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DIRECT TESTIMONY OF LANE KOLLEN
Please state your name and business address.
My name is Lane Kollen. My business address is J. Kennedy and Associates, Inc.
("Kennedy and Associates"), 570 Colonial Park Drive, Suite 305, Roswell, Georgia
30075.

What is your occupation and by whom are you employed?

I am a utility rate and planning consultant holding the position of Vice President and

Principal with the firm of Kennedy and Associates.

J. Kennedy and Associates, Inc. 307784
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Please describe your education and professional experience.

I earned a Bachelor of Business Administration in Accounting degree from the
University of Toledo. I also earned a Master of Business Administration degree from
the University of Toledo. I am a Certified Public Accountant, with a practice license,

and a Certified Management Accountant.

I have been an active participant in the utility industry for nearly twenty-five years, both
as an employee and as a consultant. Since 1986, I have been a consultant with Kennedy
and Associates, providing services to state government agencies and large consumers of
utility services in the ratemaking, financial, tax, accounting, and management areas.
From 1983 to 1986, I was a consultant with Energy Management Associates, providing
services to investor and consumer owned utility companies. From 1976 to 1983, [ was
employed by The Toledo Edison Company in a series of positions encompassing

accounting, tax, financial, and planning functions.

I have appeared as an expert witness on accounting, finance, ratemaking, and planning
issues before regulatory commissions and courts at the federal and state levels on more
than one hundred occasions. I have developed and presented papers at various industry

conferences on ratemaking, accounting, and tax issues. I have testified before the

)
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Kentucky Public Service Commission on numerous occasions, including recent
Louisville Gas and Electric (“LGE”) and Kentucky Utilities Company (“KU”) base
ratemaking and alternative rate plan proceedings, as well as the proceeding involving the

merger of the two Companies. My qualifications and regulatory appearances are further

detailed in my Exhibit  (LK-1).

On whose behalf are you testifying?

I am testifying on behalf of the Kentucky Industrial Utility Customers, Inc. (“KIUC”),a

group a large users taking electric service on the LGE and KU systems.

What is the purpose of your testimony?

The purpose of my testimony is to describe the differences between the line loss factor
incorporated in the MISO tariff and the line loss factor applied to LGE and KU off-
system sales for fuel adjustment clause (“FAC”) purposes, and to recommend a process
that would enable the Commission to investigate and determine the correct

quantification of line losses for FAC purposes with the assistance of an independent

transmission planning expert.

J. Kennedy and Associates, Inc.
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Please summarize your testimony.

Lane Kollen
Page 4

LG&E and KU began providing and taking transmission service for all load, retail and

off-system, pursuant to the MISO OATT in February 2002.

The MISO tariff

incorporates a 2.221% line loss factor for the LG&E Energy (“LGEE”) control area,

which applies equally to all transmission load, both retail and off-system. For FAC

purposes, the Commission currently utilizes a 1% loss factor for off-system sales and

implicitly requires the retail load to carry all actual transmission line losses other than

the 1% assigned to off-system sales.'

The MISO 2.221% loss factor was based upon a comprehensive study of the LGEE

control area and other MISO control areas. The MISO loss factor incorporated in the

MISO study reflects “average” line losses over a variety of load conditions during the

study year. It appears that the MISO study quantified the fixed losses at an average level

of 0.183% and the variable losses at an average level of 2.038%. The MISO loss factor

is applied to both retail and off-system loads.

The 1% loss factor currently utilized in the L.GE and KU FAC filings is based upon a

study performed by a consultant on behalf of LGE and KU for the LGE control area

A portion of KU’s fuel costs and line losses are also collected from its all requirements wholesale

J. Kennedy and Associates, Inc.
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only, and is referred to by LGE and KU as the “Normand” study. The most recent
report summarizing the Normand study concluded that there were “incremental” or
variable line losses of 0.636% to 0.750% associated with off-system sales.
Methodologically, the Normand study assigned 100% of the fixed losses in the LGEE

control area to retail ratepayers and none to the off-system sales.

Thus, there appears to be a disconnect between the line loss costs incurred by LGE and
KU pursuant to the MISO tariff and the allocation of line loss costs between retail and
off-system sales in the Companies’ FAC filings. The Companies either were unable or
unwilling to attempt to reconcile this disconnect in response to KIUC discovery in this

proceeding.

I recommend that the Commission initiate an investigation to determine the correct line
loss factors to utilize for retail and off-system sales in the FAC prior to the next two year
FAC reviews for the Companies. I recommend that the Commission retain an
independent transmission planning expert to assist it in acquiring the necessary
information so that it can make the appropriate policy decisions regarding the proper
allocation of line losses in the FAC from February 2002 forward. I further recommend

that the Commission establish a process whereby the findings of the independent expert

customers.

J. Kennedy and Associates, Inc. 002785



15

16

17

18

19

L 2NN

Lane Kollen
Page 6

can be reviewed and assessed by the parties through one or more technical conferences

4
with an objective of reaching a consensus recommendation for the Commission’s

consideration, approval, and implementation.

How does the LGEE control area determine actual line losses?

The LGEE control area continuously balances its generation to match its load. Line

losses are computed on an actual basis after the fact by the Companies.

How do the Companies allocate their actual line losses for FAC purposes?

The Companies utilize a 1% loss factor for off-system sales in their FAC filings
pursuant to prior Commission Orders. The Companies’ actual losses, less the 1%
allocated to off-system sales, are included in the fuel costs recovered from retail

ratepayers.’

Please describe the Normand study.
The Normand study was performed on behalf of LGEE by Paul M. Normand, a

consultant with Management Applications, Inc. The Commission relied upon the

1~

As noted earlier, KU also recovers some fuel costs and line losses from its all requirements wholesale

J. Kennedy and Associates, Inc.
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original Normand report for the 1% line loss factor currently utilized in the Companies’
FAC filings. In the most recent report, Mr. Normand concluded that the 1% loss factor
utilized by the Commission for off-system sales was appropriate. The report stated that
the study quantified the incremental line losses by removing the so-called “fixed losses”
that were “virtually constant for all hours of the year irrespective of loading conditions.”
According to the report, the fixed losses include transformer core losses, conductor
corona é;nd insulator losses, and substation auxiliary energy use. I have replicated the

most recent Normand report as my Exhibit __ (LK-2).
Did the Norman report provide the total system losses for the study period?

No. The total system line losses were not provided in the Normand report, although the
incremental losses were computed by netting out the fixed losses, according to the study
methodology described in the report. Consequently, it isn’t clear how the average line
loss results of the Norman study compare to the actual system losses for the study period

or to the MISO study results.

Please describe the MISO study.

customers.
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The MISO study was performed by the transmission-owner members of MISO utilizing
a common methodology. The loss factors determined in the study represent average loss
factors for control area loads. A representative of LGEE participated as a member of the
Working Group that developed the line loss factors and performed a detailed review of
the models utilized with reference to the LGEE control area. This was done to “ensure
the most accurate possible representation of each MISO transmission-owner’s system
for purﬁo’ses of this loss analysis,” according to the Summary of the study. I have
replicated this Summary of the study and the summary computations underlying the

LGEE 2.221% MISO line loss factor as my Exhibit__ (LK-3).

Please describe the summary computations underlying the LGEE 2.221% MISO

line loss factor.

The 2.221% MISO loss factor includes both fixed losses and those that vary according
to loading, based upon the summary computations replicated in my Exhibit _ (LK-3).
During the winter load points, total system losses ranged from 2.383% to 2.978%.
During the summer load points, total system losses ranged from 1.770% to 2.332%. The
fixed losses include transformer no-load losses and auxiliary power, and corona and

insulator losses. These losses represent less than one-tenth of the 2.221% total line

J. Kennedy and Associates, Inc. D279
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losses over the six load points of the study, or only 0.183% of the total line losses.

Thus, the variable losses appear to average 2.038% over the six load points. ‘

Do the results of the MISO and Norman studies appear consistent?

No. Although I am not a transmission planning expert, the results of the two studies
appeaf to be widely divergent. The MISO study results appear to indicate that the
average variable line loss rate over all hours is 2.038%, or approximately three times the
0.636% to 0.750% incremental loss rate indicated in the Normand report. The Normand
report does not include sufficient data to reconcile the results of the two studies

methodologically or mathematically.

Were the Companies requested to reconcile the results of the MISO study and the

Normand study?

Yes. The Companies were requested to reconcile the different results of the two studies
by KIUC in discovery. The Companies either were unwilling or unable to do so, stating
in their responses that the studies reflect “fundamentally different objectives and intent.”
Unfortunately, that response begs the issue and fails to describe or explain the different

results for the benefit of the Commission. Regardless of the objectives or intent of the

J. Kennedy and Associates, Inc. 802792
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two studies, there should be no difference in the physical properties of the transmission
system or the actual transmission losses, whether on an average or incremental basis.
The relevant issue is to correctly quantify the effects of off-system sales on line losses,

and in a manner that is consistent with the MISO environment.

In general, is it your understanding that the greater the load on a transmission line,

the greéter the line losses?

Yes. Consequently, the last increments of load on the lines create the greatest losses, all
else being equal. [have reviewed various materials that address transmission line loss,
including an Edison Electric Institute (“EE[”) report entitled Electric Power
Transmission and Wheeling, prepared by Charles River Associates. I have replicated

this report as my Exhibit _ (LK-4).

The Introduction to this EEI report states that “This primer is intended to introduce
nontechnical readers to basic concepts in electric power systems design, operation,
transmission, and wheeling.” This EEI report describes the general principle that more
current results in greater line losses and provides a mathematical formula generally
utilized to quantify the relationship between current and line losses. The report states

the following:

02793
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Using Ohm’s Law, one can show that for a given line (i.e., resistance
size), more current results in greater losses. The exact formula is:

Rate of Heat Production in a Line = Lost Power in a Line
=IxIxR=IxR

where I is the current in a line and R is the line resistance. Notice
that power losses go up as the square of the current, so that a tenfold
increase in current means 100 times as much power lost. This
equation is the reason utility people sometimes refer to line losses as
“ ¢j-squared-r losses.” ”
Based on the mathematical and physical concepts set forth in this EEI report, it appears
that incremental sales cause line losses that mathematically are higher than the average.

This EEI report appears to directly contradict Mr. Normand’s conclusion that off-system

sales produce line losses that are less than the average.

Should the retail load be solely responsible for the costs of fixed losses?

No. Fixed costs and fixed losses are caused by all transmission system users and
therefore are properly allocable to all users pursuant to the MISO OATT. Mr. Normand

apparently disagrees with this principle, at least for FAC purposes.

Why should the Commission be concerned about the line losses utilized in the FAC

for off-system sales?

J. Kennedy and Associates, Inc. 002704
Y e | e



10

11

12

13

14

15

16

17

18

19

20

4

Lane Kollen
Page 12

The Commission should be concerned that retail ratepayers do not subsidize the costs of
off-system sales. If the appropriate line loss factor for off-system sales is the MISO
average of 2.221% or some other average or incremental percentage, then the continued
use of a 1% factor may result in the retail ratepayers subsidizing off-system sales

through excessive FAC rates.
Do you expect off-system sales volume to increase post-MISO?

Yes. With MISO’s single transmission rate, the Companies’ low cost generation can be
exported to more markets economically than in the past. Therefore, off-system sale

volumes likely will increase.

Given the MISO line loss factor and the potential for cross-subsidization of the
Companies’ off-system sales by retail ratepayers through the FAC, how should the

Commission proceed?
It is essential that the Commission have available objective advice regarding the correct

quantification of lines losses on both an average and incremental basis in order to ensure

that there is no subsidization of off-system sales by retail ratepayers. As such, I

J. Kennedy and Associates, Inc.
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recommend that the Commission initiate a process to determine the correct line loss
factors to utilize for retail and off-system sales in the FAC prior to the next two year
FAC reviews for the Companies. [ recommend that the Commission retain an
independent transmission planning expert to conduct an operations audit pursuant to the
Commission’s authority in KRS 278.255 and report its findings to the Commission and
other parties. I also recommend that the Commission convene one or more technical
confere'r-lces for the parties to review and assess the findings of the independent expert
and to attempt to resolve consensually the treatment of line losses for retail and off-
system sales for FAC purposes. If the parties are not successful in résolving this issue
consensually, then the Companies and intervenors can file testimony regarding the line

loss issues in the Companies’ next two year FAC review.
What issues should the independent transmission planning expert address?

I recommend that the Commission charge the independent expert with the following

tasks:

1. Provide an description of the LGEE transmission planning process in the MISO
environment, including, but not limited to, the design, sizing, and expected
operation of the transmission system components, with a particular emphasis on
reliability and differences between native load and other load, if any.

J. Kennedy and Associates, Inc.
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Provide a description of the physics associated with current flows and line
losses, including, but not limited to, fixed losses, and variable losses associated
with incremental loads ramping up to as much as 50% in excess of the retail
load.

Provide an independent quantification of the effects on LGEE average and
incremental line losses of incremental loads of as much as 50% in excess of the
retail load in increments of 10%.

Explain the apparent differences between the MISO and Normand studies,
including differences in methodology, levels of fixed losses, levels of variable
losses, levels of total losses, and whether it is relevant to consider the LGEE
control area in isolation from MISO.

Recommend to the Commission an appropriate line loss factor to be assigned to
off-system sales for FAC purposes.

Does this complete your testimony?

Yes.

J. Kennedy and Associates, Inc.
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RESUME OF LANE KOLLEN, VICE PRESIDENT

Exhibit __ (LK-1)
Page 1o0f22

EDUCATION
University of Toledo, BBA
Accounting

University of Toledo, MBA

PROFESSIONAL CERTIFICATIONS

Certified Public Accountant (CPA)

Certified Management Accountant (CMA)

PROFESSIONAL AFFILIATIONS

Amégrican Institute of Certified Public Accountants
Georgia Society of Certified Public Accountants

Institute of Management Accountants

More than twenty-five years of utility industry experience in the financial, rate, tax, and planning areas.
Specialization in revenue requirements analyses, taxes, evaluation of rate and financial impacts of
traditional and nontraditional ratemaking, utility mergers/acquisition diversification.  Expertise in
proprietary and nonproprietary software systems used by utilities for budgeting, rate case support and

strategic and financial planning.

402800
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LANE KOLLEN, VICE PRESIDENT

EXPERIENCE

1986 to
Present:

1983 to
1986:

1976 to
1983:

J. Kennedy and Associates, Inc.: Vice President and Principal. Responsible for utility
stranded cost analysis, revenue requirements analysis, cash flow projections and solvency,
financial and cash effects of traditional and nontraditional ratemaking, and research,
speaking and writing on the effects of tax law changes. Testimony before Connecticut,
Florida, Georgia, Indiana, Louisiana, Kentucky, Maine, Minnesota, North Carolina, Ohio,
Pennsylvania, Tennessee, Texas, and West Virginia state regulatory commissions and the
Federal Energy Regulatory Commission.

Energy Management Associates: Lead Consultant.

Consulting in the areas of strategic and financial planning, traditional and nontraditional
ratemaking, rate case support and testimony, diversification and generation expansion
planning. Directed consulting and software development projects utilizing PROSCREEN
11 and ACUMEN proprietary software products. Utilized ACUMEN detailed corporate
simulation system, PROSCREEN 1II strategic planning system and other custom developed
software to support utility rate case filings including test year revenue requirements, rate
base, operating income and pro-forma adjustments. Also utilized these software products
for revenue simulation, budget preparation and cost-of-service analyses.

The Toledo Edison Company: Planning Supervisor.

Responsible for financial planning activities including generation expansion planning,
capital and expense budgeting, evaluation of tax law changes, rate case strategy and
support and computerized financial modeling using proprietary and nonproprietary
software products. Directed the modeling and evaluation of planning alternatives
including:

Rate phase-ins.

Construction project cancellations and write-offs.
Construction project delays.

Capacity swaps.

Financing alternatives.

Competitive pricing for off-system sales.
Sale/leasebacks.

