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Executive Summary 

This report is a summary of essentially all the workT 

performed at The Ohio State University (OSU) for The Public 

Utilities Commission of Ohio (PUCO) under the name of Corporate 
Finance Model Development. The package of computer programs de

cribed in this report is designated as'the Electric Utility Analysis 
Package. This report describes both the programs and the results of 
analyses which were required either to prepare the basic data 
for the package or to demonstrate the usefulness of the package. 

The objective of this project is to develop an integrated 
package of computer programs which will assist the PUCO staff in 

analyzing electric utilities' corporate operations. These 
analyses include the engineering and economic analyses which 
are necessary for such activities as rate cases, rate design 

studies, approval of new plant construction, load control studies 

productivity evaluation, studies of the impacts of alternative 

policies, and sensitivity analyses for economic parameters. 
The package therefore includes both engineering, economics 

and accounting oriented programs. The engineering programs are 
FRED, MARC-3A & B, WASP, LOLP, PPP and CONTROL programs. FRED 
deals with hourly electric load for the electric utility systems 
and provides necessary load data for other programs. MARC-3A & B 
calculate production costs of an electric generation system for a 
specified period. WASP decides the optimal expansion schedule for 
generation systems by using the dynamic programming principle. 
LOLP evaluates the reliability of a generating system. PPP analyzes 
the load data and determines the range of hours of a day in which 
the daily peak is likely to occur. CONTROL simulates the effect 

-----------------------,I. 

I As one exception, tho r~sult of the nuclear fuel cost study is 
reported separately: C. Pnseidon, K.A. Grant, S. Nakamura and 
F. A. O'Hara, "Nuclear FU21 Cost", submitted to PUCD, December, 
1976. 



of radio control of water heaters. The economics oriented programs 

include the TIME-OF-DAY PRICING program, COST ALLOCATION program 
and MARGINALCOST program. The FINANCIAL ANALYSIS program and 
RESIDENTIAL BILL FREQUENCY program are oriented towards accounting 
analyses. 

Among these programs, eight (FRED, MARC, LOLP, CONTROL, TIME

OF-DAY PRICING, ALLOCATION, BILL FREQUENCY, and PPP) were developed 
at The Ohio State University; while three programs, (WASP, FINAN
CIAL ANALYSIS, MARGINALCOST) are the programs developed elsewhere 
(TVA, TBA and University of Wisconsin, respectively) and adopted 
in this package. All the programs are available on the IBM 370/168 
at The Ohio State University, Instruction and Research Computer 
Center. The programs are available on the batch execution basis 
and/or thelTSO (Time Shdring Option) basis. 

The Electric Utility Analysis Package can be used for the following 
purposes among others: 
Rate Design 

Rate design can be anything from a minor reform of current rate 
structure to the design of a drastically different rate structure under 
marginal cost pricing. The present model is useful in any such study, 
from the simplest ~o the most complex. The revenue requirement for 
future years is calculated by the FINANCIAL ANALYSIS program. The 
BILL FREQUENCY program is suitable for analyzing the current rate 
structure. The MARC program calculates short run marginal costs which 
must be known for marginal cost pricing or time-of-day pricing. The 
MARGINALCOST program calculates long run marginal costs including the 
transmission and distribution costs. The ALLOCATION code can be used 
to allocate the total utility cost among different user groups. The 
effect of time-of-day pricing on utility revenue may be analyzed with 
the PPP and TIME-OF-DAY PRICING programs. 



Performance Evaluation 

Regulatory agencies are continually forced judge 
performance of an ectr'; c uti 1 i ty. Average forced outage ra te 

a es substantially from a 1 maintained system to 
a 1y maintai system. Improvement the average 
outage rate of a utility means an increased system reliability 
as well as a small capacity expansion requirement. The MARC 
and WASP programs are suitable for this analysis. The FINANCIAL 
ANALYSIS program may be used to analyze various aspects of the 
historic data of performance. For example, the relationship 

between the inflation-adjusted cost of generating boiler main
tenance and the total capacity of boilers may be determined. 
Further, it can be determined whether this relationship suggests 
improving or deteriorating performance. 
Plant Construction Approval 

The decisions made by regulatory agencies in approving 
construction of major electric plants have a great impact on present 
and future consumers. The Electric Utility Analysis Package can 
be used to evaluate and verify the system expansion schedule sub
mitted by a utility. Th~ WASP, MARC and LOLP programs are suitable 
for this purpose. These programs may also be used to evaluate the 
effects of load control, economic growth grate, and change of 

operating cost on the amount and type of construction required in 

the future. FINANCIAL ANALYSIS can be used to study the impact 
of plant construction on the revenue requirement. By using these 

programs, the evaluation for construction approval can be made 
more thoroughly in a short period, and thus regulatory lag in 

authorization of new plants can be decreased. 

Policy Analysis for Conservation and Load Control 
Regulatory agencies are interested in ~valuating various 

means of encouraging consumers conserve electricity. These in-
clude time-of-day pricing, radio control of water heaters, voltage 
control and increased insulation of buildings. All of these efforts 
have the effect of reducing the energy requirement and/or the cap-
acity requirement. An analysis of cost vs. benefit relationship 



is important in choosing a conservation policy. LOAD CONTROL, MARC, 
WASP, TIME-OF-DAY PRICING programs are useful for this type of an
alysis. 
Evaluation of Generation System Reliability 

Two aspects of generating system reliability are relevant to 
regulatory agencies as well as consumers: (1) the generating system 
reliability associated with the utility's own construction schedule, 
(2) the effects of reliability constraints on the future cost of 
e 1 ectri city. Mf\RC, 1tJASP and LOLP programs along wi th FINANCIAL 
ANALY.SIS program are suitable for this analysis. 
Rate Cases 

The analyses required for rate cases involve all the types of 
analysis described in tile preceding paragraphs, though not a'il are 
used at once. The advantages of using the present package for rate 
cases are, first, analysis of past history and projections of future 
utility operation can be made much more quickly than is possible 
without computer programs, and secondly, much wider analyses become 
possible especially where staff resources are limited. As a conse
quence, PUCO can not only reduce regulatory lag in rate cases but 
also perform in-depth studies in a limited time period. Another 
effect of using the computer model is that the rate case analysis 
may be easily standardized, and accordingly, adversary testimony on 
analysis methodology can be avoided once the model is accepted. 
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CHAPTER 1 

INTRODUCTION 

1.1 Purpose of the Electric Utility Analysis Package 

The objective of this project is to develop an integrated package 
of computer programs which will assist the puea staff in analyzing 
the electric utilities' corporate operations. Such analyses include 
those engineering and economic analyses which are necessary for such 

activities as rate cases, rate design studies, approval of new plant 
construction, load control study, productivity evaluation, studies of 
the impacts of~lternative policies and sensitivity analyses for econo
nomic parameters. 

The package therefore includes both engineering and economics and 
accounting oriented programs. The engineering programs are FRED, 
MARC-3A & B, WASP, LOLP, PPP and CONTROL programs. FRED deals with 
hourly electric load for the electric utility systems and provides 
necessary load data for other program3. MARC-3A & B calculate produc
tion costs of an electric generation system for a specified period. 
WASP decides the optimal expansion schedule for generation systems by 
using the dynamic programming principle. LOLP evaluates the reliabil
ity of a generating system. PPP analyzes the load data and determines 
the range of hours of a day in which the daily peak is likely to occur. 
CONTROL simulates the effect of radio cohtrol of water heaters. The 
economics oriented programs include the TIME~OF-DAY PRICING program, 

COST ALLOCATION program a~d MARGINAL COST program. The FINANCIAL 
ANALYSIS program and RESIDENTIAL BILL FREQUENCY program are oriented 
towards accounting 3nalyses. 

Among the se p~'ogra'ns, ei ght (FRIO, ""ARC, LOLP, CONTROL, 
TIME-OF-OAY PRICING, ALLOCATION, BILL FREQUENCY, and PPP) were devel-
oped at The Ohio State University; while three programs, (WASP, FINAN
CIrl ANALYSIS, MARGINALCOST) are the programs developed elsewhere 
(TVA, TBS and Univsity of Wiscons~n, respectively) and adopted in this 

package. All the programs are available on the IB~1 370/168 at The Ohio 
State University, Instruction and Research Computer Center. The pro-

1 - 1 
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grams are available on the batch execution basis and/or the TSO (Time 
Sharing Option) basis. 

Chapters 2 through 11 of this report outline the programs and give 
the users' information where it is appropriate. Chapters 12 through 

16 describe the results of the studies which are necessary either to 

provide input data for the programs or to demonstrate the validity and 
usefulness of the programs. The CONTROL program is described in the 
appendix of Chapter 16, while each of the other programs is described 
in an independent chapter. 

1.2 Suggested Utilization of the Programs 

This section explains the kinds of analyses that can be made using 
the programs in this package. 

Rate Design 
Rate design can be anything from a minor reform of current rate 

structure to the design of a drastically different rate structure like 
marginal cost pricing. The present model is useful in any such study, 
from the simplest to the most complex. The revenue requirement for 

future years is calculated by the FINANCIAL ANALYSIS program. The 
BILL FREQUENCY program is suitable for analyzing the current rate 
structure. The MARC program calculates short run marginal costs which 
must be known for marginal cost pricing or time-of-day pricing. The MAR~ 
GINALCOST program calculates long run marginal cost including the 

transmission and distribution costs. The ALLOCATION code can be used 
to allocate the total utility cost among different user groups. The 

effect of time-of-day pricing on utility revenue may be analyzed with 
the PPP and TIME-OF-DAY PRICING programs. 

Performance Evaluation 
Regulatory agencie3 are continuously forced to judge the perfor

mance of an electric utility. Average forced outage of plants 
varies substantially from a well maintained system to a poorly main
tained system. Improvement of the average forced outage of a utility 
means an increased system rel"iability as well as a smaller capacity 

expansion requirement. The MARC and WASP programs are suitable for this 

analysis. The FINANCIAL ANALYSIS program may be used to analyze 
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various aspects of the historic data of performance, For example, 
the relationship between the inflation-adjusted cost of genera
ting boiler maintenance and the total capacity of boilers may be 
determined. Further,it can be determined whether this relation
ship suggests improving or deteriorating performance. 

Plant Construction Approval 
The decisions made by regulatory agencies in approving con

struction of major electric plants have a great impact on present 
and future consumers. The Electric Utility Analysis Package can be 
used to evaluate and verify the system expansion schedule submitted 
by a utility_ The WASP, MARC and LOLP programs are suitable for this 

purpose. These programs may also be used to evaluate the effects 
of load control, economic growth rate, and change of operating 
cost on the amount and type of construction required in the future. 
FINANCIAL ANALYSIS can be used to study the impact of plant con
structions on the revenue requirement in the near future. By using 
these programs, the evaluation for the construction approval can 
be made more thoroughly in a short period, and thus a regulatory lag 
in authorization of new plants can be avoided, 

Policy Analysis for Conservation and Load Control 
I Regulatory agencies are interested in evaluating various 

means of encouraging consumers to conserve electricity. These in
clude time-of-day pricing, radio control of water heaters, voltage 
control and increased insulation of buildings. All of these efforts 
have the effect of reducing the energy requirement and/or the cap
acity requirement. An analysis of the cost vs. benefit relations 
is important in choosing a conservation policy. LOAD CONTROL, MARC, 
WASP, TIME OF DAY PRICING programs are useful for this type of an
alysis. Chapter 15 illustrates the results of such a study. 

Evaluation of Generation System Reliability 
Two aspects of generating system reliability are relevant to 

regulator} agencies as well as consumers: (1) the generating system 

reliability associated with the utility's own construction schedule, 
(2) the affects of reliability constraints on the future cost of 
electricity. MARC, WASP and LOLP programs along with FINANCIAL 
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ANALYSIS program are suitable for this analysis •. Chapters 14 and 15 
describe the result of analysis of the system reliability. 

Rate Cases 
The analyses required for rate cases involve all the types of 

analysis described in the preceding paragraphs, though not all are 
used at once. The advantages of using the present package for rate 
cases are, first, analysis of past history and projections of future 
utility operation can be made much more quickly than is possible 
without computer programs, and secondly, much wider analyses become 
possibl~ especially where staff resources are limited. As a conse
quence, PUCO can not only reduce regulatory lag in rate cases but 
also perform in-depth study in a limited time period. Another 
effect of using the computer model is that the rate case analysis 
may be easily standardized, and accordingly, adversary testimony on 
analysis methodology can be avoided once the model is accepted, 

1.3 Relations Among the Programs 

Although each program in this package is indepedently used, 
many analyses would require a combination of programs. Therefore, 
it is important that the user understand the relations among these 
programs, Fig. 1 and 2 illustrate a conceptual relation among 
them. Fig. 1 should not be taken to mean that all programs 
in the figure must be used in this sequence, rather, it is intended 
to show generally when which program is used. Depending on the 
analysis, only a part of this flow chart may be used. It is also 
possible to start or stop in the middle. In some cases, a feed
back loop may be necessary. The CONTROL, MARC, WASP, PPP, and 
LOLP programs need the system load data in the form of either load 
duration curve or hourly load data. The FRED program provides such 
load data, based on EEl load data for the past years~ The FINANCIAL 

ANALYSIS program needs the estimates of the operatirig cost as well 
as construction cost in the future. This information may be directly 
provided by the utility, or estimated by using MARC and WASP under 
various alternative assumptions. The MARGINALCOST program need~ 
the estimates for the marginal operating cost and construction costs. 



1 - 5 

The construction COSt estimates may be provided directly by the util

ity or may be estimated by vJASP. The ~1ARC program can provide suit

able estimates of the marginal production cost. The mc1rginal cost 
data required by the TIME-Of-DAY PRICING program is also provided by 
the MARC program. The BILL FREQUENCY and ALLOCATION programs ara 
independent of other programs~ 

Almost all the source information for preparing inputs for the 

programs is available through the annual reports of the utility. 

Utility 
reports 

I 

I EEl data for hourly I 
I system load I 

FRED: generates CONTROL~ 
load frequency - - - ~ s imul ates rad; 0 
load duration curves load control 

I ______ ....-J 

~JI\SP : ~1ARC: di spatch , 
operating cost 

I 
optimal system 
expansion 

operation and 
construction 

cost 

I 

I "'---~-4--t-r---t> 
LOLP: sys tern 
reliability 
analysis 

I FINANCIAL I 
I----------:z;~ AN/\L YS IS: 

Fi gure 1 . 
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____ 111 ____ --.. 

I 
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~ilitY Reports Load Survey 

J, ,/ 

BILL FREQUENCY ALLOCATION 

Figure 2. Relations amonq the programs 



CHAPTER 2 
LOAD DATA ANALYSIS PROGRAM: FRED 

2.1 Description of the FRED Code 

The FRED code1described in this chapter was developed at the Ohio 
State University to calculate and plot the load frequency and load dura
tion curves for specified periods of an electric utility operation. The 

hourly load data for the system in the EEI format is the basic source 
of input. The FRED code provides the means of analyzing the characteristics 
of the electric load and also provides inputs for other programs including 

MARC-3A, ~lARC-3S., WASP, and LOAD CONTROL programs., which are described in 
the later chapters. This program is placed in disk storage for use 
at the time sharing option (TSO) terminals of IBM 370 system at Ohio 
State. 

The input to the FRED code consists of daily hourly load data (in 

megawatt-hours) of Ohio electric utilities. This data is stored in disk 
memory by company and year. The names of the hourly load data sets stored 
in the disc space are printed during the execution of the program. The 

user of the code has the option of using data from one hour of any day to 
one full year. The load frequency and load duration curves are calculated 
by arranging the data in order of load magnitude. In other words, the 
data is ordered from the lowest hourly usage to the peak hourly usage 
regardless of the time of day which the usage occured. 

The load frequency curve shows megawatt-hours on the x-axis, ranging 
from just below the minimum hourly load to just above the peak hourly usage. 

On the y-axis the number of hours for which the system load was greater 

than or equal to the x-axis load value but less than the next x-axis load 
value are given. The load duration curve shows on the x-axis the number 

of hours which the system exceeded the value on the y-axis. 

The code can be used to calculate and display the following: 

1. For the given- period. determine the peak system deman rl 
and the month, day, and hour it occurred, the load 
factor 1"or the period, and the megawatt-hours generated for 
the period. 

2. List the hourly load data for a given period. 

2 - 1 
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3. Calculate and plot the load frequency curve for a given 
period. 

4. Calculate and plot the load duration curve for a given period, 

5. Calculate and plot the load probability curve for a given 
period. 

6. Calculate, list and plot the average hourly load for each 
day of the week for a given period. 

7. Calculate, list and plot the peak hourly load for each day 
of the week for a given period. 

The user has the option of selecting any combinations of outputs 2 
through 7, while output 1 is always given~ 

In specifying the period of interest the user has many options. 

These include: 
1. Specifying the starting month and day of the period of interest 

and the ending month and day (these are inclusive days). 

2. t~ithin that period specifying the individual days of the week 
to be used in the calculations. 

3. Specifying the range of hours within each day to be used in 
the calculations. (These are conclusive hours.) 

4. Specifying a range of hours, within those hours specified 
in Item 3, not to be used in the calculation. (These are 
inclusive hours.) 

Using these four options the user could, for example, analyze the hourly 

load data for the period May 15 through August 10, for week days only 

(excluding holidays) for the hours starting at 10:00 a.m. and ending 

at 7:00 p.m. excluding the hours of 12 noon and 1:00 p.m, 

In summary, the output options and the options in specifying the per

iod of interest are many. This gives FRED much versatility. 

2.2 Operation of-the Program 

The program FRED is stored on disks at the OSU IRCC Computer Center 
and is accessible f'fom a TSO terminal through the normal "logon" proceduY'e, 
This procedure is shown in Figure 1 with the allocation and run commands 

for FRED. Once the user has established contact with the computer by 
using the data phone, he enters "logon". The computer will then ask a 
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review of questions by which the computer identifies the user and the 

type of programming the user is going to use. As shown in Figure 1, the 

questions include: 

1 . USER IO? This is a six character number assigned to the 
user by the OSU IRCC Customer Service group, 

2. PASSWORD? Thi S1 s a six character word assigned when the 
USER 10 is assigned. 

3. TERMINAL ID? This is a number on the terminal being used. 

4. UNIVERSITY IO? This is a nine character number which is 
generally the user social security number. 

5. PROCEDURE NAME? For all the programs in this report, the 
re s po n s e i s II for t use r II • T his ide n t i fie s the 
user to the computer as a FORTRAN language user. 

The computer will check this information against its account data files 
if it is correct the computer wi 11 respond \'Ji th the word "REAOyll. Before 

the user runs this program he should check the listing of data sets 

available. This is accomplished using· the command: 

listds 'puco.data· mem 

As shown in Figure 1, the computer will respond with a list of the mem
ber names of the partitioned data set PUCO.DATA. This data set contains 

the hourly load data for electric utilities. 
Once a current listing of data sets has been ~hecked, the user, 

as shown in Figure 1, enters the following statements: 

alloc da('puco.data') f(ftlOf001) 

The computer responds with READY. The user enters: 

run 'puco.fredl.fort' 

The program will compile and operate. 

An example of the program operations is given in Figure 2. For 

this example, Dayton Power and Light 1976 load data for weekdays during 

the period May 15 through August 10 was analyzed for the hours of the 

day starting with 10:00 a.m., ending 11:00 a.m. and starting again at 
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2:00 p.m. and ending at 7:00 p.m. For this example all output options 
were selected. The hourly load data for 10:00 a.m. to 7:00 p.m, is 
shown in Figure 3. Figures through 4-6 show respectively the load 
frequency curve, the IOild duration curve, and the load probability curve. 
A listing of the average hourly load and the peak hourly load for every 
day in the period is shown in Table l. Figure 7 shows the plots of the 

information in Table 1. 
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Figure 1 Logon Procedure, Request· for Data Set Names, 
and the Alloc and Run Commands . 
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al10c da( 'Puco .. ·.Jatil') f(ftl OfOi)l) 
READY 
run 'ruco .. f re<.11 II fo rt ' I .... -- ..... -i 
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Figure 2 Operat~ons of FRED with Option 1 Output 

LOJ\D F R EQU ENe V, LOj\[) ell I1l\ T I or:... LO,.\[) rrHH1f\p I L r TV 
P E 1\ I( n /\ Y, J\ n r /\ 'I E r l\ G E f1 Aye n r F., S E r T ., 1 9 7 G 

,-.--- .-'._-- .. '- --_., -~-.--- -.----. -------., ·'n'lf: -or 'TO·- 5T J\ T E--l.:r: rVE r.-S·I T'(------------- ----------.-----------
iI U C L [ .'\ R E ~ H~ I r! r: E r. I n r D E P i\ P. T r ~ E n T 
COLl~i~RUS, OHIO 43210 

IriPOPI/\rlT--TO EL In J lIATE [1/\T/\ EnTRY Err.aRS [';-\T/, ::::lTER;:n 
- -H-Y---Y8U---Ut L-t--'-BE---ECHOED ror.- /\CCl.'R/;CY-;·----t-F--TltE- ~r~r~Y-- t-~ --co-~n-[eT~---·-"··---· 

nr.r:~s-·-TIIE· r.r....,..llll~rl t'EY I F nO-I ·fVPE no -I flErt nr.-Tl'r.p ;-, !'Err ~1!T,::-n J . I ~ __ "<.J • I \ ..... ,..., r". • , . • •. t , '" L....,' #> I .. , ,j • I .,. ~ ,_: , t.-'. 

TI!E COrnECTEn I UPI!T .. 
TO-:; E LEeT - 0/\ T j\ --T't P E- Tfl E S-I :(Cff/\RACTER- Oi,\T A ·-S-ET-i-fAf H:-" ------------------------... --------
,jp 1 7 G 1 
[)PL76l 

'---. - .. _--- -".- -------- -"----- --- ----- ---"- -- ""-_ .. - --- -.- - - -"- --"----"-"- - - --- -""------------- -.. "_ .. - "--"------"-----
lEe 2 2 5 I 0 0 , T S 0 2 [; 7 0' I. (1 con 1 , F T 1 0 F 0 0 1. , l~ 3 1, r nee 7 1, ? t : C () • [)!\ T l\ 
Til Eli: C L U S I VET I i\ E r F r. I 0 D 0 F I fl T E r. EST ISS P ::: r. I FIE D 8 '( T Y Pit! G Tit [ 
STJ-\RT I rIG - nOf:TH ,'\r!r -Df,Y ";\rJ[, THE -ErlOI ~lG :it:H!TH· .~\i-ay-ct-.Y I iT TilE---Forr1AT --- - -- -
--/--/--/--. Fon EXAl~PLE, TO SPEC I FY JU~!E 1 THROUGH OCTonER 15 TYPE 
OG/OI/IO/IS TilEr! PRESS RETURfL 

---" 0 5/1 5/08/1 0 -_.--" ---------' -- ,-" -.. "- " .. ------"----. --"'--"----~-.-.-----"- -------". ---- ,- -"--.. "---- --.. -------.. ----".-----,- ----.- -----. --

5/15/ 8/10 

DO -YOrr -Uf sn-ra-SPEcr FY--TfIE--D,\YS-OF-THE' l/EEK- FOR-'rnrrcrr-------------------'"---
Tit E C rd. C U L j\ T I 0 r-l S ARE T 0 ~ E f1A DE? 
yes 

" I rr-SPEC fFY r rlG--THE---D/\YS"--OF--TnE-- rJEEK--THE --FnLLO\llr~-G'-----------------------·---'·----
OPT I Or!S ;\RE ,\Vl\ I LAnLE: 

1.. UE EKOA YS '.1 I THOllT HOl I DJ\ YS 
------ .. ----------------·2-:-----lIEEf~F.rHrS Tn TH--l:O[-1 D/'\YS-------·-----------------"----------------------------

3. IrJOIVIDU/\L OAYS OF TilE \-lEEK 

TO S PEe I F Y THE [) E sIn ED 0 P T ION, T Y PET II /\ T n l! il ~ E q , THE r: rET II ru J 
3 
TO SPECIFY IflOIVJDlL\L n,\Ys, TYPE THE ST;-'\dlr.:,rr ,-\p.RREvr,r·rrnn ------------"-" 
For .. \ CI'lEU DAY THEfl PRESS RETUfU~. REPEAT THI~ Fnp. EACH [l/\Y 
OF r ;ITEnEST" '.-!HF.:r1 l\Ll DAYS OF I UTEREST i!A'JE rEEi! SPEC I F I Er-
TYPE TilE U 0 R 0 --E r! 0 THE t! " PRESS RET I ! R 1 1.. H () L I r j \. Y S ,\ R E - Ii! C L { : D E r - I r; T 1-/ E -
C r\ Leu L J\ T Ion p. Y T Y Pin G H 0 LIT H E t-1 PRE S S f~ E T U R; ! 
rnon 
tucs 
\JC .J 
tlJur 
-f r i""' --"-"---- -"-- - -- -------"-, .. ".-------"""_ 
end 
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Figure 2 (Continued) 

ro YOU \!IS}I TO SPECIFY THE HOlJRS OF THE PAY FOR t'!lilCH 
THE C;\LCUL/\TIOrJS f\r~E TO '!1E i:AOE? 
~'es 

TO SPECIFY THE PERIOD OF THE DAY YOU ARE InTERESTED In TYPE 
I! ; E ST l\ I1T I'r; G - HOUR ~\tl D--T~ (( En [i i rIG -'~JOUR' 'us f tiG 'r'!" L j ~(A'R Y --------.----.-. -.----. --
i:Oi;\TIOii Ii! TI!E For-nAT 
- - / - - F 0 n EX td· j P L E .. TO S PEe I r- Y 11 iU i TIl R 0 UGH t~ pr~ T Y P E 
11/1 C' TH EfJ --"PHES$ -nETURll--·------- "'-'-'- ------.--- --------.. - .. ----.--------.---.- ----. 
1 :.J/1 U 
lO/l~ 

D 0 YOU 1,! I SliT 0 S r Eel F Y !\ r:.\ t f G E 0 F HOt; r s r Ur.I rJ G THE 01\ Y 
\!ilICI" .\RE nOT USED Ir~ THE Cf\LCULATIOfJ? 
... - ..... ---.. --_ ...... _--_._---_ ... _. __ . __ .. _-_ ..... __ . __ .. _ .. _. __ .- - .... -... -- -.-. __ ._--------------
yes 
TY PE THE R;'\flGE OF HOURS i·JOT TO f1E USED If I THE 
C/\L CU LA T Ion Ifl TH E FO RtlAT 
--/-- THErJ PRESS 'flETURfl 
12/13 
12/13 

Yf!S 
DO YOU UISH TO SEE THE LOAD PRonAnlLITY CURVE? 
yes 
r 0 '--VOn -TiT S-'-i"iC)' -i1;\ V E - ~\-ff ... \\iEr.)\·G E -. ;}fo ---ti["/,\'!('-li}\ y" 'c-J\fcTJ1~7\ fto 
FOR E 1\ C H D;\ Y 0 F T l! E \ J E E K ? 
yes '. 
o'uTrCfT-' (0 ~ -tHt--SVE rO\c"E'-)\1fo --rti-\-K---ty/\ y----- .. --.------. 
C;\ L C lJ L J\ T I 0 fI I S /\ V /\ I L /\fH. E I rJ 

1 SlH~f1/\R,( T/\RLE OF THE /\VErAGE LO;\(", PER ~:OUR 
PE p' O{, YAiJD' TirE PEld:' LO,\D P ERIIOUR . PER -·(1r\y~-· .. ------------·-.. ------

2 ;\ O/\Y r~Y PAY PLOT OF THE SUra':ARY [lATA 
3 f10TH Q~ .. .TU.E .. !\I1.0y_r: ... _._ ..... ______ .. ______ . _ ... ~ ___ . __ ... _. ____________ . _____________ _ 

TYPE TI:[ r~lHif1[R OF TilE OUTPUT OPTiOn 
3 .. -. - ~. 

T: ! I S f1 r. C G r /\r1 \ II L L : : 0 \! C E r·J E n 1\ T E 
TA~E A COFFEE DREAK 

r[J\J~ ·(HJ . ""---. 
1703 .. 

OUTPUT FOR ,i\P0UT 20 ftlNS 

r ~o / f);\/: tR. .. ...... -.. ""'- .. _-_ .. ---.- -.. -- --- ________ ... ______ . __ ._._._. __ 

7/1S/1G 

THE 1.0/\0· FACTOR· IS -7G .l~.~~. -"-_-0 .. _ ... -.. 0-.----... -.--.-------- .... ----.-.- .. --

~35218. 



i\f'1/rr1 
nO/O/\ [) 10 11 

5 15 G lQ02 I07f) 
5 IG 7 759 7 !JS 
5 17 1 1252 132G 

.. _. ··5 18 ·2· ··131-5 1308 
5 IQ 3 12sn 128 l. 
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Figure 3 Hourly Load Data 

12 
10 7 L~ 

340 
131l~ 
1299 
123G 

1 3 It. 15 Ie 1 7 12 1 ~ 
1 0 7 7 1 0 l~ 7 1 Q 15 1 a r. 0 1 0 0 l~ -1 0 0 C .-. Q 8 1 

8G7 S49 C28 315 823 837 84~ 
1313 1311 1283 12G2 1~G9 1252 1225 

·1238 -127 G 1252 12 2l~ 122 G - 1192- Ill;. 0···· .-.,--- ..... - .. --.-.--~--
123n 1226 1211 11~3 11~4 1154 110Q 

5 2 0 l~ 12 3 G 127 0 12 GO 125 7 12 G 7 12 G 2 125 8 12 L~ n 12 2 8 118 0 
-- ....... --- .. '''-5 21-'S---12£l2-'1302--12!EJ1308--'1313--13Q2 1231-"12-75'--12'3-7--1-201- --... -----------.---.-.--

5 22 G ~8n 1032 1040 1025 J~~ ~S7 ~(2 Q7f, ~85 921 
5 2 3 7 7 r. 3 ti 0 g 8 4 1 C 5 3 f, l~ 1 8 1 0 7 '.] 9 8 11 3 2 G ~ 15 

.. ·-------5- 24 1· 1255 1301~"'123-5'-12e3"1267"12l;:2' !205·--122·5---1193-·1141 .. ----·---·----·------.:....~--
5 2 5 2 1 2 2 2 1 2 L~ 9 12 3 5 12 !~ fj 1 2 3 7 1 2 1 3 12 0 1 12 0 g 11 7 4 112 n 
5 2 G 3 12 21~ 1253 1231 1 Z 4 3 121; G 122:] 12-05 121!;. 117 S 1138 

-.-. -.-.-5 .. 2-7 -. 4. -12·33 ·-12 G 1-- 1243---1248----1257 -- 1-2 ~ 8- . 1244-.. 1234---1-211-1-1 G·!;'-· . _________ ._. ______ _ 
5 28 5 1243 1274 1 2 G 0 12 48 12l;. ~ 12 t~ 7 1210 121 n 111~ 5 111 £1' 
:; 2!) G 8 95 93 G 9 Ij. 4 93 G 9 n 0 9 1 2 e 8 7 8 9 G ~ 13 8 9 9 

-. -.----- .- 5-_·3 0 ---] -- -715'" . 7 5 0 .. -7 B 0 -- - 8 03-- . -730 - ·7 f.l~· 762 .-" -77 2-- ~ 77- 6-·--] 71,;'--- -'---'--.- ----------.---
5 31 8 7GO 337 339 D86 Ge7 844 339 839 850 867 

;\f1/Pt1' "- - ". - .. --
t10/0A n 10 11 12 13 14 15 If) 17 18 19 

G 1 2 12Gl 1330 1331 1339 1335 1300 12CG 1259 1235 1191 
.- . Co.-· 2 -3 1251' 12 ~ 1 --12 7 ~}- 12'38' 12 B 4 -'12 7 r' '12l~ 9" -12 G 5' 1212-1159---------- - --- .. -. - .. -- -- '-- ... -

G 3 4 1269 1312 12B4 1290 1291 12E7 1254 1249 1212 1172 
£) f~ 5 1271 1315 130 l' 1307 1319 12 e 5 129[1 1278 121.~ J. 1183 

-.-- .. -.-..... _. G- .. -5·f} .... s ~ 1 -1 0 L~ ~)'··1 05 n 104-7--- 1015 .. ·-99 9 · .. -9-7 7--.. -----99 L~---l 005 - .. ·--9-90 :-...... :--- .. ---- ____ ..:... ___ . ______ . 
G G 7 7 7 7 S 2 l~ 8 5 8 8 8 4 3 7 5 S G 2 8 F. 4 8 7 6 0 9 1 2 9 2 ~ J . .. 
G 7 1 1303 1395 13 9l~ 1l~ 0 G 1413 11~ 13 13 g 2 Il~ 0 3 13 ~ l~ 1348 . 

-.. ----·-~----6----e--2--1-3 21---13~€'--13 ge--l'lr2 3-·145-3---11~e-3-·-1lrtr3-1lr7"2_-1lr1r2-1!F'D (t-.------:--------
G 9 . 3 1 :; 0 2 1 3 9 0 1l~ 3 8 15 11 15 0 G 15 0 5 15 3 5 15 3 5 15 0 C 11~ G ~l 
G 1 0 !~ 13 G e It} 5 C 11~ 39 1530 155 7 153 J 152 b 1534· 1 t~ 8 ~ 1l~ t~ 9 '. -

-- -------6-1-1-- 5 -1'3S7'---1Irl1---11~ G 2---15 04--152 7'15'5'2---15 5G---15-5-7--1"53'L-ltr9-S-~--- .. ----·-----'-
6 12 6 1140 1247 1294 1323 1337 1344 135E 1380 1383 13GC 
G 13 7 933 1023 1090 11G1 1179 117E 1173 11~2 1143 1148 

-- .-. -.----- ·--_· .. c -14---1- 11~ l G -15 9l~ -'1 {) 1 G -1 G 7 (} '--lG Q 5-- 1 r: s 9-1 Gg3--1 G 8 S'-lG 5'2"""-1 G 0 5--- --.---------------.-.--.-' 
C 15 2 11 t G 3 15 G 1 1 :; 5 3 1 G 0 2 1 G :3 3 1 G 3 l~ 1 C 2 0 1 C 1 7 15 E G 15 1 [~ . 
G 1~ 3 1342 1391 1330 1382 1373 13~O 1321 1301 12(2 1203 

...... - .. ·----·-5- 17-·l~. 1254 1330·1353--1350 -1391"13851390'-1l~05 -1371---133-3---···-------·----------- . 
C 18 5 13 0 1 13 7 2 ll~ 1 7 1l~ f G 1:~ B 7 15 1 G 11~ 9 :3 11~ 3 G It; ~ 3 13 ~ 7 
G 19 G 1055 1144 1172 1173 1177 1172 1137 1119 1099 10GG 

.... -- ... -..... - -C- 20 7 ._.- 791- --24 e'--- 37'7 - ... ~ 90---- n ~ 1'--'-37 C - . ~ 53--- <3 (; 5"- -- 8 (1------ 8'5 0-'-'- ------.-- -. ---- .. ----
G 21 1 122G 1300 1312 1311 1315 129~ 1275 12G7 1247 l1C3 
G 2 2 2 123 7 131 7 132 (i 133 7 13 !} 1 13 t~ '1 132 1 13 1 G 127 S 122 8 

------ -----------·--6- --2 3 ---3--12'3 3'--131 l1 . -132 g'- 13 G4- 132'1 '-137,-13 76--'13 () 3--1324--12"71------· ---.---------. - .. -----
G 24 4 12G9 1335 1343 1374 13G8 1353 1338 1331 1287 1254 . 
G 2 5 5 13 It 7 11~ 1 9 lll-1 G 11~ 2 0 l l t 15 13 (\ 3 13 32 13 0 1 12 L~ l~ 119 5 

------.-- ------- G---2GG 100~ 1095-1114--1120' 1120 111J"113(l"115l~ -1175"1167"--" ----- ---- .. 
G 2 7 7 85 1 92 9 977 10 25 105 3 1 n 65 111 9 11 ~ 0 111~ G lIlt G 
G 2 3 1 13 2 5 13 9 G 1 33 3 13 ~17 llt'1 ? ll~ 1 5 14 2 9 14 ? 0 13 S 2 1 3 l~ 2 

'" -'- ---;.----- &- 29 .. ·-2 .. -13 G G . 11~ L~ fi--1503"-1517--15l~ 1--1557---1536 -,-153 5-15l-1--1l~'5 2---------·-- --~- .. -.-----\ 
6 30 3 1235 1301 1310 1323 1334 131C 1304 1283 1212 11C4 
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Figure 3 (Continued) 

:...- .. -_.-.- .------ -.... ---.---- ---t\~1/ Pt~-----·· .-- .-... -.--..... ---.------ -... -_ .. -_.--- .. --------. - .-.--- ---.-.--------.- -- -- -.--------.-.. '-'.-- -------
il0/DA D 10 11 12 13 11~ 15 If) 17 Ie lQ 

7 1 l~ 118 9 1 2 5 0 12 G G 1 2 G 6 1 ~ 8 4 1 2 6 1 1 2 ell 2 5 fj 1 2 2 1 118 5 
. -- --- -.. 7-- 2 -5--1 Z-0"3--12"G L~ -12 B-r-1296---13 Q 5 -130 rr--12 r 2-··-12 50--·12 a tr--rrt~-5-----·-··----·-·--------· 

7 3 G 8G7 geo 993 1000 995 929 S~3 098 997 S73 
7 l~ (3 7 L~ 4 7 8 3 8 3 G r. 5 1 ~ 2 2 C 1 0 3 0 2 (; 0 7 8 1 ::1 8 ll~ 

.. --- -"7-·-5 ~1- 77z----n-6-j--·-91S·· .. ·· :J43--·-9Z3-- -:120-'- g12 -·-93Z·--9IS---92-W------·-----------··· 
7 G 2 125 n 135 5 138 t} ll~ 3 2 ll~ ij. 9 l:~ L~ 7 1 r,. 0 3 13 G 3 13 3 l~ 1 28 0 
7 7 3 12 G 2 133 1 13 t~ L~ 13 ~) 0 ll~ 2 :; 1 L~ 'J 5 14l~ 5 1 !~ 2 8 11~ 0 4 13 42 

---------]----- 8- -4----13 os- 13 7-a·- 1 L~-3-9 '1!~ 5 3'--ll~ 7 C . lid: 6-- 1 tr 7 5 -'llr B7- -ll~ 1;-2-l-!;-2fr------··----·--·----

7 S 5 130 2 13 G fi 11~ 0 2 1 r~ 3 9 1 r~ 7 3 ll~ 8 6 1 ~ 7 ~J 1 r~ G ~ ll~ 3 2 138 (3 

7 10 G 1087 11UO 1275 12~3 128G 1315 1303 1323 1312 1310 
~- -- --- .... --'". 7----"11 -7-"~-'~~J2 -"1"113---11-73--125-1'---1·205 .1271·'-·'1291 13CJ5 1-3z·r-·-l·2:J·a-~···--·-·-------·----·-··--·-·-----·-· 

7 1 2 Ill, 19 1 !~ 7 2 1 Ll- 0 (j ll~ ~ ~ 1 L~ ~i 3 11~ 7 L~ 1 L:_ 7 It 14 G 5 1 !~ 2 3 13 G] 
7 13 2 121~ 1237 1303 1345 1350 13G2 1354 1377 13~9 1313 

. -.-- '7'-14-3 -128G -1374 14 lr3 ·-1501 IS 73 lC:1e 1(53 lC7l~IC55--1::lr2---------'- ------------
7 1 S L~ 15 G 2 IG 7 2 1 7 0 2 1 7 G 7 1 7 ~ 0 1 7 S 9 1 7 93 1 7 2 G 1 r; G ,~ 1 !: 2 2 
7 1G :; 133L~ 138~ 11~Ol~ ll~lG 11~51~ 11~1~1~ 14lG 1393 13lr!~ 1285 
7 17 fi· ~; 7!J 1 0 l~ G 1062·]. (J f, 3 "1 0 L~ C 1 ') l~ 2 1 n 2 f, 1 f) 2 7 1 0 l~ 7 103 G 
7 18 7 770 825 EG7 ao~ 312 017 J2Q 943 957 9G2 
7 1:) 1 127J 1353 Ill-Ou Ili.l~5 147G II}73 11~r2 1t;.37 Ilj.Gl 1L~12 

--.. ---.-.-.] 2D· -2 12f!G--135C-13G~ --I39(}~-ll:_l;5 ll~G'J-ll~S7'--ll;93 -11;S·]---ll;2"L---·-
7 2 1 3 1 3 7 S 1 L~ C 5 15 'C l~ 15 :; r. 1 C 3. 2 1 r; 3 G J. 5 8 5 15 4 3 15 1 ~ 1 t~ 7 5 
7 22 L; ll~ 0 8 11~ 88 1531 1572 15 72 15 S 7 15 J !;. 1 C 1 G 15 G 7 1518 

.-- .. --------7-- 23-·' -5---15 () (;,--1 E crt, ·i [. 55 ·--171Z--17 30 -1/51--·1 7 t:·-Z- --1737- -17 r]7--1 (73-------------
7 24 G 124J .1357 11~ln 11,ttO 11~l~7 143!~ Il~~~ ll~29 13g[; 13Cf: 
7 25 7 ~lrl 90,3 9G2 lOIS 10l~8 IOE2 1')2.5 1102 lI3G 112(": 

--'. --------·---T·-2 r; 1--"13 T(}-TI~-O 4 --TI}lt 5-- T(~~rr--'15 2G -15-4~ -IS-3 5 - -1 5t~ T"I5 3-g--Tr;n-·T------ --------
7 27 7. 12 9-3 1375 Il~ 13 ll~ ~ 1 15 3 G 158 2 1537 1585 15 () 9 1!~ 5 5 
7 2E 3 1382 1491 1518 158G 1G17 1G32 1C20 1GIS 15S0 1541 

.. -- ---"--' .... --'7'" Z'.J··-t~ --13l~ S··'-ll;-13-·-ll~ 17- 1 r~ 51"-'1502'1511- 1521"-15 7: t~ -'-1 r~ 9 5 ··-ll~·5 r-----·---------------
7 30 5 13:; 1 13:1 0 1 I~ 2 S It; l~ G 1 L~ e q 11~ R ~ ll~ 8 5 11~ 7 3 Il~ l~ 5 ll~ 05 
7 3 1 G 1 0 3 3 114 L~ 12 a L~ 12 3 3 12 G 3 12 5 9 1 2 G 1 12 7 3 1 2 G G 1 2 3 4 

- - - - ~ _. - P. _._ •••• - .- -~ - .-...•.. - ... - ... --- - .. - . . . -- ..... - .,- ~ -_. - .. -- . .. ~ ... _. - .. __ ...... _-- ~--.------.------.- _._. ---.-.-.-----

AnI Pf 1 
tiO/D/\. n 10 11 12 13 11~- 15 1G 17 18 19 

" -1 ·-7 - _. 7 7 G' - r, l~ 0 - -SG7 n'l, .. 
J03 3~O 387' . n q ~ '--.-<J 1 0-·-···-903 .-.-.- ----.- --.- -------- '.- -- .. - .. - '--'~ 

v ,.' ..... ..:... 
\I ') 1 1211 13~1 131[! 1331 135G 1351 1333 1315 1287 1~32 u <l-

n 3 2 117 L~ 123G 12G9 127G 1 ';' rd) :J ,; u 1320 1305 1300 1272 1230 
8 l~ 3 11 ~J I; 128 n 1277 13 2l~ 13 r~ 2 13 4~: 1358 13(5 1329 1 ? 01 

.... . -- ... - - .... 
__ ... 1 ..... 

