,

2
-2

.288-02

558-02
54E-02

39E-01
408-01

09E-01
09E-01

.90E-02
.90E-02

.09E-02
.08E-02

.10B-02
.10E-02

10E-04
L09E-04

64E-04
64E-04

.07E-01
.04E-01

97E-02

.00E-02

-4.288-03

1.042-02
-1.038-02

-5.94E-02
6.352-02
5.06E-02

-4.908-02

1.498-02
-1.488-02

1.06E-02
-1.03E-02

3.16E-03
-3.14E-03

1.08E-03
-1.08E-03

-2.678-04
2.67E-04

5.248-02
-4.282-02

-5.90E-02
6.00E-02

TS

PR b W

e

e

ro ww

358-02

758-02
742-02

51E-01
542-01

20E-01
13E-01

.26E-02
.258-02

.278-02
.248-02

.14E-02
.148-02

.24E-03
.24E-03

-00E-03
-00E-03

.11E-01

072-01

928-02
00E-01

RETURN TO CONTINUZ
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CASE STUDY 3 - TRIPLE LOAD WITH LOAD SHARING




4

NUMBER OF LINES IS : 22
1 15 2 .01938 .05917 0 0 S
2 15 5 .05403 .22304 0 0 5
3 2 3 04699 .19797 0 O 5
4 2 4 .0S811 .17632 0 0 5
5 2 5 .05695 .17388 0 0 5
6 3 4 .06701 .17103 0 0 5
7 4 5 .01335 .04211 0 0 5
8 4 7 .0001 .20912 0 0 5
9 4 9 .15 .55618 0 s
10 5 6 .07 .25202 0 s
11 6 11 .09498 .1989 0 0 5
12 6 12 .12291 .25581 0s
13 6 13 .06615_ .13027 0 0 S
107 05 .17615 0 0

7

21 1 15 1

22 2 16 .03 .1

THE BUS NUMBER IS 16

10 1.005 0 0 0 0

2 1100 0 .0651 .0381 0 O
31100 0 .2826 .057 0 O
41 10 0 0 .1434 -.0117 0 0
S 110 0 0 .0228 .0048 0 0
6§ 1 10 0 0 .0336 .0225 0 0O
711000 0 [

8 2 10 .22 00 .15 -.15
9 1 1 0 0 0 .0885 .0438 0 0O
10110 0 0 .027 .0174

1 1 1 0 0 0 .0105 .0054 0 O
12 1 1.0 0 0 .0183 .0048 0 O
13 1 1.0 0 0 .0405 .0174 0 O
14 1 1.0 0 0 .0447 .015 0 O
15 1 1.0 000 020 0

16 2 1.0 .12 0 0 0 -
ARNING: YOUR TRANSFORMER DATA xs EMPTY .

PLsAsE CHECK ‘loml Tnmssom INPUT DATA.
RESS RETURN TO
NUMBER OF mnssomas s 0

THE TOLSRANCE LEVEL IS  .0001 .
DO YOU WANT TO CHANGE THE TOLERANCE LEVEL ( Y OR N )2 NN
THE MAXIMUM NUMBER OF ITERATIONS IS 20 .

THE NUMBER OF ITERATIONS ( ¥ OR N )7 NN
szucrmﬂ oF xNITm aus VOLTAGE MAGNITUDES AND ANGLES

1. FLAT START
2. OUTBUT VALUSS FROM THE PREVIOUS RUN
ENTER YOUR SELECTION ( 1 OR 2 ) 11
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***STARTING VALUES®**
005 0

1
1.0
2
i
1.
3
i
10
o
2.
(9
1.
1.
1.

o
a
o
cocococooo cooooco

PROGRAM IS RUNNING®®**

IX,REAL PARTS
2.752 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000  -2.752 0.000
0.000  12.274  -1.135  -1.686  -1.701 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000  -4.599  -2.752
0.000  -1.135 3.121 -1.986 0.000 0.000 0.000 0.000
0.000 0.000 ¢.000 0.000 0.000 0.000 2.000 0.000
0.000  -1.686  -1.986  10.967  -6.841 0.000  -0.002 0.000
-0.452 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000  -1.701 0.000  -6.841  10.591  -1.023 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000  -1.026 0.000
0.000 0.000 0.000 0.000  -1.023 7.603 0.000 0.000
0.000 0.000  -1.955  -1.526  -3.099 0.000 a.000 0.000
0.000 0.000 0.000  -0.002 0.000 0.000 3.801  -1.491
-2.307 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000  -1.491 1.491
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000  -0.452 0.000 0.000  -2.307 0.000

8.085  -3.902 0.000 0.000 0.000  -1.424 0.000 0.000



0.000
-3.502
.000
.000
.000

E)
0
0
3.000
0.000
0.000
0.000
-1.424
-2.752

0.000

0.000
0

BUS ADMITTANCES

.000

°
°
2
8

°
o
8
8

e o6 0 0 o o &
o
8
8

-3.999
0.000
-2.782
0.000

0.000
-1.881
0.000
3.836
0.000
9.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

4
[

2.
0.
0.
0.
0.
0.

o

MATRIX, IMAGINARY P

o o o

000
000

.000
.000

000

.015
.000

489
000
000
000
000
000
000

0.000
0.000
0.000
0.000
0.000
-2.489
0.000
6.725
0.000
-1.137
-1.026
0.000
0.000

0.000

-9.174

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

10.365
0.000

0.000

0.000
-39.529

0.000
4.782

0.000
5.116

0.000
5.134

0.000
0.000

4.094
0.000

0.000
0.000

0.000
0.000

0.000
0.000

3.176
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000

9.174
0.000

15.263
0.000

0.000
0.000

0.000
3.684

4.235

-17.057

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

.000
.000
.955
.000
.526
.000
.099
137
.000

.000

B-20

s61
000

°

000 8
000

o o

0.000

0.000
0.000

9.174
0.000

0.000
4.782

0.000
0.000

0.000
0.000

0.000
-18.497

0.000
5.254

0.000
8.461

0.000
0.000

© 0o o oo 00 0 o0 o0

000
000
000
000
000
000
000
000
000

.000
.000
amn
.000
.000

0.000

0.000

0.000

0.000

0.000

0.000

5.254

-5.254

0.000

0.000

.000
.000
000
000
000
000
000
000
000
coo

© 6 6 o000 600 0

.000

~

.752

0.00¢

0.00¢

0.00¢

1.67¢

0.00¢

0.00¢

0.00t

-23.53:

10.36!
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-14.768  4.403  0.000  0.000  0.000  0.000  0.000
0.000  0.000 ©0.000 0.000 0.000  4.094  0.000

4.403  -8.497  0.000 0.000 0.000  0.000  0.000
0.000 ©0.000 0.000 0.000 0.000 3.176  0.000

0.000  0.000 -5.428  2.252  0.000 0.000  0.000
0.000 0.000 0.000 0.000 ©0.000  6.103  0.000

0.000 0.000  2.252 -10.670  2.315  0.000  0.000
0.000  0.000 ©0.000 0.000 0.000 0.000  0.000

0.000  0.000  0.000  2.315 -5.344  0.000  0.000
9.174 15.263  0.000  0.000  4.235  0.000  0.000

0.000  0.000 0.000 0.000 0.000 -28.672  0.000
0.000  9.174  0.000 0.000 0.000  0.000  0.000

0.000  0.000 ©0.000 0.000 0.000 0.000 -3.174

PLEASE WAIT .... PROGRAM IS RUNNING

ITERATION # 1

B PLEASE WAIT .. PROGRAM IS RUIINING reereeees
THE NUMBER OF ROWS IN THE JACOBIAN MATRIX =

ITERATION # 1
MISMATCH = 1.36E+00

eee E WAIT .. PROGRAM IS RUNNING +eeeerses
THE NUMBER OF ROWS nv ‘ru.s JACOBIAN MATRIX = 28

0.

0.

°

0.

0.