J. KENNEDY AND ASSOCIATES, INC.
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RESUME OF LANE KOLLEN, VICE PRESIDENT

CLIENTS SERVED

Industrial Companies and Groups

Air Products and Chemicals, Inc.
Airco Industrial Gases
Alcan Aluminum
Armco Advanced Materials Co.
Armco Steel
Bethlehem Steel
Connecticut Industrial Energy Consumers
ELCON
Enron Gas Pipeline Company
Florida Industrial Power Users Group
General Electric Company
GPU Industrial Intervenors
Indiana Industrial Group
Industrial Consumers for

Fair Utility Rates - Indiana
Industrial Energy Consumers - Ohio
Kentucky Industrial Utility Consumers
Kimberly-Clark

4

Lehigh Valley Power Committee
Maryland Industrial Group
Multiple Intervenors (New York)
National Southwire
North Carolina Industrial
Energy Consumers
Occidental Chemical Corporation
Ohio Industrial Energy Consumers
Ohio Manufacturers Association
Philadelphia Area Industrial Energy
Users Group
PSI Industrial Group
Smith Cogeneration
Taconite Intervenors (Minnesota)
West Penn Power Industrial Intervenors
West Virginia Energy Users Group
Westvaco Corporation

Regulatory Commissions and
Government Agencies

Georgia Public Service Commission Staff

Kentucky Attorney General's Office, Division of Consumer Protection
Louisiana Public Service Commission Staff

Maine Office of Public Advocate

New York State Energy Office

Office of Public Utility Counsel (Texas)

002802
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RESUME OF LANE KOLLEN, VICE PRESIDENT

Utilities
Allegheny Power System Otter Tail Power Company
Atlantic City Electric Company Pacific Gas & Electric Company
Carolina Power & Light Company Public Service Electric & Gas
Cleveland Electric Illuminating Company Public Service of Oklahoma
Delmarva Power & Light Company Rochester Gas and Electric
Duquesne Light Company Savannah Electric & Power Company
General Public Utilities Seminole Electric Cooperative
Georgia Power Company Southern California Edison
Middle South Services Talquin Electric Cooperative
Nevada Power Company Tampa Electric
Niagara Mohawk Power Corporation Texas Utilities

Toledo Edison Company
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Expert Testimony Appearances

Exhibit (LK-1)
Page 5 of 23

of
Lane Kollen
As of September 2002
Date Case Jurisdict. Party Utility Subject
10/86 U-17282 LA Louisiana Public Gulf Stales Cash revenue requirements
Interim Service Commission Utilities financial solvency
Staff
11/86 U-17282 LA Louisiana Public Guif States Cash revenue requirements
Interim Service Commission Utilities financial solvency.
Rebuttal Staff
12/86 9613 KY Attorney General Big Rivers Revenue requirements
Div. of Consumer Electric Com. accounting adjustments
Protection financial workout plan.
1/87 U-17282 LA Louisiana Public Guif States Cash revenue requirements,
Interim 18th Judicial Service Commission Utilities financial solvency.
District Ct. Staff
3187 General wv West Virginia Energy Moncngahela Power Tax Reform Act of 1986.
Order 236 Users' Group Co.
4/87 U-17282 LA Louisiana Public Guif Stales Prudence of River Bend 1,
Prudence Service Commission Utilities economic analyses,
Staff cancellation studies.
4/87 M-100 NC North Carolina Duke Power Co. Tax Reform Act of 1986.
Sub 113 industrial Energy
- Consumers
587 86-524-E- WV West Virginia Monongahela Power Revenue requirements.
Energy Users' Co. Tax Reform Act of 1986.
Group
5187 U-17282 LA Louisiana Public Gulf States Revenue requirements,
Case Service Commission Utifities River Bend 1 phase-in plan,
In Chief Staff financial solvency.
7/87 U-17282 LA Louisiana Public Gutf States Revenue requirements
Case Service Commission Utilities River Bend 1 phase-in pian,
In Chief Staff financial solvency.
Sumrebuttal
7/87 U-17282 LA Louisiana Public Gulf States Prudence of River Bend 1,
Prudence Service Commission Utilities economic analyses,
Surrebuttal Staff cancellation studies.

002804

J. KENNEDY AND ASSOCIATES, INC.



Exhibit ___ (LK-1)
Page 6 of 23

Expert Testimony Appearances

of
Lane Kollen
As of September 2002
Date Case  Jurisdict. Party Utility Subject
7187 86-524 Wy West Virginia Monongahela Power Revenue requirements,
E-SC Energy Users' Co. Tax Reform Act of 1986,
Rebuttal Group
8/87 9885 KY Attorney General Big Rivers Electric Financial workout plan.
Div. of Consumer Corp.
Protection
8/87 E-DI5/GR-  MN Taconite Minnesota Power & Revenue requirements, Q&M
87-223 Intervenors Light Co. expense, Tax Reform Act
of 1986.
10/87 870220-E1  FL Occidental Florida Power Revenue requirements, O&M
Chemical Corp. Corp. expense, Tax Reform Act
of 1986.
11187 87-07-01 CT Connecticut Industrial Connecticut Light Tax Reform Act of 1986.
Energy Consumers & Power Co.
1/88 U-17282 LA Louisiana Public Gulf States Revenue requirements,
18th Judicial  Service Commission Utiliies River Bend 1 phase-in plan,
District Ct. Staff rate of relum.
2188 9934 KY Kentucky Industrial Lauisville Gas Economics of Trimble County
Utility Customers & Electric Co. completion.
2/88, 10064 KY Kentucky Industrial Louisville Gas Revenue requirements, O&M
’ Utility Customers & Electric Co. expense, capilal structure,
excess deferred income taxes.
5/88 10217 KY Alcan Aluminum Big Rivers Electric Financial workout plan.
National Southwire Corp.
5/88 M-87017 PA GPU Industrial Metropolitan Nonutility generator deferred
-1C001 Intervenors Edison Co. cost recovery.
5/88 M-87017 PA GPU Industrial Pennsylvania Nonutility generator deferred
-2C005 intervenors Electric Co cost recovery
6/88 U-17282 LA Louisiana Public Guif States Prudence of River Bend 1
15th Judicial  Service Commission Utilities economic analyses,
District Ct. Staff cancellation studies,

financial modeling.

£
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Expert Testimony Appearances

Exhibit __ (LK-1)

Page 7 of 23

of
Lane Kollen
As of September 2002
4
Date Case  Jurisdict. Party Utility Subject
7/88 M-87017- PA GPU industrial Metropolitan Nonutifity generator deferred
-1C001 Intervenors Edison Co. cost recovery, SFAS No. 92
Rebuttal
7/88 M-87017- PA GPU Industrial Pennsylvania Nonutility generator deferred
-2C005 Intervenors Electric Co. oost recovery, SFAS No. 92
Rebuttal
9/88 88-06-25 cY Connecticut Connecticut Light Excess deferred taxes, O&M
Industrial Energy & Power Co. expenses.
Consumers
9/88 10064 KY Kentucky Industrial Louisville Gas Premature retirements, interest
Rehearing Utility Custormers & Electric Co. expense.
10/88 88-170- OH Ohio Industrial Cleveland Electric Revenue requirements, phase-in,
EL-AIR Energy Consumers [Huminating Co. excess deferred taxes, O&M
expenses, financial
considerations, working capital.
10/88 88-171- OH Ohio Industrial Toledo Edison Co. Revenue requirements, phase-in,
EL-AIR Energy Consumers excess defered taxes, O&M
expenses, financial
Considerations, working capital.
10/88, 8800 FL Florida Industrial Florida Power & Tax Reform Act of 1986, tax
355-El Power Users' Group Light Co expenses, O&M expenses,
pension expense (SFAS No. 87)
10/88 3780-U GA Georgia Public Aflanta Gas Light Pension expense (SFAS No. 87).
Service Commission Co.
Staff
11/88 U-17282 LA Louisiana Public Guif States Rate base exclusion plan
Remand Service Commission Utilities (SFAS No. 71)
Staff
12/88 U-17970 LA Louisiana Public AT&T Communications Pension expense {(SFAS No. 87).
Service Commission of South Central
Staff States
12/88 U-17949 LA Louisiana Public South Central Compensated absences (SFAS No.
Rebuttal Service Commission Bell 43), pension expense (SFAS No.
Staff 87), Part 32, income tax

normalization.

002806
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of
Lane Kollen
As of September 2002
Date Case Jurisdict. Party Utility Subject
2/89 U-17282 LA Louisiana Public Guif States Revenue requirements, phase-n
Phase Ii Service Commission Utilities of River Bend 1, recovery of
Staff canceled plant.
6/89 881602-£U  FL Talquin Electric Talquin/City Economic analyses, incremental
890326-EU Cooperative of Tallahassee cast-of-service, average
) customer rates.
789 U-17970 LA Louisiana Public AT&T Communications Pension expense (SFAS No. 87),
Service Commission of South Central compensated absences (SFAS No. 43),
Staff States Part 32.
8/89 8555 X Occidental Chemical Houston Lighting Cancellation cost recovery, tax
Corp. & Power Co. expense, revenue requirements.
8/89 3840-U GA Georgia Public Georgia Power Co. Promotional practices,
Service Commission advertising, economic
Staff development.
9/89 U-17282 LA Louisiana Public Gulf States Revenue requirements, detailed
Phase I Service Commission Utilities investigation.
Detailed Staff
10155 8680 > Enron Gas Pipeline Texas-New Mexico Deferred accounting treatment,
Power Co. salefleaseback.
10/89 8928 TX Enron Gas Texas-New Mexico Revenue requirements, imputed
Pipeline Power Co. capilal structure, cash
working capital.
10/89 R-891364 PA Phitadelphia Area Philadelphia Revenue requirements.
Industrial Energy Electric Co.
Users Group
11/89 R-891364  PA Philadelphia Area Philadelphia Revenue requirements,
12/89 Sumebuttal Industrial Energy Electric Co. salefleaseback.
(2 Filings) Users Group
1190 U-17282 LA Louisiana Public Guif States Revenue requirements ,
Phase !} Service Commission Utilities detailed investigation.
Detailed Staff
Rebuttal

002307
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Date Case Jurisdict. Party Utility Subject
1190 U-17282 LA Louisiana Public Gulf States Phase-in of River Bend 1,
Phase Il Service Commission Utilities deregulated asset plan.
Staff
390 890319-El  FL Florida Industrial Florida Power 0&M expenses, Tax Reform
Power Users Group & Light Co. Act of 1986.
4190 890319-E1  FL Florida Industrial Florida Power 0&M expenses, Tax Reform
Rebuttal Power Users Group & Light Co. Act of 1986.
490 U-17282 LA Louisiana Public Guif States Fuel clause, gain on sale
19% Judicial Service Commission Utilities of utility assets.
District Ct. Staff
9/30 90-158 KY Kentucky Industrial Louisville Gas & Revenue requirements, post-test
Utility Customers Electric Co. year additions, forecasted test
year.
12180 U-17282 LA Louisiana Public Gulf States Revenue requirements.
Phase tV Service Commission Utilities
Staff
IN 29327, NY Multiple Niagara Mohawk Incentive regulation.
et al. Intervenors Power Corp.
5191 - 9945 X Office of Public El Paso Electric Financial modeling, economic
Utility Counsel Co. analyses, prudence of Palo
of Texas Verde 3
9/91 P-910511 PA Allegheny Ludium Corp,, West Penn Power Co. Recovery of CAAA costs,
P-910512 Ammco Advanced Materials least cost financing.
Co., The West Penn Power
Industrial Users' Group
9/91 91-231 wv West Virginia Energy Monongahela Power Recovery of CAAA costs, least
ENC Users Group Co. cost financing.
1191 U-17282 LA Louisiana Public Gulf States Asset impairment, deregulated
Service Commission Utilities asset plan, revenue require-
Staff ments.

Q2898
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12191 91-410- OH Air Products and Cincinnati Gas Revenue requirements, phase-in
EL-AIR Chemicals, Inc., & Electric Co. plan.
Amnco Steel Co.,
General Electric Co.,
Industrial Energy
Consumers
1291 10200 X Office of Public Texas-New Mexico Financial integrity, strategic
. Utility Counsel Power Co. planning, declined business
of Texas affiliations.
5/92 910890-El FL Qccidental Chemical Florida Power Corp. Revenue requirements, O&M expense,
Corp. pension expense, OPEB expense,
fossil dismantling, nuclear
decommissioning.
8192 R-00922314  PA GPU Industrial Metropolitan Edison Incentive regulation, performance
Intervenors Co. rewards, purchased power risk,
OPEB expense.
9192 92043 KY Kertucky Industrial Generic Proceeding OPEB expense.
Utility Consumers
9/92 920324-El FL Florida Industrial Tampa Electric Co. OPEB expense.
Power Users' Group
9/92° 39348 N Indiana industrial Generic Proceeding OPEB expense
Group
9/92 910840-PU FL Florida industrial Generic Proceeding OPEB expense.
Power Users' Group
9192 39314 IN Industrial Consumers Indiana Michigan OPEB expense.
for Fair Utility Rates Power Co.
1192 U-19904 LA Louisiana Public Guif States Merger.
Service Commission Utilities/Entergy
Staff Com.
1192 8649 MD Westvaco Corp,, Potomac Edison Co. OPEB expense.
Eastalco Aluminum Co.
192 92-1715- OH Ohio Manufacturers Generic Proceeding OPEB expense.
AU-COl Association

02809
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Date Case Jurisdict. Party Utility Subject
12192 R00922378 PA Armco Advanced West Penn Power Co. Incentive regulation,
Materials Co., performance rewards,
The WPP Industrial purchased power risk,
Intervenors OPEB expense.
12/92 1)-19949 LA Louisiana Public South Central Belt Affiliate transactions,
Service Commission cost allocations, merger.
Staff
1292 RO0922479  PA Philadelphia Area Philadelphia OPEB expense.
Industrial Energy Electric Co.
Users' Group
1193 8487 MD Maryland Industrial Baltimore Gas & OPEB expense, deferred
Group Electric Co., fuel, CWIP in rate base
Bethlehem Steel Corp.
1183 39498 IN PS! Industrial Group PSI Energy, Inc. Refunds due to over-
collection of taxes on
Marble Hill cancellation.
3193 92-11-11 CT Connecticut Industrial Connecticut Light OPEB expense.
Energy Consumers & Power Co.
3193 U-15804 LA Louisiana Public Guif States Merger
M {Sumrebuttal) Service Commission Utilities/Entergy
Staff Com
3/93 93-01 OH Ohio Industrial Ohio Power Co. Affiliate transactions, fuel.
EL-EFC Energy Consumers
3193 EC92- FERC Louisiana Public Guif States Merger.
21000 Service Commission Utilities/Entergy
ER92-806-000 Staff Com.
4/33 92-1464- OH Air Products Cincinnati Gas & Revenue requirements,
EL-AIR Amco Steel Electric Co. phase-in plan.
Industrial Energy
Consumers
4/93 EC92- FERC Louisiana Public Gulf States Merger.
21000 Service Commission Utilities/Entergy
ER92-806-000 Staff Comp
(Rebuttal)

<
&
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9/93 93-113 KY Kentucky Industrial Kentucky Utilities Fuel clause and coal contract
Utility Customers refund.
9/93 92-490, KY Kentucky Industrial Big Rivers Electric Disallowances and restitution for
92-490A, Utility Customers and Corp. excessive fuel costs, illegal and
90-360-C Kentucky Attomey improper payments, recovery of mine
General closure costs.
10/93 U-17735 LA Louisiana Public Cajun Efectric Power Revenue requirements, debt
Service Commission Cooperative restructuring agreement, River Bend
Staff cost recovery.
1194 U-20647 LA Louisiana Public Gulf States Audit and investigation into fuel
Senvice Commission Utilities Co. clause cosls.
Staff
4/94 U-20647 tA Louisiana Public Guif States Nuclear and fossil unit
{Surrebuttal) Service Commission Utilities performance, fuel costs,
Staff fuel clause principles and
guidefines.
5194 U-20178 LA Louisiana Public Louisiana Power & Planning and quantification issues
Service Commission Light Co. of least cost integrated resource
Staff plan.
9/94”  U-19904 LA Louisiana Public Guif States River Bend phase-in plan,
Initial Post- Service Commission Utilities Co. deregulated asset plan, capital
Merger Eamings Staff structure, other revenue
Review requirement issues.
9/94 U-17735 LA Louisiana Public Cajun Electric G&T cooperative ratemaking
Service Commission Power Cooperative policies, exclusion of River Bend,
Staff other revenue requirement issues.
10/94 3905-U GA Georgia Public Southemn Bell Incentive rate plan, eamings
Service Commission Telephone Co. review.
Staff
10/94 5258-U GA Georgia Public Southern Bell Alternative regulation, cost
Service Commission Telephone Co. allocation.
Staff

02811
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1194 1-19904 LA Louisiana Public Gulf States River Bend phase-in plan,
Initial Post- Service Commission Utilities Co. deregulated asset plan, capital
Merger Eamings Staff structure, other revenue
Review requirement issues.
(Rebuttal)
11194 U-17735 LA Louisiana Public Cajun Electric G&T cooperative ratemaking policy,
(Rebuttal) Service Commission Power Cooperative exclusion of River Bend, other
Staff revenue requirement issues.
4/95 R-00943271  PA PP&L. Industrial Pennsylvania Power Revenue requirements. Fossil
Customer Alliance & Light Co. dismantling, nuclear
decommissioning.
6/95 3905-U GA Georgia Public Southem Bell Incentive requiation, affiliate
Service Commission Telephone Co. transactions, revenue requirements,
rate refund.
6/95 U-19904 LA Louisiana Public Guff Stales Gas, coal, nuclear fuel costs,
(Direct) Service Commission Utilities Co. contract prudence, baseffuel
realignment.
10/95 9502614 N Tenressee Office of BellSouth Affiliate transactions.
the Attorney General Telecommunications,
Consumer Advocate Inc.
10/95 U-21485 LA Louisiana Public Gulf States Nuclear O&M, River Bend phase-in
(Direct) Service Commission Utilities Co. plan, baseffuel realignment, NOL
and AltMin asset deferred taxes,
other revenue requirement issues.
1195 U-19904 LA Louisiana Public Gulf States Gas, coal, nuclear fuel costs,
(Surrebuttal) Service Commission Utilities Co. contract prudence, base/fuel
Division realignment
11/95 {-21485 LA Louisiana Public Gulf States Nuclear O&M, River Bend phase-in
(Supplemental Direct} Service Commission Utilities Co. plan, baseffuel realignment, NOL
12195 U-21485 and AltMin asset deferred taxes,

(Surrebuttal)

other revenue requirement issues.