I) 5 l~ 12G2 1328 13 5l~ 13~Hi 11~ 2 [ ll; 3!~ 1435 ll~ I~ 0 13~1 '13f;Q \.J 
(l t) 5 13Dl 1377 13G9 137S 13;-; I~ 13 L~ 1 1~::5 1270 12~~ 7. I1G~ 0 

8 7 G ~lt 5 1812 1027 102!i 1007· ~73 J55 95C :.157 9";7 (1-
-- .......... - -~. - _. 

• :J.J 
f) 8 7 75lj 7!J7 S2fi ~ () 5 r, lr q 3 31~ ~2r. D Li-5 370 05Q u 
n 9 1 120(; 1302 1317 13!~ 1 13r~ 131; !~ 13!~ 1 13 L~ 0 1310 17.GO '-' ,., 

10 ? 17.33 1307. 132C 1351 13:J !t 1397 1 !~ J. r; 11~ l~ l~ 11~ 21. 1372 - • & -- •••• - • ~ - • - .. - . .. 
v 
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_. _ ., · __ w· ~~ ... _, , 

L 0 J\ 0 F R E QUE rJ eye u n v E F {1 R THE r E RIO D 
5/15/ i r}:'--s- j 10 j f·g -~--.-... --- .. ----- ... _-- _. - .. -.-_ .. --------. ---

1.0/\['1 FREO 
. "f ,~! ~~-""~.-~'-.. ·i4R·· .. ~-·- --**'* *'*"** * *·**-*"it' *"* 1; *' **'**-* *** ** * * * * <'ir'*-*'*-'*-*-* *-**-**-*-*-*-**-*-*~* ** '** .----- ---
772.0 1.0 + * 

" __ 8 07 ... 2. __ .. _____ . __ 0 .•... o. __ ± ... _________ . __ . __ . _________________ . ____ .. _ . _____ . ________ ._ .. ___ ... ___ . __________ ._. ______ . __ . __ ~. __ .. ______ _ 
842.4 u.o + * 
377.G 1.0 ~ * 

_______ ~.l_2 •.. _~ _____ . ____ 5_!'._Q._ -:f:=..."';'- + . ___ ~._. __________ .. __ . ___ . __ . _________ . ______ . ____________ ._. ____ . ____ . _________ ~ _____ . 
943.0 1.0 +* 
~e3.2 0.0 + * 

1 0 18 .. ~ 0 • 0 + , * . 
. '-' ... ------.-~ .' .. _ ... __ ....... _.--_._- -----.. ------... -~----.------- -_._--- -,.------------_._--- -_._-------- ---.-- -. ---_/ -

1053 .. 7 0.0 + * 
10SC.9 0.0 + * 
112 l~ • 1 G • 0 + - - ... - + * 115 ~f~-·3-·-·---·- --·-n-. 0·· .. +.:.;.-.;,. ... -:;,;..--~.+---.---------.---.--.-------.-.. -.-----.-_._. -------..... -.-.---------------.---*--

1104.5 30.1 +------------------------+ * 
122.9.0 7..... .3 9 •. l .. +_~. _: ":".":".-:- -_____ ~::..:'.::::::~_':"'. ~_".:'.~.:_:~.~_::'::'_"::::_ __ ~ . .:':':_~ :"-'=".~ _ _t __ . ___ ... ___ .. ___ . ______________ ._ .. _. ____ ~ ____________ _ 

12G4.9 CO.9 +----~----------------------------------------------+ * 
1300.1 56.0 +~-----------------------------------------_:---+ * 

__ .:..13.3.5_.3. __ . ___ 4.3_._O'_:t~_:__=::._~ _ _:__::_::_::=.::... .... -::_':_::..:::_:_-:':-.:: _ _:__~.::::':'_::':-_=_=":_"::'::=_=_~ __________________ ~ ________ _ 
1370.5 39.0 +--------------------------------+ * 
14Q5.7 1~2.0 +------~---------------------------+ * 
1440.9 27.1 +----------------------+ * 
11~ 7 (j .. 1 3 8 .. 0 + -------------... --.... -------------. + * 
1511.3 21.0 +-------~-~------+ * __ 15_4_G ... 5. ________ 2.2_ .. 0 ___ "t_~.~_-:::_= ___ _:':" _ _: _ _=_=::" _ _:=_::_-:::.:t ___________________ . ___________ ,. _______ ._._.~ ___ . __ _ 
1581.3 12.0 ~---------+ * 
1617.0 13.0 +---~------+ * 
.1 CS 2 ... 2 __ . ______ 6 __ 11 O ____ "t_-_ _::: ~ +_. ______ . _____ . ___ . _____________ ._ ..... --------.-- -------.-.- -- .---______________ . __ :*.' _________ ., 
IGU7.4· 8.0 +-----+ * . 
1722.C 2.0 ++ * 
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Tabie.1 Average and Peak Load Data 
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Figure 7 Plots of Average and 

Peak Load Data 
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CHAPTER 3 

MARGINAL OPERATING COST PROGRAMS: MARC~3A and MARC~3B 

3. 1 Objectives 

This chapter describes the MARC-3A and MARC-3B programs (FORTRAN rV) 
developed at The Ohio State University. These programs are designed to 
calculate the production cost of electricity generation for a specified 
period. Their ability to calculate marginal operating cost for production 
as a function of demand level is particularly important. These programs 
can be used for various analyses such as: 

1. analysis of the effects of some types of fuel cost on the 
annual production cost, 

2. effect of load control techniques on the production cost as 
well as on reliability of the system, 

3. effect of load control techniques on the production cost 
as well as on reliability of the system, 

4. calculation of marginal cost as a function of demand level, and 

5. effect of delay or advance of a new plant construction schedule 
on reliability and production cost~ 

The programs are written in FORTRAN-IV and can be easily modified by 
the user to suit the demands of his application. In fact, several 
versions of the program have been utilized at puca already. Thus, only 
the basic versions of the programs are reported here. 

~he MARC-3A and -38 programs are developed as extentions of the 
previous program, MARC-2. The major difference between MARC-3A and ~ARC-2 
is that the effect of forced outage is more accurately taken into con
sideration in the former than the latter. In MARC-2, the effect of 
forced outages was treated by derating capacities, which was found to under
estimate the use of peaking units. 

Although MARC-3A and MARC-38 use almost the same input and can be 
used interchangedly, the algorithms of the two programs are somewhat 
different. The MARC-3A pr09ram simulates the load dispatch of an electric 
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utility on an hourly basis, assuming the hourly load is given. The 
times when forced outages occur to each generating unit are determined 
by using random numbers: this is a Monte Carlo approach. A detailed 
schedule of maintenante outages is specified by the user. 

MARC-3B simulates the load dispatch on a monthly basis by using 
a probabilistic simulation method. The load for a month is represented 
by a load duration curve for that month, which may be obtained from the 
same hourly load data for MARC-3A. In this program, the forced outage 
rate and the maintenance outage rate for each month are combined and 
incorporated into the equivalent load duration curve as explained in 
Arpendi x 3A, MARC- 3B a 1 so ca 1 cul a tes the LOLP (1 oss-of- load probab i 1 i ty) . 
The algorithm of this program is essentially the same as that part of 
the WASP program (Chapter 4) which calcualtes the production cost for 
each subinterval of the whole study period, except MARC-3B uses the 
piecewise linear functions 7 rather than the Fourier series to express 
equivalent load duration curves. 

The remainder of this chapter describes the algorithms of the pro
grams, input requirements and the procedure for operations. Appendix 3~B 
summarizes the load data available, Appendix 3Cand 3Dillustrate the output 
of MARC-3A and 3B, respectively, 

3.2 The MARC-3A Program 

3.2.4 Incremental Production Cost 

The marginal cost (or incremental cost), RMARG.(L.), for unit i at 
1 1 

load L. MW may be written as 
1 

RMARG. (L .) = Fe. (L .) + OP. (L .) + COSTNM. (L. ) 
11 11 11 11 

where FC . (L . ) 
1 1 

the marginal fuel cost in $/MWH at the load level L. 
1 

OP. (L.) the marginal operating 
1 1 at the load level L, 

(non fuel) cost in $/MWH 

COSTMN.(L.) the marginal maintenance 
. 1 1 the load level L. 

cost in $/MWH at 

1 
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The marginal operating and maintenance costs are relatively 
small compared to the marginal fuel cost. Although it is desirable 
that the operating and maintenance costs be broken into a fixed and 
a variable part, this is almost impossible under the present account
ing system of utilities. It is therefore assumed that the marginal 
operating and maintenance costs are equal to the average operating and 
maintenance cost for each unit. 

The marginal fuel cost for unit i, in ¢/kwh, is defined as follows: 

RFC i = Fuel Cost (6¢ ) x Incremental Heat Rate ( BtU) x 10-6 
10 Btu kwh 

The fuel cost varies from unit to unit depending on the type of fuel 
used, time of the year, and location of the unit. The incremental 
heat rate, on the other hand, depends on the load at which a unit is 
operated and the temperature of the condenser intake water. The fuel 
cost and incremental heat rate of each unit are specified for each 
month during the study period. 

The average marginal cost of production by a unit is defined as 

RMARG. = <Ht.Rt.> * Fuel cost( ¢ -) *10-
6 

+ <OP.> + <COSTMN.> 
1 1 a v 6 1 av 1 av 

10 Btu 

where RMARG is the average marginal cost of production by unit i, and 
<Ht.Rt,.> is the average incremental heat rate of unit i. av Use of the 
average marginal cost causes some error in simulating dispatch and 
estimating the production cost for a unit if the study period is short. 
How,ever, if the entire simulation is for more than a few weeks, the 
error is believed to be smal1~ 

3.2.2 Loading Ordp.r 

In determining the loading order of generating units, the units 
are grouped into three types: 1) base load units, 2) cycling (or shoulder) 
units, and 3) peaking units. All the base units are assumed to have 
minimum loading levels under which they cannot be operated because of 
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fl ame-out. Therefor2, the ge;lerat i n~J system is assumed to be gen
erating at least the SLIm of the m"inimum loading levels of the units 

available. (The units on maintenance or forced outage are excluded.) 

As the system demand increases, the loading level of the base units is 

increased in the order of increasing incremental generation cost. 

Loading of cycling units starts when the system demand exceeds 

the total capacity of the base units excluding the maintenanced base 
units. Cycling units are loaded in the order of increasing incremental 

generating cost. Peaking units are loaded in the order of increasing 
incremental generating cost, but not loaded until all the cycling units 

are loaded to their full capacity. The loading order (priority) is 
illustrated in Table 1. 

In both MARC-3A and MARC-38, the peak block of a base unit is 

fully loaded before the peak block of the base unit in the next loading 
order (except at a rapid transient in MARC-3A). Similarly, one cycling 

unit or peaking unit is fully loaded before the cycling unit or peaking 
unit in the next loading order (again excepting a rapid transient in 

MARC-3A) . 

3.2.3 Transient Load Response 

Each generating unit has a certain limit on the rate of load 

increase. If the units which are partially loaded cannot follow the 
load increase, then the units at the next loading order must follow 
the increasing load. If the total of the base units and cycling units 
cannot follow a rapid increase of demand, peaking units must be used 
even if the total demand is low. One Ohio utility pointed out that 
the cost of using peaking units in this way is rather substantial, 
although the quantity of electricity thus generated is not investigated, 

The MARC-3A program takes account of the effect of load follow
ing limit by allowing the user to specify the maximum load following 
rate for each unit. Suppose the system demand changes from a MW to 

S MW in one hour, and the unit i is loaded to its intermediate cap
acity level. As described before, this program assumes that the power 
is increased by only one unit at a time under normal conditions. 
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Table 1 Illustration of the Loading Order 

Loi1ding With !~ar'ginal 
Unit No. Priority Operating Cost 

Base Block 6 6 7.203 
3 5 7.192 
4 4 7.192 
5 3 7 .192 
1 2 5.182 
2 1 4.906 

Shoulder Block 10 10 21 . 126 
17 9 15.753 
11 8 12.598 
12 7 11 .667 
13" 6 11 .667 
14 5 11 .667 
15 4 11.667 
16 3 11.667 
9 . 2 10.866 
8 1 10.113 

Peaking Block 30 14 30.000 
27 13 23.394 

7 12 23.392 
26 11 23.231 
25 10 23.230 
21 9 17.376 
22 8 17.376 
23 7 17. 376 
24 6 17.376 
18 5 17.376 
19 4 17.376 
20 3 17.376 
29 2 13.300 
28 1 6.950 

Referring to Figure 1, for example, only unit i is at an 
intermediate loading level when time is t=to~ If the rate of 
the demand exceeds the maximum rate of load increase of unti i as 

in Figure 1, then the hatched portion of the demand has to be 
covered by the units at higher loading orders. Therefore, the 
unit at the next loading order is brought on line and its load is 
increased. If the demand increase is not met even with the maximum 
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load increase of the two units, then the third unit is loaded and 
increased in load. Thus, as many units are brought on line as are 
necessary to follow the demand. As the units at the earlier loading 
order catch up with the demand, the units at the later loading order 
are taken off line. 

3.2.4 Unit Outages 

Two types of outages are considered by the MARC-3A: maintenance 
(scheduled) outages and forced outages. In the hourly version, MARC-3A, 
the maintenance schedule of all the units (the days and hours of start
ing and ending the maintenance outages of every unit) is specified by 
input. The generating units are omitted from the loading table for the 
duration of the outage thus specified. The forced outage rate for 
individual units is also specified by input, It is desirable to obtain 
the outage rate from the past record for each plant. If this is not 
possible, the statistics of a regional reliability council of electric 
utilities or EEl may be used as an estimate. Average duration of a 
forced outage for each unit is specified by input. The average dura
tion published by EEI is shown in Figure 2. In the MARC-3A code, the 
time of forced outage is determined as follows. First, the duration 
of outages is assumed equal to the average duration. Second, the 
number of outages during the study period is calculated with the forced 
outage rate and the duration. Then, the time when each forced outage 
starts is determined by using random numbers. 
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3.2.5 Contract and Purchase Power 

ALL 
NUCLEAR 

GAS 
TURBINES 

Contract and purchase power can be handled in the MARC-3A code 

in the following way. For each firm purchase or emerqency power 
contracts, a dummy plant is defined. These dummy plants are 
specified in the input by using 4 for the NTYPE parameter (see 
Section 3.4). The hedt cost for these dummy plants is set to the total 
cost of the purchased power in $/MWH, and the average heat rate is set 
at 1.0 x 105, thus making the marginal cost equal to the total cost of 
the purchased power. The maximum power output, P3, should be defined 
as the maximum amount of power available according to the purchase 
agreement. All the contracts are considered to be in the peaking block 
of the dispatching table. The percent ownership, PER(I), of these 
plants should be ~onsidered to be 100% since 100% of the power P3 is 
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available to the company under simulation. The planned maintenance 
outage days should all be zero. No forced outage times are generated 
for these dummy plants since it is assumed that this poltler is always 
available to the contractee. 

3.2.6 Flow of Calculations 

The general 'logic flow in the MARC-3A code can be seen in Figure 
3. The program essentially consists of three main DO-loops, The outer 
loop runs through the months, beginning at the first month and ending 
at the last month selected by the operator. The load data, the plant 
heat rates, and the heat costs are read inside thi~ loop month-by-month, 
This eliminates the need for large storage areas for the load data. 
Each month a new marginal cost is calculated based on the monthly heat 
rate and fuel costs. The system dispatching table is then reformed 
based on these new marginal costs. Subroutine FORCE is called to gen
erate a new set of outage times for the current month. The outage 
times are arranged in chronological order using subroutine 

CONSEC. 
Of the two inner loops, the first runs through the days of 

the month while the second advances through the hours of the day. 
For each hour, a test is made to see if the current hour is an outage 
hour for the unit I by comparing the current hours with the maintenance 
outage table and the forced outage times determined by random numbers. 

Subroutine DSPTCH is then called to load the units of the system, This 
subroutine increases the effective demand so as to take into 'account 
the outages, In this scheme, the units of the system are loaded so as 
to meet the effective demand, At each hour the load increase on each 
un1t is r.hecked to see if the maximum allowed rate of load increase has 
been exceeded. If so, the effective demand is further increased and 
higher cost units are 'ioaded to meet the new demand level. 

For each hour, the month, day~ hour, system output, system cost, 
marginal cost, and unit outages can be printed out if desired. If only 
a partial outage occurs, a minus sign appears before the unit number. 
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After each month, a monthly summary appears which includes a unit
by-unit summary of the MMBTU and MWH produced during that month, 
the fuel, operating, maintenance and startup costs, the number of start
ups, and the total unit cost for that month. In addition, the system 
MMBTU and MWH production and the fuel, operating, maintenance, startup, 
average generation, and total system costs are printed out. A similar 
summary also appears for the total period simulated by the code~ 

2.3 The MARC-38 Program 

2.3.1 Outline of MARC-3B 

The MARC-3B program perfonns almost the same types of analyses 
as MARC-3A except a different algorithm is adopted, MARC-3B is, however, 
designed to perform the calculations more economically than the other 
program. The major difference between MARC-3B and MARC-3A is that in 
the former the generation cost is calculated by using the load duration 
curves for subintervals of the study period. In the particular version 
of MARC-3B reported here, the subintervals are assumed to be one month 
each. t 

The energy generated by each unit is calculated by the probq~ 
bilistic simulation method, which is essentially the same as that used 
in the WASP program (Chapter 4) except that the load curves are expressed 
by piecewise polynomials rather than Fourier series. The principle of 
the probabilistic simulation is summarized in Appendix3A~ This method 
takes the effects of forced outage and maintenance outages into account 
in the form of an availability factor for each subinterval. Because of 
the gross nature of the algorithm~ MARC-38 does not consider the effect 
of load following characteristics of the units. The startup cost is 
calculated in MARC-38 based on the expected number of start-ups after 
forced outage shutdowns in a month. 

tThe over-all computational time is roughly proportional to the number 
of subintervals in a year. The length of subintervals can be changed 
with a minor change to the program. If the gross annual cost of pro
duction is to be simulated, the use of four subintervals per year is 
thought to provide enough accuracy. 
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READ PLANT DATA 
AND INPUT OPTIONS 

READ THE 
MAINTENANCE 

OUTAGE TABLE 

PRINT, IF DESIRED THE 
YEARLY PLANT DATA 

READ THE HOURLY DEMAND LEVELS FOR THIS 
MONTH AND THE PLANT HEAT RATES AND FUEL PRICES 

CALCULATE THE MARGINAL 
COST OF EACH UNIT 

CALL SORT TO ORDER THE PLANTS 
IN ECONOMIC ORDER 

FORM THE SYSTEM DISPATCHING TABLE 

CALL FORCE TO GENERATE THE 
FORCED OUTAGE HOURS 

CALL CONSEC TO CHRONOLOGICALLY 
ORDER THE FORCED OUTAGE HOURS 

Figure 3 General Logic Flow Diagram for the MARC III-A Program 
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DO 1038 FOR EVERY DAY 
OF THE MONTH (1,31) 

CHECK TO SEE IF ANY OF 
THE UNITS ARE ON OUTAGE 

CALL DSPTCH TO LOAD THE UNITS 
OF THE SYSTEM 

PRINT, If DESIRED, THE MONTH, DAY, HOUR 
SYSTEM LOAD, COST, MARGINAL COST, AND OUTAGES 

PRINT THE UNIT-8Y-UNIT AND SYSTEM 
ORERAION AND COST SUMMARY FOR THIS MONTH 

PRINT THE MONTHLY LOAD FREQOENCY CURVE AND THE 
AVERAGE GENERATION AND MARGINAL COST CURVE 

PRINT THE ANNUAL UNIT-8Y-UNIT AND SYSTEM 
OPERATION AND COST SUMMARY 

(Figure 3 continued} 
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MARC-38 uses almost the same input data as MARC-3A~ The avail
ability factor for each unit is calculated by using the maintenance 
and forced outage rates for that month, and then used in the proba~ 
bilistic simul~tion, The load duration curves for subintervals are 
obtained directly from the hourly load data in the file, if the anal 
sis for base year is performed, Once the compelte set of input for 
a base year is prepared, MARC-38 can be run for a future test year 
by giving the ~scalation rate and the expected annual peak demand for 
that future year. The escalation factor is used as a multiplier to 
adjust all the cost data. The expected peak is used to normalize the 
monthly load duration curves for the entire year so that the annual 
peak hecomes equa! to the specified expected peak. 

3.3.2 FLow of Calculations 

The flo'vl di agram for the MARC-3B program is shown in Fi gure 4, 

As can be seen, the program is, for the most part, the same as the MARC-3A 
"lith subroutine EQUILD replacing the two inner loops of the hourly ver
sions. Subroutine EQUILD employs the probabilistic scheme to find the 
equivalent load curves and to calculate the expected generation for each 
unit. The generating system reliability is also calculated in this 
subroutine. Also, the subroutine LOPB is used to form the normalized 
inverted load duratiun curve from the load frequency curve and the 
anticipated system peak load for the period of the simulations. The sum
mary outputs of the MARC-3B program are exactly the same as those of the 
r~ARC-3A program except that an estimate for the loss-of-load probabil ity 
appears in the former. 

3.4 Input Preparation 

There are two data files to be prepared for the MARC-3 programs; 
the yearly plant fil~s, and the yearly load data. Each file is for existing 
data and is stored on disks as a -partitioned data set and is easily accessed 
by using the subroutine POSIN(N,COMPYR,IRET) whereN is the number of the 
logical reading unit, COMPRR is the partition name, and IRET is an error 
code. The hourly load data set has been named "PUCQ.DATA" with partition 
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READ PLANT DATA 
AND INPUT OPTIONS 

PRINT, IF DESIRED, 
THE YEARLY PLANT DATA 

DO 280 
FIRST TO LAST MONTH 

READ THE HOURLY DEMAND LEVELS AND THE 
PLANT HEAT RATES AND FUEL COSTS FOR THIS MONTH 

FORM THE MONTHLY LOAD FREQUENCY CURVE 
FROM THE HOURLY LOADS 

CALL LOPB TO FOR~l, INVERT AND NORMALIZE THE LOAD 
DURATION CURVE FROM THE LOAD FREQUENCY CURVE 

AND THE ESTIMATED PEAK LOAD 

CALCULATE THE MARGINAL 
COST FOR EACH UNIT 

CALL SORT TO ORDER THE PLANTS 
IN ECONOMIC ORDER 

FORM THE SYSTEM DISPATCHING TABLE 

CALL EQUILD TO FORM THE EQUIVALENT LOAD CURVES 
AND CALCULATE THE EXPECTED GENERATION FOR EACH UNIT 

1 
Figure 4 General Logic Flow agram for the MARC-38 Program 
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PRINT THE UNIT-BY-UNIT AND SYSTEM OPERATION AND 
COST SUMMARY FOR THIS MONTH 

PRINT THE ANNUAL UNIT-BY-UNIT AND SYSTEM 
OPERATION AND COST SUMMARY 

(Figure 4 Continued) 
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names OPL76L, OE074L, etc .. (See Appendix 38 for a complete listing of 
the load data available and their respective partit~on names.) In MARC 
3A and 38 this data set has been assigned to Unit 10. The yearly plant 
data set has been named "PUCO.MARCDATN' with partition names correspond
ing to those of the load data. The plant data set has been assigned to 
Unit 15. Each data set can be accessed from TSO by the commands: 

ALLOC da(ipUeO.DATA')f(ftlOf001) 
ALLOe da(IPUCO.MARCDATA')f(ft15f001) 

If the program is to be run in batch, the commands used are: 
IIGO.FT10FOOl DO DSN=PUCO.DATA,DISP=SHR,LABEL=(",IN) 

/IGO.FT1SfOOl DD DSN~PUCO\MARCDATA~DISP=SHR~LABEL=(~"IN} 

The hourly load data is stored in disks as if the year consisted 
of twelve months of thirty-one days each. The dummy days, for instance 
February 31, list zeta for each hourly load. Each day's hourly load 
data is on two cards (see Figure 5) each having twelve load values each. 

The first six columns of each card consist of the month, day, and the year 
of load data in a 3I2 format. The seventh column designates atm. (=1; 

first card) or p.m. (=2; second card). The_next thirteen columns consist 
of other data not used by the MARC code. The hourly load data begins in 
Column 21 on each card and is listed in a 1215 format. Each year1s data 
should contain 744 cards or records, whichever the case. 

Figure 5 
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The 'yearly pla~t data consists of two parts (see Figure 6). 
Presented here is the listing of the cards required: 

Ca rd 1: Contai ns in Il 0 format the tota 1 number of uni ts in the 
system foy' the yeay~ being considered. 

Card 2: First 20 columns contain the alphanumeric name of the unit. 
Beginning in 21, in an 15 format, is a number from 1 to 4 
specifying the loading type of the unit: (1 = base loaded unit, 
2 = shoulder plant, 3 = peaking unit, 4 = contract, emergency, 
or purchase powers.) Columns 26-35 show the five digit PUCO 
number identifying the plant to which the unit belongs in an 
110 format. 

Card 3: Listed on this card according to the format (6F10.0, 2F5.0, 
15,F5.0) are (a) the power output in MW at the flameout load
ing; (b) the capacity of the unit in MW; (c) the fractional 
ownership of the unit by the company being considered (1.0 = 
total ownership); (d) the marginal operating cost for that 
year in $/MWH; (e) the marginal maintenance for that year 
in $/MWH; (f) the cost per startup of the unit in $; (g) the 
fractional historic forced outage rate of the unit; (h) the 
average length of a forced outage in days; (i) the number of 
separate planned outages for the unit in that year (up to 
five allowed); (j) the maximum allowable rate of load change 
in MW/hour divided by the units maximum capacity. This value 
defaults to 1.0 if a zero is entered or these columns are left 
blank. 

Cards 4-6: These cards are omitted if (i) of card 3 is O. Otherwise there 
must be three cards. On card 5, in 15 formats, is the data that 
the unit is taken off-line for each outage listed in chrono
logical order. This is expressed as an integer by combining 
the month and the day into one number. For instance, if an 
outage occurs on January 9, card 4 would have for its first 
entry beginning in column 3 the number 109. Card 5 contains, 
in 15 formats, the data that the unit comes on line from the 
planned outage, again expressed as a single number. Card 6 
contains, in F10.0 formats, the amount of the derate in MW of 
the units capacity during the planned outage. If the unit is 
to be completely down during outage, then this is simply set 
to the capacity of the unit. Each of the entries of cards 4-6 
should correspond. In other words, the first entry of cards 
4,5 and 6 specifies the first outage, the second entry of cards 
4,5 and 6 specifies the second outage and so-on. 

Analogous cards 2-6 are compiled for each unit in the system and 
placed after card 6 in the manner stated above. The ordering of the 
plants in the data deck is arbitrary. Following these cards are the 
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monthly heat rates and marginal fuel costs. In card 7, columns 
1-2, in 12 format, contain the month the data. Columns 6-10 contain 
the PUCO plant number. Columns 11-20 contain the monthly average heat 
rate in Btu/kWh. Columns 21-30 contain the monthly average heat cost in 
¢/MMBtu. For each month there is one of these cards for each unit in the 
system. These cards are ordered to match the ordering of the plants on the 
previous cards. The monthly decks are placed in chronological order with 
the same plant ordering within each monthUs deck. 

3.5 Operation of the Programs on TSO 

The MARC-3A and MARC-3B programs are stored on TSO under the names 
MARCHRLD and MARCROB, respectively_ Once the program is loaded, the 
operation proceeds in an interrogative manner between the computer and the 
user. The output of the two programs for sample problems is illustrated 
in Appendies 38 and 3C so that the reader can refer to them in following 

the remainder of this section. 
The procedure to call for these programs on TSO is explained below. 

After LOGON to the TSO has been completed, type the following on separate 
lines: 

ALLOC da('PUCO.DATA' )f(flOf001) 
ALLOC da('PUCO.MARCDATA ' )f(f15f001). 

These statements allow the program access to the data files which are 
stored on disks. MARC 3-A is now accessed by typing the statement: 

RUN'PUCO.MARCHRLD,FORT' 
or MARC 3-B by the similar statement: 

RUN'PUCO.MARCPROB.FORT' 
The probram is now loaded into and compiled by the Gl compiler. 

Execution begins with the printing of the program name and certain pre
liminary comments indicating the purpose and usage of the program. 

Questions requiring operator response immediately follow this. The 
answers to these questions define the calculational periods, options, and 
the output editing. After each question a series of "_" are printed out 
to indicate the format field. It is important when responding to these 
questions that the number be typed right-justified under this field. 
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Figure 7 Illustration of MARC-3A Print-out 
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This means that the la digit of the number must be entered directly 
under the last II_" of the format field. 

MARC-3A has an option that permits an ideal system operation without 
outages. It can also include only planned outages in the simulation. In 
this way the user may choose to control outages for his test study. MARC-3A 
prints out the plant data for each month, the monthly summary of operating 
costs and the annual summary of operating costs" In addition to the 
monthly summary, the system load frequency curve is printed out with the 
system average generation cost and the average marginal cost given for each 
load level. Output of MARC-3A may include an hour-by-hour listing of the 
system load, total production cost, marginal cost and unit outages as 
shown in Figure 7. the outages appear as unit numbers. A minus sign before 
a unit outage number, -if any, indicates that the unit is partially derated 
rather than completely off-line. The derated amount of capacity is found 
by looking at an output of the maintenance outage table. 

It is time consuming and uneconomical to print out the hourly 
results on TSO. It is recommended that the user omit this output option 
unless the code is applied for a short study period. The output of the 
plant data, the system dispatch table, and the system maintenance table 
can be omitted by typing appropriate responses at the TSO terminal. 

The data files to be prepared for MARC-3B are the same as for 
MARC-3A. The input data different from MARC-3A are given through the TSO 
terminal by a typewriter, as can be seen in Appendix 3C. As for such 
input, MARC-3B requires the system peak load and the price escalation 
factor. The system peak load is used to renormalize the load da~a of the 
base year. The escalation factor is used to adjust all the costs in the 
future. MARC-3B prints out the monthly and annual summaries of operating 
costs. In addition, the monthly loss-of-load probability is printed out, 
which is translated in terms of days per year if multiplied by 1/365. 
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APPENDIX 3A PROBABILISTIC SIMULATION METHOD 

This appendix outlines the probabilistic simulation of the gen

erating system. with which MARC - 3B calculates the amount of elec

tricity generated by each generating unit during a specified period 

of time. This method was originally proposed by Sooth and then 
adopted in the WASP program 6 descri bed in Chapter 4. 

Let us consider a time period, T, for which the system operation 

is to be simulated. The load profile during this period may be rep
resented by a load duration curve. The abscissa of a load dUration 

curve is time, and the ordinate is the load. The meaning of a point 

on the load duration curve is that the total time that the load ex
ceeds the ordinate (laod) is given by the abscissa (time). The 
probabilistic simulation uses the inversed load duration curve, in 
which the abscissa and the ordinate of the load duration curve is 

exchanged. The curve L (0) in Fig.3A-l illustrates an inversed / 
load duration curve. In later descriptions, however, the word "in
versed" is omitted for simplicity. 

Suppose that the generating system under consideration has 

eight units, which are load in order of their unit numbers. We 
define the availability of a unit as 

p = 1 -

where p is the availability, Tf is the expected total period of forced 

outage, Tm is the expected total period of maintenance outage and T 
is the total length of the time period considered. 

If the avaiiability of each unit is 1.0 during the period con
sidered, the energy output of a unit is represented by the area for 

that unit under the invErsed load duration curve, Lo' as illustrated 
in Fig.3A-l. 
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Fig.3A-l Generation by units without any outage. 

If the availabil'ity of unit 1 is zero,but that of all the other 
units is 1.0, then the energy output of any unit except unit 1 is 
represented by the area for the unit under the curve, Lo' as shown 
i n Fig & 3.£\ ... 2 . 

T 

t 

2 
o 

I 
I 
I 
I 
I 
I 

3 4 15 
I 

D, Load 

6 8 

Fig.3A-2 Generation by units when unit 1 
is in outage during the entire 
period, but no outage to other 
units 

The energy output for units 2 through 8 can be equivalently 
calculated by shifting the curve, Lo' in Fig. 3A-l to the right by 
the capacity of unit 1, namely, ,as illustrated in Fig. 3A~3~ 
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Fig·3A-l An equivalent calculation of 
energy generation by Unit 2 
through Unit 8, 

(The energy calculation with the above curve is 
valid only for Units 2 through 8, assuming zero 
availability of Unit 1.) 

If the actual availability of unit 1 is O<Pl<l rather than 
o or 1, the equivalent load duration curve is defined by 

Assuming the availability of all other units is 1.0, the energy out
put of Units 2 through 8 may be calculated by integrating L1, 
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Fig.3A-4 Equivalent load duration curve, L 1 ' 
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The actual energy output Unit 1 is times the area under Lo for 
Unit 1 in g.31\,..1. If the availability of Unit 2 is P2~ then the 
actual energy output of Unit 2 is P2 times the area under L, for 
Unit 2 in Fig. 3A-l. 

Starting wi ll' the next equivalent load duration curve L2, 
that takes the availability of Unit 2, namely P2' into consideration, 
is calcula as 

It is obvious now that the k-th equivalent load curve is given by. 

The energy generated by the k-th unit is Pk times the area under 
the curve Lk-1 for the k-th unit as illustrated in Fig, 3A-5. 

1k - 1 (D) 

~Energy generated by 
k-1 k/ Unit k 
~ 

Fig. 3A~5 Calculation of Energy Generated by Unit k~ 

When the last equivalent load curve (the eighth curve in the 
present example) is calculated, the unserved energy and the loss-of 
load probability (LOLP) are found as shown in Fig. 3A-6, The area 
under Lmax at the abscissa is equal to the system capacity. 