000

000

.000

.000

000

000

.00t

.00t

.00¢

-00¢

.00t
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DO YOU WANT TO DISPLAY THE LINE OUTPUT DATA ( Y OR N} 2 YY
DO YOU WANT TO DISPLAY THE TRANSFORMER OUTPUT DATA ( Y OR N ) 2 NN
YOU WANT TO DISPLAY THE OUTPUT DATA IN EXPONENTIAL FORMAT ( Y OR N ) ? vy
D9z THE CLrl BRINT SCREEN OPTION NOW 1f YOU WANT TO PRINT THE RESULTS.
BRESS RETURN TO CONTINUE
POWER FLOW BUS OUTPUT DATA FOR

GENERATION LOAD

YVOLTAGE  PHASE

MAGNITUDE ANGLE 5 L QL .95>V>1.0¢
per per per per per
8US®  unit degrees unit unic unic unic

1 1.01E-00  0.00E+00  4.67E-01  4.74E-02  0.00E-00 giaoming
2 9.82E-01  -3.72E+00  0.00E+00  0.00E+00  6.51E-02 .81E-02
3 9.63E-01  -5.77E+00  0.00E«00  0.00E+00  2.83E-01 %

4 9.72E-01  -4.75E+00  0.00E+00  0.00E+00  1.43E-01
5 9.73E-01  -4.46E+00  0.00E+00  0.00E+00  2.28E-02
6 9.54E-01  -5.59E+00  0.00E+00  0.00E+00  3.36E-02
5
8
9
1

2 o
15 9.87E-01  -2.61E+00  0.00E+00  0.00E+00  0.00E+00
16 1.00E+00 -3.28E+00  1.20E-01  1.48E-01  0.00E+00

TOTAL 7.97E-01  2.88E-0L  7.77E-01

MISMATCH = 2.40E-05

BOWER FLOW LINE OUTPUT DATA FOR

LINE # S RATING EXCEEDED
1 15 2 3.148-01 -4.17E-03  3.14E-01
2 15 -3.12E-01  1.02E-02  3.13E-01
2 15 s 1.468-01  2.97B-02  1.49E-01

H s -1.458-01 -2.47E-02  1.47E-01



nn AN wn

e wa sw

PP

@

R P VP S

wa s

-1.81E-01

1.05E-01
-1.048-01

7.848-02
-7.808-02

-1.018-01
1.028-01
-1.132-01
1.132-01

-4.432-02
4.432-02

1.61E-02
-1.60E-02

8.65E-02
-8.57E-02

-5.66E-03
5.66E-03

1.938-02
-1.938-02

3.848-02
-3.838-02

-2.078-01
2.10E-01

1.632-01
-1.628-01

4.338-02
-4.328-02

4.628-02
-4.598-02

1.62E-02
-1.628-02

9.77E-04
-3.76E-04

-1.218-03
1.21E-03

4.67E-01
-4.60E-01

-1.19E-01
1.208-01

.31E-02
.578-02

.34E-03
.778-03

798-03
248-03

.61E-02
.588-02

.90E-02
L64E-02

31E-03

.30E-03

.61E-03
.498-03

.60E-02
.578-02

.358-02
.278-02

52E-02

.158-02

.188-02
.168-02

.57B-02
.508-02

.16E-03
.10E-03

.69E-03
.69E-03

70E-06

.14E-06

.748-02
.56E-02

E-01
48E-01

o

o

8.
8.
%4

918-01

.878-01

068-01
058-01

162-02
09E-02

028-01

[T T

s

™

4.
4.

4.
4.

3.
1.

1.
1.

[X
1.

4.
4.

1.
%

882-02
83E-02

678-02
678-02

95E-03
958-03

21E-03
21E-03

69E-01
61E-01

878-01
90E-01

B-23



CASE STUDY 4 - DOUBLE LOAD, ADDITIONAL LOAD SERVICED
BY SLACK BUS




NUMBER OF LINES IS : 22
15 2 .01938 .05917 0 0 S
15 5 .05403 .22304 0 O S

ommnnune i

b

'SS RETURN N
THE NUMBER OF TRANSFORMERS IS 0O

THE TOLERANCE LEVEL IS  .0001 .
DO YOU WANT TO CHANGE THE TOLSRANCE LEVEL ( ¥ OR N )2 NN
THE MAXIMUM NUMBER OF ITERATIONS IS 20 .

xmmno!rrsn‘rmus « YORH)?NII
smml OF INITIAL BUS VOLTAGE MAGNITUDES AND ANGLES

1. FLAT START
2. OUTPUT VALUES FROM THE PREVIOUS RUN

ENTER YOUR SELECTION ( 1 OR 2 ) 11

B-25
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***STARTING VALUES®**
1.005 0

o

S

&
ccococooo cvoooco

***+THE PROGRAM IS RUNNING®+e+

BUS ADMITTANCES MATRIX,REAL PAR'

2.752 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000  -2.752 0.000
0.000  12.274 -1.135  -1.686  -1.701 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 -4.993  -2.752
0.000  -1.135 3121 -1.986 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000  -1.686 -1.986  10.967 0.000  -0.002 0.000
-0.452 0.000 0.000 0.000 0.000 0.000 0.000
0.000  -1.701 0.000  -6.841  10.591  -1.023 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000  -1.026 0.000
0.000 0.000 0.000 0.000  -1.023 7.603 0.000 0.000
0.000 0.000  -1.855  -1.526  -3.099 0.000 ©.000 0.000
0.000 0.000 0.000  -0.002 0.000 0.000 3.801  -1.491
-2.307 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000  -1.491 1.491
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000  -0.452 0.000 0.000  -2.307 0.000
8.085  -3.902 0.000 0.000 0.000  -1.424 0.000 0.000



.000
.902
.000
.000

0

3

0

0

5.000

0.000

0.000

©.000

0.000

-1.424

-2.752
0.000
0.000
0.000

.000
783

o w o

000
1.881
9.000
0.000
0.000
0.000
0.000
0.000
-4.999

0.000
-2.752

0.000

<L

© o 0o 00 o o

.000

881

.000
.836
.000
.000

oo

.000

000
000
000
000

.000
.000

o
[
°
0.
[]
4
[
2

0.
0.

o o o

.000
.000
.000

o000

.000
015

000
489
000
000

.000
.000
.000
.000

SUS ADMITTANCES MATRIX, IMAGINARY PARTS

-9.174
0.000

0.000
0.000

0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

10.365
0.000

0.000
0.000
-39.529
0.000
4.782
0.000
5.116
0.000
5.194

0.000
0.000

4.094

0.000
0.000

0.000

0.000
0.000

0.000
0.000

0.000

0.000
4.782

0.000
-9.851

0.000

5.069

0.000
0.000

0.000

0.00

0

3.176
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000

0.001
5.116

0.001
5.069

0.001
221

0.0
21.579

0.00
0.000

6.10:
4.782

0.001
0.000

0.001
1.676

0.00
0.000

0

0

0

00

0

3

0

0

0.000 0
0.000 0
0.000 -1
0.000 0
0.000 -1
-2.489 °
0.000 -3
6.725 -1
0.000 [
-1.137 3
-1.026 0
0.000 [
0.000 0
0.000 0
0.000  0.000
0.000  9.174
5.194  0.000
0.000 15.263
0.000  0.000
0.000  0.000
21.579  0.000
0.000  0.000
34.651  3.684
0.000  4.235
3.684 -17.057
0.000  0.000
0.000  0.000
0.000  0.000
0.000  0.000
0.000 0.000
0.000  0.000
3.029 0.000
0.000  0.000

.000
.000
.955
.000
.526
.000
.093
137
.000
.561
.000
.000
.000

.000

0.000

0.000
0.000

9.174
0.000

0.000
4.782

0.000
0.000

0.000
0.000

0.000
-18.497

0.000
5.254

0.000
8.461

0.000
0.000

B-27

000
000
777

.000

0.000

0.000

0.000

0.000

©.000

0.000

5.254

-5.254

°

00

0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.c00
0.000
0.000
0.000
0.000
0.000
2.752

0.000

0.000

0.000

1.676

0.000

0.000

8.461

0.000

-23.531

10.36%



-14.768  4.403  0.000  0.000  0.000
0.000  0.000  0.000  0.000  0.00!

4.403  -8.497  0.000  0.000  0.000
0.000  0.000  ©0.000 0.000  0.000

0.000  0.000 -5.428  2.252  0.000
0.300  0.000 ©.000  2.000  0.000

0.000  0.000  2.252 -10.670  2.315
0.000  0.000  0.000  0.000  0.000

0.000  0.000  0.000  2.315 -5.344
9.174 15.263  0.000  0.000  4.235

0.000
4.094
0.000
3.176
0.000
6.103
0.000
0.000

0.000
0.000

0.0  0.000  0.000  0.000 0.000 -28.672
0.000  9.174  0.000 ©0.000  0.000  0.000
0.000  0.000  0.000  0.000 0.000  0.000

sesvece PLEASE WAIT .... PROGRAM IS RUNNING

LEASE
e woeER oF Rows m THE JACOBIAN MATRIX

ITERATION # 1
MISMATCH = 8.32E-01

ATz .. PROGRAN 15 RUNNZNG

- EASE WAIT
THE NUMBER OF ROWS IN THE JACOBIAN MATRIX =

eevees  pp PROGRAM IS mwxm

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

-9.174

0.000

0.000

0.000

0.000

0.000

0.000



ENTER YOUR SELECTION (1,2,3 OR 4) 33

B-29

DO YOU WANT TO DISPLAY THE BUS OUTPUT DATA ( Y OR N ) ? ¥Y

DO YOU WANT TO DISPLAY THE LINE OUTPUT DATA ( Y OR N ) ? ¥¥
DO YOU WANT TO DISPLAY THE TRANSFORMER OUTPUT DATA ( Y OR N ) 2 NN

DO _YOU WANT TO DISPLAY THE OUT

DATA IN EXPONENTIAL FORMAT ( Y OR N ) ? ¥Y

18! PUT
SE_THE Ctrl PRINT SCREEN OPTION NOW IF YOU WANT TO PRINT THE RESULTS.