OI812
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Date Case Jurisdict. Party Utility Subject
1/96 95-299- OH Industrial Energy The Toledo Edison Co. Competition, asset writeoffs and
EL-AIR Consumers The Cleveland revaluation, O&M expense, other
85-300- Electric revenue requirement issues.
EL-AIR Jlluminating Co.
2/96 PUC No. TX Office of Public Central Power & Nuclear decommissioning.
14967 Utility Counsel Light
5/96 954851CS  NM City of Las Cruces El Paso Electric Co. Stranded cost recovery,
municipalization.
7196 8725 MD The Maryland Baltimore Gas Merger savings, tracking mechanism,
Industrial Group & Electric Co., eamings sharing plan, revenue
and Redland Potomac Electric requirement issues.
Genstar, Inc. Power Co. and
Constellation Energy
Corp.
9/96 U-22092 LA Louisiana Public Entergy Guif River Bend phase-in plan, base/fuel
11/96 U-22092 Service Commission States, Inc. realignment, NOL and AltMin asset
(Surrebuttal) Staff deferred taxes, other revenue
requirement issues, allocation of
regulated/inonregulated costs.
10/96 96-327 KY Kentucky Industrial Big Rivers Environmental surcharge
o Utility Customers, Inc. Electric Comp. recoverable costs.
2197 R0973877  PA Philadelphia Area PECO Energy Co. Stranded cost recovery, regulatory
Industrial Energy assets and liabilities, intangible
Users Group transition charge, revenue
requirements.
7 96-489 KY Kentucky Industrial Kentucky Power Co. Environmental surcharge recoverable
Utility Customers, Inc. costs, system agreements,
allowance inventory,
jurisdictional allocation.
697 TO-97-397 MO MCI Telecommunications Southwestern Bell Price cap regulation,
Comp., Inc., MClmetro Telephone Co. revenue requirements, rate
Access Transmission of retum,

Services, Inc.

D02813
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Date Case Jurisdict. Party Utility Subject
6/97 R-00973953 PA Philadelphia Area PECO Energy Co. Restructuring, deregulation,
Industrial Energy stranded costs, regufatory
Users Group assels, liabiliies, nuclear
and fossil decommissioning.
797 R-00973954  PA PP&L Industrial Pennsylvania Power Restructuring, deregulation,
Customer Alliance &Light Co. stranded costs, regulatory
assels, liabilities, nuclear
and fossil decommissioning.
7197 U-22092 LA Louisiana Public Entergy Gulf Depreciation rates and
Service Commission States, Inc. methodologies, River Bend
Staff phase-in plan.
8197 97-300 KY Kentucky Industrial Louisville Gas Merger policy, cost savings,

Utility Customers, Inc.

& Electric Co. and
Kentucky Utilities

surcredit sharing mechanism,

revenue requirements,

Co. rate of retum.

8197 R-00973954  PA PPA&L Industrial Pennsylvania Power Restructuring, deregulation,

(Surrebuttal) Customer Aliiance & Light Co. stranded costs, regulatory
assels, liabilities, nuctear
and fossil decommissioning.
1097 97-204 KY Alcan Aluminum Cormp. Big Rivers Restructuring, revenue
- Southwire Co. Electric Comp. requirements, reasonableness
1097 R-974008 PA Metropolitan Edison Metropolitan Restructuring, deregulation,
Industrial Users Edison Co. stranded costs, regulatory

Group assets, liabilities, nuclear
and fossil decommissioning,
revenue requirements.

10197 R-974009 PA Penelec Industrial Pennsylvania Restructuring, deregulation,
Customer Alliance Electric Co. stranded costs, regulatory
assels, liabilities, nuclear
and fossil decommissioning,
revenue requirements.
1/97 97-204 KY Alcan Aluminum Corp. Big Rivers Restructuring, revenue
{Rebuttal) Southwire Co. Electric Corp. requirements, reasonableness

of rates, cost allocation.

002814
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197 1)-22491 LA Louisiana Public Entergy Gulf Allocation of regulated and
Service Commission States, Inc. nonregulated costs, other
revenue requirement issues.
187 R-00973953 PA Philadelphia Area PECO Energy Co. Restructuring, deregulation,
(Surrebuttal) Industrial Energy stranded costs, reguiatory
Users Group assets, liabilities, nuclear
and fossil decommissioning.
11197 R-873981 PA West Penn Power West Penn Restructuring, deregulation,
Industrial Intervenars Power Co. stranded costs, regulatory
assels, liabilities, fossil
decommissioning, revenue
requirements, securitization.
11197 R-974104 PA Duquesne Industrial Duquesne Light Co. Restructuring, deregulation,
Intervenors stranded costs, regulatory
assets, liabilities, nuclear
and fossil decommissioning,
revenue requirements,
securifization.
12/97 R-873981 PA West Penn Power West Penn Restructuring, deregulation,
(Sumebuttal} Industrial intervenors Power Co. stranded costs, regulatory
assets, liabilities, fossil
decommissioning, revenue
- requirements.
12197 R-974104 PA Duquesne Industrial Duquesne Light Co. Restructuring, deregulation,
(Sumrebuttal) Intervenors stranded costs, regulatory
assets, liabilities, nuclear
and fossil decommissioning,
revenue requirements,
securitization.
1198 U-22491 LA Louisiana Public Entergy Gulf Allocation of regulated and
(Surrebuttal) Service Commission States, Inc. nonregulated costs,
Staff other revenue
requirement issues
2/98 8774 MD Westvaco Potomac Edison Co. Merger of Duquesne, AE, customer

safeguards, savings sharing.
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Date Case Jurisdict. Party Utility Subject
3/98 J-22092 LA Louisiana Public Entergy Gulf Restructuring, stranded costs,
(Allocated Service Commission States, Inc. regulatory assets, securitization,
Stranded Cost Issues) Staff regulatory mitigation,
3/98 8390-U GA Georgia Natural Atlanta Gas Restructuring, unbundling,
Gas Group, Light Co. stranded costs, incentive
Georgia Textile regulation, revenue
Manufacturers Assoc. requirements.
3/98 U-22092 LA Louisiana Public Entergy Gulf Restructuring, stranded costs,
(Allocated Service Commission States, Inc. regulatory assets, securitization,
Stranded Cost Issues) Staff regulatory mitigation.
(Surrebuttal)
10/98 97-596 ME Maine Office of the Bangor Hydro- Restructuring, unbundling, stranded
Public Advocate Electric Co. costs, T&D revenue requirements.
10/98 9355-U GA Georgia Public Service Georgia Power Co. Affiliate transactions.
Commission Adversary Staff
10/98 U-17735 LA Louisiana Public Cajun Electric G&T cooperative ratemaking
Service Commission Power Cooperative policy, other revenue requirement
Staff issues.
11/88-  U-23327 LA Louisiana Public SWEPCO, CSW and Merger policy, savings sharing
ol Service Commission AEP mechanism, affiliate transaction
Staff conditions.
12/98 U-23358 LA Louisiana Public Entergy Gulf Allocation of regulated and
(Direct) Service Commission States, Inc. nonregulated costs, fax issues,
Staff and other revenue requirement
issues.
12/98 98-577 ME Maine Office of Maine Pubfic Restructuring, unbundling,
Public Advocate Service Co. stranded cost, T&D revenue
requirements
1199 98-10-07 CT Connecticut Industrial United flluminating Stranded costs, investment tax

Energy Consumers

Co.

credits, accumulated deferred
income taxes, excess deferred
income taxes.

(02816
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Date Case Jurisdict. Party Utility Subject
3199 U-23358 LA Louisiana Public Entergy Guif Allocation of regulated and
(Surrebuttal) Service Commission States, Inc. nonregulated costs, tax issues,
Staff and other revenue requirement
issues.

3199 98-474 KY Kentucky Industrial Louisville Gas Revenue requirements, altemative
Utility Customers and Electric Co. forms of regulation.

3199 98-426 KY Kentucky Industrial Kentucky Utilities Revenue requirements, altemative
Utility Customers Co. forms of regulation.

3199 99-082 KY Kentucky Industrial Louisville Gas Revenue requirements.

Utility Customers and Electric Co.
3199 99-083 KY Kentucky Industrial Kentucky Utilities Revenue requirements.
Utility Customers Co.
4/99 U-23358 LA Louisiana Public Entergy Guff Allocation of regulated and
(Supplemental Service Commission States, Inc. nonregulated casts, tax issues,
Surrebuttal) Staff and other revenue requirement
issues,

4/99 99-03-04 CT Connecticut Industrial United lluminating Regulatory assets and liabilities,
Energy Consumers Co. stranded costs, recovery
mechanisms.

4/99 99-02-05 CT Connecticut Industrial Connecticut Light Regulatory assets and liabilities
Utility Customers and Power Co stranded costs, recovery
mechanisms.

5/99 98-426 KY Kentucky Industrial Louisville Gas Revenue requirements.

99-082 Utility Customers and Electric Co.
(Additional Direct)
5/99 98-474 KY Kentucky Industrial Kentucky Utilities Revenue requirements.
99-083 Utility Customers Co.
(Additional
Direct)
5/99 98-426 KY Kentucky Industrial Louisville Gas Altemative regulation.
98-474 Utility Customers and Electric Co. and
(Response to Kentucky Utilities Co.

Amended Applications)
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6/99 97-596 ME Maine Office of Bangor Hydro- Request for accounting
Public Advocate Electric Co. order regarding electric
industry restructuring costs,
6/99 U-23358 LA Louisiana Public Entergy Guif Affiliate transactions,
Public Service Comm, States, Inc. cost allocations.
Staff
799 99-03-35 cT Connecticut United Huminating Stranded costs, regulatory
Industrial Energy Co. assels, tax effects of
Consumers asset divestiture.
7199 U-23327 LA Louisiana Public Southwestem Electric Merger Seftlement
Service Commission Power Co., Central Stipulation.
Staff and South West Com,
and American Electric
Power Co.
7199 97-5%6 ME Maine Office of Bangor Hydro- Restructuring, unbundling, stranded
(Surrebuttal) Public Advocate Electric Co. cost, T&D revenue requirements.
7199 98-0452- Wva West Virginia Energy Monongahela Power, Regulatory assets and
E-G! Users Group Potomac Edison, liabilities.
Appalachian Power,
Wheeling Power
8/39 i 98-577 ME Maine Office of Maine Public Restructuring, unbundling,
{Surrebuttal) Public Advocate Service Co. stranded costs, T&D revenue
requirements.
8/99 98-426 KY Kentucky Industrial Kentucky Utilities Revenue requirements.
99-082 Utility Customers Co.
(Rebuttal)
8/99 98-474 KY Kentucky Industrial Louisville Gas Altemative forms of regulation.
98-083 Utility Customers and Electiic Co. and
(Rebuttal) Kentucky Utilities Co.
8/99 98-0452- WVa West Virginia Energy Monongahela Power, Regulatory assels and
E-GI Users Group Potomac Edison, ligbilities.
(Rebuttal) Appalachian Power,
Wheeling Power
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10/99 U-24182 LA Louisiana Public Entergy Gulf Allocation of regulated and
(Direct) Service Commission States, Inc. nonregulated costs, affiliale
Staff transactions, tax issues,
and other revenue requirement
issues.
11/99 21527 X Dallas-Ft Worth TXU Electric Restructuring, stranded
Hospital Council and costs, taxes, securitization.
Coalition of Independent
Colleges and Universities
11/99 U-23358 LA Louisiana Public Entergy Gulf Service company affiliate
Surrebuttal Service Commission States, Inc. transaction costs.
Affiliate Staff
Transactions Review
04/00  99-1212-EL-ETPOH Greater Cleveland First Energy (Cleveland Historical review, stranded costs,
99-1213-EL-ATA Growth Association Electric lluminating, regulatory assets, liabilities.
99-1214-EL-AAM Toledo Edison)
01/00 U-24182 LA Louisiana Public Entergy Gulf Allocation of regulated and
(Surrebuttal) Service Commission States, Inc. nonregulated costs, affiliate
Staff transactions, tax issues,
. and other revenue requirement
- issues.
05/00 U-24182 LA Louisiana Public Entergy Gulf Affiliate expense
(Supplemental Direct) Service Commission States, Inc. proforma adjustments.
Staff
05/00 A-110550F0147 PA Philadelphia Area PECQ Energy Merger between PECO and Unicom.
Industrial Energy
Users Group
07/00 22344 X The Dallas-Fort Worth Statewide Generic Escalation of O&M expenses for
Hospital Council and The Proceeding unbundled T&D revenue requirements
In projected test year.
Coalition of Independent
Colleges and Universities
08/00  U-24064 LA Louisiana Public CLECO Affiliate transaction pricing ratemaking

Service Commission
Staff

principles, subsidization of nonregulated
affiliates, ratemaking adjustments.
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11/00 PUC 22350  TX The Dallas-Ft. Worth TXU Electric Co. Restructuring, T&D revenue
SOAH 473-00-1015 Hospital Council and requirements, mitigation,

The Coalition of regulatory assets and liabilities.
Independent Colleges
And Universities

10/00 R-00974104  PA Duquesne industrial Duquesne Light Co. Final accounting for stranded

(Affidavit) Intervenors costs, including treatment of
auction proceeds, taxes, capital
costs, switchback costs, and
excess pension funding.

11/00 P-00001837 Metropolitan Edison Metropolitan Edison Co. Final accounting for stranded costs,
R-00974008 Industrial Users Group Pennsyivania Electric Co. including treatment of auction proceeds,
P-00001838 Penelec Industrial taxes, regulatory assets and
R-00974009 Customer Alliance liabilities, transaction costs.

12100 U-21453, LA Louisiana Public SWEPCO Stranded costs, regulatory assets.
U-20925, U-22002 Service Commission
(Subdocket C) Staff
{Surrebuttal) f

01/01 1J-24993 Louisiana Public Entergy Guif Allocation of regulated and
(Direct) Service Commission States, Inc. nonregulated costs, tax issues,

Staff and other revenue requirement
- issues.

01/01 U-21453, U-20925 Louisiana Public Entergy Gulf Industry restructuring, business
and U-22092 Service Commission States, Inc,. separation plan, organization
(Subdocket B) Staff structure, hold hammless
(Surrebuttal) conditions, financing.

01/01 CaseNo. KY Kentucky Industrial Louisville Gas Recovery of environmental costs,
2000-386 Utility Customers, Inc. & Electric Co. surcharge mechanism.

01/01 CaseNo.  KY Kentucky Industrial Kentucky Recovery of environmental costs,
2000-439 Utility Customers, Inc. Utilities Co. surcharge mechanism.

02/01 A-110300F0095 PA Met-Ed Industrial GPU, Inc. Merger, savings, reliability.
A-110400F0040 Users Group FirstEnergy

Penelec Industrial
Customer Alliance

002820
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03/01 P-00001860  PA Met-Ed Industrial Metropolitan Edison Recovery of costs due to
P-00001861 Users Group Co. and Pennsylvania provider of last resort obligation.
Penelec Industrial Electric Co.
Customer Alliance
04/01  U-21453, LA Louisiana Public Entergy Gulf Business separation plan:
U-20925, Public Service Comm. States, Inc. setllement agreement on overall plan structure.
U-22092 Staff
{Subdocket B)
Sefflement Term Sheet
04101 U-21453, LA Louisiana Public Entergy Gulf Business separation plan:
U-20925, Public Service Comm. States, Inc. agreements, hold harmiless conditions,
U-22092 Staff separations methodology.
{Subdocket B)
Contested Issues
05/01  U-21453, LA Louisiana Public Entergy Guif Business separation plan:
U-20925, Public Service Comm. States, Inc. agreements, hold harmiess conditions,
U-22092 Staff Separations methodology.
(Subdocket B)
Contested Issues
Transmission and Disiribution
(Rebuttal)
o7/0t°  U-21453, LA Louisiana Public Entergy Guif Business separation plan: settlement
U-20925, Public Service Comm. States, Inc. agreement on T&D issues, agreements
U-22092 Staff necessary to implement T&D separations,
(Subdocket B) hold harmless conditions, separations
Transmission and Distribution Term Sheet methodology.
10/01 14000-U GA Georgia Public Georgia Power Co. Review requirements, Rate Plan, fuel
Service Commission clause recovery.
Adversary Staff
11/01 14311-U GA Georgia Public Atlanta Gas Light Co. Revenue requirements, revenue forecast,
(Direct) Service Commission 0&M expense, depreciation, plant additions,
Adversary Staff cash working capital.
1/01 U-25687 LA Louisiana Public Entergy Gulf States, inc. Revenue requirements, capital structure,
(Direct) Service Commission allocation of regulated and nonregulated costs,

River Bend uprate.
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02/02 25230 ™ Dallas Ft.-Worth Hospital ~ TXU Electric Stipulation. Regulatory assets,

Council & the Coalition of securitization financing.

independent Colleges & Universities
02/02 U-25687 LA Louisiana Public Entergy Gulf States, Inc. Revenue requirements, corporate franchise
(Surebuttal) Service Commission tax, conversion fo LLC, River Bend uprate.
03/02 14311-U CGA Georgia Public Atlanta Gas Light Co. Revenue requirements, eamings sharing
(Rebuttal) Service Commission plan, service quality standards.