The computational cost and accuracy of the probabilistic simu~ 
lation is significantly affected 7 by the mathematical method to 
express the equivalent load curves. MARC-3B uses a piecewise 
linear approximation while WASP uses a Fourier series expansion. 
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energy 

LOLP 

System Capaci ty ____ ~ 

Fig.3A-6 Unserved energy and LOLP 



Partition 
Name 

CC073L 

CC074L 

CGE731 

CGE74L 

CGE75L 

CEI73L 

CE174L 

CS)74L 

CS075L 

DPL73L 

DPL74L 

DPL7SL 

DPL76L 

DUQ73L 

DUQ74L 

OED73L 

OED74L 

OED7SL 

TLE73L 

TLE74L 

TLE7SL 
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APPENDIX 38 
LOAD DATA AVAILABLE ON DISK 

Company Name 

CAPeo GROUP 

Cincinnati Gas and Electric 

Cleveland Electric Illuminating 

Co 1 umbus & Southern E1 ectri c 

Dayton Power & Light 

Duquesne 

Ohio Edison 

Toledo Edison 

Year 

1973 

1974 

1973 

1974 

1975 

1973 

1974 

1974 

1975 

1973 

1974 

1975 

1976 
(thru Aug.) 

1973 

1974 

1973 

1974 

1975 

1973 

1974 

1975 
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a~.J Z.~ ::r () '*"1'" ~., f !~~ftt"~? • 'it ,.) .,) .'I ... + -2--:t--o~,:,~()2 ~ :3(', <f .. 9~J,? 1000-=--.-------------: 
9:1. .. 1B () .. 320 () • 7?~5 3 10359.43 10.540 1000. 

4 9708 .. 44 95.90 0.211 0.556' 10.078 1000. 
-.. , --'5------':l'?'t 'li:1 0) 4 ... ·l "'J~:j ~--tte---uT:;~"':r----(~j:JA .1.0. O·?f.t---:t-f'rP·()'r+O ......... --

6 9708.44 95.90 0.211 0.556 10.078 1000. 
7 9708.44 95.90 0.211 0.556 10.078 1000. 

---'-0-"'-" -t~~~~~h B 3 2 ~'j ~'1 .. '1~-f1·.-(r·-' .. ---±-j:T:2-f.hl-~3n·%7:j---'-O-:-.. ---
9 11000.87 104.13 1.170 1~A29 14.254 500~ 

10 11000 .. 87 104.13 1+170 1.629 14.254 500. 
---1-:t"'--j:J.-e-t.r(};tr.r--:ttr't~---:t-;T.J 0-·-:t-~-f:)-::~jf--:tx~~ ~:,; 4------5tT(h--·------------

1 2 :I. :1. 0 2 (,) .> ~:) 7 :I. :l () • -4 ~:5 :I. " :1. :l 6 :I. .:. :i. ·4 9 :1. 4 • -4 -4 4 ~3 () 0 .. 
13 11026.37 110.45 1.116 1.149 14.444 500 •. 

----1-4---:f:-1 0 ~:":':) .. :~r7--1. 1 0 + ,<'{. ~j :1. ~-:l: .... :t.-6---:~brS).~~ .... ~ .... i~p~r-i --~~ni (~H-i:.r) .:;:--~ ------
15 11026.37 110.45 1,116 1.149 14.444 
16 11026.37 110.45 1~116 1.149 14~444 

500. 
500. 

--l ~., :I.:i. 02;.:'). :'j'i' i :l:i}-~ .... :tf5-· .... :T:_T±_:bS-.... - J.. 1 .... /) 14. ~>-i:r:-•. --:-...... :HA7-:-. ------------
-I C) 
.1. \.} 

19 :1.3262.89 
-zc~ 3. ::; 2 ,~) 2 .. D ('1 

27 :1.06:1.0.45 
28 :l.OD02.~54 

2? 1 00000 ~ 00 -
:7)0 100000 {oOO 

... ) rot::: Dl\ 

.. ::.. ",' ,.J ~ ,\I 
241 .03 
:,*.r.Tg3 
::~ A :l .B3 
2·41 .. -\ ~·V . ~:) ,:) 

;;.: /~ :l (. ~J ~':~ 
2,41 ('\"" 

+ (;) ,:> 
~.~ -4:l • B3 
2:~.~(;' y () :.~ 

236.B:l. 
2:::sn .. 2;6 

16.4cJ 
B~ O~2 

1\ '1 OC) 
V~ ,I, \,} ,oJ 

() • ~511 
0" ~:rl :l 
0 .• ~):l.l 
0" ~:i1:1. 
(),,5:1.:L 
0.5:1.1 
().~,il1 

:l--rl }-:-':; '7 
:J. .OB·:S 
:I. • 45B 

.()" 0 
0.0 

r) l\ ... \ D A "l '1 r.::.., 
.. • ... \,'· .. ll .,.,.1 •• 1 .... 1/ 0 .. 

1::-
d • ~.r21 

-1 ...... 
,.}ti .. 105 0 • 

I:. ... 
~~i 2:1. 3B 105 0 .J ~ • t 

:l ,. :~~.+--± :.~~ -," '.' l, l! ~~ 0 f 

·4 .; ;-.:.iD·4 :~() ,.79:7 0 .. 
9 .. f.~ if () -t· .. , ,_, / .047 0 t-

O • 0 .. -:l6 .·460- . ~ ~ . - -. - 0.· 
0 • 0 8 t 02.0 0 .. 
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*****~******~*****SYTEM DISPATCHING l'ABlEB***************** 
UNIT UNIT OUTPUT 

( h!t.J) 
~3''f'nTEI'-'1 OUTI':'UT 

(j·,·ili.jH> 
S'(~:) -!'Ei""-i Cf)T;; 

( .:l: \ 
.... -;'-'01" 

_ .... ~ '"" .... _ .......... - .. " .... _. -' .... - .. - _ ..... "-B (~ E) E L U l~:) It E II F' l.. (I N T ~:) (;'11 N ) ... -............ _ .. - - - - _. - _ .. - .... - - -- - '- - .. - - -- -- -

:L ?2~O() ('". 
.)' " :'5 :?> !~i -..... ). 

1-: .. ,jo 
(' ,.. 
,) ',} 672 ir 

-) 
A·., )'~:; v fJfJ .. , 

."/ .:. l' .,.J l :i. J:{. .~.J ~ f!() :i.~.~. J } t 

7 no + ~S() :I. 0 ~ o·.?a 227 • !50 22:7)0 lJ> 

6 no;; ~:.:;o 1 0 " O')'U ~3 ():J ,. 00 ~)O42 -t 

liT 
.... J (t~.TI) Tr:r;-Ij=" •• ' •• V .1 (;) :-5-t~tt;7.JV- ~).~~;~: " 
4 BOt~:50 :I. () ) 

.', '''IP U, ,:) /~. f.) \.1 .. 00 I~. (~)(1.4 ;; 

~3 :-59 .. 99 :I. 0 .~ ~5~:·O I::·· .. ) .. , 
,.1.; .. (;;. (, '::~9 5296 v 

--- H-:;-::-.;:;7:::-=·.;;; ............... , ...... - ......... - ......... - -- .r:\ H f:tf::-ttlti ·r.rt:::-f.n~t::-I':'fm·t~--r:-tt:T>~;:;:-::::-::.:-:.::-=-:.=:.- .. - ............ --"" - - .- -- ..... _ .. -.......... -.. 
. 1 180~OO Yo338 636.99 6303. 

, 
\:) 

1::
... J 

-- ---"t--

220., on 

~204 v "?~s 
20,:~· .. /~:~ 
);) ••• :} (> 7:':j 

.................................................... _ ....... _ .... ~··3HOULDEF~ 
----.---- .t .t J. ~.:; t\) '". ~JT~r------

:1.0 :tJO~OO 

1":"1-0 ... 00 
-----.----t.7----- \"37 ~ .~; 0 

:1.6 ()7. 00 
b j' + 00 

P L tl f···J 'r c «('i t; X ) -- ......... _ .......... - _ ........... - .. -.- .... -- -.. - .- -- - - _ ... M .- .... 

.I. .,.~ v :.~::J_:q-------t5f.r:r.t7(· 

14.25~ 1631'.00 
14.254 1771,00 

---,.!H .. ;h-.(:p:r.,.:" ~:) :]; ('r+) ()"r-' -----:tt)-,.:.) ~. l-'-~--
:I. ?():5 • 00 

:l4 + $t l~-4 
2:1.43Bv 
22·4()6 .. 

"1 

---.. -----:t:rr------(~)j_;frO-----~1t-·,.&-1-t ft,} *··~;-+.··l-------<:::ff:. O·~~~..(r{:'"tttr__------"2"''-:IJ~~·~:-'i· ):....,.:. .. :{!-: .• ----

13 60.00 14;;444 2099.00 
61.00 14.444 2160~00 25122. 

---.=:-.. - .................................... ·-'""" .. -~-··:-= .. ··:-=-.. """"' .. ·:-ST~L.:...,.>: ;·:':+.d'.:..:j~ ]':+': l,+f~t'J~ -f.r~:·I.-! .. I·"rl··d.,.H,t·r~) (t·! I:': >< ) '-'- "-"- ..... h .......... - .,- .. -.-. - .. h_ .. " -" ........ -- _ •••••• -.: -_ ....... . 

30 
29 

~.~ "7 
28 
r:: •• :.J 

l()O~()() 

1~:)O;)O() 

1 .[ • \) 0 
1·4 {, 00 
:1.4')000 
10 ~ ·..)0 
18.00 
10.00 

-.-... -------;::.::z--·----J.tr y-MOtT'lOr------

2:l 
2() 

2:1. .. 00 
2:l~O() 

.. -- -------.:I,r--------::t"";\rv-
B 4,,00 

:1.0 

(J 
... J .. 020 

:i.6 .~ 460 
•• e •• u 

('~I .<:, I:::l A':. I • 
30 .. 797 
':r7 
'tN.) I -t O/~? 
.... ' 

.t(:l:J ,::a C~ + 
-x (" 
, ..• \j i 1 O~:5 
3B + :I. O~S 
~6 " 

.I. I.} .J 
~5B .. :l.O!S 
3<3 .. :I. O~5 
3t);J.-uJ 
:1? .. 9l)5 
4~':S .. :I.~:j7 

2260 ~ 00 ~! 5 f..,' :;~~ ~l 

24:1.0 + ()~) 2~:'~:3?3 

~:.:.~f ~ J . • 00 2B,;!)t.;/' 

:~4:3~i t- oo 2912B 
24 -4 (.~) ~ 00 29647 
~:~ A~. \::~ ";;; -e- (}<) 30:3:!}2 
24B~5 ~ 00 3:1.0:t8 
250:) ~ 00 3170l} 
2 :r~1:-;-() () ~:5~}() 

25·,12 .. 00 33:l <?O 
2~363 ~OO 3~5990 
-2 ~:s C) .,~ to 00 ~14}}"9' .I. 
25GB • 00 34951 
2,620 • 00 363~52 

to 

• 
." 
-Go 

'" 
Il) 

;!o 

~ 

~ 

.-
t 

t 

'" 
.~ 
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BYB.LOAD svr:,. CS>l' INC.CBT OUTAGES 
7 :1. :l B4~) to ()O ~:J:'5B4 I; l.O.O78 0 
7 :I. ~1 7~3() • ()O 7729. 9.957 0 

--'7:1. ,3 74~,. (,'0 7 ... ~BO .. ""9-;-9"~) 7 0 
7 j. 4 '7 ~U~ .O() 7:l7:L. 9. 9~)7 0 
7 1 I"' ;:j 731.00 724:1.+ 9.<157 0 
/ .l b 7~~~ • ()(} i ~:. .L 0 + ~;-;-9'~:) i 0 ! 
'7 1 '7 B:~6 ~ 00 B293. 10.078 0 
7 :I. B 99'7.00 9916. :to.078 0 

----, .I. 9 .1.119.00 .rr.t:ci- ~::. to 1\Jy()7U 0 
7 1:LO l1B9.0() :I.:l8~50. 10.078 0 
M', 1:1.1 1250.00 :1,2465 t :1.0 + O"l'B 0 l 
/ 

\ 
--ur-rt",~ J.209-;-(}o .t 2 c:) ~J7-. -'--:1."'0 • 0') a () , 

7 1 :l3 1266+00 :I.262b4o '10.078 0 ( 

7 :1.14 1284.00 128:l() • :1. () + ~:;40 0 ! I 

/ 1 :[ t, 3. ~~~ 61 • 0 O--:--r2~'" J b • :ro-;-(J78 0 f 
7 116 :L26:1..()O 12576. :1.0.0'7B 0 -, 
I :1.1'7 12~:56 " 00 :1. 2~526 • :1. 0 ~ O'lB 0 

-'---;-1"1 t! 1 :':: ",:: 1 • () () .I.~.~.l.7,5. ro-;trlB 0 I 7 :l:1. 9 :I. :t B~5 .00 1:lB:1.0. 10.0?B 17 
7 :1.20 :1.:l~54.()() :I. :l~3244o 10 • ~:;·(H) 6 17 

---r-T~~ 1 -lT~O ,r 099,.. + 1 ") + !:'J.<y 0 17 
1 

0 I 7 122 1 :l2~:5 + 00 :l1229. :lO+~:j,4() 6 :1.7 
7 :l2:3 :I.:t 14 + 00 :l.1j.13. :lO.~54() (,) 17 . .l . .2.4 - 9d\:~ .-0 .. .> 9774. .ro-;-07B 6 17 " I -'} 2 1 B4i".OO B404. :lO.OI'B 6 17 , 
7 r\ r) 71.>9.00 7t.'>1B. :1. () ~ () '7 t1 ,6 1'7 .::. A.. 

--7 A.~ 3 - 14.;~) • (h) 1,:HU; .. ---TO + 07B 6 17 -. 2 4 '?2j, .. 00 '71~~4 .. :to.078 6 17 I ;' 

7 2 ~5 7:1.~5.00 7074. :1040078 6 17 -, 
/ .:.~ 6 /~)1,) O() 71t ,:) 0 .. ---:rv.v7Er 6 17 
7 ~! '7 820.00 8:l:32. :I.O~()78 6 17 ~ t ;: ... ... ) B 9B6.00 980~.) + :lO.O'lB 6 17 

"''" 
J ... ! cr 1 :I.t..),~ + ()O 10'-1'1'/. 1:0. !':J~O 6 17 
7 2:l0 '1203.00 12262. :1. -4 ~ ~~~:;4 6 17 : 

7 21:1. :!.264.00 :1.3:1.2;:1. .. 14.2!54 6 17 I 
'7 ",~.l.2 . L·.:3? • 00 .L :34:59' .. .1. 4 .. 2~j4 6 17 
7 2:l :~ 1296.00 135B7. 14 .. 2~54 6 17 

, 1 7 2:L4 1305.00 1371c> .. 14402~54 
' . 6' 17 

7 ... T.~J""T3 0 8 ~ 0 () 1,~75'-1 • .t -4 .... !~j4 (:) 17 
7 2:1.6 12B2.00 :t 3~"')8B to 14.254 6 17 
7 21'7 1. 2~jO + 00 129~32 .. 14+2~:j-4 6 17 '·1 

--=; ,.;~ 3. B .I .... !04 • ()() 1 .. ·:.270. ----t" A.~ • 2 ~ 4 t, 17 
7 ;;~19 114~)+OO 11440. :1.0.540 6 17 
7 220 :1.098 .. 00 10944. 10.540 6 17 
I .. ~2 J. lO7...:~.vO 1,,)6)'1 .. 10.07S b 17 
7 222 :l 07 e)" 00 10744. 10.540 6 17 
7 22~~ 1016.00 1010? 10.0?8 6 17 
7 2"::'4 '7'15.00 (/()8~:;. .lO.O:JO 6 17 
7 3 1 '790 .. 00 7<710" :lO .. 078 5 6 17 

-' 7 3 ~') 

~ 731.00 7235. 10.078 J;:" 
,J 6 17 ..., 

-" , -)f IJ· ..... . "'''' 1 ,."..., ...... .. " - "'-:1':\ . . f:". , of ~. r " 



. "A'~ \) ",)" t5 .-::. .,.~ • \}~} 

"720 i} U03 t 00 
"?20 ~j ")'90 ~ 00 

3 - 35 

b .I. / ,.:; t .l V t V I t~ 

'7960. :l.O.O'7B 
7B29+ :!.Ot07D 

o .t ~ .t .. ::' ':': <:5 

6 :1.1 12 2B 
f.) :l:l. 1 ':) 2 B 

---72 ') (~') --S:Tr;uv--u r7t-T.----~[()~()7T:r- b 11 :I. : .. !. ::,~::J 

720 7 910.00 903~. 10.078 6 11 12 28 
720 8 :1.()~~59.00 :l.O~:.:j4()+ lO.O}B 6 l1 12 2:1. 28 

'-~:~-9-'-:r2V'-/ .00- :l ,~~~·216 .--:1. 4 + 1+if.4----::6,..-~,,-.1 ~:l-:rl--:r:l....,..,::~,--,...:.:.·r:t: l---:-:..:..~}1,:,.-:-J ,-----------

72010 1280.00 14228. 14.444 6 7 11 12 21 28 
72011 1356.00 15325. 14.444 6 7 11 1? 21 28 

----'72vT~: ...... I..-.-~:, \~.j"-': ... :-• ..,....O'"'o-~:lt .• ~-) .<-r.-~ ;'-:1. .;-:-.... ~-. --r4 ... (~ ',7ft.} .?I({ ---:'-(~";---/-:r-, ---':""( 'lr --'1 "O""'T~.~,:---'--':·!-.rl-·:":'-T'l"~ u .... • -----------
"/::?O:l :~) :I. ::)'-:)9 tOO 15946. 14.444 6 7 11 12 21 28 
"7:~::O:i.4 14·4~j+OO 16611. 14.444 6 7 11 12 21 28 

----r:z'O .1. ~~) .I. ":i· .;:>7";-0-0 
7:~::O :l6 :I. 4~.::j? t 00 
:,:"20:1.'7 :1.493 .. 00 

.L (:i 'i ~j /' • .I. -4 • t:} .. :r:<t . 
:l6'?B4y :1.4.444 

o I ~1 1~ 2~ 28 
6 7 1:1. :1.2 21 28 
6 '7:I.:!. :l.::.~ 2:1. 2B 

--77.(}T.S---:r1~)/+CJ") 1\~i7d'·}. :r:{·~.·.:.:··~4 e;. / .t.l .. l..:: ~·?.l .-:!U 
72019 1422.00 16279. 14.444 6'7 11 12 21 28 
72020 1371.00 15542. 14.444 6 7 11 12 21 28 

--'/202'1 J. .. :) 4::;' .. or:r--- .I. I:.} C) ,,) (:) '" '-J.4·-;':~'P14 C) I.i. 1 .I. L ,::'.l ~-:.."Ytl ~::-rJ -----------

72022 1348.00 15210~ 14~444 6 7 11' 12 21 28 
72023 1291~OO 14386. 14~444 6 7 11 12 21 28 

----72"(}z.~r17;9" ~h) r26,3~~-;---11.( .. ,.·.'.~·:I·~r---~-6~·-~rr.l. .. ::: ,:.~1 .~u 

721 1 991~OO 10095~ 14.254 6 7 11 12 21 28 
721 2 934.00 9310~ 10.540 6 7 11 12 21 28 

'--··~?21-::)·----n"7(:;;-;-o·o-·---r:rt;-<r;r;- .. ··--:t():;-t5:·q·v-·--'-c', ..'.t.L.t 2---z:r--:--z~j 
721 4 857.00 8505~ 10",078 6 7 11 12 21 28 

D40.00 

96'<} tOO" 
721 B 1:1.2~:5~.()O 

7 ~:: :J. :L () 1 :':)), ~:.:j iI 0 0 
'7 ::.~ :I. :i. J. 1 -4 6 ~::.i t () 0 

---·-I.:!.T.~r.--Z-J.~jtpr-;--o '.) 

B333t :l.O.07D 

:i. 0 ~:.:.i (~) ~:; '" :l -4 .. ::.~ ~::; 4 
:l.2BB3 + :1.4 .. 44·4 

:1.6204. B",020 
:1.72 :1. 2 t :1.6.) 460 

:I. ~:.:; ~:; D v 0 () ;.:< * >;< :;i'~ n y ~:) T E t'l C (I P {~c I T Y 
43 v :I. ~:5'7 

6 7 11 12 21 28' 
4 6--"l·'-r:t-:t-;.~~ l::::.~l 

4 6 7 11 12 21 2B 
4 6 7 11 12 21 28 
A.~ (;) .?--:t:t-i.~~ .i. .:::13 
4 6 7 11 12 21 28 
4 6 7 11 12 21 28 

-z-- -4 (.) i .!..t .t ~r-. -"~:_+-i. 1;----&,,'TI''! 8"'i-'; ---------' 

HtlS BI~:EI\~ EXCEEDED*~\{:*)~ 

2 4 6 7 11 12 21 28 

43.157 2 4 6 711 12 21 28 
72115 1636.00****SYSTEM CAPACITY HAS BEEN EXCEEDED**** 

.ct ,:) + .t ~j / ".:, ·"f (':.\ 1---rr~.L~ .. """·:: -"...,.. .. ~-t-.t -".,:.~"""'B"----------
'72116 1585i100****SYSTEM CAPACITY HA$ BEEN EXCEEDED**** 

43.157 2 4 6 7 11 12 21 28 
/).1.11 1. ~) ,.;.} ,:) + v U *' ,:';" 4 .. ~-:" b 'j b I 1::J·r-r::Til··' H L.I. I )' 

43. :L ~:j7 
72118 1512.00 22415. 43.157 

-~/~ .... : :r.:rr--T:<·} /' ~ iI v("":-) -~.I. U ~) '.:' ,:.:. • 27. 6 l~ U 
'72:1.;.~() 142a~oo 

7212:1. 1402.00 
2 
2 

B t::.I::. 1' .. 1 I::. ,:{ L i::.l:: .. 1) 1:: .. 1..1 ;i, .),:. }{ .. :j{ 
4 6 7 11 12 21 28 
4 6 7 11 12 21 28' 
-4 () / .t .:-~ A·.~.l. -:,~B 

--,-~ ·7:!1:~.):Z-ll} ',) ·~i + \} \)-----:f~/I J) \.} ~:r-;---·~G57.(+ M(~m-_- :::. 

4 (~) 7 l:2 21 2B 
4- 6 7 12 21 2~3 

,,~ (:) ) 1 ... :~""""2 0 

'/ :::! :L 2 :'3 :l ~~; \'J 0 .. 00 :1. 662 4 • n • 020 
72124 110':,1+00 :L4·7cHS. :1.4~4"'t4 

'i ..:.. -4 (j '?:l.2 2:1. .2B 
./} !.) 7 12 21 28 

.. '''. .... ..... -,.. .,..." -':"\ ..... 



·3 ... 36 

-----_._------------------
OPEF~AT I NG AND COST SlJl'111f.tr:~Y For;: lHE Ho~rn"l 7 

------,-------------, --------------------------, 

~1WH 

:I ':> ') .<1 q ,-........ ~ • , ~ + 

FUEL OP 

1,046669. 45322. 
1 O·4B3B5 • 4~50~)8 + 

---3- i!)9J.o&-',' ~+1H':';'-) -. --\-:f.-.:)*.;:~7?+,\:·)"";'4-+--'~~t)tr'32.> :::~~~ ... ~. 

-4 90~1:~('Jl) .. 9~~;()42. B6>62:5340 :l96:!. 0 + 

5 1027578. 105846. 985471. 22309. 
6 ·10648"76. _. 10 1';'\60''';>. :1.021246). -23119. 
7 1141115. 117545. 1094386. 24775. 
8 274. 24. l)96. o. 

~-~77 ;..! 7 t:, • J. 6 :i. -jr-'"r. !:J~ .• ------,TIFT60 0 • :l B d ;:.J t., • 
10 265841. 24166. 276828. 28274. 
11 411601. 37434. 428812. 43798. 

13 
14 

11B09. 
24}09. 

:r3n.4.:J ~ 
27292. 

~~94f.).. 480!:;2. 

:l :,. ~,"1 ~') t 

:'.:.~ ~7; (I:L • 
4403. 

MAINT 

51B64. 
:l 0 :I. ~) 2·<1 • 
:·:!i7;~2 .. 
~5 :f. 760 v 

~)EJB9:~ • 
61()~~:l • 
6~.:;402 • 

274. 
26~~~.J 1 • 
~)936i"+ 
60980. 

]. L,31 • 
2~::;75 + 

4!:.i33 t 

ST ST.csr l'OT> C~3T 

:1. lOOO. 1. 1. 448~1A· ~. . .. , 
,,:) 3()OO .. 1l9::')?6(:·, to 

'l 
1"" 0" ")' (~: :~\ .~:*~ .~) ~3· .;: 
... ) 
~ .. 2000 • 9~59f.,:.3 :t. ~ 

:I.B l.aooo. lOB·46?::5 ~ 
.'") _. 

-2000 f .. --1:1. 0 '7~::: (.~) :~:; ~ .. '-
2 20004 l:l.06~S6:1. • 
1 o. ';'69 ~ 

it, l ~..,;,) c:;-;-- : .. ~ J 720.S .--
22 1~O()()t 3!5541.)9.) 
23 1 :1. ~jO() • ~54!:;on9 + 

~} ]. :...,O(} + '-:1. ~J i·Ff..~""9-;---
:to ~5000 • ~3?:.36} " 

9 45()O. 6:1.489. 
-n-' -'5222'1 .. 4 7 \~ I (> 57l,1JT+----r.:::':"".:'" ,:.n.: ::"r;:! tr\ .-~::::_r._-n-r---n-----:'rI"':">"":7'r--~~~--~:.r .li 1:4 ... ~ .) U 401..)() • / ... ?41 () ~ 

:1. b 5aOO:3. 5333. 64948+ 5952~ 6:i.2B. 10 ~::;OO() + B2():~~B + 

17 B6~::i~j2 .. 7850~ 95597. 8760. 9019. 1.2 6000. :t 19371J + 

-.t1-J .<! / .:)..j • .l 6 <"I • 6 l.l. 1 • ..:,.1. • 33;;- .( I,,) • loa'/ 'l' 

19 1950. 147. 4715. 75. B:L 2. 1 o. ~S-60 1 .) 

20 1950. 147. 4715. 75. B1.2. 1- . o. ~:.i60 1 (0 

--21-- 0 • 0 • 0.. -----0-;- (.I. 0 lYe,. 0 • 
22 1671. 126. 4041. 64. (j96. 1 O. 4fJO:1. • 
23 1671. 126. 4041. 64. 696. 1 o. 480:1. • 

--""2-~T-'-' :1. f.)/'~1 .-L -. ---"'t-1.-~.~-,;-<:)-. -- 1f(J.<r:r;-----6T". ;(7r .. -. --~r-"':----t-------69(;) t- .t O-;----zt8\) .I.. + 

25 1671. 126. 4041. 64. b96. 1 o. 4001. 
26 811. 79. 1939. 114. :l38. :to o. 21.9:1. • 

---zr-:---l() 40.. <l B .. ---Z.!7rJ 6~ ... "".~ -. --....,..1-t':t..l~6-.. --~II'"t'r--ot------~--'----'~-t-f'4 449. .t (J .. \~j I.) .[ H-;--
28 o. o. o. o. o. 0 o. o. 
29 162350. 1624. 26723. o. o. 2 o. 2/) "72:.3 + 

--·-3-()·--::~Z-9..,...('j-~~3-. --~;?~'I!17T----:rt~-4 ..... l-oB-.----tO"r.----t'":--""'r------;"-:---~ o. .3 i I 
"'.T {, :tn4J.B9 

TOTAL HEAT OUTPUT IN MMBTU 8811459. 
--~rn1'1:-;t:-s Y b I E,·1 (:;i::.NI::.F~i--i IT.L ...... )~N--.I.+.-IN-hH-~·JH-Ht------·-----·~J:<t3n>:t-l .---------

TOTt:L FUEL. CDST IN ~p 79724-43. 
TOTAL OPERATING COST IN $ 

--IDTtiLri7ITN I !::.I~LE:. COb I Jl't-1 -.I~lfo-~ -------------6,.....,t. ..... ·I,.,...!) ..... "'l'-1"'1'-"J~t+------

TOTf.lL BT~IF;:TUP CClBTS IN ~) 

TOTAL SYSTEM COSTS IN $ 
---{fVE.I·'!(·:IGE. bEI'·1I::.Hr··) I .I. (Jr~ COb 1.r.I~ ~1)/I\'IWH 

84000 •. , 
B97899:~ • 

10-;--0-49 



641 
.' '-, .... ) C) 1.-:.. 

697 
722--' 
747 
7?2 

1:1.. 
:1.4 i'-" 

:l.5~ 
I~I:;" ,,' .. ,,} . 

3- 37 

---~/l--------~~r)t~(~i~~~/-----------------------------

- 9.869 9.957 
9.902 9.493 

---7~2 lU<l<C'4~ 

9.887 10.005 
9.905 10.001 
9,-902 lO.-()26 ---- - ---.-.- .. ----- -
9.901 10.022 
9.941 10.058 

------'-. --;;J.S1>-::j· 

B2:1. 
B46 

~,~;;;h----------4(.I'if-;) ~l-4-3---t.-POr-:.-fOt-'-·~:.i'-:·' ~.~.}~ ------------------i 

9.921 10.078 
9.930 10.078 

'---wn-----':+:,~ crfr-') 000-, -----:t(J-T-'Jv)--- .!.--e'r'T.;T:l~·~;---·------------I 

896 23. 9.958 10.259 
921 31. 10.087 10.496 

--------r-4tr .I. B • 
97:1. 23. 10.124 

23. 10.143 
11 • :'~~j7 
:1.:1..902 996 

-------~rn092+1----- :r-::L :-;J--:.~ -:-. --- ·-+.e·+€r:r.c~} ----rO ~ '~'1 }-i'~, .. ------------........-f 
10-46 
:1.070 :l.7~ 

10.:1.9:1. 
10.104 

lO.7B9 
1:1..207 

---~t7.':;-j -------1.1--:04. (~':-) .-----'f.l-+', ()-~-()t)5-------.t\J •. ;!) .:;_~ ~)~-------------I 
1120 12. 10.163 11.059 
1145 13. :l.O~197 12.433 

-.. ----:t-±-r(r------: ...... , .. +-1. ..,.-. --- ·'-:l-O-:>4~.J art-' -----'to:!. 2 v '~"~j ~.::;'----~----------I 

1195 17. 10.356 12.311 
1220 13. 10.385 12.998 

----------:G~-tf~j_------2i) • t{h~57\,'----t~j"T6~}iL-' ----------------4 
1270 31. 10.345 12.04'7 

:1.3 .. 416 1295 :I. () +l)2~,) 
---':'t-1. 34:1.~;lr-----___2~Tt-------1. {)-~4_e .. ::r--_+.5-i'.,.t._6-8---------------i 

1344 21. 10~737 13.778 
1369 23~ 10.734 13.745 

-------.. t·3~) 4 22 • :t-(lT8'~'5 :b(~}:-l ."-!~::.r-,-J-p,.~~*\~-------------I 

1419 21. 11.085 14.458 
1444 25. 10.855 14.330 

-------~:IH.·:ITI~)~)-----~2~~~J~~--

1494 23. 11.200 15.446 
1519 9. 11.466 16.857 

---------'~4H';~}--------4.Er~.~-----_1rl.:l2-~~?-----~1~~r···~~~r: .. J~w'ri;~·--------------~----~ 
1568 8. 12~069 15.829 
1593 :11. 11.530 15~199 

.-----:t:--6 :I. n. !j .. 1:-:h-atJ(+) ---....:..:~ » ~) .; .• :.:; 

1643 6. 11.682 19.:!.~)4 

:1.-4.94B 166B 4. :t:l..~:59:1. 
.. -------~t ts*? ~3 2 .. ----i-:t-;-a-?-:.~-·--·:t'~J ~ ..:~J2----.-----------l 

171B 2. 11.809 '8.020 
1743 11.760 8.020 

-----:t-=/':;....:\~S ~~3 ------41 +-----j:-~h-;jf.} ~*".; ---.....::b4 ;,. ,(~ ·::tl.,1t-l
. ---------.----

4+ 11.599 14.444 
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------
f1NNU,c)L ClPEH(.·ITING COST SU t-i I"! (~ll\ Y 

------
:fl: ~ir1BTU M~JH FUEL OF' MtlINT ST ST.CST TOT.CST 

-:1. . .. , j, 2 :l. :'.~ ~) 0 0 .. ' " " . 1·2 ~.~ 4 <') ~::i +' :l 046f.J{)9. A~) :~,~.~ ~~ '. .: '~)-1·fJ/.l4 .'" .- <l·· ... " "'1000.-- ·:l·:l.~T~·n54 .-.... 
~~ :l ~? 2 9 4 ~.~ 4 + :I.:l.9B06. :1.04B~585 • 4~'~()~:5B t :l ():I. ~:.)24 • :3 300()~ ~.19~)966 .. 
~:~ 6 S) :1. C) 4 () • cd> 764 .. 6:'5()6~12 • 2:1. :344 .. ~5:f.722~ 0 0 ... "70~'~6<i8 .,. 

---.q--9,(j3 ""~ ,~) b .. 9\.~()A ... :. + --SOO"2~lh~ • 1<96.1.0.,. 51.758 • -.,~ LV\JVeo c,'~·:i6.~1. 
I'~ :I. ()2 7 ~~; '7 B .. :I.()~5B46 .. 9B~)471 22~50(} • ~58B93 t lG lBOOO. 10f34673. ~ • 
,1) :1. ()64B'76 .. lO96B9. :l 02:1. 246 .,. 2:31 :l9 .. cd, O~~:l .. r) 

.:.. ::~OOO • :1.1 0739!S • --.... -:~~ .1.141.1.:1:'7:;. .I:1:/'"5~j-;--:t"(T~r.< f .:) ~:I (~ .,. .::.4·i?~~; to 6 ::; 4 .. ) ,::.~ .,. ..:! .. dH) 0 t 1 J. b ,~:" ~; b.l. • ... ... 

a 2'7,4. 24. 696>. o. ::~"i' 4 .. :t. o. 969. 
9 :1. 772'l!7;. 161:l5. lB4600. :lBB5~:,) .. 262~5:r. • 1 ~5 7~:j()O • 23720c,,. 

-'---t,(r- 2 (~~,jt~;(~t+ :~~ .\~ 1 C) 6 • :t/~mJ::'~n + :!,B2i'4. 3!13<:i'7 -> 22 1.1.000. 3!'Joj4{.) 7 ~ 
1:L 41:lBO:1.. ~~"74:~4 .' 42GB:l.2. 4:,:rl iiB. b09BO. 23 11500. ~)45089 • 
:1.2 1:L809. 1071. :J. :30-4:~. :I.:J. '?5 .. 1. :~ ~31. • 3 :I.~;OO ~ 16969. 

--1-~j 2:·t7t)-9 .. 224.t. 2)'272. 1t5i>.t .. :~5;r~j ~ J,t) ~jOO() • ::';~"~j6~- • 
:1.4 4~~~;06 • 3946. 48()52. 440~5 .. 4533. 9 4500. 61489. 
1, ~) ~52229 • 41'37. 57687. ' ~528l) • ~5443 • B 4000. 72416. 

-t-6 !J "51:; 0 ~5 • ~,j :5 ~~':) • o,tt"fi/s8. ''''e',I''''3 
,J;-'.,J..:..~ 6-t28. .to ~'jOO() .. 8202B. 

:I'~ . I Bl)5~j2 • 7B~!j() • ~;)5~597 .. B760. 901? 12 6000. 119~~76 • 
:ttl 2:'~~3 .. :1. t>4. 6'721 .. 31. 3:37. 1 o. 0

7089 .. 
---:t"9 1950. --:t:-ZF'7. 47.1.~j .. O~'I"O 

l ,J .. .8.1.2 .. .t. o. !joi)l. 
20 19~~;() • 14il .. 4715. 7~5 • 8:1.2. 1 o. 5601'+ 
2:1. o. o. o. o. o. () o. 0 .. 

-~~.: .I.-,':,?.I. • 12e) • 404.t. c)4 .. ~>(lt) • ot o • 4801. ,., . ." 
.... ;.,:> :l67:l. :1.26. 4()41. 64. 696. 1 o. 4801 • 
24 :t6l1. :t26 + 404:l + 64. 696" 1- O. 4801. 

--a::.».I!:' 
,,'M'" .1:"6'.1' .l + .t :~o (~ .. 404.t • 64. ,!) ~:) \~ ~ i 0. J.S.. :J()'[ + 
::~ 0::) El:l. j, .. 79. :1, 93(), • ll4. 13B. 1 '0 .. 2191. 
2'7 1040. 9B. 24(,>2 + :1. ()6. 449. 1 o. a01B~ 

---2"S-- o. o. o. o. ()~ 0 o. o. 
29 1 b2~3~:j(). 1 ~)24. 2~)'72~3 .. o. o. ") 

.:0, o. 26723+ 
~:~o 2296~j:3 • ~,~2O:;'>7 + lB41B. o. o. ~5 o. 1841a. 