S
PRESS RETURN TO CONTINUE

POWER FLOW BUS OUTPUT DATA FOR

GENERATION LOAD
VOLTAGE  PHASE
MAGNITUDE ANGLE PG G PL QL .95>V>1.
per per per per
BUS#  unic degrees unic unic unic
1 1.01E400  0.00E+00  4.20B-01 z 0.00E+00  0.00E+00
2 9.74E-01  -3.21E+00  0.00E+00 i 4.34E-02  2.54E-02
3 3.61E-01 -4.63E+00  0.00E+00 i 1.88E-01  3.80E-02
4 0.00E+00 3 5.56E-02  -7.80E-03
5 0.00E+00 o 1.52E-02
s 0.00E«00  0.00E+00  2.24E-02
7 0.00B+00 0.00E+00 0.00E+00
8 7.00E-02  5.008-02  0.00E+00
k) 0.00B+00 0.00E+00 5.90E-02
10 0.00B+00  0.00E+00  1.80E-02
11 0.00E+00  0.00B+00  7.00E-03
12 0.00E+00  0.00B+00  1.22E-02
13 0.00E+00  0.00B+00  2.708-02
14 0.00B+00 0.00E+00 2.98E-02
15 0.00E+00  0.00E+00  0.00E+00
6 02200  4.00B-02  3.00E-02  0.00E+00  0.00E+00
TOTAL 5.30E-01  1.878-01  5.188-01  1.47B-G1

MISMATCH = 3.02E-05

POWER FLOW LINE OUTPUT DATA FOR

Q

S  RATING EXCEEDED

87E-01

5.488-02

2.938-01



N oun ap

G e s e

Ha pa awm wa
B

4

a0 e ww

-

SE o ap ap we sw

“e

1
10

1
12

14
13

.86E-01

.278-01
.26E-01

318-01

30E-01

.77E-02
.73E-02

.38E-02
.36B-02

78-02

.308-02

.045-01
L04E-01

44202
L44E2-02

-18E-02
.188-02

.075-02
.028-02

.228-03
.228-03

.39E-02
.39E-02

.972-02
.96E-02

.96E-02
.00B-02

.40E-02
.378-02

.08E-02
.08E-02

.56E-02
.55E-02

79E-03

.798-03

.67B-03
.67E-03

.31E-03
.31E-03

20E-01

-4

3
-2

.96E-02

.38E-02
.98E-02

.32E-02
.34E-02

.08E-02
32803

.91E-03
.14E-03

.S6E-03
.21E-03

.24E-03
.73E-03

.442-03
.39E-03

.71E-03
.378-03

.10B-02
.94E-02
.39E-04
.36E2-04
.10-03
.04E-03

.02E-02
.01E-02

.86E-02
.008-02
.10B-02
.99B-02
.518-02
.51E-02

.09E-02
.078-02

47E-03
.46E-03

2.90E-01

1.31E-01
1.298-01

1.358-01
1.332-01
8.848-02
8.788-02
6.462-02
6.428-02
5.93E-02
5.978-02

1.04E-01
1.04E-01
1.468-02
1.468-02

2.39E-02
2.378-02

7.728-02
7.618-02

4.228-03
4.228-03

1.45E-02
1.448-02

3.148-02
3.138-02

8.49E-02
.608-02

9.838-02
9.74E-02

2.78E-02
2.778-02

4.458-03
4.45E-03

1.87E-03
1.86E-03

4.378-03
4.368-03

4.338-01

B-30



15 1 -4.14B-01  -8.86E-02  4.24E-01
22 2 16 -3.998-02  -2.97E-02  4.98E-02
bt 2 4.008-02  3.00E-02  5.00E-02

REMOVE Ctrl PRINT SCREEN AND THEN PRESS RETURN TO CONTINUE.



CASE STUDY 5 - TRIPLE LOAD, ADDITIONAL LOAD SERVICED
BY SLACK BUS




22

THE NUMBER OF LINES 22
115 2 .01938 .05917 0 0 5
2 15 5 .05403 .22304 0 0 5
3 2 3 .04699 .19797 0 0 5
4 2 4 .05811 .17632 0 O 5
5 2 5 .05695 .17388 0 0 5
6 3 4 .06701 .17103 0 O 5
735 .04211 0 0 5
8 & 7 20912 0 0 5

9 49 618 o s

10 5 25202 0 0 5

1 11989 0 0 5
12 .25581 0 0 5
13 113027 0 0 5
17 17615 0 0 5

15 11001 0 0 5

16 9 L0845 0 0 5
17 .27038 0 0 5
18 19207 0 0 5
19 12 19988 0 0 5
20 13 34802 0 0 5
21 o

0 1. ]
z i A o o o 0651 .0381 0 0O
3110 00 .2626 .057 0 0
4 1 1 0 0 0 .1434 -.0127 0 0O
5 110 0 0 .0228 .0048 0 O
6 1100 0 .0336 .0225 0 O
711000 0 0 0
8 2 1.0 .07 00 0 .05-.0
9 1 1 0 0 0 .0885 .0438 0 O
10 11 0 0 0 .027 .0174 0 0O
11 11 0 0 0 .0105 .0054 0 O
12 11 0 0 0 .0183 .0048 0 O
131 1 0 0 0 .0405 .0174 0 O©
14 1 1 0 0 0 .0447 .015 0 O
15 11000 00 0
16 2 1.0 .04 0 0 0 .03-.03
WARNING: YOUR TRANSFORMER DATA IS EMPTY
PLEASE CHECK ‘{OUR musronm INPUT DATA
PRESS RETURN TO C

THE NUMBER OF nwvsmmks s 0

THE TOLERANCE LEVEL IS  .0001 .
DO YOU WANT TO CHANGE THE TOLERANCE LEVEL ( Y OR N )2 NN
THE MAXIMUM NUMBER OF ITERATIONS IS 20

E THE NUMBER OF ITERATIONS ( YORN)?NN
SELR"T!OII oF mn'xu. BUS VOLTAGE MAGNITUDES AND ANGI

s 29 mr START
2. OUTPUT VALUES FROM THE PREVIOUS RUN

ENTER YOUR SELECTION ( 1 OR 2 ) 11

B33



***STARTING VALUES®**
1.005 0

cooccoco ceccoca

SUS ADMITTANCES MATRIX,REAL

2.752
0.000
0.000
0.000
0.000
0.000
0.000
-0.452
0.000
0.000
0.000
0.000
0.000
-2.307
0.000
0.000
0.000
8.085

0.000
0.000
12.274
0.000
-1.135
0.000
-1.886
0.000
-1.701
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
-3.902

THE PROGRAM IS RUNNING®

0.000
-1.135
0.000
3an
0.000
-1.986
0.000
0.000
0.000
0.000
-1.955
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
-1.686
0.000
-1.986
0.000
10.967
0.000
-6.841
0.000
0.000
-1.526
-0.002
0.000
0.000
0.000
-0.452
0.000

.000
.000

.000
.000
.000

.000
.591
.000
.023
.093

000

.000
.000
.000

000

.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
-1.023
0.000
7.603
0.000
0.000
0.000
0.000
0.000
0.000
-1.42¢

B-34

0.000
-2.752
0.000
-4.999
0.000
0.000
-0.002
0.000
0.000
-1.026
0.000
0.000
3.801
0.000
-1.491
0.000
-2.307
0.000

°

» © © 0o 06 0 o o

°

© o o m

.00
.000
.000
752

491
000
000

.000



0.000
-3.902
0.000
0.000
0.000
0.000
0.9500
0.200
0.000
-1.424

-2

3
0.000
0.000

0.000

BUS ACMITTANCES MATRIX, IMAGINARY PARTS

-9.174

0.900
0.000

0.000
0.000

0.000
9.900

¢.000
9.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

10.365
0.000

0.000
5.783
0.000
-1.881
0.000
0.000
0.000
0.000
0.000
0.000
-4.999
09.000
-2.752