Adversary Staff
03/02 001148-E1 FL South Florida Hospital Florida Power & Light Co. Revenue requirements. Nuclear

and Healthcare Assoc. life extension, storm damage accruals

and reserve, capital structure, O&M expense.

04/02 U-25687 LA Louisiana Public Entergy Guif States, Inc. Revenue requirements, corporate franchise

(Supplemental Surrebuttal)

04/02

08/02

U-21453, U-20925
and U-22092
(Subdocket C)

ELO1- FERC
88-000

Service Commission
Louisiana Public SWEPCO
Service Commission

Staff

Louisiana Public Entergy Services, inc.
Service Commission and The Entergy Operating
Statt Companies

tax, conversion to LLC, River Bend uprate.

Business separation plan, T&D Term Sheet,
separations methodologies, hold harmless
conditions.

System Agreement, production cost
equalization taniffs.

J. KENNEDY AND ASSOCIATES, INC.



COMMONWEALTH OF KENTUCKY
BEFORE THE PUBLIC SERVICE COMMISSION
In the Matter of: ‘
AN EXAMINATION OF THE FUEL ADJUSTMENT )
CLAUSE OF KENTUCKY UTILITIES CO. ) CASE NO. 2002-00224
FROM NOVEMBER 1, 2001 TO APRIL 30, 2002 )
AN EXAMINATION OF THE FUEL ADJUSTMENT )

CLAUSE OF LOUISVILLE GAS & ELECTRIC CO. ) CASE NO. 2002-00225
FROM NOVEMBER 1, 2001 TO APRIL 30, 2002 )

EXHIBIT ___ (LK-2)

R

002823



X 4Bt 4 UL 1V

Bosta

Mavacement Hepcicarions CoNsucTing, Inc

2921 Windmill Road = Suite 4+ Sinking Spring, Pennsybvania 19608-1681 « 10/670-9199 « Fax 610/670-9150 © bep/www.manapp.com

¢
4

February 5, 2001

Mr. William A. Bosta

Director of Regulatory Management
LG&E Energy Corporation

220 West Main Street

Louisville, KY 40232

Dear Mr. Bosta:

This letter and the attached exhibits summarize the results of our incremental loss study for the
LGEE integrated power system relating to LG&E and KU’s Off System energy sales. The
, incremental loss results for the year 2000 are consistent with our prior loss studies for the
i Kentucky Utilities Company and the integrated LGEE power system.

The incremental loss study utilized eight separate power flow studies which were applied to
' the combined LG&E and KU Off System sales in a consistent manner as with previous
incremental loss studies. In addition, a much more detailed analysis of incremental losses was
- performed on an hourly basis using the eight power flow loss results. These calculated hourly

3 results were aggregated monthly to derive monthly incremental loss factors which were then
weighted by the corresponding monthly Off System sales to derive a final annual incremental
loss factor.

The results from these two separate loss analyses yield annual incremental loss factors which
! are below the currently approved level of 1% and are consistent with results from our prior
; incremental loss studies for each company. My recommendation, based on these loss results,
is that the currently approved incremental loss factor of 1% be maintained as the appropriate
: loss factor for Off System sales by KU and LG&E.

Should you have any further questions, please give me a call.

Paul M. Normand

PMN/tip
062824

11814 Joliyville Road - Suim.ﬂ)} * hustin, Texas 78759-2320 ¢ SI2331-1313 o fax $i2/231-4451
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INTRODUCTION

Energy losses occur in every piece of electrical equipment which carries electricity. The vast ¢
majority of these losses arise from resistance to current flowing through conductors and which
vary with load and are referred to as variable or load losses. The other major component of
losses is no-load or fixed losses. Fixed losses include transformer core losses, conductor corona
and insulator losses and substation auxiliary energy use. The level of variable losses will vary
according to loading conditions and other system factors such as the distribution of generation to
meet load. By contrast, fixed losses remain virtually constant for all hours of the year
irrespective of loading conditions.

In an incremental loss analysis, fixed losses must be netted out or removed from the results. This
is most important since failure to remove these fixed non-varying losses will materially inflate
the resulting loss factors and produce misleading and inconsistent results when applied to
incremental non-firm sales, which are priced at incremental fuel costs.

The most direct approach to isolating the effect of fixed losses and incremental load additions is
to initially establish a base case where the power system is modeled for the full requirement of
the Company’s native loads and relevant interconnections. The next step in the process is to
simulate the impact of losses on the power system from the base case by incrementally
increasing the load to represent various sales transactions and recording any differences in each
of these calculations with respect to the base case.

INCREMENTAL LOSS CALCULATIONS

As part of my review of the losses related to Intersystem Sales, eight power flow case studies
were performed to quantify the appropriate level of losses for incremental transactions. The loss
calculations were prepared using an incremental export of 100 MW for each transaction to reflect
a representative level of Intersystem Sales. These calculations were made using the Company’s
power flow model with a base case loading level for the summer of 2001 peak. From this
information, incremental losses related to these sales were identified in the summer period. In
order to evaluate any possible seasonal effects, an additional set of identical calculations were
undertaken so that the remaining winter period was modeled. Exhibit PMN-3 provides the detail
summary incremental loss results of these power flow studies for peak loading conditions of 100,
90, 70, and 40 percent for each season.

For purposes of my analysis, I used incremental loss factor calculations for a large portion of the
year based on average loading conditions. This is a reasonable method based on my experience.
In order to capture this very important aspect of the calculation and retain the higher seasonal
loading conditions, power flows results were used in the calculations based on a 70% level for
the summer and winter peak period. Exhibit PMN-1 presents the Company’s monthly peaks as
well as the corresponding monthly average demand levels, which were used as a guide in

- MAC -
1 e Y
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formulating my analysis. The off-peak calculations were based on a simple average of the
summer and winter incremental loss results. The calculated incremental loss results presented in
Exhibit PMN-4, Section I, line E, are reasonable for establishing a loss factor under varying load
conditions throughout the year for all transactions.

In order to check the reasonableness of the incremental loss calculations described above, based
on prior studies, a separate and more detailed incremental loss analysis was undertaken for each
hour of the year using the eight power flow loss results. The procedure was to calculate an
incremental loss factor for each hour using a piecewise linear representation of the eight loss
factors representing power flows at 100, 90, 70, and 40% loading conditions. Using the 2000
load duration data and the eight power flow loss results separated into the summer and winter
load period, a unique incremental loss was calculated for each hour of the year over a wide range
of loading conditions.

The final calculations presented in Exhibit PMN-3 reflect the hourly incremental loss results for
each month excluding Sundays and holidays. Exhibit PMN-4, Section II, incorporates the
monthly incremental losses from Exhibit PMN-3 weighted by the monthly Off System sales
from Exhibit PMN-2 to arrive at an annual incremental loss factor.

RECOMMENDATIONS

The incremental loss results for two separate analyses, as presented on Exhibit PMN-4, Sections
I and II, show that the level of losses is below the currently approved 1% value. My
recommendation is to maintain this level as a reasonable threshold to ensure full recovery of
tHese losses based on my analyses as presented herein.

- MAC - DU2828
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EXHIBIT PMN 1
LG&E and KU Combined
Monthly System Peaks
2000 Monthly Monthly Monthly Percent of
Peak MWH Average Annual #
Demand System Peak
(a) (b) ©) (d)
1 January 5,335 2,819,239 3,789 60.11%
2 February 4,850 2,461,297 3,536 56.10%
3 March 4157 2,409,093 3,238 51.36%
4 April 3,862 2,213,922 3,075 48.78%
5 May 5174 2,576,411 3,463 54.93%
6 June 5,989 2,905,426 4,035 64.01%
7 July 5,983 3,033,988 4,078 64.69%
8 August 6,304 3,135,605 4,215 66.85%
9 September 5,248 2,561,348 3,557 56.43%
10 October 4,794 2,438,619 3,278 51.99%
11 November 4,746 2,498,515 3,470 55.05%
12 December 5,387 3,059,496 4,112 65.23%
13 Annual Peak/Total 6,304 32,112,959
14 12 Mo. Avg. 5,152 3,656
15 Percent Annual Peak 81.73% 57.99%
7,000 + + 8,000
f Monthly System Peaks
6,000 + 4 7,000
5,000 + + 6,000
4,000 + + 5,000
——
——
3,000 + W + 4,000
2,000 + 4 3,000
Monthly Average Demands
1,000 + 4 2,000
0 ' ; 1 . ‘ 1,000
Jan-00 Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec-
00
002829
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EXHIBIT PMN 2
LG&E and KU Combined
Monthly Off System Sales
1999 2000 1999,2000
Percent of Percentof  Average
MWH Sales Annual Total MWH Sales Annual Total Percent

1 January 582,124,000 5.73% 1,179,982,000 12.46% 9.09%

2 February 535,683,000 5.27% 772,999,000 8.16% 6.72%

3 March 754,742,000 7.43% 1,101,262,000 11.63% 9.53%

4 April 963,171,000 9.48% 663,161,000 7.00% 8.24%

5 May 756,509,000 7.45% 471,072,000 4.97% 6.21%

6 June 832,154,000 8.19% 639,363,000 6.75% 7.47%

7 July 466,736,000 4.59% 453,484,000 4.79% 4.69%

8 August 790,230,000 7.78% 510,267,000 5.39% 6.58%

9 September 947,028,000 9.32% 973,290,000 10.28% 9.80%
10 October 1,266,991,000 12.47% 1,039,903,000 10.98% 11.72%
11 November 1,065,256,000 10.48% 805,707,000 8.51% 9.50%
12 December 1,199,877,000 11.81% 860,872,000 9.09% 10.45%
13  Annual Total 10,160,502,000 100.00% 9,471 ,362,000 100.00%  100.00%

1,400,000.000 - IMomhly Off System Sales (MWH) l T 40.00% ;
1,200,000,000 + 1 35.00% 1
L 30.00%
1,000,000,000 +
|
o+ 25.00%

800,000,000 +
+2000% |51
600,000,000 - i
+ 15.00% f
400,000,000 + 1 10.00% i
200,000,000 -+ 1 5.00% i
|% Monthly Off System Sales J i
0 R it —t ettt 0.00% i
Q}(\Q)% g\\’b& @[b\\ §\§ C‘OQ’Q eo\\ S’b(\,QQ @'b& @’5\ 3& COQ'Q \;o“ '
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Power Flow Incremental Losses

Case

01-100
01-090
01-070
01-040

Case

0102-100
0102-090
0102-070
0102-040

EXHIBITPMN3
LG&E and KU Combined
Power Flow Incremental Loss Results

Summer

MW

Load
6,360
5,724
4,466
2,552

Winter
MW
Load
5,426
4,883
3,798
2,178

Summer

PU
Load
1.00
0.90
0.70
0.40

Winter
PU
l.oad
1.00
0.90
0.70
0.40

Monthly Average Incremental Losses

Months

JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP
OCT
NOV
DEC

Average
Incremental
Losses

0.930
0.769
0.630
0.283
0.445
0.624
0.654
0.692
0.447
0.364
0.747
1.038

Summer
Incremental
L osses

1.356
1.1
0.77
0.04

Winter
Incremental
Losses

1.61
1.33
0.85
0.11

Seasonal and Annual Average Incremental Losses

Average Summer Incremental Loss =

Average Winter Incremental Loss =

Average Annual Incremental Loss =

0.504 MW per 100 MW export
0.819 MW per 100 MW export

0.834 MW per 100 MW export

Page 9 of 10
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Seasonal Analysis

Off System Sales

A.

100 MW
(at 100 % peak load)

B. 100 MW
(at 70 % peak load)

C. 100 MW
(at annual average)

D.  Off System Sales Percent
(Exhibit PMN 2)

E.  Weighted Incremental
{Rows B and C x Row D))

Monthly and Hourly Analysis

Average
Months  Incremental
Losses

- JAN 0.930
FEB 0.769
MAR 0.630
APR 0.283
MAY 0.445
JUN 0.624
JUL 0.654
AUG 0.692
SEP 0.447
OCT 0.364
NOV 0.747
DEC 1.038
TOTAL

Recommendation

1.000%

EXHIBIT PMN 4

Page 10 of 10

LG&E and KU Combined
Incremental Loss Results Monthly Off System Sales

Summer

1.35

0.77

28.54%

0.220

Monthiy
Off System
Percent

9.09%
6.72%
9.53%
8.24%
6.21%
747%
4.69%
6.58%
9.80%
11.72%
9.50%
10.45%

100.00%

Average Annual Loss Factor

Off Peak Total

0.634

35.70% 100.00%

0.226 0.750

Weighted
Monthly Loss
Calculation

0.085
0.052
0.060
0.023
0.028
0.047
0.031
0.046
0.044
0.043
0.071
0.108

0.636

0.636

Average Annual Incremental Loss factor
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COMMONWEALTH OF KENTUCKY

BEFORE THE PUBLIC SERVICE COMMISSION

AN EXAMINATION OF THE FUEL ADJUSTMENT )
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EXHIBIT ___ (LK-3)

Q02833



A-2.

LOUISVILLE GAS AND ELECTRIC COMPANY

Response to KIUC's Post Conference Data Request Dated August 23, 2002

Case No. 2002-00225
Question No. 2

Witness: Paul Normand

Please provide a copy of the MISO study utilized to derive the 2.22% line loss
rate used in the MISO OATT tariff for off-system sales. If the MISO study
cannot be provided or does not describe the methodology utilized, then provide a
detailed description of the methodology and provide an illustration of the
computations that were performed along with a description of the data and
assumptions utilized.

Attached is a four-page summary of the calculation methodology used by MISO
to calculate losses. Also attached, in spreadsheet form, is the data used In
determining, and the precise calculation of, LG&E/KU’s line loss factor. Both
the summary and the spreadsheets are on file at the FERC. Any additional
information regarding MISO’s line loss study can be obtained from the MISO
website at www.midwestiso.org.

7
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Normand

MISO Loss Study Summary
April 26, 2000

Introduction “
This report provides a summary of the calculation of average loss factors by twelve
transmission-owner members of the Midwest Independent Transmission System

Operator, Inc. (MISO). Pursuant to an April 6, 1999 Stipulation in FERC Docket Nos.
ER98-1438, et al. (as modified), the transmission owner members of the MISO are

obligated to jointly file with FERC to change, or justify retention of, their transmission

loss factor by the earlier of either April 30, 2000 or 90 days prior to implementation of
transmission services by the MISO. This report summarizes how these average loss

factors were determined.

To meet this obligation, the participants have agreed on a common methodology for
determining their average loss factors. The common methodology uses the same
equations and the same models of the power system to determine the average loss factor
for each of the twelve companies. This common approach allowed the calculation of
control area average loss factors on the same basis and also provides consistency with the
MISO'’s overall loss recovery methodology.

Loss Factor Equation
The loss factor equation used by all twelve companies in this filing is defined below.

100 x (Load losses + No-load losses)
% Loss =

(Transmission Area Load + (Exports + Parallel Flow))

Load Losses: These are losses incurred by current flowing through conductors and
transformers on the transmission system. Only losses on transmission elements, as
included in each participant’s rates for FERC-jurisdictional transmission service, are
included in this calculation. These losses are determined from the common power flow
model for six loading conditions for each participant. Generation Step-Up (GSU)
transformer losses were identified separately and are not included in the transmission
load losses.

No-load Losses: These are losses that are incurred by only the energization of electrical
equipment such as transformers and high voltage wires, and include transformer core
losses, corona and insulator losses, and may include auxiliary substation use (transformer
cooling equipment load, etc.). These losses are not represented in the powerflow models
used in this analysis. These losses are included in a separate tabulation. No-load losses
associated with GSU transformers were not included.

Transmission Area Load: For each MISO transmission-owner member, this represents
the electrical load served by the transmission system to customers (wholesale and retail)
within the company’s control area. The values for each control area are calculated using
values for area generation, scheduled area imports, GSU load losses and area non-
transmission load included in the powerflow models. This calculation assumes that all
scheduled power imports are required to serve control area load.