831:1.459. TOTAL HEAT OUTPUT IN MMBTU 
TOTf.lL 'bYSTEM GENEF~ATI(}N IN NWH 

-'ft)''j' I~,L P"UEL COST I H !~ 

B43:1.(')1. 
~:':,~~3:-:-v-------"""--" 

TOTr::iL OPEF;~(.~TING COST IN ~~ 

TOTAL MAINTENANCE COST IN $ 
T OTf.IL DT (IHTUP CO~:~T JI 14 ~f 
TOTAL SYSTEM COSTS IN ~~ 
AVERAGE GENERATION COST IN $/MWH 

'31 '?220 .. 
603332. 

n·:i:OOO y 

B9lB993" 
10.649 

'. . 
************************************************************************ 

---1 U :':.f<.J j> r . 
OEF2011 csu= 3 CPU=OO:OO:10.24 DSK= 202 CNCT=OO:38' CHGS= $5.96 B 
AL:::: ~1;2(S6 ~ 62 
T~;,I\)::~d' LUbbl::.l) OJ .. f' I bD H I .t 1 ! 21 !.56 CJI~ JHNU1"11:;~ r 3 y 1. i,1 7+ 
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APPENDIX 3D 
SAMPLE OUTPUT OF MARC 111-B 

-------------_._--- - ------------.--- -- _. _. -'-- - ----------

--:.r.~:::_;:TI'.: ::: i..:(Tt-Hnj ··i'~I""':-:W!-!'. :'+l.:~~,;yj ------.----------------------------

P 1:< ; J C !::: U U I:;~ E N (~i fli E '1) f' c) l' t 1..1 ~:~ (-':~ r 
-----+;.:;0?~~t7_t:+)_f+b_rt--f._N---P2H&RE_S_S__(.t=f__+.*:I. 2 t ·l9 DI·t ,.ittl·:Ut,r~\{ :',~ 9 1:9-7-r-----

alloc da('PUCOtdata') f(ftl0f001) 

{::::L 1 DC cIa ( I r'l..ICD (0 ma pcciata I) .f ( ft:1. ~~.ifOO:!, ) 

Ci:i. CDj\'iP I l.. !:::F~ EN TEF;~E::D 
:3CJUi:;.:CE (IN()L YZEO 

--Pn:)C:"~:"',:"'i H·{~HE.-~4tr.F.-N---------------------------'-------

-+:';+::SC:::~I:>ri~t<l'\i ;L: ~ ... t~::-: ---------------------------------

~) U ! .. ~ F.:\:~ r i:':'I('~ PIl... YZED 
---T~'-~~._:J~.7R f:r H·-f-';'f.':rHE-:n:--i::-t-f+) !'-'-t" f+-) ----

';'. NO D I (!Gi···.!D~:)T I CH GE:J·~Er\~t·,TErl 

::~ c! u r;: c: [~ {.~I N (r L Y ZED 

*~;T{:i'rI~:)TICG* NO DltlGNnf.~TIC'S THIS STEP T' 
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.. _-------_._. --------- -_._------_ . 

J: .t: Iii:. 

EI...ECTI:~IC UTILITY BI~·IULATION ':~ 

--------.---------------------------------------~;~----

THE D H I I] B TAT E UN I I) E I~ nIT Y * 
NUCLEAR ENGINEERING DEPARTMENT $ 

--$-------------------------4(4:~(~:lI~ ... ~+.JI~,il~)l+ji~;)~~·~(~j!~I:HI:~+)-.Hi.i~)I~~·:·\~~---------------------------:~I,-----
:~ 

T!"~;::: F'r::OJECTED 1...0(.:)1) X:;UFi:(~I'rl()N CUF\!;I:::~ 1.-0,·\1) DUF~tlTICJi\' CUF:VES i:~lF:E PF:(J.,JECTED 
D~'·! THE Bt)S IS DF THE UYDTE!'1 PEt',I< 1...0t,1) j::'DRECtIST J..JH I CH i'''i(~Y BE DBTtlINE)) 

-:"';"::::.r.r-ftI:::: Ul I·t;:f.-+·'l~EH Y::::,::d'~ I"f.H~::::ctIGT ,) td.J ... CDJT~3 tlR-C L~:;CI::,Lf.:-f-E-F.i BY (:'r-I -_._--"

cn;\~:::;Ti:~NT F i~I~:~TOF~ ll.,IH :1: CH :r B LN TEI:~ED BEI...OI,\.! BY THE CODE npEF~(~TO~~ + 

-------_ .... _.--_._._---- -------------_._--_. 

~~~f Ir~ 1'\ IE: f'lr~~J·r i~+~-~~~I- 'f! 1[: E:(ll_(JL~,Tl(3~ri~(I!~~~r~)il~::~~:~[(~)I~) ~~~~~~~~. 
~ .. .... Ii .... .... 

0(, /06 

- -,--~~~·:l.__(X5--·---.. · -. - .-.. -.--.-.~ .. --.. --.. --... -._:_.'-- - ... --------------------. 

I 'r Y F E I N 1" H E E B CAL. f1 T :I: 0 N F i:~ C '1' (] r~ F u F~ THE' P I:;~ C) ,J E C TED F U E L. (INCLUDE 
---t.t-::f~ ::: Ili~.;,_ r d ::: j' ff:-:-y...;.)-~~~-----------------------·-------

-----------
DO YOU WIEH (', I...ISTII'-·JG OF THE PI...(.~II'!T DI~Ti~'i,)' THE SYTEh DISPATCHING Tf)HL.E, 
(:) N D THE S Y ~:) T E i'li 1''1 (.:) I NT E N (:1 NeE TAB L E 'i) (Y (] I:~ N) . 

'::~ 

~ :,\1;'1,:','1 ;:,·'r·I;;).L-i:> ~)Hj"II...1... '{HE IdL:.F;,I::hEh -, i--iL td.;:) I l':,f.:'-CL"'i"l1l r,r.f.Il,7t·'t.-MJ 1r.:l:~:.J":""l.l !:-' -----------
:1. FUEL. COST B ONl.. Y , 
:;:.~ FUEL PL.U~:; i·ftf~lI NT~::N(,:NCE COSTS 

-- :,3-'-FUEl::-PLUS' OPE'l:;:td'IDN'-CO~rrs ... -----------------..... -------.-.. ----------.-----.-.,' 
.:+ ::;'Ur::L FL .. UE; iJF'EF~:(:1 T I ON PLUB ~'lt~J I NTENtli\!tE COSTS 

T \' F' E I NTH E N U 1"1 J.:{ E I:~ F f;~ U i'i. THE I~I B () I..) E:: L I;:) T D F THE {J P T ION II E S I r( E D 
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.i. 20040 MIAMI FORT 7 ...... ,' ,' .. -. 
,:':. {:i v I ... }"",! 

~~~ () :) .:~. :::.; ..J.. ~·t + r:; ",' U tl F~ T :l 
I:;' 
· .. 1 2 () 0 ··t ~.) ,.1.> t'l to ~:; T U () r;!T ::.: 

D ::.:: t :I. :1. 4 ~3 T U t1 F~ T n I E:: ~3 I::: I... n :':~: ,~~ ., :.:) ,:~, 

Ci~P(~C I TY I... + TYPE 

440.00 

1:1..00 

1 
1. 

----!?-- ::.:.·~-(}~~;-·~--i~t~~r:t:-':F~'t--~···----·-~-··-·-------+'{:~J-~¥.).~ -+1 ~h-t:c':.)~I:)r-----';,:"-.: --0--
:1 0 ~:.~ '.J () .t~1 3 T (~ I T ~) :1. 0 0 t 0 I.::. :I. :::} 0 t 00 
:1, :i. ~? 0 0 -4 : .. ;~ T c:) I T 'I'D P F' 1 N G :i. 0 () ,; c· ,,) l!50~(jO 

.. --:~:?---:~:: <> ~)'~'-H+::: 'r c: i-H~; ~~; ~t-1. --·--~:L+l()~:~::~:-::·~:~--'-'M~··.1 :~; . . :--i .. . :~) i~.) ---...;.;:~ .. :~-------------

'''1'') 
,.~- ,. ... 

~.:.:: ,::j 
.. ., 
,:~. ( 

') !::. 
,,'~ ,J 

~~:.~ \S 

200 A A HUT CHI i"~ G~) 2 
:.;,: <) 0 /~ l~ HUT CHI N (3 ~:) ~'~ 

1 () () + (. <> 
j. 0 () ., <J .:.:.1 

-+H-JfCHI HG-s·-.,(+------·------:t.-G·*Tf.:--..:J---+.t''lt-K;~, ----':~.~----------

;? 0 () .;.!- () 

;".~OO46 
", :\ ,', I 

,\ .. ',.' ... ) "'1' 1_1 

:~::, () 0 ··l (;:. 
;.:.:: :L 'f :i. I::: 

.', ".1 

HUTCH I NDS ~:; :I. 00;. (ie· 6 j' + Oij 

:1. (r.) .. :.: , .... 

:1,00 + CiO 

'((lNI\[E -4 :I. 00 + ()t) 

Y(·'iNI<EE ~) :l 00 fo (~t t:::' 
'.,' (j ~ II,""'" • \:, -1. ." C (i 

.... 
• 1 "., ... 1 ... " ~ .... 

'{ t!NI<E::E:: '7 :I. ('I ('I ¥ j) () 

'r I~~I I T D I ESE!...~) :l .'''' ,", 00 ',}U :. 

6?+GO 
....... ) ...... '. 

:::,~ :i. ~ () 0 
2:i.. t 00 

:1. t"'" 
c· t 00 

:1, 8 + i:.() 

:I. 
r, ., ." .... . , '".' .) 

1 t·· .. , 00 Ci 0) 

:l :I. ~ 00 

.... ~ ... -.:. 

....... 

3 
,.., 
,:) 
.... .t 

:~ 
.. ., 
V 

~.:.:7'--~'.: ::. ::. O-t;-:----+r-t}tt+.i; 'j :::: j'.~ +--1) I [: C C ; ... -D ----±{ttt-~i} __ _:r._ j~1 ¥ )t-J--, - ~:; ------
28 21101 SIDNEY DIESEL 100~00 14.00· 3 
:~ :) 2 () () 0 ') 0 H '[ D r:" 0 l·J E F=~ CON T F: (1 C T :I. 0 0 ~ 0 () 1. :'=:,i 0 ~ 00 3 
... , .... : :ll~ ~).; (){) 
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\"itl I NTEHI:~NCE DU'l !"ID::·: T tlr~LI~: 
. D ,:) T E II 0 l\.1 N D (.) '}' E U f:' 1.1 :~: F< () 'f E 

rii'-iDD 
(,~;.:!.3 

( i····j t·J :; 

_ .. _,. ---- '.---'''--.-''-.--~'--- - .. ---------_. __ ._----_._--_ .. "'------- ---------- -. --~ ---- ... - .. _-_ ... _-- ----.----------------------; 

------ _._-_. -_ .. --------
42:l ,,:~.:O 

::,~24 

92:';> 

42B 
920 

:1.0:1. 
2:L l, 

. ~) 02 

t:i04' 
:1.03:1. 

------------------~:r.z_--------~i~.:.~ ::.J _ .. _- --:~'.: .~) ~.~ 1'~ 

(.\ :LO () 7 92 c:c " 0) 

';! .' .' T") :I. :::-. I&-;-~:; ~)-... T .... . :. I 

:LO :i.~5 r:' 93 rjO 0) ,J ~ 

j. J. :I. {) 
" 0 lOB ,,00 

, . 

I 

--I 

---------, --

-- -:t~~~~-- -- -'.~f-;' 9- ----. --·Jf-~'··~_9 ~:~----------...... ---------.-----.. ---.---:--- .. -.------------- ----. ------------

---J-H-.. ---·+.~8---- 2~.:;-d}4- ---
19 13.3 15.12 
20 9.2 15.12 

:I.e. "', o. ,. .. 
·s 

,. .", 
... ~ • 1 • t ' .... .Ld .l.""· ... 
'1 '') 
10. .... A".. b .. 6 12 • 96 
")"Z .. '- \.) l+ 00- B :1.'2 • 96 

.. --z-i~---6'"i_ej_--------H?-.l:f6-
25 7.0 12.96 
") ( .... -(.) :l f:. + 0 

-::'2;1..:.. ',:;-" -:~:2 ~:j-.,..v-;.~~]~--4-:t Pt()-:"', • ..p()~f)!-

I 
. I 

21.4 
010 

lO .• OB 
:l.OB.OO 

----------_._------



3 - 43 

_~'f,-t.;~;.~ t7--;:-:-pl-~.-~r+.-i~·rr-f.}~J:· ~ i::: r',: SH-I-P-{r.-:f-H :~~: LJ I''': I "r Ti '( ~T~ ~: [: tJ .~- ~~ : ... I·B-+-H~E: r: .or t._ ~.f- 1:: L~ ~[ ~. ~ c: --------
Cdr-!:3 I UI:::F:ED 

J :::GtlF;E 
::~: :.:: H HCl U I... DE r:~ 
?; ::-: F' F:: (11< I 1'-,1 G 

F C;:\ :,,: T HE FDr;:CE~n U! ,1'1' (;C:;:::: \'(::"', T[ J (~ PE;:;:i::Fj') T 
-i·\~.:-rs- : .. : ! f'J ~.:. ,.', ;--( /, J. J': U I'j I',: I'j I t:. U I" L u ":,,ti .L I"~ L "'. L H :~:. i::, J f'·j I': H / !'l['( I' U t,,: i H t:, i.J i"~.i, ! 

(~C THE;::',',!, F:r; ''I' E:: FUF;: 'rHE~ cur;:;:,,:I:::(..! T hC}!'iTH J i\! n'rU/I<i .. }H 
FUEl.., CUH"r FUr:.' 'f'HE: cur::::<F::i"!l j"iUI<~ TH :U'1 t /"'H'iBTU 

--~,:~ >-:-t~~~:~!-- :-:-:f r tf:::'-(ll,~.! t:J-:~{iGt~-'-t;;:;·-c; :~(T:i"'-t1ic:-ec ,::;'f--tt!:j;:-Ti't~.ih--
r,'; (.~ ',' C; ::;: T ::: THe (: t.) E:: F: ('I C,; E /": ;'-'1 :~: !\. 'f i:~ i ',1 (', i ,.: C ;::: L U ~:; TIN ':j:, ./ ('j ~,J H 
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o ~ :~.?:!. :I. 
0,,211 

1 t :i. ')'0 

() y ~.:.:.; ~:,:j () 

() ,~ ~::.~ ~~:j (~.) 

l 2 1 :I. :L D:L • ::::: ~5 1 () 9 ~ 3 0 J " :I. 1 6 :i. " :I. .ii, ':'f 
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CHAPTER 4 

LONG TERM ELECTRIC GENERATION SYSTEM 
EXPANSION ANALYSIS PROGRAM:. WASP 

4.1 Introduction 

A computer program that estimates the future confi~uration of 
utility generating capacity has become increasingly important for 
regulatory agencies for the following reasons: 

1. It provides an independent estimate of the future need 
for generating capacity and of operating cost of an electric 
utility~ 

2. It provides a basis to project the future financial status 
of an electric utility; and 

3. It provides regulatory agencies with a means of studying 
the effects of their proposed policies and economic factors on 
system expansion. 

WAS~;~Wien Automatic System Planning Package) developed by the 
Tennessee Valley Authority (TVA), is a modularprogram for analyzing electric 
power generating systems. It is designed to find the economii~~'lly optimal 
generation expansion pattern for an electric utility with various con
straints. Although other computer programs for finding the optimal 
expansion schedule of power generating systems have been developed, they 
are not available to the public. Even through a contract arrangement with 
thos~ who offer such services, only limited information about the pro-
gram is released. The WASP program evolved .from the SAGE program of 
TVA that was originally designed for use in the International Atomic Energy 
market survey for nulcear power in developing countries. From its 
beginning, the SAGE program's development has attracted much interest 
among electric companies and regulatory agencies in the United States 
since it provides a unique means of studying the optimal generating 
system expansion schedule. In the project reported here the WASP pro-
qram was adapted for various applications and is used for the following 
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studies: 
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1. evaluation the lities' own expansion schedules; 
2. sensi vity study for various parameters including con

struction cost, consumption growth assumptions, interest 
and escalation rates;s-? 

3. evaluation the of system reliability criteria on 
the capi cos t; 

4. providing the input Regulatory Analysis Model 
described in Cha 6. 

4.2 Overview of WASP 
The program uses probabilistic simulation for power production 

cost calculations as well as for system reliability evaluation in terms 
of loss of load probability_ The optimal generation mix in every year 
during the study period is found by forward dynamic programming. 
The criterion for optimization is minimization of the total escalated 
operating and expansion related capital costs which are discounted to a 
specific base year. 

WASP is able to consider: 
1. 100 existing and committed multi-unit plants of the following 

types: 
a. different kinds of thermal units including base, inter-

mediata and peaking units; 
b. hydro units; 
c. pumped storage; and 
d. emergency hydro power. 

Each hvdro, pump~d storage and emergency power sources is 
treatea as a single composite plant. 

2. Twenty expansion candidate plant-types. Among these plant 
types, hydro, pumped storage and emergency power are treated 
as a ~ingle plant type, each consisting of a maximum of 20 
units. 

3. Thirty years in the study period. 

4. Two hundred alternative system configurations in anyone 
year with a limit of 2000 configurations in the study period. 
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The WASP program consists of six modules, Each module generates 

a separate report, so the user can analyze the output at completion of 

each step. This maximizes the advantage of man-machine interactions 
and makes possible the correction of data errors without loss of effort 
and computing cost. The six modules are: 

1. LOADSY: describes present and forecasted system load char
acteristics on which the capacity expansion and power gen
eration requirements are based. This module is assisted by 
a curve-fit routine to calculate a low order polynomial fit 
for the periodical load duration curves. 

2. FIXSYS: describes the existing power system plant character
istics and firmly scheduled additions to and retirements from 
the system. 

3. VARSYS: describes all alternate plants which can be used as 
expansion candidates to the system. 

4. CONGEN: generates alternative system configurations for capa
city additions within specified reliability and added unit 
number constraints. 

5. MERSIM: uses probabilistic simulation to calculate the peri
odical operating costs and reliability factors for each 
configuration allowed in CONGEN. The module also keeps track 
of all previously simulated configurations. 

6. DYNPRO: determines the optimum expansion schedule with respect 
to timing, type and number of units to be added. 

The first three modules create data files which are used in the 
three remaining ones. Additional files are created by the fourth and 

fifth modules and used in the sixth. A brief flow diagram of WASP is 

preserited in Figure 1. 

4.3 More Details about the Six Modules 

4.3.1 Fix System Module 

The FIXSYS module generates a data file which describes; (1) 

the existing generating system, (2) all prescheduled plant additions and 

(3) retirements. A nlinimum of 100 fixed multi-unit plants can be defined 
(normal hydro, emergency hyro and pumped storage are treated as single 

composite plants). A maximum of 999 single units can be defined 
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within each multi-unit thermal plant. A maximum of five different 
types of plant fuel can be defined for discounting and escalating 
purposes. 

The treatments for each thermal, hydro and pumped storage plant 
are described next. 

Thermal Plants 
Thermal plants include nuclear, oil, coal and others. A thermal 

plant can be defined as either an individual generating unit or a com
posite plant of multiple units. Since the computing time rapidly 
increases with the increase in the number of plants, thermal plants of 
similar type, fuel and' operating characteristics can be merged into a 
single equivalent plant. The units belonging to a composite plant are 
assumed to have the same capacity and characteristics, Each plant is 
specified by the following input data: 

Number of Units «999) 
Operating Blocks: i) Minimum operating level (MW) for a unit 

ii) Maximum operating level (MW) 
Heat Rate: i) Minimum load heat rate for the base block 

ii) Average incremental heat rate for the peak block. 
Fuel Cost in ¢/MBTU: A separate fuel cost is defined for each 

plant in the system. In principle, a max
imum of 100 separate fuel costs can be 
defined. Different types of fuel such as 
nuclear, oil and coal are identified by 
different fuel costs. 

Plant Type: The number of different thermal plant types is 
limited to 100 because of the number of fuel costs. 
However, each plant is assigned a numeral type code 
to factor in optional 7 separate escalation and dis
COJnt rates for fuel and non-fuel costs. The total 
number of codes for thermal units is limited to 5. 

Forced Outage: A forced outage rate is assigned to each plant. 

Maintenance: i) Average number of days per year that the plant 
is to be shut down for maintenance. 

ii) Maintenance class expr~5sed in MW~ 

Operation and Maintenance Cost: 
i) Fixed O&M cost including staffing, insurance and 

other items independent of energy generation 
ii) Variable O&Mcosts that are dependent on energy 

generated. 
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Hydro Plants 
The hydro plants considered fall into two types, namely, normal 

hydro and emergency hydro. Normal hydro represents the every-day 
hydro capacity. Emergency hydro represents any hydro capacity that 
can be used only as a reserve in excess of normal hydro capacity. It 
is used only to maintain system rel iabil ity in case of major forced 
outages. If it is used, the theoretical future availability of hydro 
energy is reduced and must be replaced by fossil generation. This;s 
reflected by assigning a fossil plant cost-related penalty to emergency 
hydro energy instead of reducing the availability of normal hydro 
energy during the following period. Each type of hydro capacity ;s 
characterized by the input listed in Table 1~ 

4.3.2 VARSYS 
The VARSYS module generates a data file for the candidate plants 

and requires inputs similar to FIXSYS. A maximum of 20 different 
types of expansion candidate plants can be considered. Hydro and pumped 
storage plants count each as one expansion candidate, but within both 
plant types, a maximum of 20 individual expansion projects can be 
specified. The number of allowable thermal plant candidates is reduced 
to 18 if hydro and pumped storage projects are included in the expansion. 
A maximum of five fuel type groups can be defined for thermal plants 
(same as for FIXSYS). The input required for thermal plant candida~es 
is similar to that for FIXSYS. 

4.3.3 LOADSY 
LOADSY creates a data file of load data used by CONGEN, MERSIM and 

DYNPRO modules. The expansion schedule is found by DYNPRO on the annual 
basis. However, the maintenance schedule and energy cost calculations 
(for each division of a year) are done by MERSIM. A year is divided into 
a maximum of 12 periods. In the WASP code the load variation is treated 
by the load duration curves. Therefore, subdividing a year into some 
number of periods is important for taking into account the effect of 
seasonal load variations on the maintenance schedule. Otherwise, the 
operation cost and reliability estimate will be seriously erroneous. 
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Table 1 Input for Hydro Plants 

Normal and Emergency Hydro 
Number of Units always 1 for normal and emergency 

hydro. 
Operating levels Minimum operating level (run-af-river 

capacity) and maximum operating level 
(sum of base and peak block capacities). 

Forced outage rate 
(normal hydro 
only) assumed to be zero. 

Maintenance out
age rate (normal 
hydro only) set to zero but implicitly taken into 

consideration by periodical factors .. 
Expected annual total energy (GWH/year) 
o & M costs 
Periodical 
factors periodical variation in the generating 

capabilities. 
Hydrological 
conditions capacity and energy multipliers to consider 

variation in hydrological conditions. 
Heat rate 

(emergency hydro 
only) hypothetical heat rate 

Fuel cost 
(emergency hydro 
only) hypothetical fuel cost 

Pumped Storage 

Number of Units actual total number of individual units. 
Operating mode 
level pumping load (MW) and generating capacity. 

Maximum Energy (GWd/period) 
Efficiency pumping efficiency and generator efficiency 
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The LOADSY modu16 requires, as input, (1) unnormalized load dura
tion curves for each period in the form of a polynomial (up to fifth 
order) or pointwise data, and (2) forecast peak load for each period. 
The load duration curves given by input are normalized with the peak 
load and then expanded into the Fourier series. This module prints out, 
as output, (1) load factor, (2) maximum and minimum load for each period, 
and (3) the Fourier coefficients, The Fourier coefficients are written 
in the data file and passed to CONGEN, MERSIM and DYNPRO. 

4.3.4 CONGEN Module 
The CONGEN module generates a set of all acceptable system con

figurations for each study year and creates a file to be used by MERSIM 
and DYNPRO. Theoretically, for each year there are many possible system 
configurations consisting of fixed system and candidate plants. However, 
practical constraints limit the acceptable number of configurations. 

There are three such constraints as follows: 
1. minimum and maximum values of installed reserve capacity; 
2. maximum permissible value of loss-of-load probability; and 
3. minimum and maximum number of units (or projects in the case 

of hydro or pumped storage) for each year: this constraint 
is called an expansion "tunnel ". 

The loss-of-load probability of each system configuration, which 
;s necessary for the test of the second criterion,above, is calculated 
in the module by using the probabilistic simulation method that is des~ 

cribed in Appendix 38. The probabilistic simulation is applied 
for each subinterval of a year. It should be pointed out here, 
however, that only the effect of forced outages is considered in the 
probabilistic simulation of this module; the effect of maintenance 
outage is neglected. 

The third constraint is a computational device for reducing the 
computing time (and accordingly, cost), without restricting the optimal 
configuration. If the number of units (or projects} is touching the 
ceiling or bottom of the tunnel, the tunnel is altered and the calculation 
from CONGEN through DYNPRO is reiterated. 

The input for CONGEN consists of the user's direct input and the 
data files from LOADSY, FIXSYS and VARSIS. The uset"s direct input 
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includes the specification of the tunnel, the maximum and minimun 
permissible reserve margin, the indicator for optional loss-af-load 
calculation and the printout options. 

4.3.5 MERSIM 
The MERSIM module uses the files of data created by the four pre

ceeding modules and calculates energy generation and the corresponding 
operation cost (for every acceptable configuration for every period) 
on a plant basis. The energy generation by unit and the loss-of-load 
probability are calculated with the equivalent-load-duration curves 
that are recursively calculated. The effect of maintenance outage is 
taken into consideration in MERSIM. Therefore, the major calculations 
in MERSIM generate multiple equivalent load duration curves that are all 
expressed by Fourier e)~pansion coefficients. In generating the 
equivalent load duration, the following new information is necessary: 

1. 1 oadi ng ordE:r of un i ts; 
2. maintenance outage rate for each unit during each period; and 
3. forced outage rate. 

In discussing the loading order, the difference in the treatments 
for thermal plants, normal hydro and pumped storage should be first 
mentioned. Thermal plants are treated as having either one or two 
blocks of capacity. Typically, the base block of a unit represents the 
minimum operating capacity of the unit and the peak block equals the 
remainder of the capacity. A normal hydro composite plant has two 
blocks of capacity. The first block represents a run-of-river capacity 
that is always loaded first, and the second block is the peaking hydro 
capacity. The pumped storage and emergenty hydro are treated as single 
blocks of composite capacity. The loading order of normal and emergency 
hydro capacity is automatically handled. The base block of hydro has 
the dirst loading priority while its peak block is used to share the 
peak load. 

The loading order of thermal units and pumped storage plants can 
be fixed in any desired order though the base block of a thermal unit 

is always loaded before the peak block. Figure 2 illustrated the prin
ciple of loading the pumped storage capacity to share the peak of a 
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a load duration curve and the impact of corresponding pumping require
ments on the low load end of the curve. 

The maintenance outage rate of a unit is specified by the input. 
Generally, maintenance of large units is done in the period that has 
the greatest space for maintenance~ The thermal units can be divided 
into a maximum of seven maintenance classes. Scheduling is always 
started from the largest unit and period of largest available main
tenance space. Once the maintenance outage rate for each period is 
decided the maintenance of a single unit is randomly diStributed over 
the period and is combined with its forced outage rate. The combined 
outage rate is used to generate the equivalent load duration curves. 

The major part of input comes from the preceeding modules as the 
data file. However, the user has to provide a few input parameters such 
as (1) loading order for thermal and pumped storage plants, (2) number 
of hydrological conditions and (3) some cost parameters for pumped 
storage operations. 

The output of the MERSIM module is printed out for each configura
tion and period considered and includes installed capacity, total gen
eration, generation cost, energy balance, loss-of-load probability and 
energy not served. In addition, as an option, the following results 
are printed on a plant-by-plant basis: base and peak block operating 
hours, energy generation and operating cost, capacity factors. This 
module also creates a data file to be passed to the last module, DYNPRO. 

4.3.6 DYNPRO 
This module performs the economic evaluation of the alternatlve" 

expansion plans provided by the CONGEN module, and then determines the 
base expansion policy for the system. The forward dynamic programming 
method is used to find the expansion plan that gives the minimum dis
counted cash flow of compounded capital and operating expenditures over 
the study period. The value of the objective function, which is to be 
minimized through dynamic programming, is calculated for each system 
configuration in each study year. Each system configuration is designated 
as "state" and each year is designated as Rlstage ll

• In conjunction with 
the dynamic programming optimization, two aspects, namely how to calculate 
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the objective function and what constraints are imposed, are outlined in 
the next two paragraphs. 

The objective function is defined as the sum of all operating costs 
and capital costs for construction minus the salvage value of the plants, 
both of which are discounted to a specified base year. Separate or com
mon discount and escalation rates can be applied to each cost component. 
Discount rates can be varied within the study period. The salvage value 
considered in the objective function represents the credit given for the 
unused portion of the unit life. In other words, it is equivalent to 
the depreciated value of the plant. The salvage value is calculated by 
either the straight-line depreciation schedule or the sinking fund 
depreciation schedule. 

The major constraints on optimization are: (1) critical value of 
LOLP, (2) u~per and lower reserve limits and (3) the tunnels to limit 
the possible' number of un its added in each year. With the first con
straint, the configuration with a LOLP higher than the value specified 
by the user are not included in the final expansion pattern. The LOLP 
values used here are either from CONGEN or MERSIM, depending on the 
option selected by the user. The LOLP from CONGEN does not include the 
effect of the maintenance schedule, while the LOLP from MERSIM does. 
The second constraint is applied at CONGEN rather than in the DYNPRO 
module, so all of the configuration passed from CONGEN to DYNPRO already 
satisfies this constraint. The same applies to the third constraint. 

As explained in Section 4.3.4 the tunnel is an artificial con
straint to reduce the amount of calculation for each run of the module. 
If the number of one type of unit at a stage is on either the upper or 
lower side of the tunnel, it indicates that the true optimal may be 
outside of the tunnel. Therefore, the run of the three modules, CONGEN 
through DYNPRO, must be reiterated with an altered tunnel until all the 
numbers of units are within the tunnels. The wider the width of tunnels, 
the fewer the number of iterations; but computing time of each iteration 
is substantially increased. 

The DYNPRO module uses the five data files generated by the pre
ceeding modules and some additional input. The input consists of the 
economic parameters for calculating the objective function, the number 
of years for optimization, selection of alternative options available 
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Reference 7 points cut that, even though the "look ahead" optimization 
which results in capital intensive expansion is cheaper in a very long 
run, the utility manager must be willing to lose money for six to eight 
years. The length of period for losing money depends on how far into the 
future one looks. In the WASP case, this means how long the study period 
is. 

If the construction cost for the future plant is passed on to 
sent customers, the present customers are sacrificing by constructing 
large nuclear units for the benefit of the customers of six to eight 
years later. (This length of time would be much longer if the length of time 
of construction of large nuclear units is taken into account.) On the 

other hand, if only less capital intensive plants are built for the benefit 
of present customers, the customers in the future will be burneried with 
a higher cost of electricity. If we consider the value of our childrenis 
future, as well as our own, then paying higher prices for constructing 
future plants would be justified, and accordingly WASP should be used 
ra ther than OGP. 

There is no unique way from the engineering view point to determine 
how long the period should be for which the total cost is minimized. The 
present gap between OGP and WASP offers a fundamental problem that the 
regulators would have to investigate and solve. 
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CHAPTER 5 

THE LOSS~OF-LOAD PROBABILITY PROGRAM 

5&1 Objectives 

As the cost of generation becomes higher, regulatory agencies focus 
more attention on the following questions: 

1. Is the current reliability level of the generation system 
really necessary? 

2. What is the effect of reliability criter-ja on the cost of 
electric generation? 

3. How effective is load control in maintaining a high relia
bility with minimal addition of new capacity? 

4. Are all the plants scheduled by a utility really necessary 
to maintain the current reliability standard? 

In order to provide a means of answering those questions, the LOLP 
1 2 

program has been developed. The loss-of-load probability ~ is the 
concept most commonly used by the electric utility industry to measure 
the reliability level of a generating system. The method of calculat
ing the annual LOLP adopted in this program is to sum up the LOLP for 
all the hours in a year. The LOLP program consists of two parts, (1) 
maintenance scheduling and (2) LOLP calculation, which are explained in 
detail in the remainder of this chapter. The Dayton Power & Light 
System (DPL) as shown in T~ble 1 will serve as a model to illustrate 
the result. However, the results of calculation in the illustration 
should not be considered to represent the real DP&L system, since several 
simplifications and assumptions have been made. 

5.2 Maintenance Schedule Algorithm 

The maintenance schedule determined by this program is based on 
(1) the estimated peak load by month and (2) the net system capacity 
by month. The difference between the estimated peak load and the net 
system capacity for each month provides the maintenance space and will 
be denoted in this chapter as the operation reserve before maintenance 
(ORBM). The ORBM forDP&L is illustrated in Figure 1. The number of 

5 - 1 



e 1. Dayton 'Po\'lcr ~ Lj g h t Comp(1 ny 
Generating Stations 

Maximum 
Net DPfrL 

Plant Capacity Ownership 
Number Plant Name (MW) (%) 

- 1 Beckjorcl 6. 434 50 
2 Conesville ¢ · 800 16 .. 5 . 
3 J. M. Stuart 1 585 3S 
4 J. M. Stuart 2 585 35 
S J. M. Stuart 3 585 35 
6 J. M. Stuart 4 570 35 
7* Miami Fort 7 500 36 
8 Stuart Diesels (4) 11 35 
9 Tait 4 139 100 

10 Tait 5 139 100 
11 Tait Topping 148 100 
12 Hutchings 1 61 100 
13 Hutchings 2 60 100 
14 Hutchings 3 67 100 
IS Hutchings 4 67 100 
16 Hutchings 5 67 100 
17 Hutchings 6 67 100 
18 Hutchings G.,T. 28 100 
19 Yankee 1 21 100 
20 Yankee 2 21 100 
21 Yankee 3 21 100 
22 Yankee 4 18 100 
23 Yankee 5 18 100 
24 Yankee 6 18 100 
2S Yankee 7 18 100 
26 Tait Diesels (4) 11 100 

. 27 Monument Di~sels (5) 14 100 
28 Sidney Diesels (5) 14 100 

. . . ... 
~.--

*On line as of 1975. 
System capacity :: 2, :365 MW, 

Effective Effective 
Dr&L ed 

Capaci ty Outage 
(MW) Rate (%) 

215 11 .. 6 
130 22 .. 9 
205 11 .. 6 
205 11 .. 6 
205 11.6 
200 11.6 
130 11.6 

5 10.0 
140 5.1 
140 5.1 
150 5.1 

60 3 .. 2 U'1 

60 3.2 
65 3. 2 N 

65 3 .. 2 
I 6S 3.2 

65 3.2 i 
30 10.0 
20 10,,0 
20 10.0 
20 10.0 
20 10.0 
20 10.0 
20 10.0 
20 10.0 
10 10 .. 0 
15 . 10.0 
IS 10.0 
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days required for maintenance of each unit is given by input. The 
number of'days times the capacity of a unit is defined as maintenance 
space for the unit. The total maintenance space is calculated by sum
ming up the maintenance space for all the units. 

The first step of maintenance scheduling in this program is to 
allocate the total maintenance space to the twelve months in the year 
considered. The criterion in planning a maintenance schedule is to 
minimize the annual loss-of-load probability. In this program, the 
maintenance space is rst allocated so that the operating reserve' 
after maintenance becomes a constant for each month except for the 
months in which the ORBM is too small to allow any maintenance. At 
this stage it is assumed that the maintenance space can be distributed 
in any way. The maintenance schedule thus determined is referred to as 
thd ideal maintenance schedule and is illustrated in Figure 2. 

The maintenance schedule for each unit is determined in the decreas
ing order of unit capacity as follows: 

1) The la}~gest capacity unit is considered first. The maintenance 
schedule is determined if this can be done within the ideal 
maintenance schedule. If it does not fit in the ideal main
tenance schedule, then the program uses the schedule by which 
the deviation from the ideal maintenance schedule is a minimum. 

2) The second largest unit is considered next. The same procedure 
as (1) is performed for the remaining part of the ideal 
maintenance schedule. 

3) The same procedure is repeated for all the units to be main
tenanced in order of decreasing capacity. 

The maintenance schedule thus determined for the DP&L system is 
shown in Figure 3 compared with the DPL's own schedule, Figure 1. 

The effect of the difference in those two maintenance schedules on the 
reliability is discussed in Section 5~4. 

5.3 Loss-of-Load Probability 

The annual loss-of-load probability is calculated by totaling the 
loss-of-load for each hour of the year studied. The capacity outage pro
bability table is constructed for this purpose. It describes the pro
bability of more than X MW on outage, where X is a multiple of an increment 
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of 5 MW. The capacity of units is rounded to the nearest multiple of 
5 MW. This discretization makes the whole calculation and tabulation 
of the result easy. 

By using the capacity outage table, one can easily find the loss
of-load probability for a period in which the electric load can be 
assumed to remain constant. Suppose one hou~ during which the system 
load can be assumed to be a constant, say L MW, and that the system 

reserve duri ng th is hour is R MW. Capac i ty outage tha tis equa 1 to or 

less than R MW produces no loss-of-10ad. On the other hand a capacity 
outage greater than R yields 10ss-of-load. Therefore, the value of the 
capacity outage table at X ::: R, say P, gives the probability that 

10ss-of-10ad continues during this hour. Statistically, this is 

equivalent to saying that the estimated loss-of-load during this hour 
is P. The total hour of loss-of-load for a year can be obtained 
by totaling this 10ss-of-load hour for all the hours in a year, and 
then can be converted into units of days/year. 

The capacity outage table is first constructed on the assumption 

that there is no maintenance outage. In order to take account of the 
units off line for maintenance, the capacity outage table is altered 
for any particular combination of the maintenanced units. This can be 

done with a small amount of computing time, as will be described later. 

The next two examples show how the capacity outage table is 

constructed. 

EXAMPLE 1 Construction of Capacity Outage Probability Table 
In this example a system consisting of only two units is considered: 
Iln;+ :lJl ?lh Ml'e· 0 :::: n 11&: VII I \., Tr c... I..J I-U\l , I f -- v. I I V 

Unit #2 130 MWe; Pf ::: 0.229 

where Pf is the forced outage probability. The capacity outage 
probabilities are calculated as follows: 

Capacity on Outage 
X (MW) 

o 
130 
215 

215+130 ::: 345 

Probability of X MW on Outage 

(1-0.116)(1-0.229) ::: 0.6816 

(1-0.116)(0.229) ::: 0.2024 
(0.116)(1-0.229) ::: 0.0894 
(0.116)(0.229) :::: 0.0266 
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EXAMPLE 2 
Suppose another unit is added to the system of Example 1: 

Unit #2 205 MWe; Pf :: 11.6 
Then the probability of X on outqge is calculated as follows: 

the case where Unit #3 is available, probabilities are calculated 
as: 

X MW on Outage 

0+0:: 0 

130+0 :: 130 

5+0 :: 215 
345+0 :: 345 

Probability of X MW on Outage 

(0.6816)(1-0.116) :: 0.6025 
(0.2024)(1-0.116) :: 0.1789 
(0.0894)(1-0.116) :: 0.0791 
(0.0266)(1-0.116) :: 0.0235 

For the case where Unit #3 is not available, we have: 
X MW on Outage Probability of X MW on Outage 

0+205 :: 205 
130+205 :: 335 
215+205 :: 420 
345+205 :: 550 

(0.6816)(0.116) :: 0.0791 
(0.2024)(0.116) :: 0.0235 
(0.0894)(0.116) :: 0.0103 
(0.0266)(0.116) :: 0.0031 

Rearranging X in the above two tables in the increasing order of 
X, the capacity outage table for the system of three units is 
obtained as follows: 

X MW 

o 
130 
205 
215 
335 
345 
420 
550 

Probability 

0.6025 
0.1789 
0.0791 
0.0791 
O~0235 
0.0235 
0.0103 
0.0031 

Cumulative Probability*,P 

1.0000 
0.3975 
0.2186 
o. 1395 
0.0604 
0.0369 
0.0134 
0.0031 

* P is the probability that X or more MW is on outage, 
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For a system with a larger number of units the procedure shown in 
the above examples is continued until all the units are included. The 
capacity of each unit is rounded to the nearest multiple of 5 MW (or 

-10 MW depending on the selection of discrete increment of X). As the 
number of units increases, X of almost every multiple of 5 MW in the 
range of interest appear in the table. If some multiple of 5 MW is missing 
in the table, the cumulative probability for that X can be found by 
interpolation. The capacity outage table thus obtained for DP&L is 
illustrated in Table 2 and also plotted in Figure 4. 