0.000

0.000

0.000
-39.529

0.000
4.782

0.000
5.116

0.000
5.194

0.000
0.000

4.094
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
-1.881
0.000
3.836
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000

0.000

0.000

4.782

9.000

-9.851

0.000

5.069

9.000
0.000

0.000
0.000

3.176

0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
21.579

0.00
1.676

0.000
0.000
0.000
0.000
0.000
4.015
0.000
-2.489
0.000
0.000
0.000
0.000
0.000

0.000

0.000

0.000
5.116

0.000
5.069

0.000
-38.221

0.000
0.000

6.103
4.782

0.000
0.000

o

0.000
0.000

0.000
0.000
0.000
0.000
0.000

-2.489
0.000
6.725
0.000

-1.137

-1.026
0.000
0.000

0.000

0.000

0.000
5.194

0.000
0.000

0.000
21.579

0.000
-34.691

0.000
3.684 -1

0.000
0.000

0.000
0.000

0.000
0.000

3.029
0.000

0.000

9.174
0.000

15.263
0.000

0.000
0.000

4.235
7.057

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000
0.000
-1.955
0.000
-1.526
0.000
-3.099
-1.137
0.000
2.561
0.000
0.000
0.000
0.000

0.000
0.000

0.000
9.174

0.000

0.000
4.782

0.000  0.000
3.684  0.000

0.000
0.000
0.000
-18.497
0.000
5.254
0.000
8.461

0.000
0.000

B-35

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
8.777
0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

5.254

-5.254

0.000

0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

2.752

0.000

0.000

0.000

1.676

0.000

0.000

8.461

0.000

-23.531

10.365



-14.768  4.403  0.000  0.000  0.000  0.000  0.000
0.000  0.000  0.000  0.000  0.000  4.094  0.000

4.403  -8.437  0.000  0.000  0.000  0.000  0.000
0.000  0.000  0.000  0.000  0.000  3.176  0.000

0.000  0.000 -5.428  2.252  0.000  0.000  0.000
0.000 0.000  0.000  0.000  0.000  §.103  0.000

0.000  0.000  2.252 -10.670  2.315  0.000  0.000
0.000  0.000  ©0.000  0.000  0.000  0.000  0.000

0.000  0.000  0.000  2.315 -5.344  0.000  0.000
9.174 15.263  0.000  0.000  4.235  0.000  0.000

0.000  0.000  0.000  0.000  0.000 -28.672  0.000
0.000  9.174  0.000  0.000  0.000  0.000  0.000

0.000  0.000  0.000  0.000  0.000  0.000 -3.174

e#seees PLEASE WAIT .... PROGRAM IS RUNNING *

ITERATION # 1

eseesvess  DLEASE WAIT .. PROGRAM IS RUNNING sveveerss
THE NUMBER OF ROWS IN THE JACOBIAN MATRIX = 28

ITERATION # 1
MISMATCH = 1.14E+00
ITERATION # 2

sesessssr  DLEASE W PROGRAM 15 RUNNING sveveess
THE NUWEER OF ROWS IN THE JACOBIAN MATRIX =

0.000

0.000

0.000

0.000

0.000

0.000

0.00¢C

0.000

0.000

3.029

0.000

0.000



B-37

DO YOU WANT TO DISPLAY THE TRANSFORMER OUTBUT DATA ( Y OR N | ? NN

DO YOU WANT TO DISPLAY THE OUTPUT DATA IN EXPONENTIAL FORMAT ( Y OR N ) ? vy
USE THE Ctrl PRINT SCREEN OPTION NOW IF YOU WANT TO PRINT THE RESULTS.
PRESS RETURN TO CONTINUE.

POWER FLOW BUS OUTPUT DATA FOR

L13E+00
TOTAL

N
1
=

.10B-01  3.33E-01  7.77E-01

MISMATCH = 1.54E-05

POWER FLOW LINE OUTPUT DATA FOR

LINE # BUS TO BUS ® Q S  RATING EXCEEDED
:3 s 2 4.76E-01  1.26E-01  4.93E-01

2 15 -4.71E-01  -1,12E-01  4.84E-01
2 15 s 2.078-01  7.05B-02  2.198-01

5 15 -2.04E-01 -5.89E-02  2.138-01

3 2.01B-01  5.71E-02  2.098-01
3 2 -1.99E-01 -4.74B-02  2.05E-01



4 2
4
5 2
s
6 3
7 3
H
8 4
7
9 4
B
10 s
6
1 6
1
12 5
12
13
13
14 7
8
15 7
B
16 )
10
17 )
14
18 10
1
19 12
13
20 13
14
3 1
15
22 2
16

[T

wa

P

na

14
1
10

22
12

14
13

15

16

1.428-01
-1.41E-01

1.03E-01
-1.02E-01

-8.36E-02
8.41E-02

-1.69E-01
1.698-01

4.278-02
-4.278-02

3.938-02
-3.308-02

1.148-01
-1.138-01

1.098-02
~1.08E-02

2.15E-02
-2.14E-02

4.70E-02
-4.68E-02

-6.96E-02
7.00E-02

1.128-01
-1.128-01

2.678-02
-2.668-02

3.558-02
-3.538-02

-3.638-04
3.648-04

3.158-03
-3.14E-03

9.46E-03
-9.44E-03

7.00B-01
-6.84E-01

-3.998-02
4.00E-02

2.568-02
-2.15E-02

2.098-02
-1.878-02

-9.61E-03
1.108-02

-1.92E-02
2.062-02

2.298-02
-2.248-02

1.842-02
-1.728-02

5.232-02
-4.778-02

2.288-03
-2.258-03

§.388-03
-6.22E-03

1.65E-02
-1.61E-02

-4.858-02
5.00E-02

7.098-02
-6.86E-02

2.078-02
-2.06E-02

1.548-02
-1.498-02

3.158-03
-3.158-03

1.438-03
-1.428-03

1.688-04
-1.30B-04

2.538-01
-1.988-01

-2.978-02
3.008-02

L44E-01
L42E-01

.05E-01
04E-01

P

L41E-02
48E-02

70E-01
71E-01

T

85E-02
828-02

348-02
268-02

o aa

.26E-01
238-01

1
3.

178-03

3.3
3.
3

3
3.
3.178-03
3
3.
9.
9.
3.

45E-03
45E-03

46E-03
45E-03

44B-01
7.128-01

4.988-02
s. 02

REMOVE Ctrl PRINT SCREEN AND THEN PRESS RETURN TO CONTINUE

B-38



APPENDIX C

TABLES OF PARTICIPATION FACTORS, LINE AND LOAD
CONTRIBUTIONS




TABI A
LINE PARTICIPATION FACTORS

Y 1

HE

O

G | H [ 1 [

J
)

EECCEEEEEEEEEEREEEEEEEECRERERNE

- s B

AKpg16 A
0.00082
000775442 0.0001587
000635628 -0.0007802
001330182 -0.0016327
001258591 0.001483
000635586 -0.0007801
00037273 001300111
001485965 00185817
000852637 000317802
001661345 0.01541364

000327436 -0.0024933 0.00338845 000592979

F
Tigt6
002578587

o

atg8

104509026
001423325 002490818
100820826

0.00526243 0.

001101281 001927242
00094854 001660645
0.00526209 0.00820865
Q0089286 0012125
001474407 002580213
0.00846005 001480503

000296558 0.00398138 0.00298167 0.00521792

001037354 00139268
0 00699998
001485996 0.05140853

0.00666145 001709123
0.0032755 0.0024937

001474438 002580267
0.00672518 0.01999504 0.00861564 0.01157737
0.00856909 001153091
-0.0033809 -0.0059166
000296546 000398123 0.00298155 0.00521772

000341122 0.00596364 0.