092835
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Exports: For each MISO transmission-owner member, this represents energy being
exported to areas outside of the company’s control area, from energy sources within the
company’s control area.

Parallel Flow: For each MISO transmission-owner member, this represents the
incremental power flowing through the company’s transmission system that is caused by
any transaction which is contracted with the MISO. Parallel flows through a transmission
company with a participation factor of less than 3% are not included, consistent with the
proposed MISO methodology for loss compensation.

Summary of the Loss Study Procedure

To initiate this common filing, the MISO Transmission Owners formed a Working Group
consisting of a representative from each transmission-owner member of the MISO. This
Working Group (referred to as the Loss Study Working Group or LSWG) was charged
with developing a common methodology and calculating loss factors for this filing based
on the common methodology.

The first step taken by the LSWG was to agree on a common loss factor equation as
described in the Introduction of this report.

The next step was the selection of common power flow models to perform the loss study.
The LSWG agreed to use the MAIN (Mid-American Interconnected Network)
Transmission Assessment Study (TAS) power flow summer and winter cases for this
purpose because they were developed recently and have been reviewed more rigorously
than arry other powerflow models available. The MAIN Transmission Assessment Study
Group (TASG) builds these two power flow cases each year. One case is built to
represent expected conditions during the summer peak season. The other case is built to
represent expected conditions during.the winter peak season. All known firm
transmission reservations for the season being studied are modeled as energy transactions
in these cases. In building these cases, MAIN coordinates with other reliability regions
such as MAPP, SERC, ECAR and SPP to insure accurate modeling of the power system
and transactions in the respective regions. These cases are built as part of seasonal
studies that are performed twice each year to review transfer capability and overall
reliability of the regional transmission system in the Midwest portion of the Eastern
Interconnection. In addition to their other functions, these power flow models also
calculate load-related transmission system power losses.

The 1999 TASG summer case and the 1999/2000 TASG winter case were used to
quantify the load-related losses for this summary. Each LSWG representative performed
a detailed review of these models with reference to their respective areas. Modifications
were made to add more detail to the TASG case to ensure the most accurate possible
representation of each MISO Transmission-owner’s system for purposes of this loss
analysis.
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To enable the calculation of an average loss factor representing the entire summer or £

winter period, four additional cases were developed from the summer and winter TASG
cases. These four additional cases represent load levels of 50% and 75% of the peak for
each season. In total, six cases were built to determine the load-related losses.

In addition to building the power flow cases, no-load losses, exports and parallel flow
were also tabulated. Each LSWG member was responsible for tabulating the
subcategories of no-load losses, i.e. transformer energization losses and auxiliary power
use and transmission line corona and insulator losses. A summary of these results is
included in Appendix C.

In regards to transmission line corona and insulator losses, all members utilized a single
average kW/mile factor for transmission lines of the same voltage level in this
calculation. The kW/mile factors utilized for the various voltage levels were obtained
from the “EPRIJ Transmission Line Reference Book 345kV and Above”, Table 7.7.1
(page 327). No-load losses were assumed to be constant for all load levels studied. A
summary of the tabulation of no-load losses for each member company is shown in
Appendix C.

To identify exports and parallel flows, all of the transactions included in each of the
MAIN TASG cases were identified. Each LSWG member reviewed the transactions and
identified those transactions that are expected to be contracted with the MISO (“In”,
“Out”, or “Through”). .

Transmission Participation Factors (TPF) were calculated from the summer and winter
TASG cases. These participation factors were applied to each MISO transaction to
determine the sum of export and paralle] flow for each MISO Company. A list of the
Transmission Participation Factors determined for both the summer and winter case is
shown in Appendix B. The résults of this TPF calculation assign a distribution factor of
100% for the source and sink system for each transaction. The 100% response for each
sink system was excluded from the parallel flow calculation because these MWs are
already included in the Transmission Area Load. In accordance with the filed MISO loss
methodology, participation factors of less than 3% were not included in the determination
of parallel flows. Exports are included in the results of this calculation since the TPF for
the exporting company, which is the source company, is 106%.

For each company, two sets (sumnmer and winter) of exports plus parallel flow were
determined from these calculations. The same export and paraliel flow estimates were
used in all cases within each respective season.

The LSWG utilized the load-related losses calculated from the six power flow cases
combined with the calculations of no-load losses, exports, and parallel flows to produce
loss factors for the 50%, 75%, and 100% load levels for each season for each company.
These six loss factors reasonably represent the variation of losses with load for both
summer and winter for each company. The three loss factors for each season were then
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calculated according to piece-wise linear functions defined by the 50% and 75% losses, i
and the 75% and 100% losses.

A unitized load duration curve for each company was developed from actual 1999 hourly
load data. Once this was done, the calculation based on linear functions described above
was utilized to estimate the load losses for each hour. This was performed for summer
and winter using the loss data from the summer and winter power flow cases,
respectively.

The hourly loss factors calculated using these linear functions were then averaged into
one factor using a simple average of the seasonal hours to determine the final average
loss factor!

002838
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MISC Loss Study Loss Calculation Spreadsheet
utility: {LG&E Energy Corp.
edited:|M. G. Toll 10/19/01

Transmission Zone Load-Losses (MW)

Transformer No-Load Losses and Auxiliary Power (MW)
Corona and insulator Losses (MW)

Company Total Transmisslon Losses (MW) [numerator]

Generation (MW)

interchange (MW)

GSU Load Losses (MW)

Transmission Zone Load-Losses (MW)
Non-Transmission Load (MW)

Total Company Transmission Load{MW)

Export and Parallel Flow (MW)
Company Total (MW) [denominator]

Discrete Loss Factors

Seasonal Loss Factors
# of Hours

Annual Loss Factor

Summer Cases

100% of  75% of 50% of
Peak Peak Peak
165.3 108.8 66.3
9.0 9.0 9.0
1.8 1.8 1.8
176.1 119.6 77.4
6.516.4] 4,813.3] 3,115.2
286.9]  -286.9]  -286.9
14.1 8.3 3.3
165.3 108.8 66.3
192.0 144.3 96.4
6.431.9] 4,838.8] 3,236.1
1121.3] 1.121.3] 1,121.3
75532 5.960.1] 4,357.4
[2.332%] 2.007%] 1.770%]

1.859%
4416

i 2.221%;

Winier Cases

100% of 75%of  50%of
Peak Peak Peak
181.2 125.5 74.7
9.0 9.0 9.0
1.8 1.8 1.8
192.0 136.3 85.5
5522.6] 4,007.0] 24817
-529.9 529.9]  -529.9
10.7 58 2.5
181.2 125.5 74.7
116.0 87.1 58.1
57446| 473185] 2886.3
702.7 702.7 702.7
6,447.3 5,021.2] 3,589.0
[2.978%] 2.715%| 2.383%j
2.589%
4344

Load"

upon the 1999 annual load profile of each utility.

season.

The "Discrete Loss Factors" are caiculated from the equation:
(Company Total Transmission Losses)/(Total Company Transmission Load + Export and Parallel Fiows with T.P. Factors > 3%)

"Total Company Transmission Load" = "Generation" - "Interchange” - "GSU Load Losses" - "Transmission Zone Load-Losses" - "Non-Transmission

The "Seasonal Loss Factors” are determined by using a piecewise-linear function of the "Discrete Loss Factors" to calculate hourly loss factors based

The "Annual Loss Factor” s calculated by using a weighted average of the two "Seasonal Loss Factors” based upon the number of hours in each
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INTRODUCTION

This primer is intended
introduce nontechnical readers 1o
basic concepts in electnc power sys-
tems design, operation, transmission
and wheeling, Unlike engineenng
books, it will not presume that read-
R TTIRm——— ers have a strong background in

mathematics and physics. For addi-
tional technical detail, readers are advised to consuft more advanced works
on the subject.

The single most important objective of the primer is to give the non-
technical reader an intuitive understanding of how power systems operate
and how power wheeling takes place. Unfortunately, use of the term
"wheeling” (as well as analogies to other regulated industries) often leads to
the misconception that power can be “shipped” from A to B like a crate of
fruit. This is simply not a proper analogy. The behavior of electric circuits
and. more importantly, the type of power systems we have designed render
this analogy too simplistic for productive discourse.

This exposition builds an understanding of transmission through a
brief introduction to electric circuit theory. The treatment is neither techmical
nor mathematical, but it requires patience. Afthough it may seem that the
definitions of volts and watts are of little relevance to those who want to
make practical, non-engineering use of this knowledge, it is precisely the sim-
ple concepts that explain transmission best. Frequent use is made here of an
analogy between the electric transmission system and a system of water
pipes. This example is not in perfect accord with the physics of hydraulic sys-
tems, but it is intuitive and useful.

Chapter 2 of this primer discusses voltage. current, energy, and power.

See the Bibliography for several suggested ulles
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Chapter 3 covers simple circuit concepts and introduces transmission sys-
tem load flow and transmission system adequacy. The operation of power
systems is discussed in Chapters 4 and 5, first in conceptual language and
then with reference to the actual procedures of generation dispatching‘and
load scheduling. Chapter 6 introduces aftermating-current circuit concepts
such as reactive and apparent power, and Chapter 7 offers a brief summary
and conclusion. Readers interested in a more detailed treatment of the sub-
jects covered in this primer may wish to consult the Bibliography that fol-
lows Chapter 7.

Most readers are familiar with the concepts of altermating current
(AC) and direct current (DC). In the former, electric charges regularly
switch back and forth a certain number of times per second (frequency); in
the latter, all charges flow in one direction. Although electric systems make
use of aftermating current, most of the concepts that are required for an
understanding of wheeling and transmission are more easily conveyed using
DC circuits. For this reason, no further mention is made of AC circuit con-
cepts until Chapter 5.

Readers who are unfamiliar with these concepts should not attempt
to digest all of this at once. Two or three partial readings are better, because
they afford the reader a chance to review prior matenial before proceeding
to new concepts.
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CURRENT,
VOLTAGE POWER,
AND THE BASIC
Voltage and Current 3

DESIGN OF
ELECTR‘C UTH_I_W 0ur discussion of electric

power systems begins with the twin
concepts of electrical potential, or
SYSTEMS voltage, and current Many people
I N= who are not engineers vaguely sense
that voltage is equated with the size
of machires and the amount of wark they do, but what precisely is the con-
nection! Sirmilarly, many people have changed fuses or flipped the switch in a
crcuit breaxcer. At such times, they may have noticed that these devices
accommaecate different amounts of current, measured in amperes. But why
have twe *easures of electncal size or strength?
Voiage and current are related to potential and kinetic energy. To put
1 simpiy L oitage s a form of potenticl energy. which is the potential to do
work. A corvenient analogy can be drawn using a water pipe, to which is
attached zny device you choose — say a food grninder. The pressure in the
pipe represents potential energy. energy that is lost when water is released
into a water wheel attached to the food processor. Remembering conserva-
tion of erergy. the potential energy is changed to the same amount of kinet-
ic enerzy. ~nich is used to grind up some carrots. The more pressure in the
pipe. the greater the potential energy and the more carrots we can gnnd !
and put i~ Te carrot souffle. q
if electrical Joltage 1s analogous 1o the pressure in the pipe, electrical
current s znalogous to the flow rate of water in the pipe. Consider two '
pipes ~ith dentical widths and pressures, but different sizes of food proces-
sors hooked up to them. The huge food processor turmns very slowly, so
water in the pipe does not flow very fast. The smaller processor turmns quick-
lv. and the water flows snappily through the pipe.
The difference betwreen hydraulic and electrical systems is that in the J
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latter an electrical field provides the electrical potential analogous to pres-
sure. This field causes charged particles to flow at a rate that depends on
the resistance they are facing, much like the resistance the food processors
gave the water” The pipe analogy suggests that voltage is important,
because it indicates the amount of work we can ultimately accomplish. #
Current seems only to be an indication of the rate at which things are hap-
pening, which is actually a reasonable interpretation.

This modest explanation is sufficient to convey the essential purpose
of the almost inconceivably large and complex electric power systems of the
world. Almost all these systems are designed to provide a constant voltage at
your home or business. The power company is providing you with a given
potential to do work. The amount of work you actually do depends on the
load or the number of devices you plug in and use.

Work, Energy, and Power

Thus far we have been talking about voltage and power in the
abstract, using the analogy of a pipe that has a certain pressure inside it and
a certain flow rate. The relationship between the pressure in the pipe, the
flow rate, and the resistance put up by the water wheel has a direct electri-
cal analog called Ohm's Law, which is described by the foilowing equation:

Voitage {volts) = Current (amps)
Resistance (onms)

Tabie | shows this relationship for our Aydraulic analogy. its electrical
description, and finally its precise mathemaucal form. The icea is quite sim-
ple for a given amount of pressure or potential, more resistance will result
in less current flow. The harder 1t is to budge the water wheel, the less
water will flow at any given oressure.

In scientific terms, the sole purnose of an electnc power svstem is 10
enabie usars of eectndty 1o accompiish thirzs, or do ~vork Work has 2 e,
precse tachnicai cefinition that can te pnrased differently for eacn type of
energ; svstem. In our nycraulic exampie, work can be measured by the
pounds of carrots we grnd up or by some other physical measura But elec-
tricity 1s used for grinding, motors. refngeraten. lighting, heating and many
other things. so how can we measure work!

In electrncal circuits, it is easier and more important to first measure
the rate at which you are doing work. If you multiply the rate by the time
spent at that rate. you get the work accompiished. In elecimcal arcunts, the
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OriM's Lawy: THE RELATIONSHIP
Bena/EEN CURRENT, VOLTAGE, AND
ResisTancs

Hydraulic Analogy Electric Description

The greater the resistance, For a given electrical

the less flow you observe potential (voltage).

at a given pressure. a greater circuit
resistance results in
a smaller current.

Units of Measure and Symbols Electrical Equation
Electric Potential: Volts (V) \%

Electrical Current: Amps (1) ——
Electrical Resistance: Ohms (R) R

rate at which work 1s being done (or energy is otherwise being transformed
in some ay) 15 cailed power

Power is important in electrical systems because it sets a himit on most
components of electrical systems. An electric motor has a limit to the rate at
which it can accomplish work. Assuming it doesn't wear out or burn out,
there 1s no strict imit on its work — if you want more work, simply run it
ionger at any sustanable rate Simifarly. a generator has a limited rate of
energy cel.ery and a power transmission line has a maximum rate at which
electncagenergy can flow througn it to ts load. Almost everything in a utility
s/51em is 3z2d Dy s power copeaty (often simply capcaiy)

In DC =lecircal circuits, power s quite easily related to voliage and
current. Power. measured in wols. is voitage (in volts) tmes current
(amperes: Note the difference between this relationship and Ohm's Law:

Power Equation  Power (watts) = voltage (volts) x current (amps)

Ohms taw Voltage (volts) = current (amps)
Resistance (ohms)

Wi s the product of a pressure concept and a flow rate concept a
power corcent! The fact that electncal current is the rate of flow of charges
suggests that the power equation might be indicating a rate of energy trans-
fer. As it happens, every time a charged particle moves due to the influence
of an electric potential, work is done. The work done is proportional to the
number of volts and the number of charges that move, which we'll measure
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in bundles called coulombs. So work or energy. which is measured in joules, is
proportional to volts times coulombs.
Note the similarity between the work equation and the power equa-
ton: 4
4
Power (watts) = voltage (volts) x current (amps)
Energy or work (joules) = voltage (volts) x charges (coulombs)

These two equations look quite similar. First of all, they both begin
with potential in volts. If power is really the rate at which energy is trans-
ferred, then we should be able to express the second equation as a rate by
making it “per second.” This means dividing any amount of work done (in
joules) by the number of seconds it tock. Comparing the two equations in
this form, we have:

Power (watts) = voltage (volts) x current (amps)

Energy or work
per second = voltage x charges per second
(joules per second) (volts)  (coulombs per second)

These two equations are in fact now identical. An ampere. which ~e
know is a rate of flow of charges. i1s defined as one coulomb per second,
and a watt is one unit of work (joule) per second. Therefare, in order to
compute power we need only know voltage and current. To know the
amount of work done, we need to keep a cumulation of voltage times cur-
rent at each moment and cumulate them over time.

The units of power used in the utility industry are watts, often with the
prefix kilo (meaning thousands) or mega (millions). These are all measures of
capacity. 1e. maximum energy trensier rate. You can easily compute the
amount of energy used by multipiying a power level by the period over
which 1t is used. This is precisely now units of energy are expressed in the
industry if you transfer at a constant rate of one kilowzt of power for ore
hour. you cumulate energy equal to:

I kilowatt x | hour = | kilowatt-hour
VYoltage, Power, and the Design of Our Electric System

We now understand what it means to say that the electric power sys-
temn provides a constant electncal potential to do work at our homes and
businesses. But just what is it that we pay for? Are our eleciric bills basec cr
the amount of current we draw at the constant voltage? What about our
maximum mementary demand. or power! Or, because these quantities are
related by equations, does it even matter!