The table thus constructed does not take the maintenance outage into 
consideration. In order to incorporate the effect of maintenance outage 
accurately, the table for all combinations of forced outage would have 
to be constructed. However, there is a convenient method 1 for remov-
ing a unit from the capacity outage table. To explain this approach 
let us first generalize the procedure to add a unit to the table. If the 
cumulative probability for a system consisting of N units is given by 
PN(X), then the cumulative probability for the same system with one 
additional unit is given by 

where PN+l is the cumulative probability for the N+l units, C is the 
capacity of the (N+l)-st unit,and r is the forced outage probability 
of the (N+l)-st unit, and 

PN(X) = 1.0 for X~O 

In Equation 1, C is also rounded to the nearest multiple of 5 MW. The 
calculation for PN+l(X) starts for the lowest multiple of 5 MW for X 
and proceeds by increasing X by 5 MW. 

Re~oving any unit from the table is just the reverse of Equation 
5-1. Assumi n9 a un i t of 0 MW wi th a forced outage probabi 1 i ty r lis 
removed from the system of the N+1 units, we replace C and rl in Equation 
(1) by D and r, respectively, and solve for PN(X). Thus we have 



MW 
ON 

OUT
AGE 

o 
10 
20 
30 
40 
50 

.60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
110 
180 
190 
200 
210 
?20 
230 
240 
2~O 
260 
270 
280 
290 
300 
310 
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This calculation is started from the lowest X and proceeds by increasing 
X by 5 MW. 

By repeating this procedure, any number of units on maintenance 
outage can be removed from the table. However, since the number of units 
on maintenance at one time is much smaller than the number of units on 
line, this procedure is much faster than reconstructing the whole 
capacity outage table for the units on line~ 

5.4 Sample Calculations 

The result of three applications of the LOLP program is presented 
in this section. 

In the first application, the annual LOLP for DP&L is calculated 
using the hourly load data in 1974. The two different maintenance 
schedules as discussed in Section 1, namely the schedule determined by 
this program and the 1977 schedule determined by DP&L, are considered. 
The LOLP for both schedules are compared in Table 3. 

Table 3 LOLP* of DP&L 

No Maintenance** Maintenance Schedule 
of this Program 

0.315 0.528 

* (1) 1974 hourly Load Data 
(2) Any Interconnection is Neglected 

** No Maintenance is Assumed 

Maintenance Schedule 
of DPL 

0.557 

In the second application the amount of guaranteed reserve is con

sidered as a parameter. 
A guaranteed reserve may be provided by a firm contract which supplies 

pO\'Jer whenever necessary up to the contracted amount. In the calculation 
of LOLP, th~ effect of such guaranteed reserve can be equivalently taken 
into consideration by decreasing the load by that amount throughout the 
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study period. The relation between LOLP and the amount of guaranteed 
reserve thus calculated on an hourly basis is shown in Table 4. An 
alternative way to provide a guaranteed reserve is to install peaking 
units. Then, referring to Table 4, the cost of reducing LOLPform 
0.315 day/year to 0.02 day/year may be equal to the cost of installing 
and maintaining 200 MW equivalent peaking units. 

Table 4 Effect of Guaranteed Reserve 
Margin on LOLP 

Guaranteed 
Reserve,MW 

o 
50 

100 
150 
200 
250 
300 
350 
400 

LOLP* 
Day/Year 

0.315 
0.175 
0.095 
0.051 
0.027 
0.013 
0.007 
0.003 

0.001 

* Maintenance outage effect is 
neglected. 

In the third application the LOLP calculated by this code is com-
pared with the LOLP calculated by the WASP program on the same data 
basis. The WASP reliability calculation is performed by the convolu
tion method using Fourier expansion for the equivalent load duration 
curves. Therefore, the LOLP program was modified so that a load duration 
curve is used as input. No maintenance schedule is considered for sim
plicity in this comparison. The annual LOLP's during 1976 and 1986, 
for an assumed load forcast and system expansion of DPL, calculated by 
the two methods are compared in Table 5. 
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Table 5 Comparison of LOLP (days/year) 

Year WASP LOLP 
Program 

1976 0.658 0.425 
1977 1 .803 1 .499 
1978 1.792 10567 
1979 1.624 1.365 
1980 1 .227 1.028 
1981 0.988 0.805 
1982 0.846 0.689 
1983 0.733 0.585 
1984 0.511 0.418 
1985 1 .483 1.330 
1986 1 .261 1.128 

The LOLP calculated by WASP is consistently higher (an average 
of 22%) than that by the LOLP program. It is not clear at this time 
which program is responsible for this discrepancy. Although this 
amount of discrepancy is not serious in a crude analysis of relia
bility, a further investigation to improve the numerical accuracy or 
prove the validity of the programs is necessary. 
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CHAPTER 6 

REGULATORY ANALYSIS MODEL 

6.1 . Descri pti on of the Program 

The Regulatory Analysis Modell is a package of computer programs 
to project the financial status of a utility operations by using a set 
of input assumptions about demand, capital expenditures, operating costs, 
and financial and regulatory policies. This program was developed by 

Temple, Barker and Sloane, Inc., in Boston, Massachusetts, under the 

contract with the Federal Energy Administration and tailored for the. 
Public Utilities Commission of Ohio (PUCO). The program is currently 
available on ·the IBM-370/l68 at The Ohio State University, and can be 
accessed by PUCO through the TSO system. 

All the details of the model including the input preparation and 

operational pro~edure is described in Reference 1, The purpose of this 
chapter is, however, to introduce an outline of the Regulatory Analysis 
Model so that the reader can understand the role of this model in the 
entire computer package described in this report. Should any agency 
other than PUCO adopt this model it should consult with Temple, Barker 
and Sloan, Inc., for transfer of the model. 

The Regulatory Analysis Model consists of five major modules;* 
(a) Plant ~lodule, (b) Performance Module, (c) Fixed Obligation Mod-
ule, (d) Finance Module, and (e) Report Writing t~odule. Interactions 
among the five modules are shown in Figure 1. The mathematical 
equations for each calculation are contained in Reference 1. In the 
remainder of this chapter the functions of each module are described. 

* In the original report on this program prepared by TBS, the whole pro
gram is ca 11 ed II RAm (fi nance) /I \~!h i 1 e the same name is used for one 
module of the program. This is somewhat confusing to the reader; so we 
call the entire program as Regulatory Analysis Module and each subprogram 
as follows: . 

Original Name 
RAm {finance} 
RAm (finance) Module 
RAm (perfoY',ndtlCe) Module 
RAm (fixed obligation) Module 
Plant Module 
Report Writing Module 
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In This Report 
Regulatory Analysis Model 
Finance Module 
Performance Module 
Fixed-Obligation Module 
Pl ant ~lodul e 
Report Writing Module 
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6.2 Description of the Modules 
6.2.1 Plant Module 

The plant module performs the following five types of calculations: 
1. Construction Work in Progress (CWIP) 
2. Allowance for Funds Used During Construction (AFDC) 
3. Amount of AFDC associated with each category of plant in 

service. (The model allows from one to ten categories of 
future plant, such as transmission, distribution, nuclear 
production, etc.) 

4. Amount of depreciation, both tax and book, for each plant 
category. 

5. Net and gross plant value. 

To perform these tasks, the plant module needs two types of 
information. The first type is historic, and consists of the latest 
available ending balances of CWIP, gross and net plant value, and 
accumulated tax and book depreciation. These are used as a starting 
point for the projections. The other type of information required is a 
projection of annual capital expenditures (actual excluding AFDC), 
retirements, and plant in service additions, for each plant category. 
(The four plant categories most commonly used are production, transmis
sion, distribution, and other.) These data are obtained from the com
panies being studied and public sources, such as annual reports or 
prospectuses. 

(i) Construction Work In Progress 
CWIP is calculated by taking the previous year's CWIP figure, 

adding to it all actual expenditures, and subtracting all increases 
in plant in service (before retirements). The AFDC component of CWIP 
is kept separate. This implies that all capital expenditures must be 
accounted for in either CWIP or plant in service. Therefore, the in
crease (or decrease) in CWIP is equal to capital expenditures less the 
amount transferred to plant in service. 

(ii) Allowance for Funds Used During Construction 
The amount of AFDC shown as income in each year is calculated by 

multiplying the average CWIP balance by the AFDC rate. While the cal
culation of AFDC is simple, its accounting is more compl~. The 
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amount of AFDC in the CWIP account and the AFDC portion of each plant 
in service category must be kept separate because of the special nature 
of AFDC. When calculating the current year's AFDC amount, the AFDC 
portion of CWIP cannot be included. When depreciating the plant accounts 
for income tax purposes, only the non-AFDC portion of plant cost can 
be depreciated. For book purposes, however, the AFDC portion evaluated 
in plant cost must be depreciated. 

To properly account for AFDC, a second calculation is made. 
The second calculation determines how much AFDC is associated with the 
plant going into service in a particular year. This amount is subtracted 
from the accumulated AFDC in the CWIP balance, and added to the accumu
lated AFDC in the plant in service balance, In effect, AFDC accounting 
parallels that of cash expenditures, with each plant and CWIP account 
having a corresponding AFDC account. 

The second AFDC calculation is based on an estimate of the portion 
of expenditures which occurs in each year prior to completion for each 
type of construction project, the total cost of that project, and the 
AFDC rate. From this information, the amount of AFDC which would be 
accrued during the construction of the project is calculated and trans
ferred from accumulated AFDC in CWIP to accumulated AFDC in plant in 
service when the project is completed. 

(iii) Depreciation 
The annual deprec"iation charges are determined separately for 

plant existing at the beginning of the analysis and plant which is 
added over the period of the run. In addition, several deprecia~ 

tion figures are calculated: book depreciation of plant, book deprecia
tion of AFDC component of plant, and tax (accelerated) depreciation of 
plant. 

The main difference between the calculations for existing plant 
and new plant is the level of detail. Depreciation for existing plant 
can be computed by FPC plant account while the new plant is subdivided 
between one to ten categories (or general accounts). 

Book depreciation is calculated on a straight-line basis by 
multiplying the gross value of each plant account and category by a 
depreciation factor. For existing plant, these factors for each account 
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are available from the FPC Form 1, as are the net and gross values of 
each plant account. The depreciation factor is determined by the utility 
for each plant account based on studies of the average expected life of 
equipment in each account. For new plant, the factor is equivalent to 
the inverse of the number of years of expected life. The AFDC component 
of new plant is also depreciated on a straight-line basis for book 
purposes, using the same depreciation factor as the corresponding plant 
in service account. 

Tax ~epreciation is calculated exclusive of AFDC. Since it is 
di ffi c ul t to i dent i fy the gros s and net plant va 1 ues used for tax pur
poses, the net plant value (tax) of existing plant is estimated based 
on the ratio of tax depreciation to book depreciation, asset life, and 
gross plant value (book). Tax depreciation is calculated on a double 
declining balance basis, That is, tax depreciation is equal to the net 
plant value (tax) times twice the inverse of the life. 

(iv) Gross Plant Value (Book) 
The gross plant value is determined by summing the gross value 

of each FPC plant account for existing plant, adding the gross value 
of all new plant, and subtracting any retirements. 

6.2.2 Performance Module' 

Performance module provides projections of operations and main
tenance (O&M) to the Finance Module for each FPC account and sub~ 

account for the entire forecast horizon. 
To perform this function, Performance Module uses four types of 

input data:' 
1. FPC O&M account and sub-account data for the past five to 

ten years. 
2. 'kWh sa1es, peak load demand, number of customers for the 

historiC time span the same as the historic O&M values, 
3. Projections of the above exogenous variables, covering the 

time span over which the user wishes to project the O&M values~ 
4. Projection of fuel usage by generation type of station with 

projected heat rates. (These data will greatly improve 
the accuracy of future cost projections, though this level 
of detail is not necessary.) 
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The first step in projecting the O&M values is adjusting the 
historic data for inflation and abnormal expenses. This adjustment can 
be done in two different ways. The first is a multiplicative ajdustment 
which will multiply (or divide) each historic value in a given O&M 
account or sub-account by a factor. This adjustment is frequently used 
to adjust historic costs to constant dollars, With such an adjustment, 
analysis of historic data reflects basic relationships, not trends in 
inflation. The second type of adjustment is additive, and to adjust 
the O&M values for a specific year or number of years in a specific 
account or sub-account to reflect abnormal charges or charges that a 
regulatory commission will not allow. For example, high maintenance 
expenses resulting from a bad stann might be normalized by reducing the 
expense in the year of occurrence and adding appropriate amounts to 
other years so as not to exert undue influence on projected values. 

After the adjustments, it proceeds to project future values for 
each O&M account or sub-account. For each FPC account and sub-account, 
the user must specify the following: 

1. Method of calculation 
2. Exogenous variables. 

The user has the option of specifying one of six existing cal
culation methods or adding new ones. The six methods employ three 
separate equations, which project O&M expenses using trend, linear, or 
multiplicative relationship$~ In general, each equation requires a 
projection of one or more exogenous variables, and coefficients that 
show the historic relationship of each variable and the O&M account value. 
In three of the six calculation options, performance module will calculate 
those variable using a standard statistical approach, least-squares 
regression. In the other three calculation options, the user can 
specify the coefficients. This gives the user the freedom to exercise 
judgment over the accuracy of the projections and to adjust them to I 

reflect actual experiences or changing circumstances. 
-After P~rformance Module has made projections for each FPC 

account or sub-account, the projected values are transferred to finance 
Module, where they are aggregated and used to develop the financial 
projections. 
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6.2.3 Fixed Obligations Module 

Fixed Obligations Module performs calculations rega a 
utilityis outstanding long-term debt and preferred stock issues (fixed 
obligations). In addition, it can measure the effect on interest and 
dividend payments and embedded interest rates of any new issue. In 
conjunction with Finance Module, Fixed Obligations Module performs two 
functions: 

1. it allows the user to create a long-term debt file and a 
preferred stock file which contain information pertaining 
to each debt and stock issue outstanding as of the model 
base year; and 

2. it calculates the annual interest charges and dividend pay
ments on outstanding debt and preferred stock for each year 
of the forecast period. 

The debt file and preferred stock file created with the Fixed 
Oblications Module contains a description of each issue, the year,and 
date of issue, the year of retirement (if any), the interest or dividend 
rate, the original amount of issue, the current amount outstanding, and 
the annual sinking fund payment (if any). Finance Module uses this 
file to make preliminary estimates of interest payments, calculates the 
amount of new debt and stock issues, and adds them to debt and stock 
files. Fixed Obligations Module then uses the file to calculate the 
exact amount of long-term debt interest payments and preferred stock 
·dividends. The informaion is then passed on to Finance Module for use 
in the financial calculations. The amount of interest or dividends to 
be paid each year on each issue is assumed to be paid on the date of 
original issue, and is prorated if the issue has not been outstanding 
for a full year. 

6.2.4 Finance Module 

Finance Module is the heart of this program. It calculates required 
revenues and all the relevant financial parameters necessary to develop 
an income statement, a balance sheet, a sources and uses of funds state
ment, and other financial indicators such as interest coverage ratios

q 

In particular, Finance Module calculates each year of the forecast 
period: 

1. Required revenues 

2. Net income and return on equity for a given rate of return 
on the rate base 
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the savings realized by the utility is amortized over a period of years 
(usually equal to the life of the asset which generates the tax deferral). 
The accounting for investment tax credits is handled on a normalized 
basis whichever accounting meth6d is selected. This was done to reflect 
the federal law governing ITC's at the time this model was developed, 
requiring the normalization of ITCls if the full 10% rate was to be used. 

The basis for the financial calculations in the finance module is 
the attainment of a net income derived from the user-specified rate of 
return on net plant investment or common equity, The finance module 
calculates the information necessary to develop an income statement from 
the bottom up. That is, net income is calculated first, then income 
taxes, interest, other income, operating income, operating expenses, 
and finally, operating revenues. The following formula shows a simple 
income statement which will be useful for reference in the following 
discussion. 

Operating Revneues 
- Operating Expense (fuel, operating, maintenance, purchased 

power, etc.) 
- Other expenses (depreciation, other taxes, etc.) 

Operating Income 
+ Other Income (equity earnings in subsidiaries) 

Earnings Before Interest and Taxes (EBIT) 
- Interest (long-term debt, short-term debt) 

Earnings Before Taxes (E8T) 
- Income Taxes (including the effect of tax deferrals) 
+ ITC 

Net Income 
- Preferred Dividends 
- Common Dividends 

Retained Earnings 
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The calculations are, for the most part, straight-forward and 
simple. After subtracting preferred dividends calculated by Fixed 
Obligations module from net income, the remaining income is allocated 
between retained earnings and common dividends, using a user-specified 
ratio. Working up the income statement, income taxes are calculated 
using the prevailing federal and state income tax rate and the after 
tax net income (less any non-taxable income, such as AFDC). This cal
cualtion is somewhat complicated because the effects of the various 
non-taxable items, tax deferral items, and ITCls must be accounted for. 
The amount of investment tax credit is calculated as a percentage of 
the cash capital expenditures for the year, less a portion assumed to 
be ineligible for ITC (e.g., buildings, land, etc.). By adding net 
income and taxes paid and subtracting lTC, earnings before taxes (EBT) 
is determined. Adding in the long-term debt interest calculated by 
-Fixed Obligations Module and the interest on short-term debt interest 
calcualted by the Finance Module (a given interest rate times the 
average short-term debt for the year), to EBT gives earnings before 
interest and taxes (EBTT). Subtracting other income (AFDC, calculated 
by the Plant Module, and any user-specified equity earnings in subsidiary 
companies) from EB1T yields operating income. To determine operating 
revenues, the various expenses must be added to the operating oncome. 
The O&M expenses (fuel, operations, maintenance, purchased power, etc.) 
are provided by the Performance Module. Depreciation charges are cal
culated by Plant Module. The remaining expense, other taxes, is cal
culated by the Finance Module as a percent of gross plant (property 
tax) and of operating revenues (franchise and payroll, and miscellaneous 
. \ taxes). 

As Finance Module calculations work their way up the income state
ment, the calculations necessary to develop the other two basic financial 
statements, the balance sheet and sources and uses of funds, are performed 
in the process. The capital expenditures and AFDC computed in Plant 
Module require financing from internal sources (retained earnings, tax 
deferrals) and external sources (long- and short-term debt, preferred 
and common stock). Funds required in excess of internally generated 
funds are financed first through the issuance of short-term debt to a 
predetermined limit, then through the issuance of a user-specified mix 
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of_long-term debt, common stock and preferred stock. If there exists 
internally generated funds in excess of expenditures, short-term debt 
will be reduced to a user-specified minimum and any remaining funds 
will be put into the net working capital account. 

6.2.5 Report Writing Module 

The report writer receives all the information calculated by 
Finance Module, Fixed Obligations Module and the Performance Module and 
displays these data in various user-specified reports. At present, the 
user has the option of printing income statements, balance sheets, 
sources and uses of funds statements, and O&M expense projections. The 
Report Writer allows the user to print these reprots for any year or 
years over the forecast period, The user also has the option of 
specifying which lines of each report are to be printed. 

The reports now available to the user are those which will be of 
the most use to regulatory commissions and utilities. The income state

ment (lable 1) is formatted in the same manner as in the fPC Form 1, 
the Uniform Statistical Report, and most utilities' annual reprots. 
The income statement shows the various operating expenses, capital 
expenses, and taxes, and the revenues that are required to meet those 
expenses and still yield a given net income or return on common equity. 

Table 2 shows the sources and uses of funds statement that is use
ful in determining the cash flow of a utility. The various sources of 
cash (e.g., retained earnings, external financing, depreciation, etc.) 
are shown along with the uses of funds (capital expenditures, etc.), 
allowing the user to se~ explicitly how a utility can be expected to 
meet its future financial obligations. 

The balance sheet shown in Table 3 is a summary of all the fin
ancial transactions shown on the sources and uses of funds statement. 
From it the user can track the changes in capitalization and asset 
value of a utility. 

The O&M expense report in Table 4 shows the future values of 
each O&M account and the method and coefficients used to calculate the 
O&M values. Both the projected values and the historic values on 
which the projection was based are shown. In addition to the O&M expense 
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report, the user can have the hi 
in current or constant (un; ated) 
O&M expense accounts can pl 

c and projected O&M values graphed 
lars (Figure 2). Up to five 

on the same graph for comparison 
purposes. This allows a su 
utility or between utili es. 

comparison O&M accounts within a 

Table 5 is an example the Master Data File report. This 

report is intended as an aid the user in tracking down input 
errors. The report displ all the items contained in the main output 
data file of Financial Module~ in uding all the items which make up 
the other reports srown in the preceeding exhibits. In this report, 
as with the others, the user can specify whether the whole report is 
to be printed, or just certain lines and/or years. 

The report writer is not limited to just printing reports from 
data from the Master Data File The report writer can access and 
output file and use its data as the basis for a report. 

6.3 Execution of the Program 

To use the Regu~atory Analysis Model. the user must: 
1. collect the data necessary for input, 
2. put the data in the proper form, 
3. load the data into the model input files, 
4. run the model, 
5. print reports, and 
6. analyze the results. 

A brief description of each step follows. 

Collect the Data 
The majority of the data required to run Financial Module and the 

other modules are available from public sources, such as the FPC Form 1, 
the Uniform Statistical Report (USF; filed by each utility annually 
with the Edison Electric Institute), the annual reports to stockholders, 
and utility's most recent stock or bond prospectus. The data obtained 
from these sources include: 

1. Historic operations and maintenance account data 
2. Heat rates of plants 
3. Interest rates 



-------_._-----

Table 5 (cont'd) 

DAYTON ?OwER AND LIGHT 
-----------------------MASTER DATA fILE 

DECEMBER 31 

----t.HU .. IONS -Of--CURRENT-aOLLARS---------- -------------... _----

_._. --. -----1915 ----"--'1976 - ---"f'H7 1918 1919 . 1980 1981 19~2--19i33 1984 

. fEOt::RAl ItJCOME TAXES '0 ----6 .. 73 --16~)2 .. -- 21 ~97 --.- 29 .. 03 ----J8 .. 78 ---·46 .. }6 '--55 .. 27 --'1)~43--- 86 .. 89 '-- 0') 

OTHER TAXES 0 IB"OB 19.)1 21.58 25.19 )0.26 35.20 40.42 45 .. 91 52.28 
OTHt:R INCO~£ 0 0 0 0 0 0 0 0 0 0 
.AllOW fUjI-,OS DURING CONSr-----o ---13 .. 35 --'20 .. 26 --26~31--28:39 --2B .. 95 --33 .. 61--40 .. 92---44 .. 86----42 .. 10---
YNi EXP lOhG TERM DEAT 0 26 .. 55 30e17 33.06 47 e 08 S7~)5 70 .. 82 84 .. 77 98 .. 35 109 .. 76 .......a 

INT RATE LTD AVERAGE 0 1 .. 31 1 .. 58 8 .. 15 8 .. 65 B .. 93 9 .. 20 9 .. 49 9 .. 62 9 .. 74 
INT RATE LYD END Of PER·------- 0 7~31 7,,£12 8 .. 48 8 .. 80' 9 .. 05 9 .. 30 9 .. 58 9 .. 61 9 .. A3 ----
orVIOE~D E)P PREf STOCK 7.50 7 .. 56 9 .. 35 12 .. 60 15 .. 61 18 .. 86 22 .. 76 27 .. 37 31 .. 45 34 87 
INT RATE PREf STK AVERAGE 0 7.88 8@27 8.75 9.04 9 0 26 9.45 9 0 62 9.12 9*19 
INT RATE Ph£f STK END PER ------ 0-"'--"'1 .. 88'--- 8 .. 56--- 8 .. 91--9 .. 16---9 .. 36 ----9 .. 54 ·---9 .. h8----9~ 76---9~8)----

INT EXP SHeRT TERM DEBT 0 )~33 4~06 1.88 1.88 1.88 1.98 1 88 1088 1@88 
"'lSC AMORT DEBT OISC,EXP 0 0 0 0 0 0 0 0 0 0 
COMMON DIVIDENOS ---------.- 0 .. 31 ---30 .. 56 J7,,6)-----44~70 52~72 62 .. 3) 13·",70---S3 .. 11 92 .. 23----
IJr.-USED 0_ 0 0 0 0 0 0 0 0 0 
UNU~EO 0 0 0 0 0 0 0 0 0 0 
utJUSED 0 0----- . 0"---'- 0----'-- 0 0 0-·-····--·0 0 0----

~ET INCO~E 0 43.,11 50.,65 63.45 16.02 90 .. 09 106 e 99 126@96 144 .. 64 159 6 51 
Ir.-VtST~E~T TAX CREDIT 0 7.89 3.98 4$68 5079 6.61 8@22 9 .. 15 5~97 6 .. 60 
INVEST TAX CREDIT ;l.MORT'------·--O .. 31 ,,48-- - .. 61 -.16 .. 94 1 .. 16---- 1",40 1 .. 54---'1",69'---
CAPITAL EXFENOITURE PLANT 0 26@49 JJ.~3 94.34 IS4.08 190 .. 30 163 .. 27 207$54 172 .. 43 271 17 
SIN~G fU~D PAY THIS PER 0 0 0 0 0 0 0 0 0 0 
CCNSTR0CT EXPEND Pl~NT -------·-·0----<;8 .. 64 -·--·124,,31-·"f46,,29--1BO .. 98- --206 .. 59--256 .. 73--286 .. 00 --186 .. 65---206.. -.----
NET ~ORK CAPITAL THIS PER 0 6.12 e83 15.3~ 22.50 26 6 36 39~59 40 .. 16 42 .. 85 47~73 
OE?KECIATICN Afoe - CUM 2@32 4 .. 67 1 e 06 9 .. 68 13 .. 04 17 .. 40 22 .. 63 28 .. 75 3S~7S 43.93 
If\(V~ST TAX (REOI T CUMUl- .--_.-.- 4 .. 28 11 .. 80 15,,30 '--19 ,,3a -----24,,40 --'30 .. 08'-- 37 .. 1) ----44 .. 88 ---49 .. 31--54 ,,22 ----
TAX CREDIT 0 7,,52 3.50 4.08 5~03 5 .. 67 1,,06 7 .. 75 4 .. 43 4 .. 90 
A F D C - IN CWIP 0 11,,81 2g e 98 43 .. 76 39 .. 18 )9,,43 48 .. 31 58 .. 59 5 
DEPHEC ArDe - THIS PER--'- -- -2:32-'-'--'" 2;34·----2 .. 39--2~62---3~36---4-.. 36--- 5~23--6" 1 

- _" ___ " ____ ... _--- _____ .1_- __ ... _____ .~ _____ ~.-_.-_ 

, 



Table 5 

DAyTON POWER AND LIGhT 
----------------------~ASTER DATA fILE ------

DECEMBER 31 

- -------------------------.---- --.------ ------HILl IONS Of- CURRENT-OOC(ARS 

._-------
}915 1916 1911---i 918 -----1919 1980 --r98 f" --1941\2---- T9Sj----Y<il84 

f1. ... £ NlJ~ .. CArE. COMCODE------S,2 -07/15/76 OPl' ------ ----_.---- -- -----.-.-- ._---------._----------- -----------------------

lIMI~rD r IELD 10 0 () 0 0 0 0 (} 0 0 
GNP DEfLATOR 1.00 .93 .88 oS3 .79 .15 .12 ~69 .66 .6) 

-- £lECTR! C PL A:-H (GROSS 0 INS ,----688 .. 613- 715 .. 11 ---149" 00---843 .. 34 --i 027 .. 42 -1217 .. 72 -1380" 99 -1588 .. 53 --j760., 96 -2032" 1 )----- 0'1 

CONST -O~K IN PROGRESS 120.95 193.10 283.58 335.53 332.4) 348 e72 442.18 520.65 S34oR6 469.92 
ACCU~ DEPRECIATION 200.91 _222Gl~ 244.32 268.38 296.83 331b21 371.22 411.09 468.92 521~90 
OEPt-lEC HdS PER CACCEL) 36 .. ~a 32.89 30 .. 64 30 .. 95 36.35 44 .. 68 52 .. 04 59 .. 50 66 .. A3 76 .. 13 --- 00 
~ET WORKING CAPITAL CUM 123.91 130.0) 130.86 146.18 168.69 19S.0S 234.64 214$79 )11.64 )65.]7 
CUM CO~MCN STK ISSuED IS4.3S 154.3S 216.57 266.77 324.21 387.24 469.46 558 0 82 608~S) 660.36 
COH STK ISSUED THIS PER-----' 0---- 0------62.22---S0.20----S7.4'.---6),,04--82 .. 21----89,.36--49 .. 12----51 .. A3---
CliM PET EA~NINGS GENER 94.94 104.18 114.92 128.14 143.AS 162e37 184.27 210 e 16 239.59 272.00 
~ET fAhNIN(S GEN THIS PER CI 9.24 10.74 13.22 15.71 - 18.52 21.90 25.89 29.4) 32.40 
CUM Pxff STK ISSUEQ 95 .. 99 9S .. 9c;l 129 .. 91 -----157.96 --181 .. 22 ----219 .. 85 --261 .. 49 --307 .. S9 --339 .. 25--- 372 .. 94-
PREF STK IssuED THIS PER 0 0 33.92 28 .. 06 29.26 32.62 41.65 46.10 Jla66 33 .. 69 
CUM LO~G TERM Of AT )65.76 365.76 434.S2 500.22 592.87 696 0 18 B28.05 974$04 1074.29 1180 .. 99 
LNG TR~ CRI ISS THIS PER---- 0 --- 0----68 .. 76---cl6.11---92.6S-103.31--171 .. 93----159 .. ]4---'100.2S--120.11-----------
LNG TR~ G81 REf THIS PER 0 0 0 20.41 0 0 40.05 13 .. 35 a 13.48 
CUM SHeRI TERM DEBT 5.55 83.21 25 .. 00 25.00 25.00 25.00 25.00 25.00 25~00 25.00 
SHT TR~ CBY ISS THIS PER---- - 0 77 .. 72 -58.27----' 0---- -- 0------ ----'0-------0 0-------- 0 -0---
cu~ INC lAX DEFERRALS 9.44 9.44 9 .. 44 9.44 9.44 9.44 9.44 9.44 g e 44 9.44 
INC T A)( OEF TH I S PER 0 0 0 0 0 0 0 0 0 0 
ClJ~ AFOC CAP I TAL IZED ------------ -0 ----- 1 .. 48 ---, -J~63 --16,.-16---4"9 .. 13 ---11 .. 82-102 .. 56 -133.,2'0-)58 .. 34---201 .. 84 ----
AfDC CAPITALIZED THIS PER 0 1.48 2.15 l2.53 32.91 28.69 24.74 30.64 25.14 43.50 
OPE~ATING MEVENUES 257.10 258.73 289.04 333.S4 385.66 463.93 543.33 628.05 722.4) 826.,41 
FUEL EXPENSE ----SCi .. 75- - ,- 86,,29 --- -1 00 .. 95 - -117 .. 59 ---128 .. 02 --iSS .. 15 -183 .. 18 --212 "A9 --245 .. 33 --262 .. A4----
PUNCHASED FOwER EXPENSE 10.98 10.338 .. 48_ 8.14 8.02 6.69 5.51 5.12 5.03 6.42 
OPE~A1IO~ EXPENsE 28.36 32.30 35.41 38.67 42.01 4S.66 49 .. 46 53.59 58.00 62.80 

- MAlf\TEI\AI\CE EXPENSE-- --- -----13 .. 82 ----14~22 ---15 .. 88 --- -1 1":76----19 .. 91"---- 22.60 ---25.45--28~34 --Jl-~ 31--34 .. 76 ---
CEPNEC EXPENSE (SiR LIN) 20.90 21.28 22.13 24.06 28.44 34.38 40.01 45.87 51.84 58.98 
STAJE_ IN~O"'EJAXES ____ ~ _______ O ____ O ____ ~ ___ ~ ________ ~_ 0 0 0 ~ ____ _ 



5000 I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

4000 I 
I 
I 
I 
I 
I 
I 
r 
! 
I 

3000 I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

2000 r 
I 
I 

I 
T 
4 

I 
I 
I 

1000 I 
I 
I 

! * 
:U: * $: 
I 
I 
I 
I 
I 

* 

* 

Figure 2 

* 

* 
* 

* 
* 

* 

* 

* 

* 

* 

* 

* 

DAYTON POWER AND LIGHT 
DIM PROJECTION 

THOUSANDS OF CURRENT DOLLARS 

o I --~--~--.--~~~~-~e~~w-~ -~.-~e~~~~-$~-@--*-~~-~.--~~~ -~e--w-~~-~I 

67 68 69 70 72 73 74 75 76 77 78 79 80 81 82 83 r 8S 86 

- SIGNIFIES BEGINNING OF FORECASTED DATA 

m 

....J 

1.0 



as: 

6 - 20 

4 . Assets and liabilities 
5. Depreciation rates 
6. Capacity additions 
7. Capacity factors 
8. Rate used for allowance for funds used during construction 

(AFDC) 
9. Effective tax rates 

10. Dividend payout ratio 

In addition, the model requires some data from the utility, such 

1. proposed capital budget for the forecast period, 
2. energy supply and demand forecasts, 
3. expected fuel prices, 
4. purchased power agreements and costs, 
5. plant retirements, and 
6. expected capital structure. 

Load the Data Into the Model Input Files 
This step consists of keypunching (and verifying, if desired) all 

the input data into the various input files. Printed copies of each 
file should be kept for each model run so that the calculation can be 
repeated later if necessary. 

Run the Model 
After the input data have been entered, the files must be con

verted to a machine-readable form. Then the model is executed, module 
by module. Every module need not be run every time. For example, if 
the user decides to change the tax rate or an interest rate, the O&M 
calculation program and the plant program do not have to be re-run. 

Print Reports 
After one or more model runs have been completed, the Report 

Writer is used to print the desired reports. 

Analyze the Results 
When the user is confident the results are correct, the results 

can be analyzed with regard to what they imply. This is the main 
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purpose of the Regulatory Analysis Model--to provide the user with 
the information necessary to determine the effect and implications of 
various policies and regulatory strategies. Proper utilization of 
this program requires the user not on1y to rUn the model, but also to 
think about and analyze the results. A wealth of information can be 
obtained by comparing the financial statements of a utility under two 
alternative sets of assumptions. As the user becomes more familiar 
with the model, additional reports can be added to provide bases for 
specific financial and operational comparisons of a single utility or 
group of utilities." 

References 
(1) "Regulatory Analysis ~~odel, RAM, Descriptions Documentation~" 

Temple, Baker & Sloane, Inc., Wellesley Hills, Massachusetts 
02181 (1977). 





CHAPTER 7 

RESIDENTIAL BILL FREQUENCY PROGRAM 

7.1 Description of the Program 

The residential billing frequency program l was developed at 
The Ohio State University. It calculates the expected revenues for a 
given electric power utility and customer group with a rate structure 
given as input. A maximum of four rate structures and time periods in 
anyone year may be specified in one execution of the program. Billing 
frequency data for recent years and certain utilities has been stored 
on disk in a partitioned data set. Each fi'le of the data set contains 
data for a particular customer group of a particular utility for acer
taln year. The name of each file (e.g., CEI741) identifies the infor
mation contained therein as follows: the first three characters are 
the utility code; the next two are the last two digits of the appropriate 
yea~ and the last character is the customer group code. A listing of 
the available data files and a description of each can be obtained during 
execution of the program as shown in Section 7.4. 

The expected revenue information may be printed out for each con
sumption block, each month, and rate structure or in a summary form. 
for the entire time period. 

7.2 Algorithm 

In the discussion that follows, characters in parentheses denote 
variable names of quantities used in the program. 

After all necessary input information has been furnished'.She 
average energy consumption (AKWHIB) for each block of billing frequency 
data is calculated by dividing the total number of kWh~s consumed in each 
block by the total number of customers in that block. The number of kWh's 
included in the service charge is subtracted fr'om AKWHIB to yield the 
number of kt-Jhis the energy charge is applierl to(ECKWH). This value is 
compared to each rate block endpoint (BLKENP(I,J)) in the rate structure 
until the first rate block endpoint (BLKENP(I,L)) which is larger than 

7 - 1 
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ECKWH is found. The energy and fuel adjustment revenues are calculated 
by multiplying the number of kWh's covered in each of the first L-l rate 
blocks by the appropriate charges and the difference ECKWH-BLKENP(I,L) 
by the appropriate charges. The revenues thus obtained are summed to 
yield the average energy and fuel bills for that consumption block. 
Multiplying the average bills by the total number of customers in that 
block results in the total expected energy and fuel revenues for that 
block. The total revenue for each block is found by adding the energy 
and fuel revenues to the product of the service charge and the total 
number of customers in the block. 

Monthly totals of kWh usage, number of customers, energy and fuel 
revenues and total revenues are calculated and outputted. The summary 
table presents the totals of the same quantities for the entire period 
of interest based on the monthly totals. 

7.3 Execution of the Program 

The first step in execution of the program is to gain TSO access. 
The procedure is shown in the sample. Lower case characters are user 
inputs and upper case characters indicate computer responses (upper 
and lower case characters are identical on the TSO). After the computer 
types "ENTER.LOGON II the user responds by entering: 

logon 

and pressing the "RETURN" key. 
The computer then prompts the user for information by asking for 

his user IO number, a password, terminal 1D number, university 1D number 
and procedure name. Authorized users will be supplied with the neces-
sary information. The "RETURN" key is pressed after ever'y user'" input. 