00s
L}

007
[

akr

a6

004208544
0.0431982)
012356048
0085901
.0710139|
02381182|
0.10826486|
05243194
.1017885|
-a.0asas?|
-0.0949408)
001180882
000403881
0998848
047491129
0.14275363)
0.11647268|
0.10824742)




C.
GENERATION CONTRIBUTION TO LINE FLOWS

C-2

A B c | D I E I F [ 6 [ w T 1

T re# GusBus  fow gicont Sicont oot Wgencot ol ol

_!_‘ 1 152 o1 010560258  -QQ0SB47161 000294481 0103 1387BE-17  1.347E-14|
[3] 2 155 00477 O0O6231% OCOSSOMB OOCNZW/E 00477 GSMWOE-18 1. 4&5E-14f
4] 3 2.3 00605 ODMESE  0O174608 000BSAEZ34 0006 0 of
3] « 2.4 003G 00061429 0010388841 000671307 00343 6SC8CE-18 2023E-14|
[6] s 2.5 0058 ORNEP7S 0ESRXS J0MGMET 008 6MOE-18 2639€-14)
[7] & 3.4 om» QOWTZXET  Q0IESEET3  Q0XB of
[8] 7 4.5 <mn QEEXE®  0M7STES4 Q71 SIWE-18  157E-14)
[ 9] 8 4.7 Q015 0016W164 0COGIO7NS QO6MZIS 0016 GSWOE-18 4 448E-14)
0] 9 4.9 O0OKX O0OB714185 O0ORE®WEI3 OO7IZVB  00BD of
(1] 10 5.6 0086 0047611 0COKNIIM 00286 o
(2] v 6.1 ocoier  OomEX7E O 000EE4861 000191 10B42E-18 S676E-14)
[13] 12 6.12 o06a O 0001162856 OCO0B26618 000644 86736E-19 1347E-14|
3] 6.13 oo1e 0008940061 Q 0.000282717 00128 1.7347E-18 1.365E-14|
(5] 14 7.8 00887 0000173419 4SSOEOELS 0068019058 00887 Q 0|
[T€] 15 7.3 0C5@ O0OIG47EDS 0004480111 003N  0CSQ GIMWSE-18  128E-14)
7] 1 .10 oo4 o oootoesE2 O 00144 34604E-18 2.409€-14)
[T8] 17 9.14 00! OOSSC974 OQOISKES  OCOBISXES  QOIS) 1.7347E-18 1.134E-14)
[18] ® 0.1 O0OB4 QOIS QCOMB4 O 000541 1.7347E-18  3207E-14)
[20] 19 12.13 000B167S! Q026758 OC00B11S08  QQOIIR 18974E-18 STISE-13
[27] 2 13.14 Q00412 OOKX0ES QUOT77E3  OOD4IGRIS Q00412 S21STE-19 -2237E-13)
[Z| 22 115 ast Qi51 1314615 230008E-15 0151 of
(Z2] =z 216 omm SmsuEs 4 268190605 OO0 SSMOE-18 -1.7E14)




Y 1
GENERATION CONTRIBUTION TO BUS LOAD

A | B8 [ ¢ T o T € T *f [ 6 [ n

EEEEEEEEEEEEEEEERERERRERE

Busnum  Instaled Load g1 cont gi6cont Wcoont Tomlcont  Oifferance %ol
1 )
2 00217 001284547 QOGS OOSST 002 0005 2304147485
3 0032 0054140 00144675 OOXITSS 00944 o2 02121425
4 001286627 Q0477  0GDI7  OIHESH
s 0OE1 0007 oo 2&31STESHT
s ooames® 001127 TEQS 0ss
7 2677ECS  Q0m 0001
8
CCO7974151  00B7T 0003 Q77987
0041504 0008 HEQS O
0OOD14D 0003  -2602006-18 -7.43483E-14)
0CO168126 0006108 BE0B 0131147541
000631427 001344 44EC5 0325056
00092869 0014888 12605 00805313
750647EC6 000D 000
[ o
02608
008as® 02608
|Actal Gen output 0151 007
|afferance 00231274 612646E35 00107462

% gitferance 0153161404 0153161404 015351684




TABLE C.2-A CASE STUDY 2
LINE PARTICIPATION FACTORS

el el el ool el e o ef o]

4,
a
s,
6.
6.
6.
T
7.
9.
9.

0...
2.
3....
1.
2

0.0207471
[}
007199
00134604
0013229
0.0085508
00055008
0.0086777
]

008

oost16083
00231547
00230618
00118331
00104354
0011933
014

a6
01434167
01363865
02926046
0258186
02214097
00668821
01701676
0118717
00852661
01573606
00220076
002854
00836087
00018965
0.1121061
00254056
00080663
00088001
00085089
0017786
308E-14
09w

01024028
00377508
00054854
0g113774)
00002246
-0.998050|
0.47501 46}
0.1429197|
0.1165808|
0.1087019|
00117531
0058871
3.3086-14|
0.0005880




TABLE CASE STUDY 2 C-5
GENERATION CONTRIBUTION TO LINE FLOWS

A B | E [ H_ [ 1

[ [ Tne# Bustus gieont aif %l
Z] 1 001147358 83267E-17 402E-14
q’_‘ 2 0010910923 1388617 -1.441E-14|
3 2 0023408950 1.3878E-17 1.138E-14)
] ¢« 2 002073878 1.3878E-17  2.005€-14|
[6] s =2 0017719976 6SBGE-18 1.37E-14
[T] s 000538567 o o
[T] 7 a 0013613411 A3BBEAT 1.846E-14)
(3] & a 0009165736 1.7347E-17 S841E-14)
0] o 4. 0005221288 -1.736E-18 -1.668€-14|
O] w0 5. 0012568044 0 of
Oz] v s 0.00176061 26021E-18 -653BE-14
3] 2 12 0002291198 17347618 1385614
a7 3 o 34604618 1.361E-14)
(5] 4 7.8 0000151727 [} of
18] s 7.9 0008968485 o o
[A7] & 9.0 0002022446 3464E-18 1.196E-14)
[18] 17 9.4 0003125304 1.0408E-17  3.368E-14|
(18] 18 0000704725 of
[20] 19 0001814717 000044071 46G21E-18  7.640E-13)
[2T] = 0COE01106 0001419082 430M8E-19 4.400E-14
[2Z] « QX7 264677€-15 o 9
23] = 0000174763 00796548 [ o




BLE CASE STUDY 2 C6
GENERATION CONTRIBUTION TO BUS LOAD
[ B C D E F G H
_;_ Busnum  installed Load g1 cont g16cont 98 cont Totalconl _ Oifferance % aif
1 o
3] 2 00434 0025402471 CODGGITH8 0011579622 00436 0002 04608294
] 3 01884 0110392524 0087686 005034055  0.18%5 00011 0583864119
5] 4 0066  OCSE0S8IS 0014602690 00XEE7486 00962 oS 0627615063
6] s 00152 O0OBIE7S3 0002429444 00042SWEI 0016 00M8 5263157856
7] 6 0024 0013190494 00G4M7SI8 OCOEINXEE 00268 00008 125
%] 7 [ 0000174714 4SEZNECS 797625606 0000 000
3] 8 o
[10] 9 0o 008032024 OO1SBO7631 0056 0005 0847457627
] w© 0018 0010472341 00273717 000479049 0018 o o
Azl n 0007 0004113802 00010SS885 OQO1ESCR1  0OT2 2605 0285714286
A3 00122 0007101251 0001850468 00026261 001219 HESS 0081967213
& n 0027  00IST73485 000411316 00071901 0027074 74605 0274074074
5] 14 0028 00174®12 O Q07862475 0029906 0000136 045637560
18] s 0 0002156 0OCSE241S 0O0SEOT26 00037 oom?
ar] s 0 o °
(18] Tom o518 05257
[19]
%Calcumaﬂ'rmm 0306242984 007960272 0130654284 05257
[2Z]
[23 |Actual Gen output 0307 o 014 osz7
[ 24 |citterance 0000757016 0000197268 0.00XBSTIE
[Z5] % difterance 024658501 _ 024658501 _0.246840009




T 3-A CASE STUDY 3
LINE PARTICIPATION FACTORS

F | 6 [

el el el e el

ibogslooNnans

2.
P
3
a.
a
a
B
6
6..
6.
7.
1
9.
3.

BRB
G352

Q00121
0487
Q119

0.7
a12
021

o797

agis  aigh
0772976

o
00426374 007472464
00157873 002762778
008G

0.0284682 0046816
001578626 002762596
00207857 0006375
00442222 007740638
002538015 004441526
005038604 008817557
001016535 001778936

00089401
00312894 00S47SE61
o

004423315 007740801

Q0172
0.00884071
oo19esa27

000125471

oooa7E3t8
01105879
2=
omes7as
008021
00055346
001787534
33418614
RE-2




ASE STUDY
GENERATION CONTRIBUTION TO LINE FLOWS

c-8

T Al B ¢ | H ]