Most power bills are based on the amount of work you do with elec-
tricity. i.e. the cumulative electric energy you “'consume’” during the month.”
The power company figures this out by installing a meter that watches the
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current go by and keeps a cumulative record of the amount. The power
company knows that the voltage was constant, so if they know the current,
they can figure out how intensively you ran your appliances during the past
month. In other words, the power company makes the following use of the
above equations: since power is voltage times current, and voltage is con-
stant, power can be figured easily by measuring current. Since energy is the
cumulation of power, a meter that cumulates current flow can be used to
calculate erergy used during a period.

To recapitulate, utility systems have this rather unique form:

Iy Voitage is constant;

2) Tre customer's choice of load determines the maximum rate of
power derranded; and

3) Utilities must build systems large enough to supply at the maximum
rate (power capacity).

The fundamental design of modem electric power delivery systems
resufted largely from the economic and technical evolution that has taken
place since the late 1800s. The nature of contracts between power systems
and their customers is one in which the power supplier must meet a chal-
lenging burden: it must maintain a constant voltage at all times, no matter
what loacs customers opt for® Other than establishing voltage levels and a
maximum current level that can be used by customers, the energy supply
decisions of the utility and the energy use decisions of customers are cou-
pled only through the monthly utifity payment® This has unleashed a power-
ful process of economic development based on the continuous availability of
all desired =iectnic power.

Betneen 1920 and the recent past utility regulation served to further
enrtrench 17is view of the obligations of utility suppliers and users. Utility reg-
ulation 1s cizen described as a compact in which the government allows only
cne utlit, 7o serve in an area, in exchange for the utility serving all area
needs wizrcut excess profit or discriminazon, The techrical translation of
this "obligzz on 1o serve’ is that utilities must plan their generation and
ansmissic systems to keep up with a ioad over which they exercise
Iitle controi

e pul cori.2 | rguetes because erergy s never usec Lo it s oniy converted 0 form. (This s the mean-
rgof e sc "z oonc oel thet erergy s aiways conser.ec} Advanced reacers should rote that this example
s zesed ar ot rescentel wenffs. vuch are sased or 2rergy used anc Jo rot ypically .incorporcte @
TeTerG i Niorrescenual cusicmers cre ypically trerged for both energy used 6nd maximum power
zemerced) T Isc negecss cusiomer charges ard ather roorcrt cormparents of uthty dills

Tis s a2 zopeearer oor fuse Sox hruts the amourt T Turent you can Sraw from sour utihity. When g
“2wvflse sc 3 siciac 3G conrected 1o the LUty Cr rohat or expiict cgreement made with the uulity
2SIDNSTES L SL” TCamLm cument The utihty keeps ock sf fus when new cusiomers move o hormes with
SCSGNG TeI2T 12 Cusicrrets Jon i heve 1o discuss oS regucrly with uthtes However s is gn important
5.2 Tr LLiT. T Zorers os ey st plon arecd fa se cbve o supply the aggregate of all meximum currents.

There gre 21z some exceotions. Many wtiives Rave 2sicbhished load management pregrams whereby
re auhty cor - acty or ecirectly convol a proporton of e ocd of some cusiwomers. For example. some utili-
w5 hove rsiz =T Gdic-controlled switches on customer witer heaters ord o conditorers. allowing the utlity
2 sanch 37 2s2 applicreas dunng penods of peck cermerd
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Regulation has grown to require utilities to consider their obligation on
both a momentary and long-term basis. Over the course of a year or many
years, utilities must have enough capacity to serve dlf loads. However, the
obligation to serve has also been interpreted to mean that utiliies must run
their systems so that voltage is supplied continuously and constantly, at a
precise voltage and frequency, with a minimum of interruptions. Like #ts
longer-term counterpart, this aspect of the compact onginated with one
specification for the product offered by utilities to customers and uftimately
became an economic and technical necessity.

The requirements for voltage constancy, accuracy. and non-interrup-
tion are commonly referred to as reliability requirements. While the term
“reliability’” connotes technical requirements, in the broader sense it means
the economic and operational ramifications of the short-term aspects of the
“obligation to serve.” Although important links exist between the short- and
long-term pictures, particularly for utility planners, much of our attention will
focus on examples with time frames of seconds or minutes.

One of the purposes of this primer is to place into clear focus the
relationships between the technical characteristics of the electric power sys-
tem and the pricing, contracting, and regulation of electric transmission. The
discussion thus far is intended to demonstrate this relationship at its most
primal level: the relationship between the technical nature of eleciricity and
the fundamental terms of service offered by utilities.

The second point of this discussion is that the mocel of universal, con-
stant-voltage service is central to utility planning. Legal and regulatory
changes are being made on the margin, but changing the mcde! tseif would
require dramatic changes in technology, regulation. and. most importantiy. in
the very concepts of energy production and energy use.

Untit such changes occur, we will inhabit a world with censtant-voit-
age, you-choose-the-current electric power systems. In this world. utilities
plan and operate their systems to previde extremely high leveis of reliability.
as cefined above We will now see trat the job of mairtaining corsiant voit-
age for a massive nurrber cf relativel, unfetiered custcrers s z remarkaoie
engineering trumph ancd z fascrating subject wo study
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DC CRCUIT
CONCEPTS AND
LOAD FLOW

The equations we present-
ed in Chapter 2 allow us to under-
stand a great deal about power sys-
tems. To explore this further, we
return to the water pipe analogy.
Figure 1A depicts a simple “water
R circuit.”” We know that if we put

gauges on the pipe anywhere

tetween point A and B, we will measure the pressure and the water flow.
Trere may he some fnction in the pipe that could cause the pressure to
crop a little. but ignore this for the moment. If at some time we find that a
rcee of energy transfer (power) of X Megawatts is flowing down the pipe,

onservation of energy immediately tells us that the same amount of power
~ustbe 1) ceming out of the pressure generator. and 2) going into the
lcad If not.gre part of the system would be accumulating or storing energy.
ard nothing can continue to store energy indefinrtely

Foure (B dep:cts an elecirical arcutt much like the water circutt in
Faurs 1A in an ideal circuit. there is no “fnction” in the electrical fines and
tnere is no energy storage. Then, by conservation of energy, the rate of
power flow out of the generator equals power in the wires which equals
power consumed by the load. If not. the energy rates would be unequal and
the “slower part of the circuit would accumulate (or store) energy.

The actual situation in the circuit is more like the diagram in Figure [C.
The same current flows through the line and the load, which both have
some resisiance. Since both resist the power, some work is done in each —
But much more is done in the load. Okhm's Law and the power equation tell
us how much energy is used in each part of the circuit. Total energy
(power) generated equals the total consumed in the line plus the load.

Later we will see how energy storage is very important. but the impor-
tance of line losses or “friction” is immediately obvious from Figures 1A and
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IB. If some of the energy is used in the line to do (unneeded) work in the
form of heat, there is less energy for the grinder in Figure 1A or the load in
Figure 1B. This loss will show up as a drop n voltage as the current travels
down the wire, much as the pipe’s fncuon could reduce water pressure
over long pipe lengths. Rewriting Ohm’s Law as V=IR. we can compute the
amount of pressure lost, V. as the product of the amount of current in a
wire and its resistance’

These losses are a waste of energy — they simply heat up the trans-
mission wires and the air around them. Engineers have devised a numter of
clever ways to reduce these losses, as we will discuss in Chapter 5.
Moreover, loss reduction is not just a function of the type of wire used. it is
also a function of the geometry of the system and the way the system is
operated.

In the real world, power systems take energy from many different gen-
erators through a crisscrossed “grid” of wires to thousands upon thousands
of loads of varying sizes. If we could draw a hydraulic analog of a real system,
it might look something like Figure 2A. A number of pressure generators,

Pl - PS, pressurize the water, which flows through a system of pipes of vary-
ing widths. In this figure, the huge, diverse number of loads is shown as a
small number of fairly large loads, but this won't harm the illustration.

Recall that Chapter 2 of this prnimer stated that one of the absolute
requirements of an electric utility is that voltage stay approximately constant
at every load. In the water system. this means that we have to design anc
operate the system so that pressure is giways P at every load. even though
we aren’t sure exactly how large each 'oad will be. Let's examine how ~e
might approach the design and operation of this system.

Using conservation of energy. it is relatively easy to figure out the totzi
amount oF pressure generators we will need — it 1s s:mp!y the total amourt

of load on the system plus the total amcunt of fction losses. Since we
measured the amount of resistance :n e2ch of the sectons of pipe. we
know the amount of losses that wil oczur at every flow rate. If we can do 2
200d job of foracasting the *otal amourt i load customers will have. ve
can ouild the proper amount of prassura-generating capacity, P

Wher we start 1o thirk about the numoer and type of pipes nesdec
for thus svstam to provide consiant prassure. the solution is not so siroie.
First we know that pipes have a certain maximum capadity {energy trznsier
rate). Second, we know that losses depend on the particular type (resss-
tance) of the pipe and the variation in ioads. We cannot lose too much
pressure in the pipes, or pressure at the oad will fail below the permissible
fevel.

Now assume that we have consiucted adequarte pressure capacity
ard tat we have also managad o design 2 DiDing svstem that operatas o
recitv over a wide vanaticn in 1otz 0acs bemaﬂced b/ our customers, {42

need to allow for the vanaton in totai cads on .wveekends and evenings.
hot or ccid wmeather, etc) In this syster. vater s flowing In a complex pa:
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tern through the pipes to meet all the above conditions, including no over-
loaded pipes? We don't have to calculate where every molecule of water
that leaves each generator goes, because conservation of energy and con-
stant pressure conditions with no overloads guarantee that the system is
working As long as this occurs, it really doesn't matter what water goes
down what path,

A final obligaton of our hypothetical water utility makes all of this
much more important and much more difficult. What if a pipe breaks at
Point X in Figure 2A? Look at the geometry of the network in Figure 2A.
We have designed in enough redundant pipes to make sure that every load
in the circuit still has water. But how do we know that no overoads occur
and that every load pressure does not deviate from pressure P7

You can now better understand the job that befalls the designers and
operators of electric transmission systems. Figure 2B depicts zn electrical
network styled after the hydraulic network of Figure 2A. The constraints on
design and operation of this system are very similar to those in the hydraulic
example. First, we must have sufficient generating capacity to supply total
power demanded at all times, that is, forecasted load plus line iosses. As in
the hydraulic example, assume for the moment that this capacity exists.

Second. no line can carry too much power. A transmission line that
carries too much power overheats, just like any other device. Remember
we found that some of the energy in the circuit was used for “work™ that
consisted of heating the line and the surrounding air. Using Okm’s Law, one
can show that for a given line (i.e. resistance size), more current results in
greater losses. The exact formula is:

Rate of Heat Production in a Line = Lost Power in 2z Line
=ixIxR=1FxR

where | is the current in a line and R is the line resistance. Not.ce that
power losses go up as the square of the current, so that a ter’oid increase
in current means |00 times as much power lost. This ecuaticr s the reascr
utility people sometimes refer to line losses as “i-squared-r lossas”

'n real electnc sysiems, transmussicn systems are cesignec o preweant
lines from overheating. which is dangercus and may nuin the ~es. Bach sec-
tion of line is protected by crcuit breakers. much like tre fuses or breakers
that protect the wires in your home. Overtoads will "trp” lines out of ser-
vice, i.e.. the circuit breakers will open and remove the lire from the trans-
mission system.

Intuitively it seems a little more difficult to design an elecinc power
system like that in Figure 2B than the water system in Figure ZA. Matching
generatng capacity to total load seems 1o be the samme The ecuvalent of

S CeT IND TE AGre § 12t

§$2enc "o £ othe DreiCLS CCITIIe T DILES ¢ YIS 225 @ CIr MMereCC ST TleLIl agier Tow. Lt
<g CTsTTsicr res

(02857



FIGURE 28

Seppos ©o2ITRCe NETNTEe 0T
LoShE S

FAULATNINON LA

zrmplete
< sa

15




&4

16

different widths of pipes” in electric systems would seem to be "wires of
different resistance,” but so far we have been vague about whether this is
really the only measure of line capacity. Also, do we have to design the sys-
tem so that it still delivers constant voltage and no overloads if thera‘s a
break at Point X! If so, it seems that we have to be able to model where
the current is flowing both before and after the break. so we can keep track
of i-squared-r losses in each line. Otherwise, they'll overload and shut down;
and. instead of having one line out of service, the whole system will shut
down.

The work just described is called a load-flow calculation (or simulation,
if a computer is used), and it is exactly what transmission planners do. The
bases for these calculations are computer programs that contain the loca-
tions of all lines in the system, all loads (aggregated into load centers, as in
Figure 2B), and all generators. The computer solves a set of equations that
are based on little more than conservation of energy, Ohm’s Law, and
Kirchoff's Laws, ° to calculate the voltage and current at every point in the
circuit. Every connection point in the circuit that could have a different V or |
is called a bus. Present-day computer programs using matrix-solution tech-
niques are capable of solving load flows for systems with thousands of buses
and transmission hines.

Now that we have a rudimentary understanding of electrical transmis-
sion system design and the dangers of overioad, let's reexamine the major
design requirements. The point of the exercise is to demonstrate that cesig~
and planning are inextricably linked to successful operaticn. which is a
moment-to-rmoment activity In power systems. '

We first reexamine our assumption that the system had sufficient
power capacity to instantaneously supply an energy rate large enough to
maintain voltage at all loads. As part of this, we forecasted the sum toral of
loads. including losses. However, what determines the size and locaticn of
the zenerators that together will have the capacity to equal the total icac?
To answer this, we have 1o soihve the netwaork calculations: they can 12 us.
for each generator location. how much power must be cCelivered. So. n 2
sense. generation pianning occurs after you have locatec your loads ard net
werk flows. In reality. planning occurs around a system that is already oper-
atng, The actual process is therefore iterative: project future total load.
locate a hypothetical plant. simulate load flows, see if lines are overloacec.
and if so either relocate the plant. build more lines, or do both.

Aithough we have omitted economics from the discussion so far, you
can be sure that economic considerations are extremely 'mportant in Dian-
ning exercises of this sort. At each point in the iterative process, computer
programs are used to estimate the cost of the generaticn or transmission
improvement anc the iImpac of the new nvestment on the cost of pouwver
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A new investment must pass a cost/benefit test, with costs and benefits
defined to suit the particular exercise. In general, however, regulation
requires that utilities strive to meet the objective of adequate generation and
transmission capacity at the lowest reasonable overall cost to society.”

When a system is designed to have adequate generating and transmis-
sion capacity under normal operating conditions, it is said to have adequacy.
The North American Electric Reliability Council (NERC), an industry-wide
group that sets reliability guidelines, defines adequacy as:

Adequacy is the ability of the bulk power electric system to
supply the aggregate electric power and energy requirements of
the consumers at all times, taking into account scheduled and
unscheduled outages of system components. *

Since it takes several years to build a new generator or a line, the kind
of planning studies we are talking about are conducted by forecasting total
loads, costs, and capacities over many years — usually a minimum of ten.
This is a relatively long time horizon over which to plan. it is somewhat iron-
ic that a system can be operated optimally in the short term only if it has
been designed properly for the long term. In the following chapter we will
leam more about short-term system operation. This will allow us to retum
to this point in Chapter 6 with a better understanding of the relationship
between long-term planning and short-term operations.

Ses HG Swil L2gsc-Cost Elecyrc Unliey Plgnning (New ferie John Wiley & Sors 1989). for an excellent
Cercied Jescrption of modem ubilty piarning precedures.

Reigpriic, Concepts n Bulk Power Eiectne Systems. NEAC (February 1985) 8
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POWER SYSTEM
PLANNING AND
OPERATIONS:
A FIRST LOOK

Economic Dispatch and
Ordinary System Operation

N ow we are ready to

increase our understanding of the
relationship between planning and
T operation by bringing economics into

the picture. When discussing the
concept of system adequacy in the preceding chapter, not much attention
was paic =o the cost of producing electricity. Whether for an entirely new
(hypothesical) system or for additions to an existing system, we calculated
icad flc 5 and then located generators and/or transmission system upgrades
where T2y were needed.

If ~2 also want to minimize the cost of electncity. we add a whole
new set of economic constraints to this previously all-electrical problem. All
actual ge~erators have different costs per unit of energy that are strongly
depence~1 on the time pattern of generator use. Remember that customer
loads vary greatly over the course of a day, week, and year. so some genera-
tors are n use constantly (“base-load facilities”) while others are on occa-
sionally | 'ntermediate” or “'cycling” capacity) or only operated on days with
very higr loads ("peaking” capacity or "peakers”). Designing the system for
aceguac - s mostly a function of the periods when the load is very high.
Designir ¢ the system for least total cost over one or more years depends
on the zczumulation of generating costs incurred over all periods and load
conditiors

Ccrsider the system depicted in Figure 2B. Assume that in periods of
low demand, only one generator is needed to maintain adequacy. It seems
obvious tnat if we want to minimize costs we ought to run the cheapest
generator and tum the others off. If the system is adequate at much higher
loads, wnen all generators are needed. it seems likely that nothing will over-
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load now (but we can check it with our load-flow program if we desire).