If the user makes a typographical error and the error is found before 
the "RETURN" key is pressed, the user may backspace as far as desired 
and re-enter the information; characters backspaced over are erased.t 

Once the user has ga ined TSO access and the "READY" response has 
been obtained, the following command is entered: 

all¢c da('puc¢.bilfreq')f(ftOlf001) 
and the "RETURN" key is pressed. Upon obtaining the "READY" response again, 
the following is entererl: 

run'puc¢.blkrev.f¢rt' 
and "RETURN!! is pressed again. 

t Note this procedure may vary for different terminals. 
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A series of questions are asked of the user which are necessary to 
specify the time per;od(s) and rate structure(s) of interest. These 
are illustrated in the sample. The allowable input fields are also 
shci0n. At the end of exec~tion the user has the option of applying an--
other rate structure to the same data, executing the program with dif
ferent data or terminating execution~ 

7.4 Illustration 

This section demonstrates the execution of the program. A representa
tive rate schedule is shown in Table 1. This schedule was used in the 
sample program execution shown in Figure 1. The data set selected was 
OHE75l. The data echoing technique along with the backspace capability 
allows the user ample opportunity to catch typographical errors. 

Only the summary table was requested in this run. If a detailed out
put was requested, a revenue table for each month and for each rate 

'schedule of the time period would have been printed. A representative 
monthly revenue is shown in Figure 2. Referring to the summary 

table of Figure 1, the columns of each row proceeding left to right may 
be described as follows: the rate structure number, the month number, 
the total number of kWh's consumed in the month, ,the total number of cus
tomers in the month, the average consumption for the month (kWh/customer), 
the total monthly revenue due to the energy charge excluding the mi.nimum 
monthly charge, the totfll monthly revenue due to the fuel adjustment 
charge and the total monthly revenue including the minimum monthly charge. 
The information contained in the monthly revenue table in Table 2,is 
similar to that contained in the summary table, 

Table 1 Sample Rate Schedule 

Energy Charge: 
$1.50 for the first 25 kWh or less per month 

Summer* Winter 
For the next 75 kWh per month, per kWh 4.4¢ 4.4¢ 
For the next 200 kWh per month, per kWh 3.9¢ 3.5¢ 
For allover 300 kWh per month, per kWh 2 7¢ 2.4¢ 

"- ---* June through October - Winter rates apply to all other months. 
Fuel Adjustment Rate: O.lO¢/kWh for all blocks, 
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SAMPLE RATE SCHEDULE 

Energy Charge: 

$1.50 for the first 25 kWh or less per month 

Summer* Winter 

For the next 75 kWh per month, per kWh 4.4¢ 4.4¢ 

For the next 200 kWh per month, per kWh 3.9¢ 3.5¢ 

For all over 300 kWh per month, per kWh 2.7¢ 2.4¢ 

* June through Octoher 
months. 

Winter rates apply to all other 

Fuel Adjustment Rate: 

O.lO¢/kWh for all blocks. 

Fig. 2 
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DPL'/,!:j3 CITY C()NnU~'1Er~:~) l .. ,JITH UNCDNTF(DI ... L.EIt [!..JI--! 

__ D_P L. "7~) 4 ~:) U B U F~ 1:-: (.:', N ,; N D U j\! J N C n F: F' (I j:;: I:'~ TED C 0 i\~ n I J !"i E F~ ~:) I,.J 1 T !J_' :J2U .. ( 1::: n.LL1~D [: 11 . .1 H 

* GRC - GENERAL RESIDENTIAL CONSUMERS 
ESH .... EI...ECTf~JC sPt,C[ HEt,TIt\!D 
E hi H .... E I... E C T F;~ lew t1 T E F< H E (~ TIN G 

--Tn-GEL [~(~ ll'·fEDt~ T (:':) tfF'--- ~I~ N T E F< E ~:) 'T' ~ '}' Y P E 
THE ~:~ 1 X CHr.,F~ACTEH DI:~' T j~ GET Nrii"1[ + 

o h (~~. '7 ~::j :I. 

(Fig. 1 continued) 
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~:~i!.:~....:.::S,--____ . ______ ~ ___________________ . ___ . ___ . __ 

EN T E F~ THE S T ,:,) f, TIN G n (] NTH AND THE EN 1:1 I I\! G n C) t···~ T H 
F Dr;: l.oJ HIe H THE F I F, B T F~ i~ T EST F;~ U C T 1...1 r:: E I~I P P LIE D t 

**/** 
O:l /o~) 

11 5 
II.. . ~Je~; ------ .. 
~ EN T E r-{ THE t1 I N I 11 U ,'1 e'i 0 NTH Lye H tl F< D E D r~ B [: F;~ l) ICE C H (:) F: (.j E y 

'" ~ ***.** 
~ lt~~jO 

***. 
--2~~S~. ____________________________ . ________________ . ________________________ _ 

25. 

EN T EF~ THE n I... D C;l~~~ tl T E .S "iJ~ liClllr.;:E _~} ~C.lY£' I N tL_J1LI IJE _.F tJ~L. ____ . __ . __ . ____ _ 
P () I NT I N 1< WHO F E {) C j'j D L (] C I( JI F D 1...1... U 1..,1 E D BY THE C D ~:) T F' ;::. : ;: I{ t..J H ~\. ( ~ 
It D I... L. A r~ ~J~' F () L. L. 0 !",J E D BY THE F 1..1 E I... {) :0 ,.J U ~:) T 1-1 E NT F: tl T I::: I (1 .f '.:' L L I~' F~ ~3 .) 
Et-)TEF~ ???SH'} t ()S THE 1<~o..lH END· PUlr,n' OF THE l...(i~3T H!..nc;< (iNn 
1FT H E F U E L. ti D \ . .1 U ~:) T n [: N T F~ t) T [ T E: T H r:: E: j:') ~'i [: F 0 r~ (:,1...1.. :C·! L, ell: :-.:: ~:~ !::: j\! T '::.1< 
ITO N L. YIN THE F I f< S T B I... 0 C I": + UP T n ~!. () II L Cl C I..:~ U j\) (I Y },ll::. F N "r [ F: E D 

_..BJ,J,_. E N.T E F~ I E fi_1Lf:L.L_.l~{j:~ .E.GLtC)J:: r~.c I'lF c !.~ E D _t _. ___ . ___ • __ .• _. _____ • _____ .. _________ .•• ____ . __ _ 

BI...()CI,(· ~~ FUEL 
1< l·J H C c) S TeD !:) T 

__ I~ND PEr~ PFI~ 

PU INT I<HW !,HW 

__ .tQ.Q_+ _Q_.~ 0 .Il,4.Q __ .(~_~J)_(t1.Q ___________ ,. ___ , _ .. __ . __ . ______ . ____ , .,. ___ . _____ . __ ..... _. 

100. 0.0440 Ot0010 

,_22.(,~·.?_9. J~.~02·.1Q_ .. ___ ._, _____ . _____ ._. __ ._._. __ . ____ . ____ ~ ____ ._. ___ . ___ ._._ .. ___ ,. _____ . __ ... __ ........... _._ .. __ _ 
<;. 9 '-l~ S)(? O. () 2 4 0 

F N T F H THE f:) T t, r:~ TIN G N n NTH AN 1:1 T H F F N It I N (3 t:1 0 NTH 
F'DI;: ~JHI CH THE SECOND FC:I~TE ETF~UCTUF;~E (.~PPI...IES. 

**/*)!< 

1.q~:-{<. ** 
:l.~:50 

:l t~:jO 

(Fig, 1 continued) 

.--.. -------~-- ... ~-.-.---~ 

--.--.. -.--~....--~. 
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E I~ T [: I:~ THE N U t-1 D E I~ (] F 1\ I L. () t .. J A T THO U r~ n F' A I D F D I:~ UN D E F~ 
.'._THE.. _rHJtLTHLY_._CU{~H.GE-". __ .. __ ... _____ . __ .... ______ . 

*** . ....,,::,,',.,J. 
'") I:'~ 
A',. ,.) ~ 

EN T E r~ THE D I ... 0 C 1< 11: (I T EST F~ U C T U F, L: BY T Y PIN GIN THE END 

._._ ... - _._-------_. -------. 

_.J(LJtCl~. ___ ~~. _____ E·]H~J!'-_ .... ________ .. _ ..... _ . __ ... __ . __ . __ ._. ____ . ____ . __ ._. __ ...... __ .... ___ ........... _ .. _ .. _._ 
KWH COST Ct]fiT 
END PER PER 

PD I NT I\HtJ I<H',oJ 
* ::( * ~.~ >~ + >.'(" . * ~~ * * * + >:< * ~< ~~ * * 

100. 0.0440 0.0010 
__ 100+_~t~4.1Q_~_9_q:l.O. ____ _ 

300. 0.0390 
3()O. 0.0390 

99999. 0.0270 
3..C;:.~:'?,_~~ __ O. O?70 _. ___ . ____ . ___ . ______ _ -----_._--_._--_._--... _-------._- ----_ .. _ .. __ .. _-_._--

EN TEl:;: THE B T A r~ T J N n tV, 0 NTH AND THE END I N G i"'1 D NTH 
F D F~ l~j H T C H THE T H I r~ D F< ATE B T F< U C T U r;~ E t~ P P I .. :r F n + 

**/** 
:1.:1./:1.2 

-_:~ ):..!:~_.:~ _. -_ .. ___ . _________ . __ ..... _ .... _ .... ___ . __ . __ ... _____ .. ___ . -__ .. _ .. __ ... ___ . __ . __ ........ _._ ... _.0-._ .. _ ... _._ • __ ._ ....... _._._ .. ___ •• ____ ""_' 

EN T E F~ THE t'1 I N I 1'1 U M ~1 () NTH L. Y C H ;.~ F: D E 0 F~ S I::: r~ V ICE C H (.1 F~: G E ~ 

1 ,,~50 
1 ~ ~50 

ENTEF~ THE NUf1BEr~ DF !'{ I LDt..JI!)TT I-!{)ur~s PA I II FDIi: UNDEIi: 
,THE NONTHL Y CHAI:;:GE .. 

·· ... f::· . ,,':.~J .. 

~J('?S 

f:)rrtTfr-HE BCOC;/( ~~~,:;-TT:-siTfUt:-:nJRE I~i\/TYF; I Ncf--I N rl .. II:::-i~~:N:O__·------··--···- ... ----.---
PO I NT IN I'I;..IH OF EACH BLOCI',. FOLI...OIAJED BY THE CD~:)T PEr:~ 1,1.-.1/--1 :I. N 
DOLL. t:f~S v FOl...l..Dt~[D HY 'fl·IE FUEL. tID\.JUnT~1ENT I:;:r:) TE IN DOI...L(,E'S ~ 

-T:TITE:1r-(~i7i<)99-t-,~-~:) THE i.\l~.IH END F'G:I NT DF 'l'HE I...i':)f)r nL.DCI\ f~NJ) 
J F THE F U E L (.:, Ii ,J U ~3 T ~t I::: N T F, (-~ 'r E 1ST HE SA j'1 E F 0 I;: ALL. B L. [) C I, S F N 'l' E n . 
I T ONLY I N THE F I f~~3T BLDCI't UF' TO 20 BLOCKS t'1tl Y r:{[ ENTEF~F:D " . 

(Fig, 1 continued) 



7 - 9 

. .' . 
(l L LEN T E f~ I E S vJ II... L. BE [C i·' D E II C H Eel< E II + 

BLOCK $ FUEL 
l-(t·JH CO~3T cnbT 

--E~m-FEr(--F'f~i:f----

POI N r I<H~J I,HvJ 
*****. *.**** *.****** ~----------------------------------------------1 00 ~ () ~ 0·4·40 0.001 () 

100. 0.0440 0.0010 

--------_._-----_._-_._-
~300 • o. 03~:;O 
300. (). ()~5~;O 

?<?999. (). 0240 
99<)(}':-;. 0.0240 

n u T PUT I,~ J 1 ... 1... N (] l.r-I BE Cl ENE F~ (~ TED For;.: ~:s _ .. 2 () ~'i J N S v 

F 0 r~ THE P E r~ I () II :I. / !:5 T H L F [) L. L. U ;'.: I N U F~ {) T E ~:) 'f h: U C T U 1-0.: E J :::) (1 F i··/ .. :1. !:. n 
k!HEF~E THE S[:r~\""ICE CI"I(:lr;~D[ If> (I; :I. ~ !:.:.i() l/JHICH JNCI...I...IDr::~3 ?!:.:.; ( i-':I·'I·::~ rtF !:·iH:F.:t:!'( ,. 

ENE:F~GY FUEL 
KWH COST conr 

BLOCK PER PER 
----:Ic=::t~,H:::--')----:-I\..,..,..··v-:-:-.H..,..-·1 --- 1</.. . .11·-::-··1-----------------------------

PDINTS 
100. 0.0440 () \> O():I. 0 

-----::-:--::--::-----=--
300. 0.0350 O~0010 

----
99999. 0.0240 0.0010 

F 0 F;~ THE P E t{ I D II (J / :I. 0 THE F CJ L. L 0 l.o.l I N G H tl T E ~::. T r:~ U C T U h: E :': ~::: I~~ F:' F' L. :r ::: :0 

ENEF~GY FUEL ---R~fH ---(;-(r~~f·r---- -(~; 'ijIn=----------------------------- - .--_ .. __ .. --~----"-- ._ .. ----. -.-.---
BLOCK PER PER 

END I\~JH l<klH 
PO I NTS ~I. -~:--I; -----.-------------------

100. 0.0440 0.0010 
3 0 () • 0 + () ~~ 9 () () + () 0 :I. () -9 (7' ~t (I ~t_.--()_.-()~~~-;7(j·---·· () -~·(j-,:fr{)-----··---·- .. --·-·---·-·----... ----·-- -.----- --_._--. -. -_ .. -- ----- ----

FDr< THE PEF< I on :1.1. / t :.:~ THE FDI...I... Dl.r-I J NG r«) TE n ll?I..IC: TUI~:E I ~:; ('IF'F"._ J [n 
b.JH[F<E THE f)[F;~~}ICE C .tlf<DE I~:) ':1> :I. Co ~:.:;() WHICH INCI ... I...lD[~:~ ~?~.::.; t I<!dr.·:'; 01; rj.l[I·:-:·.Y. 

ENEF<OY FUEl. 
I\~JH C()~3T COBT 

---1; L-(n:i<---Fi~~ff---·-T;-E~-I~--------·--· --< 

END I\l"IH KWH 
P DIN T B :1; ~~ 

---~r() 0-.--0 -~ 0 ·1.(1 0 0 tOO :I. () 
300. O.03~~jO O.OOlO 

O.()'240 O~()OlO 
\'. 

(rig. 1 continued) 
! 
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TABLE FOIi I~LI... I=\:ATE STI:~UCTURES 

_l..l10 
1 1 
:1. :~ 

TOTAL TOTAL AVERAGE 
l-(l..JH CUnTU~1ERS Ut>E 

482756112. 675467. 714.7 
450945106. 678741. 664.4 

1 ~ __ 34 s~:I. O(tl C'?~_ , __ 5.?_2~\:.~.7·7. __ (~, 08 + ~5 

1 4 413928248. 680776. 608.0 
1 5 351970986. 681561. 516.4 
2 6 356157331. 679613. 524.1 

7 405561361. 679409. 596.9 
.B 420782572 I t..)BO():~:·:~ 11 C) 1 B d3 

2 ._-.::.9_ 4 () B ~J~Q a ~)'!'Lt, __ !:~ :;~y "/ '/ 1.L_~!:) () () • B 
2 10 355773360. 680569. 522.8 
3 1:1. 358339051. 683909. 
3 12 428372092. 687021. 

~)24. 0 
6 2 ~'~ ~. ~.:5 

*****~*** pr'VEN! IF~~ ~t>!<)I,:*~~~>J<>!<** 
TOTAL rOTplL 
ENE~~GY F:-UEL . TOTAL 

F~E~)ENIJEB f~FI)r:(',!IJE~3 r;~Ft)Eh!UEL 
:l 3 7 7 3 <; 1 6 • :1. 9 I.} (:~ ~:.:i H ,5 <} ,. 2 I.~ :!. ~::j :.:,~ ~.::,i 2 (? n ~5 + ~:) :~~ 
:1. 299~;·7()2 ~ 02 43397664~ 14447789.93 
t (~) :~1. (.:.::....:.~) ::;:..:.~ ".:...:+ i--=:" J;:.....: • • ~b::.....;"{:.....;' _..::;.3~~:~..;.;.;,:·;;,.;...'?...:..(?,...:.:..·3~t ...:...{)...;...,9 --:.!.!.-:i. ~:i. ::3 :.:::t -46 n () " :2 3 
1. 2 () B 1 :1. \~)!5 • 3 <;:' 3 (,) 6 <;' 0 P ~ I., 7 1. : 5 I.! <) 9 ;? ~3 B • 05 
10532358.73 334931.81 11889632.04 
11573818!85 3~~~6A.84 ~?Q3?4056j2 
:I. ::.~ 9 ,~ 4 B I·l .. ~\ • 4 4 :~ B n ~~.' >' :.:.: .. i? /? :I. f.~ 3 '.:.;,: 2 ~5 :'3 ~5 t B 8 
13372048.30 40378~ .~9 14795879.39 

.1.~·5 0:3 -<+ <I 7 {LL.2 .. 6._----.3.21ZE..::.~·~3.:~::l:1t Q .:) 4 ~ ~~ Q. 
:I. :l ~) "/ ~::.i 0:3:1. t <') '? 3 3 f: ';:- I~; ~:~ ~ (,~. f:: :I. 2 ~.; .. 3 -4 6 4 4 • 4~:i 
:1. () '7 :1. ~.=.;~) B B t 0 2 :.~ I~ :/. :} r~ :!. .. :!, n :I. 2 0 n 2 f.\ 9 ~3 • f'.; (:) 
12469202.74 41~19A.~9 j391Q930.6~ 

._---------_ ... _-- ------_._---_ .. _ .. _--------

DO YOU ~JANT TO t~PPI...Y f,~NDTHEh: ;;:ATE GTF:lICTUI:~E TO 
THE St-IME DATA f.:(~BE'? 
no 
DO yot] WISH TO !J*:?f::_~_ DIFFEF.:ENT DATA BrIBE'r 

IEC2251 OO~TS02B7,LOGON1,FT01F001,331,IRCC81,PUCO~BILFREQ 
READY 
1 ()~.:lof·r 
OEF2011 CSU= 2 CPU=OO:OO:03+32 DSK= 143 CNCT~OO:14 CHGS= 
AL;::: $484 ~ 74 
TS021f7LCf{3GED OFF T~fo AT 13: 3~S: 29 ON OCTDBEf{ :~6~· :1, ~i'7,1)+ 

(F1g, 1 continued) 

I 
t. 
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******* BIll FREQUENCY DATA ******** *****1(,** REVENUE DATA ******** 
KWH TO!Al 'ftJiAl AVE~Rr,y FlJ~l fIDAL 

B L 0 C K KWH C U STU MER SUS ERE V E N U ERE V F N U ERE V F f\! lJ F 
END PER PER PER PER PER rrq 

___ POINTS BLOCK BLOCK BLOCK BLOCK _ BLOCK ALGCt< 
50. -------------Ti 8 75 85 -~- --- -304 2 Lt:--- ------39-. O--------187.-E3"1~-~l3--- ------ 4-2f:--~- 9 <3"-------6-48-5 0 ~ ~-r--·-

100.. o. O. 0.0 0 .. 0 0 .. 0 0.0 
200. 6438018. 41558. 154.9 226369.54 5399.07 294105.hO 
300. 14<195718.. 59264. 253.0 526331 .. 64 13514 .. 11 62 R74.J .. 7') 

------400-.--2-513 2q94-~---/1-3-8-r. 352-.-1 860163 .. a 5 23348 .. ItS Q9J':n3 Z:-cr9-
600.. 19346614. 158581.. 500.4 2475209.80 15382 .. 05 2788463.~5 
800G 81852512.. 126590. 694.0 2564183 .. 93 84687.73 28?8756 .. 66 

1000.. 66887454.. ___ 75113. __ 890.5 ______ L8 75_705.- 51. . ___ . ____ 650 0C}".6 L_2 OS 33 R 4 .. J)L_ 
1200. 43837733. 40176.. 1091 .. 1 119673R .. 78 42833.32 1299836.10 
1400. 29389323. 22761. 1291.2 787283.24 2082n.29 850245.03 
1600., 20215705. 13553. 1491.6 533961 .. 51 lQ87h .. R1 '574173.8B 

_~L8_0_o.J!_--.-l3..o~t1._8_).I.2 .. ~tL6Jl.~Q~ __ iLJ3 36 1 Q 5..0-.02 13.tJ~_L3.~_-:ul..2:U.9----L9_ 
2000. 9506082. 5021 .. 18Y3.3 246221.56 9380.55 2h3133.61 
2500.. 14765935. 6661.. 2216.8 378361 .. 93 14SS9.41 402952 .. 84 
3COO. 9449891. 3456.. 2734.3 239238.95 9363.49 253786.44 

_____ 350 O •. _______ 85409'58 CD. _____ .2630 •. __ 324 7 ~_5 ____ 2...1!t.45_0 9_.96 ___ . _____ R4J5 _. 2.1 ... _ . .2? 68 7_L .. l] ___ _ 
4000.. 8988458. 2400 .. 3745.2 224362.95 aQZA.46 236A91.41 
4500. 8561796. 20204 4241 .. 5 212898.97 8517.~9 224446.26 
5000. 7841214. 1655. 4137 .. 9 194146 .. 99 1799.83 ?04429.13 

q9_9_9_2.. .. __ 2.5.2t9_:t~5_0 .. 40 5.. 64 lJLJ_ 63 B 44 3 • 12 2 5Jl.9.lJ_t7 ___ 6 7 0.!t.l1 .. 79 
----"-0 TAL S 4 82 75 6112 .. 6 7546 7 • 7 14.. 7 1 3 7 1 3 9 16 • 1 9 4 6 5 8 6 C) • 24 1 5 2 5 2 <) H 5 .. 9 3 

---._--------

----------

Table 2 Monthly Revenue Table 
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CHAPTER 8 

TIME-OF-DAY PRICING PROGRAM 

8. 1 Description of the Program 

This program is to estimate the monthly charge to an electric 
user group based on time-of-day pricing. The pricing scheme here 
consists of three periods, namely, peak, shoulder (cycling) and base 
periods. By using this prdgram, the increase or decrease in revenue 
of a utility due to time-of-day pricing can be analyzed. The basic 
inputs are: 

1) hourly system load data for a year (unnormalized), 
2) annual consumption of the customer group in kWh, 
3) time-of-day pricing scheme, and 
4) load adjustment factors. 

An example of a time-of-day pricing schedule is illustrated in Table 1. 

Peak Periods: 

Table 1 Sample Rate Schedule 

November 15 -'February 15, Mon.-Fri. 
(1 : 00 p. m. - 7: 00 p. m. ) 

June 15 - September 15, Mon.-Fri. 
( 1 2 : 00 a. m. - 6: 00' p. m. ) 

Shoulder Periods: 

Base Periods: 

February Ib - June 14, Mon.-Fri. 
(1:00 p.m. - 6:00 p.m.) 

September 16 - November 14, Mon.-Fri. 
(12:00 a.m. - 6:00 p.m.) 

All other hours. 

Peak 
Should~r 

Base 

Rates 
$.10/kWh 
$.04/kWh 
$.013/kWh 

(Holidays are considered base hours.) 

8 - 1 
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on using the customer's 
is not available especially 

it is assumed that a group's load 
di between the 

ulder and base load 
rs. adjusting 
as averaged 

relative system load in each peri 
s ·Si nee the group load is 

on i ~ only the ratio among 

consist 

consumption for three periods, 
the three peri !ll and 

chargeR 
tern. The input requirement and 

once the program is executed on TSO. 

ion been input, the program sums 
month. This yields the total system 

then sums the hourly loads 
over each designa peak peri and shoulder period. In doing so it 
applies load adjustment factors (PKFACT and SHFACT) to each hour to 
arrive at the 1 MWH \ s sol d on the peak and shoulder (PKKt~H and SHKWH) 

each month. These values are s from the total monthly con-
sumption ( KWH). modi ed monthly consumption (MOLODW) is 
then calculated by ing PKKWH, SHKWH, and BSKWH. These monthly con-
sumptions are totaled ve the modified yearly consumption (YRLOAD), 
and then the percentage monthly consumption (MOPCT) is calculated. 
The customer monthly kWh consumption (MOKWH) is calculated by multiply-
ing the group annual mes 

The customer's month consumption is then broken into peak con-
sumption, der cons ion, consumption by applying the 
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percentage of system monthly peak and shoulder consumption to total 
monthly consumption (PKKWH/MOLOOW and SHKWH/MOLOOW). This yields the 
customer1s monthly peak, shoulder, and base consumption (CPKKWH, CSHKWH, 
CBSKWH). The appropriate rates (PKRATE, SHRATE, BSRATE) are then 
applied to these usages to yield monthly and yearly bills. 

8.3 Execution of the Program 

The first step in execution of the program is to gain TSO access. 
The procedure is shown in the sample. Lower case characters are user 
inputs and upper case characters indicate computer responses (upper and 
lower case characters are identical on the TSO terminal). After the com
puter types "ENTER LOGON" the user responds by entering: 

logon 
and pressing the "RETURN" key. The computer then prompts the user for 
information by asking for his user IO number, a passwork, terminal 10 
number, university 10 number and procedure name. Authorized users will 
be suppl iedwith the necessary information. The "RETURN" key is pressed 
after every user input. If the user makes a typographical error and the 
error is found before the "RETURN" key is pressed, the user may backspace 
as far as desired and re-enter the information; characters backspaced 
over are erased. t 

Once the user has gained TSO access and the "READY" response has 
been obtained, the following commands are entered: 

alloc da('puco.data')f(ftlOf001) 
"RETURN" (then wait for READY response) 
READY 
run 'pu~o.tofda.fortt 

II RETURN" 
Once the program is compiled it will execute and proceed to prompt 

input from the user through the use of questions and commands. These 
are illustrated in the example in ~igure 1. It is important to enter 
the data within the field provided and to use a decimal point when called 
for. 

t Note this procedure may vary for different terminals. 
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Figure 1 il1us 
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Power and Light is a 
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FIGURE 1 

-_._ .'_ ... __ .. ___ ... __ . __ .... ____ .. ___ ~ ______ . ______ SAN1?lJLLXECllTl.QN 

E f~ f{W! ':!~'D :!' t ~:>O~?3"7 

·---!.3 .:) 737- . t:DGtJN-l N --r i? n Gr;~ f:~ f:)t~~"r--:t.o-;7.·t-;-::;-r-·e.Tt·t--f'tt:rtjEM·b i~: !:;:---::::~fflr 
nF::~:)DY 

~111 DC,. da ( , F··UCCJ·~ ciata I) of (ft:1. Of-OO:l 2 

G:l : C C) j':'i F' I L E: F~ EN r E H E D 
. --SO tjKCi:::-(INi:';it"ri~I:r 

PROGRAM NAME = MAIN 
~;~ NO II I l~1G(~U~:)T I CS GENEr\(~ TED 

---------------_ .. _-_._-_.-_ .... _----------_._------------.----.------------

---r-:: E~:J"':i.frE NT-r{it.:-F:~eti K-1::-etA-y:,Ptt~tf~r:-NfJ-ett:ttf:~ 
THE OHIO STATE UNIVERSITY 
I-··JUC'--E(~~F~ ENG I NEi:::F~ I I···~G DEP (iF;:Ti"'IENT 

--- ---. -........ -------... - - ...... -. --r; tJLtJ hl':-f,ithl "-o-Ht 0--4-~:12_1'()--~--· ----.--- -._--- -.. 

-- .... - GE:\EF\.1~1!:-,.· OPE:r;~f~rIr1G'· INBTF:UCTIDNB· ...... -. -" . --.. - - "'" . ---- -.. - ----- - -'0 - --_ .. - ..... 

THE:: F'UF;~POBI::: DF 'II--! J~) CODE IB TCl (II...L.OI...J THE UBEi:;~' TO BTUDY 
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CHAPTER 9 

COST ALLOCATION PROGRAM 

9.1 Introduction 

This chapter describes the detail of the Electric Cost Allocation 
program developed at The Ohio State University (OSU) under a contract 

with the Public Utilities Commission of Ohio (PUeO). The code consists 
of two independent modules. The first module, designated as ALLODEC, 
allocates the total annual cost of an electric utility into the demand, 
energy, and customer components based on the input data available from 
the FPC Form 1 Annual Report. The second module, designated as ~LLOCUS, 
uses the output from the first module as well as load survey data for the 
customer groups as input, and allocates the three components to the cus
tomer groups. 

The remainder of this report includes descriptions of ALLODEC and 
ALLOCUS in Section 9.2 and 9.3, respectively. Section 9.4 describes how 
to execute both modules. The appendix of Reference 1 includes the following: 

Appendix A Input Data Format 
B Listing of Fortran and Data 
C Flow Chart 
D Sample Output 
E Job Control Language 
F Code for Hourly Load Normalization 

9.2 ALLODEC Module 

The ALLODEC module allocates the total annual cost of an electric 
utility to the following five categories: 

1. production (i = 1) 
2. transmission (i = 2) 
3. distribution (i = 3) 
4. customer cost (i = 4) 
5. administrative, general and others (i = 5) 

where i is the index to identify each category. Then the total for each 
category is reallocated to demand, p.nergy, and customer related costs~ 

9 - 1 
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9.3 Input Requirement 

All the input data required for this module (except some para~ 

nleters which must be specified by the user) are available from the FPC 
Form 1 report. 

The following input data are necessary: 
a) Values of electric plants in service for each of FPC Account 

No. 300-399 (page 401-403). The five categori~s each of 
the above accounts belongs to must be found from the FPC 
Form 1 and specified by the input. 

b) Electric plant operation and maintenance expenses for FPC 
Account No. 500-599 and 900-932 (page 417-419). Distribution 
of each account in the three components (demand, energy and 
customer) must be judged and specified by the user in fractions 
for each account. 

c) Depreciation for each of FPC account numbers that appeared in 
(a). 

d) Jurisdictional allocation factors for the major expense accounts 
as follows: 

Operation and Maintenance (fuel) 
Operation and Maintenance (purchased power) 
Provision for Depreciation 
Amortization and Acquisition 
Taxes Other than Income Taxes 
Federal Income Taxes 

The jurisdictional allocations must be prepared by the user. 

e) Distribution of salaries and wages (page 355-356). The dis
tribution of salaries and wages in the five categories is 
directly available from FPC Form 1, and must be given as input. 

f) Tax distribution by major expense accounts. The total 
amount and jurisdictional allocation factor for the following 
taxes are necessary as input: 

Federal Income Tax 
Other Federal Taxes 
Property Tax 
Ohio Excise Tax 
Other State Taxes 
Federal Payroll Taxes 
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State Payroll Taxes 
Other Tax 1 
Other Tax 2 
Other Tax 3 

The des i gnat ions "'Other Taxes II 1-3 may be used for any taxes 
that are not included in the previous tax categories. The 
total amount of each tax is found on page 114 of FPC Form 19 
The jurisdictional factors must be prepared by the user. 

g) Demand and energy costs of purchased power (FPC Form 1, 
Account No. 555, pages 422-423). Only the ratio of those 
two numbers is meaningful, as explained in (2) of Section 2.3. 

h) Total values for construction work in progress (CWIP) (FPC 
Form 1, page 406). In this program, only the total value for 
CWIP is necessary_ 

i) Accumulated depreciation for the five categories (FPC Form 1, 
page 408). 

j) The tot~'l 'value of amortization and acquisition (FPC Form 1, 
page 407). 

The allocation of costs in this module consists of two stages as 
follows. The result of each stage is printed out as Schedule 1 (Table 
1) and Schedule 2 (Table 2), respectively. 

9.4 Allocation to the Five Categories (Stage 1) 

The first stage is to allocate the following cost items into the 
five categories denoted by i = 1 ~ 5: 

1) Total Non-Fuel Operating Expenses* 
2) Total Maintenance Expenses* 
3) Total Depreciation Expenses 
4) Total Taxes other than Ohio Excise Taxes 
5) Total Amortization and Acquisition Expenses 
6) Total Operating Income 
7) Total Ohio Excuse Tax 

The breakdown of the first two cost items (*) to the five categories 
is given by input. 

The remaining five items are allocated in the following manner: 
Allocation of (3) 

Depreciation is allocated in proportion to Net Electric Plant in 
Service. 
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Allocation of (4) 

i) Federal Income Tax and Property Taxes are allocated in pro
portion to the Net Electric Plant in Service in each category. 

ii) Payroll taxes are allocated in proportion to the salaries and 
wages in the five categories. 

iii) Other taxes are assumed to belong to the category "administrative 
and general and other.1I 

Allocation of (5) 

Amortization and acquisition are allocated in proportion to the 
net electric plant values in each category. 

Allocation of (6) 

The net operating income represents the dividends to be paid to 
the stockholders of the utility, which should be considered by the 
utility as an expense item. The distribution of the net operating 
income is allocated in proportion to the net electric plant in each 
category. 

Allocation of (7) 

The Ohio excise tax is allocated in proportion to the total of all 
expenses excluding the Ohio Excise Tax in each category_ 

In each allocation for (4), (5), (6), and (7), the values of net 
electric plant in service for the five categories are necessary. Those 
are calculated by: 

GEP. = EPV. + CWIP. 
1 1 1 

where the subscript i represents the i-th item in the five categories 
as mentioned earlier, GEP i is the gross electric plant value, EPVi is 

the value of the electric plant in service, CWIPi is the value of the 
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construction work in progress and AD; 
EPV i is calculated by using the input 
CWIP. is calculated hy allocating the 

1 

is the accumulated depreciation. 
that was explained under (a)$ 
total CWIP given by input in pro-

portion to EPV;" AD; is given by input for each i as mentioned under (j). 
The result of the first stage is printed as IISchedule 111 (Table 1). 

the distribution of the net electric plant in service in the five cat
egories is printed on the first line in Schedule 1. Lines 2 through 7 
are the straight results of allocation. Line 8 is the total of lines 2 
through 7. The Ohio Excise Tax in line 9 is allocated in proportion to 
the subtotal in line 8~ The sum of lines 8 and 9 is the total cost in 
each category (line 10). 

9.3 Allocation to the Three Components (Stage 2) 

In this stage, all the expense accounts given by input are real-
located to the three components: 

1. Demand-Related Cost, 
2. Energy-Related Cost; and, 
3. Customer-Related Cost. 

Then, the three components are correlated to the five categories 
calculated in Stage 1. 

Allocation to the three components proceeds as follows: 
1) Each of non-fuel operating and maintenance expenses (FPC Account 

No. 500-599 and 900-932), except for Account No. 555, 920, and 
926, is allocated according to the allocation factor specified 
by the input for each account. 

2) The total Purchased Power Expenses (Account No. 555) is allocated 
in two alternative ways. The first approach is to use the 
allocation factors defined for Account No. 555. The second 
approach is to allocate in proportion to the demand and energy 
cost for the purchased power specified by the user separately 
from the non-fuel operating cost, Account No. 555. If the 
allocation factors for Account No. 555 are zero, the second 
approach is automatically chqsen. There is no customer com
ponent in the purchased power cost. The demand and energy costs 
defined by the user for the second approach are used only to 
calculate the allocation factors, but their absolute values 
are neglectedG 

3) Before Account No. 902 (employees~ salaries) and 926 (pension) 
are allocated, the total oemand-, energy- and customer costs 



Table 1 Illustration of Schedule 1 

SCHEDULE 1 

FUNCTIONALIZATION OF TOTAL SYSTEM COSTS, 1975 
(PER BOOK OF ACCOUNTS, IN THOUSANDS OF DOLLARS) 

, - TOTAL 
ALL 

FUNCTIONS 
PRODUC
TlON 

TRANS- DISTRI-
MISSION . BUTION 

... 

CUSTOMER AIG AND 
COSTS - OTHER 

1. NET EL. PLANT IN SERVICE 697218.---332136. -108637. - - -186869. ---'·-44757.-- -----'24'820.---

2. NON-FUEL OPERATING EXPENSES 

3. MAINTENANCE EXPENSES 

4. nEF'RECIATION 

5. TAXES OTHER THAN OHIO 
EXCISE TAX 

6. AMORTIZATION AND ACQUISIT~ON 

7,. OPERATING, INCOME 

8. TOTAL EXPENSES-EXCEPT 
OHIO EXCISE TAX 

9. OHIO EXCISE TAX 

TOTAL COST OF SERVICE 
10. SUM ~F LINES 8 AND 9 

37385. 15352. 954. 

13110. 6918. 592. 

21872. 11296. , 2710 .. 

29180 ... 14408 .. - 4297. 

49. 2.3. 8. 

58816.. 28018. 9164. 

160412. ' _ 76015. 17724. 

8206. 3889 .. 907.-

168~18. 79904. 18631. 

5792. . 4799 .. 10489 • 

5237. o. 364. 

5993. 1408. 466. 

7391. 1770. 1314. 

13. 3. 2. 

15764. 3776. -2094~ 

40190. 11755. 14728. 

2056. 601. 753. 

42246. 12357. 15482. 

lO 

0'1 
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of non-fuel operating expense and maintenance are calculated, 
excluding Account No. 920 and 926. Then, Account No. 920 and 
926 are allocated in proportion to the subtotal thus calculated. 

4) Depreciation, property taxes, payroll taxes, other taxes, 
amortization and acquisition, and operating income are all 
allocated to the demand-related cost. 

5) The preceeding three rules cover all the costs except for 
Federal Income Tax and Ohio Excise Tax. Before those two 
costs are allocated, the demand-, energy-, and customer
related portion for each of the five categories is calculated, 
excluding those two costs. Then, the portion of Federal 
Income Tax and Ohio Excise Tax in each of the five categories 
is allocated in proportion to the three components thus cal
culated for each category. 

The results of the allocation in this stage is printed out as 
Schedule 2 (see Table 2)e 

9.3 ALLOCUS Module 

This module allocates each of the demand-, energy- and customer

related costs ot the customer classes. Although a maximum of seven 

classes can be considered by this module, only three customer groups 
(residential group, general service group, and large power users group) 

are considered here. 

The costs are allocated to the three customer groups according to 
the following rules: 

1) Energy-related cost is allocated in proportion to the energy 
consumed by each customer group. 

2) Customer related cost is allocated in proportion to the 
number of customers in each group. 

3) Demand related cost is allocated in proportion to the demand 
responsibility factor defined by: 

k = 1,2, 3 
where k denotes a customer group, DR is the demand respon
sibility factor, PR is the peak responsibility factor, SR is 
the summer high energy responsibility factor) WR is the winter 
high responsibility factor and W1 ~W3 are weighting factors 
specified by the user. 