T [ Tre# BusBus  fow ] %l
[Z] + 152 LE LIENE 3SIE-14)
[3] 2 155 0146 27T6E-17 -1 S01E-14)
[T] 3 223 0183 ] of
[B] & 2.4 0106 Y 4163E-17 3985E-14|
8] s .5 00784 0067062155  0Q2B2761  OOISIEME 00784 -2TTEET -IS4E-14)
[7] 6 3.4 0101 QORSMETE OCMOMSE O0EEAT® 0101 o of
'®] 7 45 0113 -1388E17 1.228E-14f
3] 8 4.7 0043 SSWE-18 1.566E-14)
[10] o 4.8 00161 -1041E-17 6.465€-14]
[A7T] © s.6 00865 -2776E-17 -3208€-14]
[1Z] 1 6.1 OMSES O0O1GESSIS  QOWEERTS  -QOXDN: 000585 -1.73E-18 3065E-14|
3] 12 s.12 00! QOIBIO7T  ONBRBM  OCZESEH  00IM I4VE-18 -1.798E-14]
(78] 13 6.13 00B4 0003 OCO7SON  OOCOEOSIN4  OCOB4 2082617 SQ1E-14)
78] 4 7.8 Q207 000I7S7A5  OODEISE2 0209208987 o207 of
8] s 7.9 0163 OOSS6176 QOIRMSES  00HBOAEE 0163 27756E-17 1.703E-14)
(7] 1 510 000 OOICEXZ1 O0OWSEEIT! OOXE2NEW  OOKD SIWES -1.60E-14)
(78] 17 9.14 0042 00I7IEB4IS OODMDEG08 OQO4O1677 0042 -SSWE-18 -1.502E-14)
[19] ® wo.n ooe & OMIBIES  OO27EHE 00162 I4B4E18 2142614
[20] 19 12.13 OONS77 QU774 OQUDESEIS OCO2461S08  OOOCST7 26NE-18 266313
[2T] 2 1314 Qo2 oo  OORIEd4 OO 000121 108QE18 89614
W 2 1..15 0487 0467 401013615 TOVTTEAS 0467 SS51E-17 -1.1809€-14f
g 2 2.16 Q119 O0SESH47 0118805 0119 13878E-17 -1.166E-14)




TABLEC c9
GENERATION CONTRIBUTION TO BUS LOAD

A | B [ ©C D E F G H
+ Busnum  InstaledLcad gl cont 916 cont ‘98 cont Total cont Differance. wal

1 o
3] 2 00851 o 001002656 001754304 00668 oao1s 2304147465
] 3 02826 0165410085 00427E0B3 0074629102 0284 00014 045530858
=] 4 o1m4 0 of 0038260737 01482 00018 1.25520126
T s 00228 0014584158 0003748974 0.00ESE5868 ele2 00021 9210526316
7] 6 felece ) 0020172773 Q00S195477  0.0080817S 003446 feleee ) 2558
; 7 o Q000175857 4ASISSSEDS  -78047EDS Relevec) 00003

L] o
[10] 9 ooss 00S24B463 0013400241 002610306 008s8 el 5411754708
7] 1w 0027 QO0ISESEGI3 QQOAB747 OCOTISIS 027! Qoo1  o3Mmma?
Z] n 00105 000212627 OCDIST219 OCO7SIS4 001054 405 038085281
3] n 00183 001073637 OOO27SEBIS OCDE27788 OO1EXR3 23605 01256506
Aq 00405 0023784444 0Q06111ST7 0OICEI0ST8 OOMSE7  BTEDS 0214814815
[15] 14 00447 0026361967 0006773949 0011854084 00440 000029 0648768575
18] s [ O4ICOE2 0001056086 0CO1B4TI4 007 [
ar] e [ [ o
(18]  Tom oS o7
i3]
[ 20 |Cascuiated Totl output 046465568 011WMS4 0 2EOEED om
[27]
:g‘wccmm 0467 012 021
[28 aiferance 000234362 0.0CDECR146  0.00ICSE0
[25]  diterance 050178852 0SOIT8ES2 0.SO2143519



LE

4 c-10

LINE PARTICIPATION FACTORS

o)
o

el el el e N A

é
i

§

vovonawn-il»

15..
15,
2
2.
2
3
4.
4.
a.
s.
6.
6.
6.
7.
T
B

q [T
16 004
® oo7
o os3

000298167
001042983
0

00147408
000661564

00029815




TABLE C.4-B CASE STUDY
GENERATION CONTRIBUTION TO LINE FLOWS

-

] I E F G | H

I

EEEEEEEEEEEEEEECREREEEE

fo
¥

cavanswn-§l»

gicont giecont Bcont iotgencont  af
025045801 0ZeET8 0287 SSB11E17

0131 27756E-17
00877 27756E-17
0063 1.3878E-17
00887 -138BEAT
0104 2776E-17
00144 1.0408E-17

0
000422 26021E-18
£

00297 3.4694E-18
0084 1.3878€-17
00256 3464E-18
o

000167 23852618

0001 8674619
0@ 11102616

[

%at
190414

of
2119614
1|ﬂ»lj

of
6.166€-14)
of
1.168E-14)
of
1.6526-14|
1355814
of
1.4286-13)|
20126-14)

260614
9




TAl C. Y 4 Cc-12
GENERATION CONTRIBUTION TO BUS LOAD
A I B [} ] E | F T G H
__;_ Bus num Instalied Load g1 cont g16cont 98 cont Total cont Differance % dif
1 o

3] 2 00434 0318761 0.003WMEI 00444 0001 2304147465
] 3 01884 0150328767 0014317088 a.1807 00013 0630021231
5] 4 00856  00767088% O0.0070634 0068 02 125520126
5] 5 00152 001275817 0001215653 00161 00008 5921052632
7] s 0024 0018122768 0001729943 ooz88 oo 2142857143
5] 7 o J3W7EE  5SE6TBED -182146E-17 -1.82146E-17
3] s o
o] o 0089 0047071085 0004482964 00534 00004 06776s1C2
1] 1 0018 0014262943 0001362486 001801 1605 OOSEEEEEES
Oz 0007  OODSS7IES 000E22576 0001 1605 0142867143
3] 0012  0MEEDITE 000092022 00123 XS 02eE016®
%] 1 0027 0021444946 0002042357 O 002708 6ECS 02222222
5] 14 0028 002370263 0OW2STS OOEEM8! 002991 000011 0360127517
] s [ 00047S5704 OOUO43I08 0000791188 0006 0008
7] s 0 ) o
(18]  Toual os18 0526
[19]
[ 20| Cakcuated Total output 0419600971 0030962283 0.088833747 0526
[27]
[2Z]
[23 |Actual Gen output e 004 007
[ 24 |aifferance 000069 3TTITIEDS GE2SHEDS
[Z5] % difterance 00840736 0084202736 0.004647736




A C. DY S C-13
LINE PARTICIPATION FACTORS

(3 ) E | F [
fow

EEEEEEEEEEECEEEEEEEEEEEaRGRE!

@

LB IobNnANE YN

g o7
a6 004
® oo7
toal o8t

RipgB  aigie 318
00032 002576887 000026 nn«s mm\m nm
0207 00775442 QONCS1SE7 0014205 00240816 02801631 013119857 -0048200)
0201 000828 00007802 000626243 0.00S20926 02591305 028647665 0.11642422)
0142 00130192 00016327 001101281 001927242 0.19629134 025551912 01006
0103 001258881 000143 OC0G48G4 001560645 014198623 021540886 0078102
00836 000636586 0.0COTR01 0006526200 Q.00920865 00922284 00648841 02340251,
0169 -00UG7273 00100111 000ENBE 0012125 024614 0163683 0.1153004)
00427 001485065 00185317 0.01474407 002580213 0.10738CS7 0.11027006 -05268172|
00393 000852637 000317802 0.00B46005 001480509 006279104  0.064449 -0.10300S8|
0.114 Q01661345 001541364 001678635 00258186 0.15822236 0.1S367465 00414655,
00108 00027406 -00N24EX3 0.00BBS 000522979 0.0236E679 002115866 -0.0BET|
00215 00029658 Q.81 000298167 Q00521792 0.0280867 QC27EBTH 00102481
0047 00ICI74 00136268 Q01OCHES 00182522 0.0SIAM18 006202703 0.00164278|
c0me 0 -0osseme 3 0 000040052 00004 -0 WL
0.112 001485006 005140853 001474408 002580267 0.10851673 010840827 0.47231479)
00257 QODE72518 0O1SEEE04 000661564 001157737 0.024054 002517389 014268807
00355 000885145 001709123 0.C0ES8I08 001153091 Q.036B73R4 0CIBEE213 011630636
00033 Q0TS 00024837 -OCOXMW09 -O00EB165 00109613 -000B3ZST 0.10918527)
000315 000296546 000308123 00028155 000621772 000543529 000503 -0.0122289)|
000046 oamsu 000040821 000341122 0,00596064 001863307 001682414 -0.0808016|
o7 [ 004 007 1 49072E-14 49072E-14)
008 am o 0 000012346 09868765 0.00012346|