As load increases from its minimum, the next generator turned on is
the next cheapest. Again we should check for adequacy. If the system
capacity is adequate, this 1s the most economical way to operate, This
method of tuming on (or dispatching) generators using the lowest-cost units
first is called economic dispatch. 1t is the way all utilities decide the «heduling
of their units on an hour-to-hour basis. Each utility or group of willities estab-
lishes a control areg. This detenmines the boundaries of the system that will
be modeled for adequacy; all flows into and out of this area are considered
interchanges with other areas. Within this area, a single center controls all
plants and monitors transmission lines on a minute-to-minute basis, * The
control center knows the operating cost of each plant and is armed with
data acquired from many load-flow studies. Figure 2C shows the network
of Figure 2B drawn as a control area, with interties to other cantrol areas.

This discussion should not leave the mistaken impression that there is
no overlap between design for adequacy and least-cost operation. Often
load-flow studies indicate that the existing system is imperfect, so the hypo-
thetical least-cost dispatch cannot really occur. Moreover, there are a num-
ber of adjustments that can be made in the transmission system to change
power flows and improve dispatch. (So far, we have not mentioned that
transmission lines are adjustable. We will address this issue at a later point.)
The limits to these economic adjustments are determined by the now-faril-
iar technical constraints,

Itis the job of a utility's system plarners to develop a resource olar:
that provides system adequacy at the lowest reasonable cost. * Load-flow
models and the iterative process described above are the tcols used 1o
design for adequacy. To estimate the economic impact of running a system
or of adding a generator or line. a computer program callec a production
cost simulator is used. This program simply takes a hypothetical utility sys-
tem and the time pattern of customer loads as inputs and pradicts the
curnuiative costs of power production months or years into the futura. For
the most part. these modeis assume the system is ahvays acequate, i.e., tra:
the nypothetical dispatchers on the nypothetical system hava no transmus-
sier-related constrants on dispaich The dispantes betweenr these 7.0 5875
of pianning tools hightights the need for s,stem planners to continuaily juxca-
pose the competing requirements imposed by adequacy and sconorrics.

The time frame for these planning studies and modeling efforts is o
the order of ten years The planner s trying to forecast the operation of the
system years into the future because the generators and lines constructed
today will greatly influence the future operation of the system.
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TABLE 2

NUMBER OF CONTINGENCIES

IN THE INSTITUTE FOR ELECTRICAL ‘
AND ELECTRONIC ENGINEERS (IEEE)
ReLABILITY TESTING SysTEM (RTS)

Type of Contingency Level |- Level 27~ Level 3
Generator Outage 32 528 5488
Transmission Line 38 741 9177
Outage

Generators and 70 2,485 57225
Transmission Lines

Together

“A single contingency.
~One or Two simultaneous contingencies.
“"One, Two, or Three simultaneous contingencies.

The RTS s a circuit mecel of a hypothetical utility system usec “or tesung revao -
ity assessment technigues. For example. a utility planner may want ¢ mezsure the
propabiiity that the RTS system will experience a blackout if two transmussien lines i at
the same time. This table indicates that the RTS hypothetical system has 74! potentai
cembinations of two lines that could fail at the same time. Thus. any plarning stucy
which looks at the potential outage of two lines at the same time must 2xamine 7+
different scenaros. Similarly. a planring study that looked at the effecis of ore gererzzcr
ard one line outage simultareoushy must consicer 2.485 passible scerarcs. This sug
zesis that conducting reliatiiity assessments for a utllity system with nurcreds of r2ms-
Tis5:0n lines and multiple zereratcrs s a comgicated and Cificult Srocass.

SOURCE. R Bilington arc AN Allar Rercoiity Assessment 57 L0752 Z'ecc
Power Svsterms (Bosion. MA. Kiuwer Academic Publishers, 1588). 113

Contingencies and System Stability

So far our discussion has concentrated on a world of normal operzting
conditions and has ignored the final and most frightening design/operatcn
criterion: sudden failures in transmission fines or generating stztons. In LTty
jargon. the fallure of a component is called a contingency.

Contingencies can involve situations such as generators suddenly ¢
off, transmission line short-circuits or faults that cause the fine's circuit orazk-
ers to open, voltages exceeding the system maximum level that also cause
breakers to open, or a pure falure of a circuit breaker. Table 2 shows e
number of contingencies associated with the generation and transmissicn
systems in a particular system called the “"Reliability Testing System™ (RTS).

G02865



The RTS is a circuit model of a hypothetical electric utility much like Figure
2B whicn is used by electrical engineers to compare reliability calculations.
The numbpers in this table show the number of possible combinations of
“things that can go wrong ™ The number of possible failures of individual
items (Level 1) equals the number of items in the test system, i.e, 32 gener-
ators and 38 transmission lines. Notice that the number of ways two or
three different things can go wrong grows quite large, relative to the number
of generators and lines.

Contingencies of one sort or another are an everyday occurrence in
farge power systems. The only time utility customers realize that a contin-
gency nas occurred is when the contingency leads to an interruption in ser-
vice. i.e. an outage. The reason why commonplace contingencies rarely
result '~ outages is that each control area has been designed to survive not
just one. but several simultaneous contingencies without violating system
limits. This means that in addition to all the adequacy and least-cost planning
and operation, planners-must use their load-flow calculators to simulate the
effects of every possible line failure in the entire area. If you want even more
reliabiiity, you must simulate and plan for any two failures, or three or four.
How rany should you plan for? It depends on how reliable you want your
system 1o be. The standard procedure is to choose levels of two or three
line fai .res and four generator failures. The idea is that the more contingen-
cies vz plan for, the lower the probability that you'll have an outage.

Howe 2r. the usual measure of reliability is not the number of contingencies
you p 2 for, but rather the resulting probability of an cutage. Engineers refer
to an cutage as a "loss of load” because an outage means that some cus-
tomer cads are not being served, ie. the system has intentionally shut some
custorers off to keep the rest of the system from overlcading.” The most
comren measure of reliability is therefore the “loss of load probability” or
LOLP z~d this is a primary design objective for system planners.*

T-2 need to plan for contingencies imposes a significant additional set
of 227 ants on the transmission pianner. To maintain reliability, the trans-
misscT svstem contans many redundant lines and multiple pathways.
Pra-~ra= are careful not to put too much power in any one line, or to put
toc ~ 27y lines close together, where a single lightning bolt could suddenly
e = of them out at once. The need to keep failures independent is one
facter -~at limits increases in the amount of transmission that can be put in
existrg ransmission comdors in order to minimize land-use and environ-
menta mpacts.

T-us far we have talked of contingencies as they affect transmission
lines < 5 certainly true that transmission lines fail frequently; it is also true
that o.2oaded lines shut themselves down. With improper system design
or ope-zton. the falure of one fine ‘mll overload others. causing them to
shut 2o an. and. in tum, causing others 1o overioad and shut down. In
axcre~eay smplified terms, such a “cascading fallure” caused the largest and

IogUi T IIiws shecding ool

T2 ~mgrer an megsures of rehcnity see 3airgien ana dilen (1988, Crapter 2. and Sioll {1989).
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most famous blackout in the United States to date, the New York City
blackout of 1965. This blackout prompted the utility industry to organize
NERC and to adopt many of the contingency planning procedures we have
been discussing.

There is, however, another danger from contingencies that is even
more serious. Assume that the line at Point Xin Figure 3A breaks but that
we've done a good job of transmission planning, so the remaining transmis-
sion system can handle the rearranged flows. Moreover, let's assume that
load-flow calculations indicate the power emanating from each generator is
as shown prior to the contingency. To simplify this example, we assume
transmission lines have no energy losses.

After the contingency. assume the situation is as depicted in Figure
3C. The lines are all OK, but notice that each generator is producing a dras-
tically different amount of power. Remember that we are talking about
power, which is the instantaneous flow of energy, and recall that in order to
maintain voltage. power flow must continue without even the slightest inter-
ruption. There is no storage of energy in the system, so if users continue
their pre-contingency rate of use, the same amount of total power must be
delivered after the contingency.

The problem with the transition from Figure 3B to Figure 3C s that
even if the transmission system remains within its limits, generators can't
change their rate of power delivery immediately. Why? Generators are
immense rotating machines that are continuously fed by huge boilers or
other sources of mechanical energy. The rotating mass of a turbine stores
mechanical energy and the amount of energy stored depends on its size and
speed of rotation. Because conservation of energy applies to everything, n
the case of generators the energy going in must equal the erergy going cut
plus energy stored up.

We have not yet talked about alttermating current, but the utility sys-
tem generates current that swings from one direction to another 60 times
per second. The frequency of the electncaity is precisely related to the spead
at wihich the turbine is rotating. And remercer, the speed aiso sets the
amount of energy stored

Imagine what happens when the amcunt of power derranded from 2
generator suddenly goes up or down. The doiler feecing the turbine doesnt
know that a line break has cccurred, so it keeps feeding energy into the tur-
bine. But the energy going out has changed instantly. so the diference has 10
be made up in the amount stored in the rotating mass of the turbine. To
store more energy the turbine tums faster, and vice versa. So at a minimum
the frequency of the power coming out of the turbine changes. and if there
is too much energy stored or too rapid a change. the turbine will shut itseif
off to protect itself — much like transmission lines will tip circuit breakers
when overloaded. (Moreover, transmission systems are set to trp before
generators are cntically affected. If you have a choice, it is more economicai
and faster to restore a transmission line than a damaged power piant.) ”

35 ¢ nrecouterer, ~ecsure uhhnes chveys <eep severcl Dicts wwmed on ang recdy (0 BrocuLCe DOwer Wi
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| The direction of the flow of water isn't exactly the direction of the
pressure — there is a time lag between the two. This lag occurs because it
takes time for the balloon to return to normal after pressure is removed in
either direction. At the time when the positive pressure has peaked and
started to decline, the balloon is still expanding (Point X in Figure 6B). At
the time when the pressure changes from positive to zero to negative (i.e.,
when it changes its direction), the balloon is lagging behind, still absorbing
water in the positive direction. If you were to graph the flow rate of the
water and the pressure against time, the graphs would have the same shape
but the water flow would lag the pressure.

2 Tre water wheel never moves, 5o no work is being done. But this is
odd. because if you look at the pipe, there is both pressure and flow.
According to the power equation, pressure times flow rate is power, so
power is lowing in the pipe. According to conservation of energy, the
power in the pipe cannot continue to flow into storage in the water wheel
— it will be destroyed.

What is actually happening is a little tricky: power is flowing in the pipe,
but it is flowing back and forth into storage in the water wheel. The wheel
stores up energy for the first half of the cycle and ships it back on the sec-
ond half Because a complete cycle occurs many times each second, this
storage/reiease process looks much like the inductor is storing the energy on
an ongoing basis.

Tre electrical equivalent of this balloon water wheel is an inductor. In a
purely incuctive circuit (Figure 7A). the current lags the voltage by exactly
one quarter of a cycle, just like the first balloon water wheel. Power flows
nack and “orth over the transmission line, but no work is done. Instead of
expressing the lag as a quarter cycle, it is customary to call one cycle 360
degrees 2nd a quarter cycle 90 degrees. This is the same as calling an hour
50 minutes and a quarter hour |5 minutes. The number of degrees of lag
Setween current and voltage is called the phase difference or the phase
crgle T-gphase angle for an inductor 's 90 degrees.

Wzt would happen if we used rubper that was a ittle less pliable in
sne samre crcuit at the same pressure? In this case, the balloon paddles
would fi _p a littte more quickly. If they filed while the pressure was still on
1 the same direction, the wheel would start to move in that direction (and
therefore accomplish some work). If we were 10 graph the flow and pres-
sure, the lag between current and voltage would not be a whole quarter
cycle (9C degrees), it would be something less (Figure 7B). The actual work
done in <his circuit seems to depend on the flexibility of the rubber versus
the force required to tum the wheel, and it seems to be correlated with the
phase argie (lag).

The electrical equivalent of this crcuit is the extremely realistic case of
a circuit ~~at has a load that is partly inductive and partly resistive.
Remermzer we said that we can call loads resistors or inductors only if they
are predominantly so: it is much more common to find loads that are some-
where between resistive and inductive. Almost all home appliances are like
this. as weil as motors, and fluorescent light ballasts. (Transformers, which
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1

no real power, if the circuit is resistive. the phase angle is zero, the cosine of
zero is one, and the real and apparent power formulas are the same. This is
why. when power was introduced in the first chapter, we didn't need the
cosine term. In a DC circuit, the phase angle s always zero, and it was not
necessary to use the cosine term.

Recall that we noted that virtually alt arcuits are partly inductive, in
addition to being resistive. Cosine © is somewhere between zero and one.
This means that apparent power is bigger than real power, which only
makes sense. Apparent power is the product of all the volts and amps flow-
ing whether or not they are doing ‘work, whereas real power is only the
portion doing work.

it seems as if we should to be able to subtract the real power from
the apparent power to get the power not doing work.™ If we do, we stilf
get something that has the units of volts times amps, but it is neither appar-
ent power, which usually has a partial work component, or real power,
which is all work. To create a unit for reactive power, i.e., the flow of energy
strictly affiliated with the purely reactive (inductive or capacitive) part of a
circuit, engineers use a volt-ampere recctive or VAR. A VAR, commonly
referred to by power engineers, is a unit of power that isn't doing any work
but is flowing somewhere in a power system.

Ore final concept in this area is useful for understanding the lingo of
power engineering The term power factor (PF) is used to refer to value of
cosine © in the apparent power function. It's nothing other than a number
between zero and one that corresponds to the phase angle, which in tum
corresponds to the difference between apparent and real power. A power
factor near one means that current and voltage are “in synch™ and most
power is real; a power factor near zero means most power flow isn't doing
any waork,

Reactive Compensation in Power Systems

Even though 1t doesn't do any work, reactve power is of tremendous
concer to power engineers. Recall that all power system components, anc
particularly generators and transmission lines. have maximum power limits.
We have seen that transmission lines are limited by the heat caused by the
current flow (i-squared-r losses). with losses going up rapidly with higher
current. It doesn't matter whether the current is doing work at the other
end of the line, because the line loss is caused by the purely resistive com-
ponent of the transmission line. (The purely inductive component of the lire
also causes problems. but we'll get to them beiow ) The pont is that if the
load at the end of the iine 15 partly inductive. the line will reach its capacity
carrying currents out of phase with the voltage. which still cause losses and
overloading

For economic as well as technical reasons, it is preferable for both cus-
tomers and utilities that all utifity loads have phase angles that are small, or
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circuit components changes in a contingency, not just the geometry of the
arcut

As we saw in the case of real power, there is a continuum of reactive
power responsibilities that stretches between the system planner angd the
operator. Recall that the area control center in the previous real-potver-only
discussion was constantly attempting to maximize economic dispatch, given
the changing system security constraints. Now we see that the operator's
computers must constantly monitor reactive as well as real power flows and
check for possible contingencies that threaten the whale system. Sometimes
the operator must tum on generators or adjust reactive compensation
equipment out in the field just to prevent a threatening possibility from
becoming reality.

Power engineers themselves have pushed the parailel between reac-
tive and real power by calling reactive power activities that reduce costs or
preserve security reactive dispatch. They often push the analogy still further
by indicating that certain components “supply” VARs and others "consume”
them. The idea of reactive dispatch is directly parallel to real dispatch, which
seeks to balance supply and demand in the least expensive manner, provic-
ed the system remains adequate and secure.

Pushing reactive dispatch this far is a bit confusing, mainly because it 's
difficult to think about giving or taking VARs. Nevertheless, the idea is to
think of inductive loads as requinng a certain numbper of VARs 1o operate.
These VARs must be supplied either by the system’s generatcrs or by cor-
pensating equipment. What's confusing about this is that these two forms 27
VAR supply are quite different in terms of what they really do to the circL~
Capacitive compensation pulls current back toward voitage. \whereas the
actual supply of a VAR means providing some reactive power, i.e, making
sure your system can deliver the reactive power as well as real power
demands. However. the overall goal of the two kirds of dispaich is similar
both forms of power must be in balance in order to maintair voltage and
supply demand. and the system must be protected against cortingencies L2
to the leve! of reliability desired.

The Advantages of AC

With all the complications AC introduces to circuit seravior, some
readers are probably wondering why almost all the utility systems of the
world are AC rather than DC. An understanding of the advartages of AC
will complete our overview of the technology of electnc zeneration and
wheeling.