FUNCTIONAL CATEGORY 

1. PRODUCTION 

2. TRANSMISSION 

3. DISTRIBUTION 

4. CUSTOMEf\S 

5. A&G AND OTHERS 

TOTAL 

READY' 

Table 2 Illustration of Schedule 2 

SCHEDULE 2 

ALLOCATION OF FUNCTIONAL CATEGORIES 
(THOUSANDS OF DOLLARS) 

TOTAL DEMAND. ENERGY 

79904. 69643. 10261. 

18631. 18307. 324. 

.. 42246. 35558. 905. 

12357. o. o. 

. 15482. 7468. 1894. 

168618. 130975. 13384. 

CUSTOMEf~S 

o. 
. o. 

5783. 

12357. 

6120 • 

24259. 

t.O 

co 
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The remainder of this section describes how to calculate PR, SR, 

and WR. In order to calculate the three responsibility factors, the 

hourly load data throughout a year for i a1 Group, Large Power 

Users Group and the system hourly load data are necessary_ At present 

the hourly load data for the General Service Gro is more difficult 

estimate. It is obtained by subtracting sum load the two 
other customer groups from the system 1 

From the system hou y load data, N peak hours (N hours of 

highest load throughout a year) are found,and the day and time for each 
peak hour are recorded, where N is an integer specified by the user. The 

load at the n-th system peak hour is denoted by P. The load by group at 
n 

each of the N peak hours is found from the customer load data. The peak 

responsibility for the j-th group at the n-th peak hour is defined as: 

PRo = L. IP J,n J,n n 

where PRo is the peak responsibility for the j-th group at the n-th J,n 
peak hours, L. is the group load of the j-th group at the n-th peak J,n 
hours. The peak responsibility throughout the year is defined as the 

average of PR. , namely, J,n 
N 

PR. = (L PR. ) IN 
J n= 1 J ,n 

where PRo is the peak responsibility for the j-th group. 
J 

In order to calculate summer high energy responsibility factor 

(SR), the threshold load for the system (STRESH) is first calculated by: 

STHRES = (l-f)(Summer peak load) 

where f is a parameter specified by the user by which the incremental 

cost becomes considerably higher for the loads exceeding STHRES. Then, 

the loads and hours when the load exceeds STHRES are recorded and indexed 
by m. The customer group load coincident with those hours is found from 

the customer group lOdd data denoted SL. for the j~th group. 
J~m 
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The SR is then given by: 

M M 

SR. = \SL. / LSP 
.J L J ,m m 

m=l m=l 

where M is the total number of hours by which the system load exceeds 

STHRES. 
Summer, in this program, is defined as June, July, August and 

September. The winter high energy responsibil ity factor (WR) is 
calculated in the same manner as SR and is given by 

Q Q 

WR. = L WL. / I: WP 
J q=l J,n q=l q 

where Q is the total number of hours that the system load exceeds 

the threshold load for the winter WTHRES. The winter is defined as 
December, January, February and March. 

The results of the ALLOCUS module are printed out as Schedules 3,4-
and 5 as illustrated in Tables 3 through 5. 

9.4 Execution of the Program 

The two modules are independently executed on a time sharing termi
nal. The required core space for the whole package is less than 150,000 
bites. The two modules are stored in each file of the disc space. Each 
module requires two different files of input. Reference 1 explains how 
to prepare the total of four files. The JCL (Job Control Language) 
necessary to load the files on the IBM 370/Model 168 at OSU are shown 

in Reference 1. 

The ALLODEC module is stored under the file name "ALLODEC.FORT IJ 

and the ALLOCUS module is stored under the file name IIALLOCUS.FORT". 

The names of the four data files and the logical units to be assigned are: 
1. ALLODEC.FPC.DATA Unit 8 

2. ALLODEC.CFM.DATA 
3. ALLOCUS.DATA 
4. ALLOCUSQHRLOAD_DATA 

Unit 9 
Unit 10 

Unit 11 



Table 3 Illustration of Schedule 3 

DAYTON POWER & LIGHT JUNE 1977 ' 

CHARACTERISTIC 

TOTAL ENERGY 

SUMMER HIGH-ENERGY 

WINTER HIGH-ENERGY 

PEAK DEMAND 

~iVEf\AGE, PEAK 

NUMBER OF CUSTOMERS 

DEFINITIONS: 
(1) KWH ENERGY 

DEF 

( 1 ) 

(2) 

(3 ) 

(4) 

(5 ) 

SCHEDULE 3 

SYSTEM CHARACTERISTICS 

TOTAL 
SYSTEM RESI-

D!::NTIAL 

5313466. 1796ti92 t 

80724. 26788. 

70695. 24589. 

1729. 6080 

1729. 572v 

395443 353694 

* 
CUSTOMER CATEGORIES 

GENERAL LAF<GE OTHEf~ OTHEF~ 
E[f~\) I CE PDvJER 1: II 

1612353'. 1 \,04421 .. 0. 

29189. 24747. o~ 

22065. 24041. O. 

611+ ; 510 t o. 

633+ 524. 0+ 

41474 275 0 

1...0 

I 

OTHEH OTHER 
III IV 

04. 0 .. 0 

o ~. o. 0 

0., 0. 0 

01' 0. 0 

OJ, 0 .. 0 

() 0 

(2) KWH ENERGY CONSUMED DURING THOSE SUMMER'PERIODS (TOTAL(900 HOURS) DURING WHICH DEMAND EXCEEDED 90tO% 
OF THE SUMMER PEAK 
(3) KWH ENERGY CONSUMED DURING THOSE WINTER PERIODS (TOTAL(900 HOURS) DURING WHICH DEMAND EXCEEDED 90.0% 
OF THE WINTER PEAK 
(4) KW COINCIDENT DEMAND DURING SYSTEM PEAK 
(5) KW COINCIDENT DEMAND AVERAGED OVER THE 30 HIGHEST SYSTEM PEAKS 



Illustration of Schedule 4 
...0 

Table 4 

N 

SCHEDULE 4 

FACTORS FOR COST ALLOCATION TO CUSTOMER CATEGORIES * 
EXPENSE FUNCTION TOTAL CUSTOMER CATEGORIES 

SYSTEM RESI- GENEF\AL LAr\GE OTHEf~ OTHEn OTHEr.: OTHE:F.: 
DENTIAL SERVICE PDWEH I II III IV 

1 + TOTAL DEMAND 72.49% 

~~1 PEAK RESPONSIBILITY 100.00% 33.10% 36.61% 30.29% 0.0 % 0.0 % 0.0 % 0.0 % 

1.2 SUMMER HI-ENERGY RESP 0.0 % 33.18% 36.16% 30.66% 0.0 % 0.0 % 0.0 % 0.0 Z 

1.3 WINTER HI-ENERGY RESP 0.0 % 34.78% 31.21% 341101% 0.0 % 0.0 % 0.0 % 0.0 % 

2. ENEf\GY 12.98%. 33.81% 30.34% 35.84% 0.0 % 0.0 % 0.0 % 0.0 % 

3-. CUSTOMERS 14.53% .89.44% 10.49% 0.07% o. O· % O~O % 0.0 % o. 0 /~ 

TOTAL COST OF SERVICE 100.00% 
I 

41'.38i. 32.00% 26.62% 0.0 % . 0.0 % 0.0 % OvO % 



Table 5 Illustration of Schedule 5 

SCHEDULE 5 

COST ALLOCATION TO CUSTOMER CATEGORIES * (THOUSANDS ,OF DOLLARS) 

EXPENSE FUNCTION DEF, TOTAL CUSTOMER CATEGORIES 
SYSTEM RESI- GENERAL LARGE OTHEf~ . OTHER OTHEF< 

DENTIAL SEf\VICE F'OWEf~ ! II III 

1. TOTAL DEMAND 122228. 40454. 44752. 37022. o. 0. o. 
72.49%) 

1.1 PEAK ( 1 ) 122228. 40454. ·44752. 37022. 0 .. o. o. 
(100.00%) 

1.2 SUMMER HIGH-ENERGY (2) o. O. o. 0 .. o. O. o. 
(- 0.0 iO 

1~3 WINTER HIGH-ENERGY (3) o. o. o. 0 .. o. o. O. 
OyO· %) , 

-, 
.:... ENERGY 21tl89. 7402. 6642. 784~) .. O • O. O. 

12.98%) 

3. CUSTOMERS 245.02 t 21915. 2570. 17. O. O. O. 
14.~)3%) 

TOTAL COST OF SERVICE 168619. 69771. ' 53964. 44884. O. o4o Ot 
(100.00%) 41.38%) 32.00%) ( . 26.62%) 0.0 %) 0.0 %) 0.0 %) 

DEFINITIONS! 
(1) RESPONSIBILITY (PORTION OF TOTAL DEMAND) ALLOCATED PROPORTIONATE TO USAGE DURING THE 30 

HIGHEST PEAKS 
(2) RESPONSIBILITY (PORTION OF TOTAL DEMAND) ALLOCATED PROPORTIONATE TO USAGE DURING THOSE, SUMMER 

PERIODS DURING WHICH DEMAND EXCEEDED 90'.00% OF THE SUMMER PEAK 
(3) RESPONSIBILITY (PORTION OF TOTAL DEMAND) ALLOCATED PROPORTIONATE TO USAGE DURING THOSE WINTER 

PERIODS DURING WHICH DEMAND EXCEEDED, 90.00% OF THE WINTER PEAK 

OTHEF~ 
IV 

o. 

0. 

0 .. 

0 .. 

o~ 

01 

04 
0.0 Z: 

I..D 

w 
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The first two files are used by the ALLODEC module and the last two 
by the ALLOCUS module. The second file is necessary only when the 
operating and maintenance data from the Regulatory Analysis Model is 
used. 

The whole program is executed in the following sequence: 

STEP 1 - Set the program and data files. 

STEP 2 - Allocate the data files to the proper I/O units by using 
the following commands: 

Il all oc da (allodec.fpc.data)f(ft08f001)1i 
"allod da (allodec.cfm.data)f(ft09001)1I 
"alloc da (allocus.data)f(ftlOfOOl)" 
"alloc da (allocus.hrload.data)f(ftllf001)U 

After each command the computer answers uREADY u • 

STEP 3 - (Execution of ALLODEC) Type II run allodec.fortll~ The computer 
replies by asking, "WILL YOU HAVE ANY INPUT LISTED?" If you 
type "YES", the computer will ask which file number you want 
to be listed (see the file numbers and its content). A part 
or all of the listed input data are listed depending upon 
what file numbers the user selects. If the answer for the 
previous question is "no", the computer asks "WILL YOU 
CHANGE TEMPORARILY ANY FPC ACCT DATA?II If the user's answer 
is "YES", a part or all of the FPC account data can be changed 
by following the computert s instruction. If the user·s 
answer is II NO" , then the computer proceeds to print Schedule 
1 and Schedule 2 as the output. Output of sample runs is 
shown in Tables land 2. 

STEP 4 - Add the result of ALLODEC, namely the demand, energy and 
customer costs from Schedule 2, to the ALLOCUS.DATA file. 

STEP 5 - (Execution of ALLOCUS) In order to execute the ALLOCUS module, 
the user should type "run allocus.fort". Then, the computer 
asks "READ WEIGHT FACTORS APPLIED TO PEAK RESPONSIBILITY, 
SUMMER HIGH ENERGY, AND WINTER HIGH ENERGY." The user must 
enter the three numbers in the decimal system 1 Each number 
must be between 0.0 and 10., and separated by blanks. The 
total of the three numbers must be unity. The computer 
asks next: 

IIENTER: THE NUMBER OF PEAKS (INTEGER<31) THE % OF LOAD 
DEFINED AS "HIGH" (REAL), THE NUMBER OF GROUPS CONSIDERED 
(INTEGER>8).LEAVE ONE BLANK BETWEEN NUMBERS." 

To answer this, the user types, for example, "10 20. 3". 
Following this, Schedules 3,4, and 5 are printed as illustrated 
in Tables 3, 4, and 5, respectively. 
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CHAPTER 10 

AN OVERVIEW OF THE OPERATION OF THE MARGINALCOST PROGRAM 

10.1 Introduction 

A computer program to compute the long run marginal cost of 
electricity has been developed by Professor Charles J. Cicchetti of The 

University of Wisconsin. At the request of the Public Utilities Com
mission of Ohio (PUeO), the program, called MARGINALCOST, was obtained 
from Professor Cicchetti and adapted for use on an interactive programming 
terminal called time sharing option (TSO). In addition, a number of 
modifications to the MARGINALCOST program were made for the PUCO's use; 1,2 

these included: 

1. changes which improved the method for computing marginal 
cost of generation, 

2. addition of description comments and printout of the input 
data, 

3. addition of a section for computing a linear regression coef
ficient for measuring the correlation of historical trans
mission and distribution facility capacity to historical peak 
load, 

4. the correction to an apparent error in a section of the pro
gram which allows changes to be made in the data input; and 

5. alteration of the section of the program for reading in data 
so as to allo", a set of data for a utility to be stored for 
use on TSO. 

The alternations listed above have made it necessary to prepare 
a user's manual of the Cicchetti program for the PUCO. This chapter 
serves as an amendment to an earlier reference manual written by 
Professor Cicchetti, William J. Gillen, and raul Smolensky3 for the 
National Science Foundation in June 1976. This package contains material 
taken from that manual. 

10.2 An Overview of the Program 

The MARGINALCOST program uses the forecasted generation, transmission, 
distribution, runnin~ cost, and load data on a utility along with optional 
historic data to estimate for selected peak and off-peak periods the 

41 
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(long-run) marginal costs of: 

1. GEneration Capacity (in $/KW); 
2. Transmission and Distribution Capacity (in $/KW); and 
3. Energy (related to the running costs of variable operaiton 

and maintenance as well as fuel consumption, in ¢/kWh; 

After these components of the marginal cost are determined, they 
are combined to give the total marginal cost as follows: 

Peak Periods 
1. The capacity costs of generation, transmission, and distribu

tion are combined. This total $/KW cost is then spread over 
the annual total hours on peak to give a total capacity cost 
in ¢/kWh. 

2. The marginal capacity cost is then combined with the marginal 
energy cost for the period to yield the total marginal cost. 

Off-Peak Periods 
1. The marginal capacity costs are taken to be zero, based on 

the assumption that addjt10nal_capacity does not have to be 
built to provide service for these times. 

2. Because there are no capacity costs in the off-peak periods, 
the marginal energy cost for a given period is taken to 
be the total marginal cost. 

The marginal cost computed in the Cicchetti program cannot be 
directly implemented into a tariff because it does not include additional 
costs covering return on investment, administrative expenses, taxes, 
metering, and billing. Nevertheless, it does provide some indication 
of the cost differential between peak and off-peak times as well as 

voltage levels of service. 

10.3 Refinement of Marginal Costs According to Voltage Level 

The components of marginal cost relating to generation, transmission, 
and distribution are adjusted in the Cicchetti program to account for 
power and energy-reiated losses incurred down to the voltage level at 
which service is provided. Separate marginal costs may be determined 
for a maximum of five voltage levels using factors called loss mul
tipliers. These escalate the costs slightly for each voltage level of 
service to reflect the fact that in order to provide one kWh of service, 
more than one kWh must be produced at the generating plant to overcome 
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losses incurred through the transmission and distribution system. 

10.4 Computation of the Marginal Cost of Generation 

The procedure used in the Cicchetti program to calculate the mar
ginal cost of generation is based on an approach developed by British 

1 
economist Ralph Turvey. His method assumes that an increase in demand 
is met by moving the future plants of an expansion plan toward the 
present by one year. 

For each power plant that is brought forward, a series of sequential 
calculations is performed: 

1. The capital cost of each plant J, CGP(J), is annualized using 
the interest rate on borrowed capital, IR, and the lifetime 
of the plant, NYA(J). The annualized cost, ACC, is given as: 

ACC :: CGP(J) * IR (1 ) 
1 - (1 + IR)-NYA(J) 

The term in parentheses is the capital recovery factor which 
equals 0.1061 for an interest rate of 10% and a plant 
lifetime of 30 years. 

2. An annualized cost covering the increase in generation capacity, 
CIGC, is then found by combining the annualized capital cost 
with the annual fixed operation and maintenance cost of each 
plant, AFOM(J), and then subtracting off the total fuel savings, 
PVFS, to be credited from having brought a newer, more 
efficient plant on line one year ear1ier~ 

CIGC = ACC + AFOM(J) - PVFS (2) 

The fuel savings can be obtained from estimates of system 
dispatchers or from a computer simulation of the generation 
system. The MARC-3A program (see Chapter :i) can be used in the 
latter instance. Running a simulation of the generation 
system twice for the year the new plant ;s to come on line, 
once with and once without the new plant in the mix, provides 
an estimate of the fuel savings as is shown in Table 10-1. This 
procedure, however, assumes only one year of such a savings 
when in fact the fuel savings may extend over the lifetime 
of the plant. The MARGINALCOST program provides for several 
years of fuel savings by discounting each yearly fuel savings 
of a plant to the first year the plant comes on line. Then 
it sums these "present" costs over all years to get a total 
fuel savings, PVFS, for the plant J: 

NY(J) 

L 
I = 1 (3) PVFS = 
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Table 1 Sample Calculation of Fuel Savings 
for One Plant by the MARC 3A Code 

Simulation Generated Total System 
Year System Output Costs* 
1978 (~1Wh ) ($) 

Without New 12,701,164 147,388,330 
Plant 

With New 12,701,164 142,897,568 
Plant 

Difference $ 4,490,762 

* Covering only fuel, variable operation, and maintenance 
costs 0 

Estimated Fuel Savings for Plant: 
Difference = $4,490,762 

3. Since the costs used in Equation (2) may be in either "presentll 
or future dollars for the year a new plant is due to come on 
line, two options are available for adjusting the cost of 
increased ger.eration capacity to a present cost. 

A) If the costs of the new plant are in future dollars for 
the year the new plant is to come on line, then they are 
discounted back to the present by modifying Equation (2), 

CI~C - ACC AFOM(J) - PVFS 
u - (1 + IR) FY(Plant) - FY(l) (4) 

The terms FY(Plant) and FY(l) of the discounting factmr 
in the denominator are respectively the years a par
ticular plant and the first plant of an expansion plan 
are to come on line. 

B) If the costs of the new plant are in present dollars, 
then the FY's in Equation (3) are taken to be zero and 
Equation (2) can be used. 

After Steps l,2, and 3 have been exercised for each plant, the 
total annual cost of increased generation capacity is then determined for 
the expansion plan on a per kilowatt basis. This is achieved by sum
ming the costs of increased capacity over all plants and dividing this 
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result by the total service capacity of all the plants adjusted for a 
margin of available reserve, RM. The result for the annual cost of 
increasing generation capacity per kilowatt, AGCKW, is expressed as: 

AGCKW = 
(Sum of CGIC over all new lants 1 + _R~J 

Sum of KW capacity over all new plants~ (5) 

A maximum of five plants may be considered in this calculation. 
The expression in Equation (5) would be the marginal cost of 

generation were it not-for losses over the transmission and distribution 
system. To account fer these, the annual cost per KW of increased 
generation capacity is refined by the demand-related cumulative loss 
multipliers to give the marginal cost of generation for each voltage 
1 eve 1 of s e rv ice J : 

MKWGC(J) = AGCKW * CALDP(J). (6) 

Table 2 Calculation of the Demand Loss Multipliers Case 
Where Loss/Load Ratios Are Exactly Known 

Voltage Loss Simple Loss Multiplier Cummulative Loss Multiplier 
Level Load for Peak Demand for Peak Demand 

J LOLP(J} ALMDP(J) CALDP(J) 
-

1 .0259 1 .0266 1 .0266 

2 .0398 1 .0415 1 .0692 
(1.0415 x 1.0266) 

3 . 0520 1.0548 . 1.1278 
(1.0548 x 1.0415 x 1.0266) 

Marginal Cost of Generation for 1977 for DP&L is calculated based 

on the cost data in Table 3 as: 

$14,784,000 + $19,640,000 ( 
800,000 KW + 800,000 KW 1 + .15) = $24.742/KW, 

For low voltage users this cost can be refined by using the cum

ulative loss multiplier for low voltage service determined in Table 2. 



10 - 6 

For this case the marginal cost of generation for low voltage users is 
found to be: 

or: 

1 ) 
2) 
3) 
4) 

5) 
6) 

7) 

$24.742/KW x 1.1278 

$27.904/KW. 

Table 3 Calculation of the Marginal Cost of Generation for Two 
Plants Brought Forward for the Case Where the Input 
Generatior Costs are in Present (1977) Dollars* 

Item Coa 1 Pl ant' Nuclear Plant 
(On Line in 1977) (On Line in 1980) 

Capital Cost $240,000,000 $400,000,000 
Capacity 800,000 KW 800,000 KW 
Annual Capital Cost ** $ 25,464,000 $ 42,440,000 
Annual Fixed Operation 

and Maintenance Cost $ 1,320,000 $ 1 ,200,000 
Fuel Savings $ 12,000,000 $ 24,000,000 
Cost of Increased 
Generation Capacity 
= (3) + (4) - (5) $ 14,784,000 $ 19,640,000 

Reserve Margin 15% 15% 

* Costs listed are rounded-off figures taken from a variety 
of sources. 

** Determined from an annuity factor (.1061) based on 3-year 
life and a 10% interest rate 

10.5 Computation of the Marginal Cost of Transmission and Distribution 

The Turvey approach is again applied in the program for the case 
of transmission and distribution. For each voltage level of service, 
planned facilities are assumed to be brought forward in time to serve 
an increased demand. The program allows a maximum of five facilities 
per voltage level to be used. A sample of transmission and distribution 

facilities is illustrated in Table 4", 
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Table 4 

,--~-

Voltap;e Voltage 
Stage Level 

Power . 345 XV 
Supply 

High 69 KV 

I 
I 

Primary 13 KV 

Low 220/l20v 

Sample Transmission and Distribution Facilities 

for Some Major Voltage Levels of Service 

Transmission - Distribution Facilities Unit Of 
Providing Service Facility Capacity 

345 KV Transmission Lines Line Mile 
34 5 - 13 8 KV Sub s 1: a t ion s KVA* 

The Above, Plus 

138 KV Transmission Lines Line Mile 
69 KV Transmission Lines Line Mile 

Transmission Substations KVA 

The Above, Plus 
13 KV Distribution Lines Line Mile 

Distribution Substations KVA 
Line Capacitors Klv 

The~Above, Plus 
Line Transformers KVA 

--_.- - I 

* KVA = Kilovolt-ampere 

--' 
o 

""'-..I 
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The methodology used to determine the marginal cost of transmission 
and distribution may be summarized in five major steps: 

1. The annualized cost of providing an additional unit of 
facility capacity (e.g. line mile of cable wire of KVA of 
substation capacity) is found: 

$ 
Unit of Facility Capacity 

2. For a particular transmission and distribution facility at 
a given voltage level, the additional capacity of that 
facility necessary to service one additional kilowatt for use 
is found. It is assumed that the expansion of each trans
mission and distribution facility varies directly with the 
increase in the total load that it serves during the peak 
peri od, narlle 1 y , 

Increase in Facility Capacity - Constant. 
1 KW of Additional Demand -

3. From the Y'esults above, the annual cost of providing enough 
capacity for a given facility to serve 1 KW of demand is 
determined as: 

Increase in Facility Capacity $ 
1 KW of Additional Demand x Unit of Facility Capacity 

=..L KW · 

4. For each voltage level of service, Steps 1 to 3 are performed 
for each facility. These incremental costs are then ~summed 
over all facilities at each voltage stage to get a total 
incremental cost for the facilities at that level. 

5. Finally, the marginal cost for a particular voltage level is 
determined by adding the total incremental cost covering all 
facilities at that level with the corresponding total 
incremental facility cost (adjusted for power line losses) 
of all those voltage levels which are higher. 

It should be noted that the procedure outlined above assumes a 
hierarchical structure of the transmission and distribution system where~ 
by an incll"'ease in facility capacity at the low, voltage stage requires an 
increase in facility capacity at higher voltage states. As a first 
approximation, such an assumption may be justified, However, such a 
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model is not exactly correct because expensive segments of the higher 
voltage network cannot be fairly allocated to anyone particular group 
of customers. Moreover, such portions of the network may not be in the 

direct lineage between low voltage customers and the generating plant. 

A sample calculation af the marginal transmission and 

distribution is illustrated in Tables 5 through 7, 

10.6 Computation of the Number of Hours in the Pricing Periods and the 
Marginal Cost of Energy (Running Costs) 

Marginal energy or running costs are associated with the cost of 
running existing plants more to provide additional energy (kWh). Such 
costs are independent of capacity costs and include mostly fuel costs 

along with some variable operation and maintenanfe expenses. To some 
degree, they depend on the length of the pricing periods, namely, peak 
and off-peak. 

The number of pricing periods, each being designated as IIpeakll or 
lIoff-peakll, must be defined as illustrated in Table 8. Such a descrip
tion for each period allows the MARGINALCOST program to group the hours 
of the year, taking particular account of holiday hours. A maximum of 
six pricing periods can be considered. Choices may be made according 
to season as well as time of day. Possible references for use in 
identifying the peak periods include load curves over selected periods, 
plant rna i ntenance schedul e, and hi s tori ca 1 da ta of seasona 1, month 1y, 
weekly, or daily peaks. 

For each pricing period, incremental costs must be specified for 
determining the marginal cost of energy, or marginal running cost. These 
costs are called "incremental fuel costs" but in fact are meant to include 
a small portion of variable operation and maintenance expenses. 

The MARGINALCOST program does not provi de any vlay to determine 
these incremental costs for the marginal cost of energy. Like the fuel 
savings, they can be either estimated by system dispat.chers or determined 
from a computer program simulation of the system. The latter can -be done 

by a slight modification of the HARC-3A prgram described in Chapter 3~ 

Using periodic system load data, the planned maintenance schedule and 
loading order or plants, and the incremental costs of each plant cover-· 
ing fuel, operation, and maintenance expenses, the MARC-3A pro9ram determines 
the system generated output and incremental cost for each hour of the year. 



Table 5 Facility Costs IJsed to Determine the Marginal Cost of Transmissin and Distrihution* 
~-.---.. --.-.---.-- ---- -----_ .. _ .. --- .. _-- ---- --- ---- _ ... _------ ----- .. - --- -_ .. _-- - -- --- ---------- .~ .. --- - .. _----- • ------ --- .. _----

Number Of Capital Cost Annualized Annual Fixed Operation and Total Annual Cost 
Types Of Per Unit of Capital Cost Maintenance Cost Per Unit Of Per Unit Of 

Voltage Facilities Facility Capacity Of Facility** Facility Capacity Facility Capacity 
Level (Table 1-,15) ($/Uni t) ($/Unit) ($/Unit) ($/Unit) 

I NF(I) CCUF(I,J),J=l,NF(I) CCUF(I,J)*CRF AOMCF(I,J) ACUF(I,J) 

69 KV 3 80,000.00 8,486.34 250.00 8,736.34 

(1) '50,000.00 5,303.96 350.00 5,653.96 

14.00 1.49 0.35 1.84 

12.5 KV 3 10,000.00 1,043.14 300.00 1,343.14 
--' 

(2) 16.00 1.70 
o 

0.50 2.20 
--' 

2.00 .21 0.01 0.22 o 

220/ 
120 V 1 30.00 3.18 0.25 3.43 

(3) 

1 -- -- -'--

* Based on a variety of sources including Reference 1 and 3. 

** Determined from a capital recovery factor based on a 30-y.ear life and a 10% interest rate. 
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Table 6 Computation of the Costs of Increasing Transmission and 

Distribution Capacity With the Use of Historical Data 

-.-. ---
! 

Facility Capacity 
Total Annual Cost Increase Per KW .Cost of Increasing 

. 'Per Uni t Of of Demand Facility Capacity 
Voltage Facility Capacity (from Historical Data) Per KW of Demand 

Level ($/Unit) (Units/KW)* ($/KW) 
I ACUF(I,J) EUFKW(I,J) ACUF(I,J)*EUFKW(I,J) 

1 8,736.34 1.2392 x 10 -4 1.083 

(3 Facilities) 5,653.96 1.1859 x 10-4 .671 

1.84 2.4830 4.569 

Total Cost of Increasing Capacity of Facilities at 69 KV Level 6.323 

2 1,343.14 2.5216 x 10 -3 3.387 

(3 Facilities) 2.20 6.7730 14.901 

0.22 0.2790 .061 

Total Cost of Increasing Capacity of Facilities at 12.5 KV Level 18,,349 

3 3.43 5.2874 18.,136 

Total Cost of Increasing Capacity of Facilities at Low 
Voltage Level 18.136 

* Based on the slope of the line best fitting historical customer load and facility 
capacity data. 

.....I 

o 

-.I 

I 
I 



~----

Voltage 
Level 

I 

1 
(69KV) 

2 
(12.5KV) 

3 

Table 7 Computation of the Marginal Cost of Transmission 

and Distribution Using the Results of Table 6 

Total Cost Of 
Increasing Capacity of Simple Loss 

Voltage Level Facilities Multipliers Marginal Cost 
($/KW) (from Table 1-2) ($/KW) 

CKWTD(I) ALMDP(I) Ivr'I<:WTD (I) 

6.323 1.0266 6.323* 

18.349 1.0415 24.934** 

(220/120v) 18.136 1.0548 44.437*** 

* 

** 

*** 

----_._--- - ---- ---

MKWTD(l) = CKWTD(l) 

MKWTD(2) = MKWTD(l) * ALMDP(2) 
+ CKWTD(2) 

MKWTD(3) = MKWTD(2) * ALMDP(3) 

+ CKWTD(3) 

~ --_._-- - --

.....a 

i 
a 

N 



Table 9 Marginal Cost of Energy According to 
Voltage Level and Period of Service 

Period Incremental Cumulative 
Description Voltage Running Cost From Marginal Loss 

(P) = On Peak Level MARC 3A Code Multiplier 
(0) = Off Peak ( ¢/kWh) (Table 1-5) 

(1) (2) (3) (4) 

NOVe 15 to Mar. 14 (P) High 1.268 1.0546 

Monday thru Friday 
f (Excluding Holidays) Primary 1.268 1.1558 

10 a.m. to 6 p.m. Low 1.268 1.2900 

All Hours of High 0.994 1.0293 

Weekends and Primary 0.994 1.0764 

Holidays (0) Low 0.994 1.1417 

Marginal Cost 
Of Energy 

(¢/kWh) 

(3) x (4) 

1.337 

1.466 
I 

-..J 

o 

1.636 
--' 
w 

1 .. 023 

1u070 

1.135 
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Table 8 Incremental Costs Associated with Fuel Variable 
Operation and Maintenance Expenses Computed by 
the MARC 3A Code for Selected Periods Using 
Data from Dayton Power and Light 

Period 
Description 

(P) = On Peak 
(0) = Off Peak 

Nov. IS to Mar~ 14 (P) 

Monday thru Friday* 

10 a.m. to 6 p.m. 

May 15 to Sept. 14 (P) 
Monday thru Friday* 

10 a.m. to 6 p.m. 

Nov. 15 to Mar. 14 (0) 

Monday thru Friday* 

6 p.m. to 10 a.m. 

May 15 to Sept. 14 (0) 

Monday thru Friday* 

6 p.m. to 10 a.m. 

Mar. 15 to May 14 (0) 

Sept. IS to Nov. 

All Hours .. Mon. 

All Hours of 
Weekends and 

Holidays (0) 

14 (0) 

thru Fri.* 

* Excluding Holidays 

Incremental 
Cost 

($/kWlt) 

1.268 

1.268 

1.112 

1.066 

1.102 

0.994 
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. Marginal loss multipliers are used to refine the incremental fuel 
costs of the MARC-3A program to determine the marginal cost of energy. 
Because such loss factors are energy-related and are determined separately 
for peak and off-peak periods, they enable a marginal energy cost to be 
determined for each pricing period and voltage level of service. In the 
MARGINALCOST program this is determined in the following way, 

For each voltage level, I (I - 1,NVL), and pricing period, J 
(J = 1,NPER), the marginal cost of energy per kWh, MEKWH(I,J), is found 
for peak periods by: 

MEKWH(I,J) = (CKWH(J) * CMLEP(I), (7) 

and for off-peak periods by: 

MEKWH(I,J) = ICKWH(J) * CMLEO(I). (8) 

In each of these equations ICKWH(J) is the incremental fuel cost per 
kWh for the period J and CMLEP(I) and CMLEO(I) are the respective cum
umative marginal loss multipliers on and off peak for voltage level I. 

Using sample results of incremental fuel costs from the MARC-3A 
program along with the cumulative marginal loss mlJltipliers of Table 2. 
the marginal cost of energy is computed for a peak winter period and 
an annual off-peak period in Table 9. 

10.7 Computation of the Total Marginal Cost 

The MARGINALCOST program determines the total marginal cost of 
producing an extra kVJh for' service by combining the marginal capacity 
costs for each period with the marginal energy cost. 

For each peak period and voltage level of service, I (I = 1,NVL), 
the capacity costs are first spread over the total annual peak hours, 
HRSPK, and converted to a cost per kWh. The marginal cost in ¢/kWh 
for peak generation, MKl~HG(I), is determined from the $/KW cost by: 

'MKWHG(I) = 100 * MKWGC(I) 
HRSPK (9) 
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and the marginal cost in ¢/kWh for peak transmission and distribution, 
MKWHT(I), is determined from the $/KW cost by: 

MKt~HT (I) = 100 * fy1KWTD(I) 
HRSPK (10) 

These results are then combined with the marginal energy cost of 
a particular peak period and voltage level to give the total marginal 
cost, TOTMe(I). 

For off-peak times, the MARGINALCOST program assumed no capacity 
costs and takes the marginal energy costs for these times to be the 
total marginal cost. In summary, the total marginal costs for peak and 
off-peak periods are calculated for each voltage level I( = 1,NVL) as 
follows: 

For peak periods: 

TOTMC(I) = MKWHG(I) 
(Tota 1) + 

MKWHT(I) 
+ 

MEKWH(I,peak period) 
(energy) 

Por off-peak periods: 

(generation) 

(transmission & distribution) 

(11 ) 

TOTMC(I) = MEKWH(I, off-peak period) 
(Total) (energy) (12) 

A sample calculation of the total marginal cost using the steps 
described above is provided in Table 10. Results are given only for 
low voltage users USing the sample marginal capacity and energy costs 
calculated throughout this chapter. 
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Table 10 Calculation of the Total Marginal 
Cost for Low Voltage Users 

lu For Peak Periods 

~~rginal Capacity Costs: 

A. Generation (Table 1-11): 

B. Transmission and Distribution 
(Table 1-21): 
(for Historical Data) 

Total Marginal Capacity Cost: 

Annual Number of Peak Hours (for the 
winter period days and summer period 
days specified in Table 1-25): 

Spreading Capacity Costs Over the 
Annual Peak Hours, (I) -;- (2): 

Marginal Energy Cost (e.g., for 
winter day period of Table 1-26): 

Total Marginal Cost (for \Vinter 
day period), (3) + (4): 

2. For Off-Peak Periods 

Marginal Capacity Costs: 

Marginal Energy Cost (e.g., for 
the off-peak winter night periods, 
from Tables 1-5 and 1-25): 

Total Marginal Cost (for the off
peak winter night period): 

$27.904/KW 

44.437/KW 

$72.341/KW 

(664 + 688) == 
1352 hrs .. 

5.351 ¢/kWh 

1.636 ¢/kWh 

6.987 ¢/kWh 

NONE 

1.270 ¢/kWh 

1.270 ¢/kWh 

(1) 

(2) 

(3) 

(4) 
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CHAPTER 11 
PEAK PROBABILITY PROGRAM 

11.1 Introduction 

The purpose of the Peak Probability Program (Ppp)l is to analyze 
the hourly system load data of an electric utility to determine on a 
monthly basis the range of hours during the day in which the daily 
peak is most likely to occur. This chapter explains the operation and 
use of the program. 

Section 11.2 describes the methodology of the calculation. 
Section 11 .3 deals with the required input data and its format. 

The third section discusses the operation of the program in batch and 
TSO mode. A flow chart of the program is listed in Appendix llA. A 
listing of the program with output provided in Reference 1. 

11.2 Program Methodology 

In general the program keeps track of the number of times the 

hourly system load is greater than a user supplied load level by the 

time-of-day and day of the week. From this tabulation, the probability 
that the system load is greater than a user determined base is calcu
lated for each hour of each day (Mon-Fri) for each month of the year. 
These probabilities are then used to calculate the cumulative probabil
ity that they system load will be above a given level during any span 
of hour for we.ekdays. 

A sample output from these calculations is shown in Figure 1. The 
first table lists the number of times the system load exceeded, in this 
case, 1450 MW for each hour of each Monday-Sunday in July 1974, and the 
total number of times for each hour for the five weekdays. The second 
table is, for weekd~ys only, the ratio of the number of times the sys

tem load was above 1450 MW in a given hour to the total number of times 
it was above 1450 M~ The last table is the cumulative probability 
for weekdays. This table aids the program user in determining, for a 
given confidence level, the range of hours for which the load exceeded 

1450 M~ For example, if the user wants to determine the range of hours 
for which he would be 95% confident that the system load would exceed 

1450 MW,_ he would consult the table looking for the value 0.95 to 
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JULY 1976 DPl76l PEAK lOAD-· 1793 "WS ON THUR THE 15 AT 16 HOURS .. 

THE P~OBABIUTY THAT THE LOAD 100AS GREATER THAN 1650MW$ DURING T~ MONTH IS .162 
BASED ON A P~RIOD OF 111 HOURS. 