TABLE
GENERATION CONTRIBUTION TO LINE FLOWS

Y

Al BT c | Y T I F e T w [

T [ Cres BusBis  fow gicont gi6cont Boont lokgencot i i
Z] 152 0476 0480080047 OCOSDS7HO4 0001988647 0476 16853616 3.499€-14|
[3] 2 155 0207 0205218519 000G OOU34E5461 0207 27756E-17
4] 3 223 0201 018101246 0014608 0081066 02 SSBUE17
[B] « 2.4 01© 01BEEE  QOIZONS  QCOTR4TS 01@ SSNEN7
[€] s 2.5 0103 OCHETNS QUBTEEA  OCSITTII 0103 1B7BE17
[7] & 3.4 00N O0GeSEM OOWRSHI4 D0I6M4TSE Q0K -1 WE17  166E14
(8] 7 4.5 0169 0172804 Q00ESAR 0BT 018 2776E-17 1.642€-14)
(3] & 4.7 00 OO/S166M2 04412 OCHBT7204  OOAQ7 GTWOE-18 1.625€-14)
[T0] o 4.9 O0mE3 0O4BSID  00S7796 Q7ZNED 00X o o
1] o s.6 Qi1 011075665 0006146908 . 0114 1.3878E17 1217E-14
[1Z] 1 6.11 0018 OOIETSMSE O0OUB4ES7 OCOETM2 QOIS 1.TMTE-18 1591E-14)
73] 2 6.12 o5 oO19E7E 000110746 O oo21s o
& 13 &3 0047 00444 0002481081 0000114EES 0047 GBGE-18 1.476E-14|
18] 1« 7 20ms o
18] s 7 0112 13878E17 123€-14]
7] w o 00267 3.4804E-18
8] 7 s 005 6.9089€-18
18] 1 0000083 JTEE-19 1.046E-13)
[20] 1 000015 1.7347E-18 SSOTE-14|
[27] = 000346 34B4E-18 IE6TE-14)
[2Z] 2 07 o 0|
(23] 2 008 [ 9




5-C CASE STUD' C-15
GENERATION CONTRIBUTION TO BUS LOAD
[ D E 1 F G H
_;_ Bus num Installed Load g1 cont g16 cont g8 cont Total cont Differance % af
1 o
3] 2 00651 0080410085 0003451191 0006036725 00699 00048 7373271889
4] 3 02826 0245051124 0.014054422 0.024554454 02846 0.002 0707714084
=] 4 01434 0125653733 0007179958 0012566308  0.1454 0002 1394700139
] s 00228 0023330418 000133398 0002335602 0027 00042 1842105263
7] 6 00336 002991908 0001712074 0002996018  0.0M46 0001 2976190476
7] 7 [ 0000255223 148103E-05 259664E05 00003 0.0003
3] 8 0
[70] 9 00835 0076999299 0004399966 0007700735 00891 00006 067796102
7] 1 0027 002377818 63E05 023111
z] n 00105 0009124113 37605 0352380962
3] 00183 0015858088 SECS 0273224044
7] 3 00405 0035165476 000019 0469135802
5] 1 0047  0C3sESMIE . 0000265 0581655481
78| s [} 0014692414 0000839751 000146784 0017 0017
7] 1 0 0 [}
(18] Toa o 08088
[13]
| 20 | Caicuiated Total output 0599568116 0039975321 0.069956563 08095
7]
(2]
[ 23 | Actual Gen cutput 07 Qo4 007
24} 0000431884 246731E0S  4.34363E-05
[25] % cterance 0081697718 0081657716 _0.062052715




APPENDIX D

EXCEL CELL FORMULAS




TA

.1 EXCEL CELL Fi
INVERSE ADMITTANCE MATRIX

Yalsal=l

| 0 O |

Blalalalalal

]
250.1359763

250.1845208  250.1584757 250.1432703]
250.1845208  250.1959931  250.1645343  250.1373582  250.1412821
250.1584757  250.1645343  250.2438173 260.141279  250.1356411
250.1359763  250.1373582 250.141279  250.1446661  250.1307679)
250.1432703  250.1412821  250.1356411  250.1307679  250.1507638|
250.0374513  250.0366091 250.0342196  250.0321555  250.0406253)
250.0588943  250.0596719 250.0618784  250.0637844  250.0559633|

250.0588943  250.0596719
X 250.0212348  250.0166106|

250.004368

.0206022  250.0203243 250.01948  250.0187506  250.0217435|
250.0183827  250.0176435 250.015546  250.0137341 250.021169)
250.0034839  250.0028251 250.0008557  249.9993409  250.0059671
2499738046  249.9737753 249.9738921  249.9736203 249.973915
. 250.1432703
250.1412821




TABLE D.1 EXCEL CELL FORMULAS
INVERSE ADMITTANCE MATRIX

Talallal

Tolwl<lal

[

[Flalalal=l=]

|2l [o]N]=]

F G H
250.0374513  250.0588943  250.0588943

250.0366091
2500342196
250.0321555
250.0406253
250.1007218
250.0004698
250.0004698
249.9838008

249.98721
250.0429787
250.0739221
250.0529826
249.9760065
250.0374513
250.0366091

250.0596719
250.0618784
250.0637844
250.0559633
250.0004698
250.1193258
250.1193258
250.0385336
250.0143968
250.0075544
249.9859201

249.974552
249.9725176
250.0588943
250.0596719

250.0596719
250.0618784
250.0637844
250.0559633
250.0004698
250.1193258
250.2854752
250.0385336
250.0143968
250.0075544
249.9859201

249.974552
249.9725176
250.0588943
250.0596719

[]
250.0183435
250.0188033
250.0201078
250.0212348
250.0166106
249.9838008
250.0385336
250.0385336
250.0476341
250.0189171
250.0016644

249.971288
249.9615113
249.9719375
250.0183435
250.0188033

J

250.004368|
250.0045964
250.0052444
250.0058041
250.0035072
249.98721
250.0143968
250.0143068|
250.0189171
250.0653908
250.0269803|
249.9721592|
249.9603994
249.9552926
250.004368|

250.0045964



TABLE D.1 EXCEL CELL FORMULAS
INVERSE ADMITTANCE MATRIX

K
250.0206022
250.0203243

250.01948
250.0187506
250.0217435
250.0429787
250.0075544
250.0075544
250.0016644
250.0269803
250.1325539
250.0221556
250.0058859
249.9654694
250.0206219
250.0203243

L M N o
250.0183827  250.0034839  249.9738046  250.2226349

250.0176435

250.015546
250.0137341

250.021169
250.0739221
2499859201
249.9859201

249.971288
249.9721592
250.0221556
250.1878925
250.0770611
2499794917
250.0183827
250.0176435

250.0028251
250.0009557
249.9893409
250.0050671
250.0529826

249.974552

249.974552
249.9615113

250.0958744
2499822149
250.0034839
250.0028251

249.9737753
249.9736921
249.9736203

249.973915
249.9760065
249.9725176
249.9725176
249.9719375
2499552926
2499654694
249.9794917
249.9822149
250.0905551
249.9738046
249.9737753

250.1845208|
250.1584757|
250.1359763
250.1432703|
250.0374513
250.

2500588943
250.0183435
250.0043868|

D-3



TABLE D.1 EXCEL CELL FORMULA!
INVERSE ADMITTANCE MATRIX

D-4



ELL FORM!

i

FACTORS FOR TEST SYSTEM
Al s J _© ] D
[ 1 [Line# Bus-Bus Reactance ‘Afacg
(211 15 2 005917  =([run.xis]yinv!O1-{run.xislyinv!B1)/frun.xis]afac!$C2
32 15..5 0.22304 =.runxls]ymvlm-(runxls]ylmleu[mnxls]aﬂaclscs
’I[ 3 =( . xis]yinvIC1)/$C4
4 [run.xislyinv!D1)/$C5
5 i 6
“T‘e lyinvIC$1-{run.xislyinv!D$1)/$C7
817 inv!D$1-{run. 8
[9]s Jyinv!D$1-{run. 9
10]9 lyinv!DS1-{run.
[11]10 i $1VSC11
[Az]11 S
1312 $ xislyinviL$1)/$C13
14|13 S
15|14 IH$1)/3C15
[ae]1s {
117 |16 {run.xislyinv1J$1)/$C17
18|17 {r 18
s e %
2019 invILS$1-{run. 20
21]
122}

{ dslyinviO$1)/3C22

inv!BS1.