AC brings with 1t several powerful advantages that make the proble™
of reactive dispatch well worth conquering First. it is eas.er ard cheaper tc
generate AC in large guantities. and it is convenient to te abie 10 use the
relationship between frequency and voltage as a means cf control. The
power flow itself carries the frequency and amplitude infcrmation necessary
to control the system

The second advantage of AC is very important. There is an electricai
device almost everyone has heard of called a vansformer A transformer is



TasLE 3

TrANSMISSION AND DISTRIBUTION
SysSTEM ELEMENTS AND THER
VOLTAGES

(1 kLovolT or KV = 1,000 voLrs)

System Element Voltage

Distribution Lines FEKv-35kV (p. 214)

Sub-transmission 35kV -230kV (p. 199)

Extra-High Voltage (EHV) 230 kV - 800 kV (p. 182)

Transmission . (most common levels are 345, 500,
: 765 kV)

Ultra-High Voltage (UHV) Above 800 kV (p. 123)

Transmission

SOURCE, HM. Rustbakke. ed. Electric Utility Systems and Practices (New York: John
Wiley & Sons, 1983), 214, 159, 182, 123

an inductive device for insertion into a power line that does not change real
power flowing on the line, but trades off voltage and current. If voltage goes
up. current goes down, and vice-versa, roughly preserving the real power
product Vicos ©.

This innovation makes it possidle to reduce drastically the real power
losses in.transmission lines, because these losses are related to current
rather tHan to voltage. The idea is to generate power at any voltage that's
convenient, use a transformer to “'step up’ the voltage to the highest possi-
ble V (lowest possible 1), and then. when the power is where you are going
to use it. step it down to the voltage you want it to be. This doesn't change
either of the fundamental system objectives/constraints: all power needed
must be delivered and all voltages must stay constant. The only difference
is that different parts of the system are now at different (but still inviolate)
voltages.

In modern power systems, transforming is done in steps so as to mini-
mize the total cost of transmission investments. Transformers are not free,
and it is also more costly to build lines at higher voltages, though operating
these lines is cheaper per unit of power delivered. Inturtively, these cost
tradeoffs result in the use of higher voltages, the larger the power flow and
the longer the distance.

Power engineers have given transmission systems in different voltage
ranges the names transmission, sub-transmission, and distribution. The basic
idea is that power is generated at several thousand volts, stepped up nght at
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the power plant to several hundred thousand volts, and then stepped down
at substations to sub-transmission voltages (below 138,000 volts) and then
distribution. The voftage in homes is the very lowest the system gets, 120
volts, and i-squared-r losses are large enough at this level that utilities locate
their last transformer right on the pole outside your house. Notice that a
distribution substation is nothing more than a step-down transformer and
lots of protective circuitry to monitor voltage and power on the transmis-
sion lines entering and leaving it.

Transmission systems are further classified into "uttra high voltage.”
“extra high voltage.” and so on. Table 3 shows the range of names and
voltages for AC transmission systems.

Finally. in spite of all the advantages of AC, it tums out that in some
special parts of the country, too much power is flowing over long distances
to permit proper dynamic stability (frequency and voltage control) and
reactive compensation. In these areas, utilities have installed high-voltage DC
transmission lines with circuits that change AC to DC at the sending end
and DC back to AC at the receiving end. In today's utility industry, larger
and larger amounts of power are traveling longer and longer distances, and
DC lines may become somewhat more common than they are now.

Wheeling and Reactive Power

in our discussion of wheeling before we leamed about reactve power
we saw that wheeling inside a control area was better descrived as the
imposition of a load-flow constraint on the control area. The "costs” of
wheeling included those incurred directly and indirectly as a resuit of tre
need to maintain a safe load flow everywhere in the control area. In wheel-
ing transactions, reactive dispatch adds a new set of constraints and require-
ments that are simiiar in nature to real power.

The costs of meeting reactive constraints are even more cifficult 1o
conceptualize and measure than the constraints in an all-DC word (In %act.
the utility industry often doesn't even try to calculate the costs of reactve
compensat:on for spec fic transactions ) I a utility's loac-fow or staoility
studies indicate that a parucular new investment is needec, anc this need
can be traced to a parucular sale or wheeling transaction. the cost of this
facility will probably accrue to the purchaser necessitating the invesiment
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POWER SYSTEM
OPERATIONS
IN REAL TIME

Introduction

Chapter 4 explained the
ideas underlying the operation of
power systems and the relationship
between planning and operation.
= We leamed that system planners

study new generating plants and
transmussion tines by simulating the flows of power on the system and com-
panng the costs of system improvements to their ability to help the system
supply 2t minimum costs. We also leamed that system operators run the
system ‘rom control centers to minimize the cost of supplying power from
the exismng s.stem while at the same time acting to prevent line overioads
or cutzgzs “WVe learned that when the levels of all generators are set so that
even se.era sudden fine or plant falures don't harm the system, we call this
a securs Tsccich Finally. we learmed that a new firm wheeling transaction
essentaly arounts to a constraint on the operation of the system. The con-
troi operaior attempts to provide for economic and secure dispatch while
additionelly taking care that power is free to flow from buyer to seller.

In this chapter we revisit all of these ideas in a real-world context. We
will leam more about how control centers actually operate and how they
responc to wheeling transactions. We will also leam about power flows
between control areas.

Al of inese activities occur in real time or on the basis of very short
time herzons ranging from several seconds to 24 hours. This is the impor-
tant e frame for those who operate the systern because technical and
econornic problems on the system must be solved either immediately or in
very short order.
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Control of Electric Power Systems

Up until this time we have been acting as if the area control center has
absolute and complete control over all generators and transmission lines in
the control area. Actually, there is a hierarchy of control centers in all upility
systems that span the generation, transmission, and distribution portidns of
the system.”

The Area Control Center, sometimes called the Company Dispatch
Center. is the center of the control hierarchy. though not the top. This cen-
ter has the primary moment-to-moment job of monitoring, dispatching, and
controlling the generation and transmission system. Below this center are
three types of subcenters (see Figure 9). Generating stations have their own
control rooms. and they share the responsibility for controlling the plant
with the area center. The transmission system typically has several control
divisions with control operators in charge of each. Like generating station
controllers, division operators share dispatch and control functions with cen-
tral control, particularly focusing on preventive and emergency maintenance
and local switching. Finally, the distnbution system has a number of distribu-
tion dispatching centers with responsibilities analogous to their transmission
system counterparts for the distribution substations in their area.

In many parts of the country. several utilities have banded together to
form a "power pool.” A pool is a muttilateral contract under which utilities
share their generating facilites and transmission systems. The icea behind a
pool is to dispatch generating units so that lower cost generating units are
used first. and more expensive units are added as customer demand 'wvar-
rants, without regard to who owns the units. Payments are mace among
the members of the pool depending on the proportion of each utility’s gen-
eration that is used to meet overail customer demand. and the relative costs
of that generation. Thus, savings of centralized, least-cost dispatch are shared
among pool members. And pool members generally allow their transmis-
sion systems to be utilized for the benefit of all pool members

Planning and operating power pools is much like piannirg 2nd operat-
ing an individual utility with many generators. The same ideas 27 economic
dispatch apply. sull constrained Sv the need to provice a secura dispatch.
voltage and frequency constancy. transient stability, and so on The differ-
ence is that the control job 1s much bigger and more complicatad. Mary
more lines and units are involved. and the pool probably has numerous
rules governing the shanng of resources, emergency procedures, planning
and notification requirements, and so on. From the standpoint of hour-to-
hour operation, however, there 1s probably a pool control certer that over-
sees the activities of the area control centers of the utilities in tne pool. anc
sometimes actually does a sigrificant part of the operations tasks (which we
willl examine in a moment)

With or without a poci control center, there 1s undoubtecly a regione!
control center that is the uppermost controller in hierarchy. In normal times,
the regional center may only monitor conditions and act more as a planning
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control (operations or system control).

Operations planning consists of several activities that plan the opera-
tion of the system over the next one or two days. Operations planners look
at the current level of power usage, the weather forecast. and other infor-
mation and precict the amount of power that will be needed curing each
hour of the next day or week. They compile information on the opetating
costs of units, the near-term maintenance needs of plants and lines, requests
for power purchases from neighboring utility systems, and other system
considerations. With the help of economic and technical optimization pro-
grams, they produce a unit commitment schedule, or an advar:ce assign-
ment of generator use during the next 24-200 hours to provice continuing
securty at a minimum estimated cost.

The unit commitment schedule is the starting point for t-e activities of
systemn controilers. They continuously monitor the system for contingencies
and take action when they occur. Every five minutes (and someumes contin-
uously) they run computer programs that alert them to contingencies that
will prove difficutt to handle or that suggest other ways of improving the dis-
patch. When the unit commitment schedule calls for them to have an inter-
change with another utllity or a wheeling transaction, they prepare for and
execute the dispatch changes needed to effect the change.

Generation Control Methods

Aithough system operators have the ability 1o disconnect wirzally any
generator or transmission line n their area, they o not contrz The exact
level of all their generators. As we leamed in Chapter 4. "base- cad” geners-
tors are designed with the capability to run all the time. while zthers run
hased on uncontrolled conditions such as the water flow in a ~.er The sys-
tem is controlled by adjusting the outputs of the dispatchabie = ants and
making nonautomatic adjustments on the transmission and ¢ s2-oution sys-
tems

In the previous chapier ~e teamed that the amcunt of 2 2wer oro-

ducec oy a gererator in an AC utity system was very Cosen zzied T2
frequency of te zenerator I all generators do NG mur 3T ezl v e seme
speed. iarge system-threatening power transfers and svsiem ©satdTy Tan
result

Control centers use the relationship between frequenc, zrd power
transfer as the basis of their control. Currently dispatchable pianis are placad
on a system called Automatc Generation Controi or AGC* This system
sends pulses 1o ail dispatchabie generators that cause the gere zior 1o
speed up or stow down ever 50 shghtly. pumping more or less sower ntc
the system The system s corirolled by a compuiar that can soe2c one Lt
up 3s T siows another down enabling smooth power wansfers o ccur

\We know that the operator seeks to operzais the AGC swstem @
achieve aconomic dispatch 'athin the constraints «mposed Dy 5¥stem secur-
ty, required wheeling transfers. and so on. He or she aiready ~zs an :dea c¥
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the lowest-cost secure dispatch from the operations schedulers. However,
even a very good forecast of the best dispatch to use during the next few
days will differ from actual dispatch due to differences between forecast and
acwal total load and the inevitable set of unplanned and unforecasted com-
ponent failures. Also, it is difficult to forecast the amount of reactive com-
pensation that will be needed and where it will be needed, and even more
difficult to adjust the dispatch to insure that the system maintains stability in
the event of a major outage. There are so many considerations to take into
account that no one calculation or computer program can tell the operator
what dispatch to use. Instead, the operator strives for securty at least cost
by continuously examining several computer calculations, monitoring the
state of the network. and exercising judgment based on years of operating
experience.

Interconnections and Wheeling Between Control Areas

Al utilities and control areas have lines that lead into other utility ser-
vice and control areas, often called tie lines or interconnections. The power
exchanges that flow across interchanges represent transactions from a
power-producing system (seller) to a power consumer (buyer). These may
be “firm" transactions — fixed amounts of power sold continuously for
many years — or transactions lasting only a few hours. In emergencies, tie
lines are used to supply all of the power a system needs to maintain voltage
(frequency) and stabiiity. The important difference between these transac-
tons ard other power system activites is that these flows invoive two con-
trol areas.

As we noted above. operations scheduling keeps track of scheduled
interchanges and system controllers adjust the dispatchable plants using the
AGC system. When an interchange s scheduled between two areas, con-
trollers n the two areas change the setings on their AGC systerns, so that
the seling arez exports the acditioral power called for in the transaction and
the «PCorung system apsorbs the same amount.

T~e ndustry has developed a - ever method of adjusting the plants in
twG O Tore control areas to provice for these interchanges However, as
we san . Chapter 2. power flow :n ~etworks follows many paths according
to Kircroffs Laws, and ‘~ve can't know the actual flow of power in networks
with mary lines and plants without 2 complicated. tme-consuming load-flow
calculation.

The interchange methed deve'oped by utilities avoids having to calcu-
late load flows every time a sale 5 mzade by examining the total generation
and total outfiow of power from a control area. For example, if System A is
generaung 1,000 megawat:s and all s ue lines indicated that 100 megawatts
15 beng exported. then the system '«mows it 1s only using 900 megawatts.
Similarts. System B may know that T:s using 100 more megawatts than it is
making. and ail other systems know the same. If an interchange calls for
System A to seil 100 more megawatts to System B, then these systems
adjust their AGC controls together until therr total generation and tie line
flows give the proper value.
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What happens to the rest of the systems interconnected to A and B
when these two adjust their AGC to effect an interchange? At the end of
the transaction, we know that Systems A and B have the right net inter-
change. but we also know that some of the power is undoubtedly floyring
through other systems. If all other systems adjust their AGC so that they
have the same net interchange as before the transaction, then only Systems
A and B have changed their net sale and purchase. So in total the system
now is exactly where it was before the transaction, except for the change in
the transaction.

Power flows caused in systems that are not parties to an interchange
have come to be called loop flows. Because it is difficutt to know exactly
where the power flows (at a minimum, you have to run a simulation), it is
often difficutt to tell how much adjustment Systems C, D, etc. have to make
for each particular transaction between A and B. If the adjustments aren’t
large, sometimes the systems just ignore them, but if they are large and cost-
ly Systems A and B sometimes pay the other systems affected by the trans-
actions.

But something is a little funny here! Systems A and B have adjusted
their net interchange so that one is buying and the other selling the correct
net amount. If all other systemns have adjusted to retumn to ‘where they were
onginally. why should A and B have to compensate the others? In other
words, what does the adjustment of the third-party systems really reprasent
if they are simply retuming to their onginal net interchange’

The adjustment of the third-party systems is by Cefirition the adjust-
ment they must make to account for the “loop flows™ going through their
systems as a result of the change in A-B interchange. Tne new shipment of
power from A to B changes the equilibrium load flow over a \w:ce area of
the network; its effects do not stop at the boundanes of the systems
defined as control areas. When the A-B transaction staris to change flows in
C. the operator in control area C must change the sysiem to create the
new economically optmal secure dispatch. Depending on conc tons irsce
his or her systern and conditions in other systems at that exact vme, tne
rew flows stemming from the A-B transaction 'wit recLire a new optimrat
dispatch that is higher or lower in cost than the previous secura dispatch
One of the reasons why third-party compensation s difficult is That, due 1o
the number of transactions occurming simultaneously. it is often hard to tell
what changes in the costs of running other systems are caused Dy a particu-
lar transaction, or even whether the effects are large. small, positive or nega-
tive.”” If the third-party costs of a particular ransaction can be measured and
demonstrated. the affected third party often will request compensation.

The reader will recall that the wheeling transaction we examined n
Chapter 4 1s almost the same transaction as the example of nterchange
between A and B we have been locking at n this chapter. in both cases. the
systen has to be controlled and adjusted to make sure that a total amount
of power emanates from one location as 1s available at another. Why
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weren't we concemed with loop flows inside the control area in Chapter 47
The answer is that we were, but we didn't use the term loop flows because
we were only looking at one control area. Inside one control area, a wheel-
ing transaction between one generator and one load causes all sorts of loop
flows inside the area. As we said in Chapter 4, it introduces a constraint to
the dispatchers that may cause them to adjust the entire dispatch of the sys-
tem, ¢hange reactive compensation, or otherwise change the total system
costs towards or away from the pre-existing least-cost dispatch. We didn't
call the network flow changes loop flows because they were all inside one
area, and we limited our analysis of the total cost impacts of the wheeling
transaction to those inside the area. Though the calculation and compensa-
tion scheme becomes more complex when several control areas have flow
changes, the idea is the same.
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SUMMARY
AND
CONCLUSIONS

he purpose of this primer

has been to introduce nontechnical

readers to the concepts and terms

needed to understand electric power

systerns, transmission and wheeling.

This has involved introducing you to
TSN the basics of electricity and power

system design and operation. To
review. we have leamed the following:

! The purpose of a power system is to deliver real power at a con-
stant vcitage. We have adopted a technical and regulatory model for our
sleciric s/stem that permits the customer to choose the amount of electric
anergy cemanced. Aithough this model s evolving, utilities continue to have
‘ne oo zzuon 1o plan and operats a system that always maintains a constant
.Oftage ard delivers all energy demanded, within certain mits.

2 Real power flows in a transmission system according to natural laws,
and 1 s ~ot possible 1o strictly match individual suppliers of power with indi-
ndual ioads. Moreover, the transmission systemn must have redundancy
secause transmission fines are always in danger of breaking. When a line
sreaks. the flows rearrange themselves.

3 The job of the utility system planner is to design and operate the
s/sterr for least-cost operation urder normal conditions (adequacy) and
: 350 for conunued service under contingencies (securtty). To do this, plan-
~ers use ‘cad-flow models and stability studies. Proper planning occurs over a
cng Tme horizon because it takes several years to build new facifities, and
“nese nvestments last for decades. Planners use several types of optimiza-
on and planning models to try and foresee the amount of power needed
- the “ture and the lowest-cost investments capable of providing future
-« - =amands under the technical conditions needed to maintain reliability.
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