o
§
s
3
i




TABLE D-2 EXCEL CELL FORMULAS
‘A’ FACTORS FOR TEST SYSTEM

E
1] Afacg16

2 |=((run.xislyinv!O16-{run.xislyinv!B: xlslafaciSC2

=([run.xis]yinv!O16-{run.xislyinv!E xlsjafaci$C3

((run.xis]yinv!B16-{run.xislyinvIC16)run.xis]afac!SC4

run. xislyi xis]yinvID16)[run.xlsjafac!$C5

run.xisjyinv!B16-{run.xis]yinv!E’ xisjafac!$C8

run.xislyinv!C16-{run.xislyinv!D16)run.xis|afac!SC7
run.xislyinv!D$18-{run.xislyi xisafac!SC8

run.xislyinv!D$18-[run.xlslyinv|G$16)/[run.xis|afac!SCO
run. xisjyinv!D$ 16-{run.xis]yinv!i$16)/run.xis]afac!$C10
un. i {r IF$16)/run.xisjafac!$C11
. IF$16-[ xislafac!SC12
run. invIF$16-[run.xis]yinv!L$16)/[run.xis]afac!$C13
run.xislyinv!F$16-{run.xis]yi xisjafaciSC14
run.xisjyi 16-{run.xislyinv!H$16)run.xislafaci$C15
run, 16-{run.xislyinv!|$16)run.xis]afac!SC16
run. i {run.xis]yinv!J$16)/[run.xis]afac!$C17
run.xishyi i i Isjafacl$C18
run.xislyinv!J$16-{run.xislyi xisjafac!$C19
run.xislyinvIL$16-{run.xislyinv/M$16)/run.xis]afac!$C20
run. xislyinv!M$ 16-{run.xIs]yinvIN$16)/[run.xis]afac!$C21
run. xislyinv!A$16-{run.xIs]yinv!O$16)/{run.xis]afac!$C22
[run.xis}yinv!B$16-{run.xisjyinv!P$16)/ru




TABLE D-2 EXCEL CELL FORMULAS
‘A' FACTORS FOR TEST SYSTEM

F

Jalalalalalalalalalal=]

Talalalalisl

]
&)

3|a|3]a (a2 ]8R]

Rlafe];

Afacgd
2_|=([run.xislyinv!O8-{run.xislyinv!B8)run.xis]afac!SC2

Jyinv!O8-{run.xis]yinv!E8)/run.xis]afac!$C3

Jyinv!B8-{run.xislyinv!C8)/run.xis]afac!$C4

Jyinv!B8-{run.xislyinv!D8)frun.xisafac!SC5
h =

xisJafacl$C6
lyinvIC8-frun.xislyinv!D8)/frun.xislafaci$C7
lyinv!D8-{run.xis]yis dsjafaci$C8
lyinv!D8-{run. Islafac!$CO
jyinv!D8-{run. xis]yi xis]afacl$C10
i 1F8)/frun.xis]afac!$C11

xislafac!$C12

xislyinvIL8)run.xis]afacl$C13

xis]afaci$C14

{r inv!H8)/run.xis]afac!$C15
s i Isjafac$C16

118-frun.xislyinv!J8)run.xis]afac!$C17

118 xisjafacl$C18

Islyinv!J8r i xls|afacl$C19

run.xislyinv!L8-{run.xis]yinvIM8)/[run.xis]afac!$C20

{run.xislyinvIN8)frun.xislafac!$C21

[run.xis]yinv!A8-{run.xislyinv!O8)/run.xis]afac! $C22
({run.xis]yinv!B8-{run.xis]yinv!P8)/run.xis]afac!$C23

D-7



Y. 3 EXCEL CELL FOI
GENERATION PARTICIPATION FACTORS - TYPICAL
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by .
GENERATION PARTICIPATION FACTORS - TYPICAL

Li [ G [ H
alg1é alg8 dikr
=C$29"[run xis]afac'D3 =C330°
cs2o =cs30
|=C$29"[run xisjafac!D7 =C30° =C74t L s
|=C$29"[run xisjafac'D8 =C80°
=80 =HC1{D11+E11)+(F11+G11))3CI1
cs29 <80
-csz9' 80 0 Y
52 530
52 <520
=C$29" =C330°r
=C$29"[r =C3$30°
=C$29°Tr =C330°
cszv ~csa0

felefa el el efe]Jelalael e f ol ] o]




; (CEL CELL Ft

GENERATION PARTICIPATION FACTORS - TYPICAL

1 I J
1 ak16 dik8
(2]
; xsjataciD3
=
&
ae
ds]afac! D8
o]
[10]
1] =H1
2]
3]
o]
sataciD15
e
7]
(18] xsjafac'D18
3
xisjafac'D20
[
Ed
7]
[24]
[%5]
[%5]
[77]
28]
23]
K
Kl
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GENERATION CONTRIBUTION TO LINE FLOWS - TYPICAL
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T ;
GENERATION CONTRIBUTION TO LINE FLOWS - TYPICAL

4

CELL FORM

, G I H I ]

1 tot gen cont of Sdit
[Z|=sumozF2) =262 =100°H2C2
[3|=sumoar3) <363 =100HYC3
(@ |=sumoers) 4G4 =100HACH
[ |=sumosss) =565 =100°HSCS
[6 |=sumpers) <55 =100HEC8
[ |-sumo7Fn <767 =100H7ICT
[ |=sumoers) =c8G8 =100°HC8
[ |=sumosers) =3G9 =100°HIICY.
[0 |=sumo1oFi0y =C10-G10 =100°HINC10
AT {=sumo11:F11) =C11.G11 =0OHINCH
[1Z|-sump12F12) =C12G12 =100°H12C12
[13]-sump1aF13) =C13613 =100'HIVCT3
(T4 |=sumD1ar1e) =C14G14 =100HI4C14
[5 |-sumpiss1s) =C15G15 =10CHISC1S
{76 [-sumD1aFi8) <1656 =10UHIEC1S
(A7 |=sump17F17) =C17617 =100HI7C17
[18]=sump1eris =C18G18 =100°H18C18
[ 18 |-sumD19F19) =C19G19 =100'H1XC19
[ 20 |=sump20F20) =C20620 =100°H20C20
[27]=sumozr.r21) =C21-621 =100°H21/C21
[22|-sump22r22) =262 =100°H22/C22
% =SUMD23:F23) 2362 =100H2YC23
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.5 EX ILAS
GENERATION CONTRIBUTION TO BUS LOAD - TYPICAL

0
Toal  =SUM(B2B17)

A B [
Busrum _ Installed Load g1 cont
Z] 0
3 00217
3]s 00842 ={run s inet1!D4-{run xs}inet11D7
[T« 00478
[E]s 00078
[Tle ooz
S
s [
[10]e 00285
[T} 0009 ={run.da inet1!D17-{runxis inet11D19
A2 00035 ={run xisjinet1!D12+{run xsjinet1!D19
i3]z 00081 ={run xsJinet11013-{run xs}inet1'020
(1413 Qot3s
18] oot ={run xisfinet1!D18+{run xisfinet1!D21
[(18]1s 0
7]
18]
g
|Catcuated Tc =SUMC2C19)

[27]

[2Z]

[23 |AcuaiGenax 0151

[ 24 |aterance

[25] % diterance =100°C24C23

28]




by .5 D-15
GENERATION CONTRIBUTION TO BUS LOAD - TYPICAL

D
g16 cont

={run.ds}inetIE4-{run.ds linet1 1E7

={run s Jinet11E17-{run xis}inet11E19.
={run ds]inet1'E12+{run xsJinet11E19
<{run s linet11€13-{run ss inet 11E20

|={run ds]linet1!E18+{run.xdsinet 1 E21

=SUMD2D19)

5

4

CeCECCCErCEEREEECpaRannans

=100'024D23




ELL F

T X
GENERATION CONTRIBUTION TO BUS LOAD - TYPICAL

|={run xsinet1!Fa-frun xs inet11F7

<{run xs inet11F17-{run s inet1 F19
<{run.dsfinet11F12+{run xis et 11F 19
<{run.dsfinet11F13{run dsfinet1!F20

=(run.is]inet11F 18+{run.xisflinet11F21

el afel el of ] Jef -]

[=SUME2E19)

B

o7

|
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TABLE D.5 EXCEL CELL FORMULAS
GENERATION CONTRIBUTION TO BUS LOAD - TYPICAL

F | G | H
1 Total cont Differance. % dif
[3 |=sumcaEs) =F383
[=SUM(C4:E4) =FaB4

[=SUM(CS.E5) =F5-85
[=SUMK(CE.E6) =F6-86
=sumc7En -F7.87
[=SUMCEES) =F8-88

=sumc10:£10) =F10-810
|=SUM(C11:E11) =F11.811
=SUMC12E12) =F12-812
[=SUM(C13E13) =F13813
[=SUM(C14:E14) =F14-B14
=SUM(C15E15) =F15-B15 =100"G15B15
=SUM(C16:E16) =F16-B16

[=SUM(C17:E17) =F17-817

[=SUMF2F17)

[=SUM(C20:E20)

CECCRCrECEEEaEEEEEaRaan
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