THE LOAD EXCEEDED 1650MWS FOR 19 WEEKDAY HOURS DURING JULY 1976 

THE NUMBER OF HOURS THE LOAD e)CCEEOEO 16S0"'W$ OU~ING €ACH HOtJJt OF THr: DAY 
19 10 21 DAY , Z 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 ... ::.", i3 0 0 0 C 0 0 0 0 0 0 0 0 0 0 0 0 (I 0 0 I) 

T:...~S /) 0 0 0 0 0 0 0 0 0 0 0 " 0 0 0 0 0 (; 0 0 
lor~::; V 0 0 " 0 0 0 0 0 0 0 0 0 0 0 ! 1 .. 0 0 0 
!"l.!« V (i 0 0 0 0 0 0 0 0 1 1 1 1 1 I 1 i 0 0 0 
FR I 0 0 0 0 0 0 0 0 0 C 0 1 1 1 1 1 1 1 1 0 0 
SA T 0 0 (i 0 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0 0 0 
SUN 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
M--F 0 0 0 0 0 0 0 0 0 0 1 2 2' 2 2 3 3 :; 1 0 0 

THE PROBA3ILITY THAT THE LOAD WAS GREATER THAN 1650MWS BASED ~ A PE~IOD OF 19 HOURS 
DAY 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 l~ 19 20 21 
MCl'\l 0,,0 0 .. 0 0.0 0 .. 0 0.0 0.0 0.0 0 .. 0 0 .. 0 0.0 0 .. 0 0 .. 0 0.0 0 .. 0 0.0 0.0 0.0 0 .. 0 0,,0 0 .. 0 0 .. 0 
lUES 0.0 0 .. 0 0.0 0 .. 0 0 .. 0 0.0 0 .. 0 0 .. 0 0 .. 0 0 .. 0 0 .. 0 0 .. 0 0 .. 0 0 .. 0 0 .. 0 0 .. 0 0.0 0 .. 0 0 .. 0 0.,0 0 .. 0 
W~O 0.0 0 .. 0 0.0 0 .. 0 0.0 0.0 0 .. 0 0.0 0 .. 0 0 .. 0 0,,0 0,,0 O .. Q 0 .. 0 0,,0 0.05 0.05 0.05 0.0 0 .. 0 0 .. 0 
THl1R 0 .. 0 0 .. 0 0.0 0 .. 0 0 .. 0 0,,0 0 .. 0 0.0 0 .. 0 0 .. 0 0.05 0.05 0 .. 05 0,,05 0.05 Oe05 0 .. 05 0.05 0 .. 0 0 .. 0 0 .. 0 
FR I 0.0 0 .. 0 0.0 0 .. 0 0.0 0.0 0 .. 0 0 .. 0 0 .. 0 0.0 0,,0 0.05 0.05 0 .. 05 0.05 0.05 0.05 0.05 0 .. 05 0.0 0 .. 0 
M--F 0 .. 0 0.0 0 .. 0 0 .. 0 0 .. 0 0 .. 0 0 .. 0 0 .. 0 0 .. 0 0 .. 0 0.05 0 .. 11 0.11 0.11 0.11 ODl6 0.10 0 .. 16 0.05 0.0 0,,0 

CU"IULAT IVE PROBABILITY THAT FOR ANY RANGE OF WEEKDAY HOURS THE lOAD eXCEEDED 1650fotWS 
HR/hi< 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
1 (loG 
2 0.0 0.0 
3 0.0 0.0 0 .. 0 
4 Ci.O 0.0 0 .. 0 0.0 
5 0.0 0.0 0.0 0.0 0,,0 
c 0.0 0.0 0.0 0.0 0.0 0.0 
7 0.0 0.0 0.0 0.0 0.0 0 .. 0 0.0 
B 0.0 G.O 0.0 0.0 0.0 0.0 0.0 0.0 
<,) 0.0 0.0 0.0 0.0 0.0 0.0 0 .. 0 0.0 0.0 

10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
11 0.05 o.es 0.05 0.05 0005 0~05 0.05 O.Cs D.GS 0.05 0005 
12 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 O.le 0.11 
13 0.26 0.26 0.20 O.2~ 0.26 O.2~ 0.26 0.26 0.26 0.26 0.26 0.21 0.11 
14 0.37 0.37 0.37 0.37 0.37 0.31 0.31 0.37 0.37 0.31 0037 0.32 0.21 0.11 
1,;\ 0.47 0.47 0.47 0.41 0.47 0.47 0.47 0.47 0.47 0.41 0.47 0.42 0.32 0.?1 0.11 
10 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.5S 0.47 0.31 0.26 0.16 
17 0.19 0.79 0.79 0.79 0.79 0.79 0.79 0.70 0.79 0.79 0.79 0.74 0.6, 0.53 0.42 0.32 0$16 
113 v. Q 5 O.~5 0.95 O~95 0.05 0.95 0.95 0.05 0.95 0.95 0&95 0.B9 0.79 0.613 0.58 0.47 0.3? 0.16 
19 1.UO 1.00 1.00 1.00 1.00 1.00 1.00 1.CO 1.00 1.00 1.00 0.95 0.84 0.74 0.63 0.53 0~31 0.21 0.05 
20 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95 0.84 0.14 0.63 0.53 0.31 0.21 0.05 0.0 
21 1.00 1.Oe 1.CO 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.95 0.84 0.74 0.63 0.53 0.31 0.21 0.05 0.0 0 .. 0 
22 1.00 1.00 1.00 1000 1.00 1.00 \.00 1.CO 1.00 1.00 1000 0.95 0.84 0.74 0~63 0.53 Ob37 Oe2l 0.05 OeD 0 .. 0 
23 1.CO 1.00 leOe 1.00 1.00 1.00 1.00 1.00 leva 1.00 1.00 0.95 0.84 0.14 O~63 0.53 0~37 0021 0.05 OGO 0 .. 0 
24- 1.00 leOO l~OO l~OO 1@00 1.00 1.00 loCO 1.00 1000 1.00 0.95 Oe84 0.74 0.,63 0~53 O~37 O~21 Oe05 0.0 0 .. 0 

RERUN? 

Figure 1 
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find the range of hours. In this case, one range would be from the hour 
ending at lO~OO a.m. to the hour ending at 8:00 p.m. 

The program operation starts by reading in the hourly load data, 
supplied by the user in the Edison Electric Institute format (see· 
Section 11.3), as well as a code- indicating which 'day of the week the load 

data is for (1 = Monday, 7 = ,Sunday, 8 = Holiday). This load ~ata is 
stored in the array LOAD indexed by month, day, and hour. The day of 
the week information is stored in the array DAY indexed by month and 
day. The LOAD array is then searched to find the peak load for each 
month. The peak 10cd, &nd the hour and day on which that load occurs are 
stored respectively in arl'ays PEAK, PKHR, and PKDA for later use, 

The user now enters the load level for which the program calculates 
the probability that the system load will exceed that level. This number 
can be supplied in two forms. If the user inputs a value greater than 
100, the program treats that as a load level. If the number is less 
than 100, the program treats that as a percentage of the monthly peak. 
This value is stored in the program as PCPEAK and is later defined as 
LEVEL. 

At this point the code initializes cumulative variables and then 
searches each month for load levels above LEVEL. If the load exceeds 
LEVEL that information is stored in array HOUR by month, day of week, 
and hour. The total for each week, day and hour is also maintained in 
array HOUR. 

The probability of the system load exceeding LEVEL for each week
day hour is calculated by dividing the appropriate array element of HOUR 
by HRLEV, the total number of hours the sytem load exceeds LEVEL~ This 
information is stored in the array PROS indexed by month, day of 'week, 
and hour. The total hourly probability is also stored in PROBe 

The cumulative probability that the system load will exceed LEVEL 
over a given range of hours is calculated by summing the probability 
of the system load exceeding LEVEL for weekdays over the desired range 
of hours. Mathematically, to find the probability that the system load 
exceeded LEVEL during the period beginning with the ith hour and ending 



11 ... 4 

at the jth hour, calculate 

j 
CUMLA{i,j)::: E PR08(MO,8,k)e 

+1 

1t.3 Data Requirements 
The non-load data which are u in the program are listed in 

e 1" 

Table 1 Input Data Requirements 

Variable 
Name Description Format 

YEAR Year of Study A4 

COMPNA The Name of the Company or A8 
the load data set name if 
the PDSIN subroutine is used 

PCPEAK If ~lOO, the level to com- F6GO 
pare the system load data to. 
If <100, the percentage of the 
monthly peak to compare the 
load data to. 

The variables YEAR and COMPNA are entered at the beginning of 
the program. They are used for information in the output table. The 
variable year is entered as a four digit number but read by the program 
as an alphabetic character. The variable COMPNA can be up to 
eight characters in length, left justified in the field, The variable 
PCPEAK is entered at least once but can be entered at the end of each 
run so that analysis at numerous load levels can be accomplished. It 
is entered as a floating point number with decimal point t If the per
centage feature is used the program divides the entered number by 100 

to obtain the fractional value of the peak used to determine the value 
for LEVEL. 
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The load data is supplied in the reporting format determined 
by the Edison Electric Institute (EEl). This format, as shown in Table 
2, consists of two cards per daY' .. which contain the load information as 

well as time zone, temperature, and day of week information. 

CARD 1 

Column 
Number(s} 

1-2 
3-4 
5-6 

7 

8-15 
16 

17 
18-20 
21-80 

CARD 2 

1-6 

7 

8-10 
11-13 
14-16 
17-20 
21-80 

Table 2 Organization of EEl Load Cards 

Month 
Day 
Year 

Description of Parameter 

#1 for A.M. 
EEl Code Number for Utility 
Day of Week O=Dummy Day; l=Monday; 
7=Sund~y; 8=Ho1iday 
Time Zone l=EST; 2=EOT 
Blank 
Hourly Load in Terms of MWH/HR. for the 
hours ending at 1:00 a.m. through 12 noon. 
Each load is given five columns and is 
right justified. 

Reading 
Format 

12 
12 
12 
II 

18 
19 

II 

3X 
1215 
or 

12F5.0 

Same as Card 1 312 

#2 for P.M. I1 

First three digits of EEl utility In number 13 
Average temperature for the day I3 

Departure from normal average for that day 13 

Blank 4X 
Same as Card 1 for the hour ending 1 :00 12I5 
p.m. through 12 midnight or 

12F5.0 

This progrdm utilizes the load data and the day of week information 
for the EEI load cArds. 
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11.4 Program on 

The is i in tch mode on an IBM 

System 370/165 computer us; ier. operation at 
The Ohio State iversi 
sub ro uti n ell N 
as part of a 
correctly 
req red, the statement 

As descri in 
iabie values ied 
uses logical unit 5 ( 
reading ables YEAR, 
for reading the 1 

The 
Figure 11 

//EXEC 
IICMP.SYSIN 00* 

Program Cards 
· 

IIGO. FT lOFOOl DO 

I/GO.SYSIN DD* 
· 
· Data Cards 

1/ 

uses a library 
is stored in disk space 

IN subroutine is used to 
on. If this subroutine is not 

1s d be removed! 
ous on, there are three input var-

1 as load data. The program 
normal card reader) as the input device for 

~
EAR 

COMPNA 
PCPEAK 

PCPEAK. Logical unit 10 is used 
i n forma t ion. 

running the code is shown in 

= PUCO.DATA,DISP = SHR, LABEL = (",IN) 
used with partitioned data set 

*is used when card reader is desired 

Figurell-2 JCL for Peak Probability Program 

This program is also available throught the time sharing option of the 
OSU IBM 370/165 computer. Using the time sharing option allows for 
easy access to the program,but because of the slow speed of the printer 

t When a program chuses a special subroutine such as PDSIN is supplied 
to other agencies, these options are replaced with techniques with 
known universal application. In most cases the use of disk storage will 
be replaced with a card reader. 
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more time is required to achieve the amount of output data batch pro
cessing yields. For this reason the program has been modified to be 
more specific in the choice of output. The user can specify which month 
he wishes to have output for and which tables. 

Once the user has completed the Illogic" procedure the following 
d .. d f t' tt cornman sequence 1S requ1re or program opera lon: 

term line size ('130') 

READY 
a110c da(ipuco.data l

) f(ftlOf001) 
READY 
loadgo 'puco.peakprob.obj' 

The program will then ask for input data by variable name as shown in 
Figure 3 with example response. It will also ask for the output required. 

As shown in Figure 11-3, these output questions consist of asking for the 
number of tables (NO. TABLES?). The first entry is the number of tables; 

the following entries are the table numbers. 

YEAR? 
1976 
Company name (COMPNA) 
dp 1 16"1 
NO. TA8LES? 
2 - number of table numbers to follow - to specify all 

tables enter 3 
1 ... for' Table 1 
3 - for Table 3 
Number of mar.ths? 
I. - number of month(s) - to sp6~ifiy all·months enter 12 
6 
7 
8 

12 
PCPEA:(? 
1650 

output 
o 

. 
RERUN? 
/* Ends Program 
number~l.O is used as PCPEAK and the previously defined 

output forma tis used 
riumber~l .0 the program asks for the output format. 

Figure 3 Data Entry from TSO Terminal 
,----,---

tt Small case letters are operator enter'ed, large case are computer 
responses. 
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If all the tables are required enter the number 3. The computer will 
respond with next question. If the number 0 is entered the output 
will be the non-table information. 

After the e i on has been entered the computer will 
ask for the number months for which the output information is required 
(NO.MONTHS?). is entered followed by the number correspond-
ing to the months 

The last input vari e required before the output is printed is 
PCPEAK. At the usion printing the output the computer asks 
the question IIRERUN?Ii; three possible responses to this are: 

1. type * to end the program 
2. enter a number, with decimal point, that is greater than 1.0; 

the program will act as if the variable PCPEAK had been 
entered. The output will be in the same format as pre
viously requested. 

3. enter l.O.; the program will then ask for new output format 
information and the value for PCPEAK. 

With these instructions and the following appendix the user of this 
program should have minimal problems. 
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APPENDIX llA 

Flow Chart of the Peak Probability Program 
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DIMENSION 
PARAMETERS 

READ IN YEAR 
& COMPANY NAME 

FOR THIS APPLICATION 

,..--___ -:J!j READ HOURLY LOAD 

end file 

(WHOLE YEAR) 

INITIALIZE 
PARAMETERS 

DO TO 30 
INDEXING TO MONTH 

DO TO 2.5 
~ I-I_N_DE_X_I_NG-r-BY_HO_U_R--JI, 

SUM UP FOR NUMBER OF 
HOURS IN MONTH 

FIND THE PEAK 
HOUR OF EACH MONTH 

SUM UP FOR NUMBER 
OF HOURS IN YEAR 
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CHECK (AND CORRECT 
IF NEEDED) THE 

SEQUENTIAL NUMBER 
OF THE PEAK DAY 

READ IN THAT PERCENTAGE OF 
r--------I PEAK LOAD WHICH WILL BE CONSIDERED 

AS A CUT~OFF LEVEL 

DO TO 40 
INDEXING BY MONTH 

YES 

INITIALIZE THE VARIABLES FOR THE PROBABILITY TO 
EXCEED THE CUT-OFF LEVEL THIS MONTH AND FOR THE 

NUMBER OF WEEKHOURS THAT THIS LEVEL WAS EXCEEDED 

DO TO 40 
INDEXING BY HOUR 

DO TO 40 
INDEXING BY THE TYPE OF DAY 
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40 
~----------------~ 

INITIALIZE VARIABLES FOR THE NUMBER OF HOURS IN EACH DAY 
THAT THE LOAD EXCEEDED THE CUT-OFF LEVEL, 

AND FOR THE PROBABILITY IN EACH DAY OF 
THE MONTH FOR THIS TO HAPPEN 

DO TO 60 
INDEXING BY MONTH 

CALCULATE CUT-OFF LEVEL 

r 
DO TO 50 

INDEXING BY DAY 

DO TO 45 

r INDEXING BY HOUR 
"-----r----" 

SUM UP THE NUMBER OF HOURS 
FOR WHICH LOAD EXCEEDS 

THE CUT-OFF LEVEL 
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NO 

DO TO 55 
INDEXING BY THE DAYS OF THE WEEK 

DO TO 55 
INDEXING BY HOUR OF DAY 

CALCULATE THE PROBABILITY THAT LOAD 
EXCEED CUT-OFF LEVEL IN WEEKDAYS 

SUM UP PROBABILITY FOR WEEKDAYS AND 
TOTAL NUMBER OF WEEKDAY HOURS 

60 '--------. 
CALCULATE THE NUMBER OF HOURS IN 

----II THE YEAR THAT THE LOAD EXCEEDS CUT-OFF 



YES 

11 - 14 

NO 

B' 

NO 
DO TO 90 

INDEXING BY MONTH 

YES 

CALCULATE MONTHLY PROBABILITY 
OF LOAD EXCEEDING CUT-OFF LEVEL 

DO TO 120 
INDEXING BY MONTH 

PRINT: 
OUTPUT (2 TABLES) 

DO TO 110 
INDEXING BY HOUR 

CALCULATE CUMMULATIVE 
PROBABILITIES 

PRINT LOAD DID 
NOT EXCEED LEVEL 



YES 
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PRINT: 
CUMMULATIVE PROBABILITIES 

(ONE TABLE) 
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SYSTEM CHARACTER I OF E C IL 

12. 1 yes 

The ective the descri in this chapter is to pro-

vide basic information to be used by the WASP code. In preparing 
the input for the WASP program, the 10ad characteristics during a year are 
represented by the load duration curves of four periods f (seasons) in 
the year. It has been recognized that the definition of the four peri
ods has a significant effect on the maintenance schedule which is auto

matically scheduled within the WASP program~ The four periods must be 
defined in such a way that the maintenance spaces in the system capacity 
during the off-peak season are clearly recognized rather than based on 

the calendaro 
As the model utilities, the CAPCa group and DP&L are selected. 

The present work consists of the four studies, each of which is reported 
in the subsequent sections. In Section 12.2, the characteristics of 
the weekly peak load for the CAPeD group is studied. In Section 12.4, 
four functional seasons (periods) are determined. In Section 12.5, the 
effects of component demand on load duration curves is studied. 

12.2 Weekly Load Factor and Its Variation During a Year 

The variation of the weekly load factor during a year and its 
relation to the yearly peak are studied in this section. The hourly load 
data of the CAPCa group for 1973 and 1974 is used as the data base. 

The load factor in a period is defined as the average load versus 
the pe~k in the period. Using the hourly load data, the weekly load 
factor P(I) may be easily cal ated, where I is the index to denote 
the week considered. The io of a weekly peak to the yearly peak 
R(I) is calculated di di wee y load factor by the yearly peak. 

The product of P(I) and R(I) gives the ra 0 of the average weekly load 

tAlthough WASP allows 12 subintervals in each year, four subintervals per 
year are used in the WASP applications described in the subsequent 
chapters. 

12 - 1 
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to the yearly peak S(I). The average of S(1) for 52 weeks in a year 
becomes the yearly average load factor. Those three factors were cal
culated for 1973 and 1974 CAPCO loads. The results are shown in Figure 

1 through 6. 

In Figures 1 and 2, a low weekly load factor is indicative of high 
daily peaks in the week and accordingly a large fluctuation of load in 
the week. On the other hand, a high weekly load factor means a small 
fluctuation of load in the week. It is seen in Figures 1 and 2 that 
load fluctuation in a week is relatively small (high weekly load factor) 
during the 1st through 20th and 38th through 52nd weeks. The load fluctua
tion in a week is relatively high (low weekly load factor) during the 21st 
and 39th weeks. It should be noticed also that very low load factors 
occur in the weeks of special holidays as marked in Figures 1 and 2. 

Figures 3 and 4 show that weekly peaks fluctuate rather violently 
during summe~ but the fluctuation is much milder in other periods. The 
wild fluctuation during the summer is probably due to the response of 
air conditioning to the cycle of hot and cool weather, The ratio of 
weekly average to the yearly peak shown in Figures 5 and 6 fluctuate less 
significantly than the weekly peak. Nevertheless, the tendency of the 
fluctuation during summer is very similar to the weekly peak, thus 
reflecting the effect of weather variations_ 

12.3 Daily Variation of Loads in a Month 

In order to study the variation of daily peak, average and min
imum loads of CAPCO in typical months, January and July of 1973 and 
1974 are chosen. The follow"ing three ratios for two weeks in January 
and July are shown in Figures 7 and 8: 

Daily Peak/Daily Average 
Daily Peak/Daily Minimum 
Daily Peak/Yearly Peak 

It is observed that the daily ratio .of peak to average ~fluctuates. very 
little even during weekends. This indicates that the hourly l~ad shape 
varies little even if the average load or the peak load change from day 
to day_ 
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12.4 Study on Definit"ion 

The is ion is determine four seasons 
use in the WASP seasons may 
order to s kdown, ree 
load freq 
tions. 
typical 1 

, ( i i ) 

have an equal length. In 
proaches are taken: (i) peak 

on, and (iii) weekly peak cyclic varia-
ve 

on curves 
these anal 

each season. 
is develop normali 

(i) Peak Frequency 
In this approach the annual cyclic variations in peak loads are 

observed. The ratio of the daily peak load to the annual peak load, 
which we designate as the D.A. ratio, is taken~ The year is divided into 

ten day time segments. The scale for D.A. ratio is divided into 
equally spaced intervals of 0.03 width. In each ten day period, the 
number of counts that the D.A. ratios fall into each interval is taken. 
The results of this counting for all the ten day periods are shown' in 

Table 1, 2, and 3 for CAP CO 1972, 1973 and 1974, respectively. These 
tables show rather clearly how a year should be divided into four 
intervals depending on the characteristics in each interval. The 
summer season is characterized by large fluctuations in the D.A. ratio, 
while the autumn season has relatively little fluctuation. 

Two ways of defi ng the four seasons are shown below: 

First Choice: 
Win 
Spring 
Surrmer 
Autumn 

Second Choice: 
Winter 
Summer 
Autumn 

In the above first choice, lengths.of each season are made almost 
equa 1 . Wi 
hiah D.A. 

this choice, however, often the autumn season will involve 
io's ich occur ea y in September. To avoid this pro-

blem, the summer period is made lonqer and the autumn period is made 
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shorter in the second choice so that the autumn will be characterized 
by more uniform D.A. ratios. 

(ii) Comparison of Yearly Variations in Normalized Seasonal load 
Durat i on Curves 

The purpose of this portion of the analysis is to determine the validity 
of the dates chosen in (i) by checking the shapes of normalized seasonal 
load duration curves for a few years. In order to observe the variation 
in the shape of these curves, new curves are generated which we designate 

1 as the load-duration-difference curve. The CAP CO 1972 load data was 
used as the data base. Each point on the 1973 and 1974 load duration 
curves was subtracted from the equivalent point on the 1972 CAPeO load 
duration curve to give the two load duration difference curves. These 
are shown in Figures 9 through 16. 

An analysis of the results yields two conclusions. First, if 
the seasons are selected as suggested in Subsection (i) the normalized 
load duration curves change very little from year to year. Secondly, 

the positive to negative variation of the load-duration-difference 
curves indicates that the load duration curves for CAPCO 1972 and 1974 
are flatter than the load duration curve for CAPCO 1972. 

(iii) Variations of Weekly Peaks 
It was attempted to determine the periods of seasons by another 

approach. In this attempt, weekly peak loads during a year are plotted 
in Figures 17 through Figure 20. The periods of four seasons are 
found by the following procedures: 

(a) The local maximums and minimums of the plotted curve 
are found to be: 

1/21,4/23,7/22 and 10/19 
(The load duration curves for the four periods 
divided by those dates are shown in Figures 21 and 
22 for reference.) 

(b) Starting dates for the four seasons are found by ad
vancing the above days by 45 days: 

Winter 
Spri ng , 

12/3 - 3/6 
3/7 - 6/6 
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1 

It can observed e above on four seasons 
is in a rea e agreement with that in ection ( i ) . 

12.5 ve is load on Different 
Utili es 
The ve is section is s the effects 

component demand on the shape of seasonal 1 duration curves through 
the comparison various CAPeO utilities whose component breakdowns 
are known. The load duration curves are compared on a seasonal basis 
so that any seasonal peculiarttiesassociated with a particular utili~ 
ty may be observed. 

(i) Approach 

The four utilities considered in this study are Cleveland Elec
tric Illuminating Company ( I)~ Dayton Power and light (DP&L), 
Duquesne and Ohio Edison (OHE). These four utilities were chosen 
in order to obtain an entire spectrum of component makeup. The 
entire component breakdown for CAPeO utilities is shown in Table 
4 and 5. The three major demand components are residential t 

industrial and commercial. 
The main effort of analysis is directed at determining the 

effects of the annual total industrial consumption versus the annual 
total residential/commercial consumption on the appearance of norm
alized load duration curves. For the purpose of comparison, the 
following ratios were cal ated first based on the kWh sales for 
different customer categories: 

The 
Form 

sale 
1 (c) 

Indus 
= -------------------------------

Commercial Load + Residential load 

were 
summa 

;0 
in Table 4 

S1 ng Commission 
5, The ratios thus cal-

culated are s ow: 
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Utility 1973 1974 

CEI 1.2170 1.127 
Duquesne 0.9917 1,0355 
DP&L 0.6233 0.5751 
OHE 0.9586 0.9154 

These ratios provide a basis of comparison between utilities based 
on the degree of industrialization. The seasonal load duration 
curves for these four utilities are shown in Figures 23 through 26. 

(ii) Analysis of Result 

The initial striking feature of the load duration curves is 
the fact the DP&L load duration curve is significantly lower and more 
steeply sloped than that of the other utilities for all seasons. This 

would indicate that commercial and residential loads provide greater fluc
tuation in load than the industrial load, On the basis of this, 
one would expect that eEl would have the flattest, and hence the 
highest load duration curve, although this is not exactly true. In 
fact, the Duquesne's load or Ohio Edisonas load has less varia~ 

tion than CEI's in some seasons. Apparently other factors than sim
ply industrial loads versus residnetial and commercial affect the 
load duration curves. The effects of local weather effects, type of 
industrial activities, the type of commercial activities (large office 
buildings versus small establishments, the business hours) and many 
other related factors influence the nature of the load duration 
curve. In order for a proper analysis to be made, the hourly com
ponent-load data should be collected for various types of industrial 
activities, various types of commercial enterprises and different 
categories of residential consumers. 
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~ .64 .57 .70 
> .65 .68 -

Jan. l-Jan. 10 3 1 
Jan. H-Jan. 20 1 
Jar. • 21-J;t:1. 30 2 1 1 
Jan. 31-Fcb. 9 1 1 
::-cb. 10-Fcb. 19 1 1 
:=eb. 20- ~Iar. ·1 2 1 
-Iar. 2-!>1ar. 11 .1 1 
~ar . 12-j>!a r. 21 2 2 
-1ar. 22-r-lar. 31 1 1 
A.p!'il I-April 10 3 2 
Aprii I]-April 20 /: 
April 21 -Avril 30 2 1 
\!av I-May 10 3 
\!ay ll-May 20 2 
!-!ay 21- ~l:iy 30 4 1 
May 31-Junc 9 2 1 
June 10-June 19 4 
June 20-June 29 1 
JU:10 30-July 9 2 
July IO-July 19 2 
July 20-July Z!) 

July 30-Aug. 8 4 I Aug. 9-Aug. 18 1 1 
Aug. 19-Aug. 28 2 I 1 
Aug. 29-Scpt. 7 2 1 
SC:1t. 8-Sept. 17 1 I 1 1 
Sept. IS-Sept. 27 1 I 2 
Sept. 28-0ct. 7 1 1 
Oct. 8-0ct. 17 2 I 1 1 
Oct. lS-Oct. 27 1 1 
Oct. 28-:-.Iov. 6 2 1 
Nov. 7-'f\ov. 10 1 
l'\ov. ll-"lov. 26 1 1 
Noy. 27-0cc. 6 2 
Dcc. 7-flec. 16 
Dec. 17- flc\:. 26 2 
Dec. 27-1lc"c. 31 I 

TABLE 1 

R Frequency Chart I 

.73 .76 .79 .82 .85 .88 

.71 .74 .77 .80 .83 .86 

3 2 1 
1 2 6 

1 -2 3 
3 5 

1 3 3 1 
3 4 
3 4 1 
4 2 

1 4 3 
3 2 

1 7 
2 5 

6 1 
1 6 1 

1 1 3 
2 5 1 
1 1 1 
3 2 

1 1 
1 1 
1 2 2 

1 4 
1 3 2 

1 
2 1 
1 4 

1 2 1 
8 
5 1 
7 1 

1 2 4 
1 1 2 

1 2 1 
1 

1 1 
2 1 1 

.91 .94 

.89 .92 

1 1 
1 1 

4 
5 

1 
1 
1 1 
1 4 
4 

1 
2 

5 
4 
6 1 
1 6 

I 
3 

CAPCO 1972 
P = A Ten Day Pe~JQd 
Peak'" 9,534 

.97 1. 00 
,95 .98 

2 
2 
2 2 Peak 

1 

1 
1 

i _ ... _ .... -

--I 

N 

......I 

(n 
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J 
J 
J 
J 
J 
J 
A 
A 
A 
S 
S 
S 
o 
o 
o 
N 
N 
N 
D 
D 
D 

Jan. 10 
Jan. 20 
Jan. 30 
Feb. 9 
~eb • 19 
'iar. 1 
-Iar. 11 
-far. 21 
'iar. 31 
\pril 10 
\pril 20 
\nril 30 
IIay 10 
'iay 20 
liay 30 
June 9 
June 19 
June 29 
July 1~ I July 
July z~ I \ug. 
\ug. lR 
\ug. 28 
Sept. 7 
Sept. 17 
5cpt'. 27 
Jet. 7 
)et. 17 
)ct. 27 
~ov. 6 
\ov. 10 
~OV • 26 
)CC. 6 
3ec. 16 
rlcc. 26 
[)ceo 31 

.64 
> -

1. 
1. 
"' I.. 

1. 
2! 
1. 
2: 
1 
1 
2 
1 
3 
2 
3 
3 
1. 
1 
1 
3 
1 
2 
1 
1 
1 

Z 
1 
3 
1 
1 
2 
1 
4 
1 
1 
3 

(Ratio) 

.67 .70 .73 

.65 .68 .71 

1 
2 

1 
1 

2 
1 

2 
1 

Z 
1 
2 
1 

1 

1 1 
1 1 
1 
1 1 

I 1 1 
1 

1 1 

I 1 1 
1 

I 2 
I 1 
I 1 

I 
1 
2 

1 
1 

I 2 

I 
1 

1 2 
1 

I 

TABLE 2 

Frequency Chart II 

.76 .79 .82 .85 

.74 .77 .80 .83 

1 4 
3 3 

1 2 3 
1 6 1 

3 3 
5 3 

5 1 
4 4 
6 1 
2 5 
6 1 
6 
8 
6 
5 2 
2 2 

3 
1 2 

1 1 
1 1 2 2 

3 2 
2 

3 1 1 
1 1 1 

2 4 
4 2 1 
1 4 1 
1 6 
5 2 
1 2 4 

3 5 
1 2 1 

5 3 
2 1 

1 2 

.88 .91 

.86 .89 

3 
1 
1 

3 
1 1 
3 2 
1 1 
2 1 
2 4 
2 1 
3 1 

1 

1 

I 

3 I 
3 I 

.94 

.92 

2 

1 

1 

CAPCO 1973 
P = A Ten Day Period 
Peak'" 10,565 

.97 1.00 

.95 .98 

1 
2 

2 3 Peak 

_____ 1.-•. _ ••. _0'--

-'" 
N 

-'" 
en 



~.64 .67 .70 .73 
.65 .68 .71 i P > 

I Jan. I·Jan. 10 I 2 
Jan. 11-Jan. 20 1 1 
Jan. 21-Jan. 30 1 1 
Jan.31-Feb. 9 1 2 
Feb. IO-Feb. 19 2 1 
Feb. 20 - ~1a r. 1 1 1 1 
Mar. 2 - ~Ia r. 11 2 1 1 
Har. IZ-r·ta r. 21 1 1 
Mar. 22-~!ar. 31 I 2 2 

I April I-April 10 . 1 1 
I April ll-Aprii 20 ! 2 2 

April 21-Aoril 30 i 3 
I ~av 1-~lay 10! 2 

May I1-May 20 3 1 
~ay 21-May 30 3 
~{ay 3l-June 9 I I 1 1 
June 10-June 19 1 

I 
1 

June 20-June 29 1 1 1 
June 3~-July 

1 ~ I 1 2 1 
July IO-July I 2 
July 20-.July 29 1 

I 
1 1 

I July 30-Aug. 8 1 1 I Aug. 9-Aug. lR 2 1 
Aug. 19-Aug. 28 I 1 
,\ug. 29-Scpt. 7 2 2 
Se:1t. 8-Sept. ·17 2 i 1 
Sept. IS-Sept. 27 1 

I 
1 

Sept. 28-0ct. 7 2 1 1 
Oct. 8- Oct. 17 1 1 
Oct. IS-Oct. 27 2 I 1 1 
Oct. 28-Nov. 6 1 I 1 
Nov. 7-:\ov. 10 1 

, 
1 1 I 

Nov. l1-"Jov. 26 

i 
2 1 

Nov. 27-[)C'c. () 1 1 1 1 
nee. 7-/ll'l". III 2 2 
llce. 17-llcc. 2(1 1 : 1 1 
Dec. 27-ll(>c. 31 i 

TABLE 3 

Frequency Chart III 

.76 .79 .82 ,85 .88 

.74 .77 .80 .83 ,86 

1 5 
1 3 4 

1 6 1 
6 1 
6 1 
6 2 

5 1 
1 7 

5 1 
1 2 3 1 
1 5 
1 2 4 

6 2 
2 2 1 
2 4 1 

1 3 
1 6 
4 2 

1 1 1 
2 2 

1 2 2 
1 3 3 

1 2 
1 1 

3 1 1 
3 2 

1 6 1 
6 

4 4 
5 1 
4 4 
1 4 

5 
1 1 4 

1 
1 1 1 1 

.91 .94 

.89 ,92 

2 

2 
1 

2 
2 
2 

2 
1 
1 2 

1 
3 

I 2 
I 2 

\ 

5 
3 

I 

CAPCO 1974 
P = A Ten Day Period 
Peak" 10,160 

...---
.97 1. 00 
,95 .98 

1 Peak 
2 

1 
4 1 
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TABLE 4 

1973 

Ohio 
Utility DP & L Edison CEI 

Residential 
& Rural 2,855,857 4,708,635 3,910,018 
Demand 31.21% 24.59% 21. 51 % 

Commercial 1,617,761 3,618,336 3,569,689 
Demand 17.68% 18.9% 19.64% 

Industrial 2,798,284 7,983,856 9,103,173 
Demand 30.59% 41.69% 50.08% 

Street 58,740 129,765 135,303 
Lighting: 0.64% 0.68% 0.77% 

Electric 7,868 -0- 29,366 
Transportation 0.12% -0- 0.16% 

Losses & 756,950 1,561,374 1,103,326 
Unaccounted 8.27% 8.15% 6.07% 

Other 1,054,250 1,147,227 324,911 
Demand 11.52% 5.99% 1. 79% 

Total 7,143,620 19,149,193 18,175,786 
Consumption 100% 

MWh 

Columbus Toledo 
& Southern Edison Duquesne 

2,543,388 1,551,861 2,610,309 
31.74% 22.08% 19.6% 

2,308,499 1,102,495 3,623,474 
28.26% 15.69% 27.21% 

2,068,359 3,231,549 6,180,710 
25.32% 45.98% 46.42% 

20.707 54,258 108,692 
0.25% 0.77% 0.82% 

-0- -0- 14,470 
-0- -0- 0.108% 

634,087 455,628 744,452 
7.76% 6.48% 5.59% 

543,997 632,139 32,881 
6.66% 8.99% 0.25% 

8,169,032 7,.027 , 930 13,315,018 

From Form FE-ICc) 

CAPCO 

13,461,879 
22.1\ 

12,342,184 
20.27\ 

28.378,722 
46.6% 

438,561 
0.72\ 1 

29,366 ! 

0.05% 

4,042,954 
6.64% 

2,210,050 
3.63% 

60,903,716 

--' 
N 

W 
N 
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TABLE 5 

1974 

Ohio 
Utility DP & L Edison eEl 

I Residential. 
& Rural 2,968,084 4,910,221 4,046,000 
Demand 32.57% 25.77% 22,59% 

COfi'lmercial 1,604,280 3,608,261 3,575,000 
Demand 17.61% 18.94% 19.96% 

Inci;Jstria1 2,629,521 7,798,335 8,549,000 
Demand 28.86% 40.93% 47.73% 

S~reet 58,740 133,856 136,900 
Lighting 0.64% 0.7% 0.76% 

Electric 9,333 -0- 29,366 
Transportation 0.102% -0- .16% 

Losses & 702,550 1,428,093 1,238,363 
Unaccounted 7. 71 % 7.5% 6.91% 

I Other 1,139,458 1,193,921 334,000 
Demand 12.51% 6.16% 1. 86% 

• Total 9,111,966 19,052,688 17,909,263 
100% 

---- ------_._-- ...... --~-

MWh 

Columbus Toledo 
& Southern Edison Duquesne 

2,661,498 :1.,660,479 2,575,287 
32.31% 22.73% 19.27% 

2,327,008 1,162,664 3,552,889 
28.25% 15.92% 26,58% 

2,005,679 3,304,600 6,745,354 
24,34% 4.5.25% 47,48% 

21,507 54,981 113,706 
0~26% 0.75% 0.85% 

-0- -0- 14,896 
-0- -0- 0.11% 

652,116 448,199 730,524 
7.92% 6.14% 5.47% 

570,803 672,961 32,521 
6.93% 9.21% 0.24% 

8,238,611 7,303,884 13,365,177 

.... 

From Form FE-ICc) 

CAPCO 

14,217,479 
22.51% 

12,923,664 
20.46% 

28,530,600 
45.19% 

454,881 
0.72 % 

40,000 
0.06% 

-4,636,562 
7.34% 

2,335,961 
3.7% 

63,139,147 

...d 

N 

w 
w 
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13.1 Introduction 

CHAPTER 13 

ESTIMATION OF POWER PLANT 
CONSTRUCTION COST IN OHIO 

This chapter describes a method of obtaining construction cost 
input data for WASP. By the proposed method relationships among 
cost, capacity and year of construction completion for plants of 
various types are developed. This method utilizes cost estimates 
for plants actually scheduled to operate in the region and time 
period of application of WASP. 

Prior to discussion of the proposed method, background infor
mation about construction costs is presented in Sections 13.2, 13.3 
and 13.4. In Section 13.2 the nature of construction cost estimates 
is discussed. In Section 13.3 current trends in construction cost 
are analyzed, and in Section 13.4 the effect of varinus parameters 
on construction costs is discussed. In Section 13.5 the proposed 
method is applied to nuclear and coal-fired plants in Ohio and its 
vicinity. Results obtained in this report are based on 1977 esti
mates. Results based on 1976 estimates have been reported in 
reference 1. 

13.2 Nature of Construction Cost Estimation 

The costs for construction projects of electric utilities are 
usually estimated by engineering firms. Conceptual cost estimates, 
on the other hand, may be obtained through computer programs such 
as CONCEPT 2

. Conceptual estimates are based on standard cost 
models and consequently they do not reflect such peculiar condi
tions that exist to a specific company or a specific project. 

The cash flow distribution during construction is frequently 
depicted by a (cumulative) "Cash Flow Curve. 1I Two sample Cash 
Flow Curves are shown in Figure 1. In that figure the duration of 
construction of a nuclear power plant is assumed to be 7.5 years 
and that of a coal plant is 6 years. In this illustration the 
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CALENDAR YEAR 

1980 1981 

YEAR AFTER NUCLEAR PLANT CONSTRUCTION BEGINS 
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Figure 1,. 

YEAR AFTER FOSSIL PLANT CONSTRUCTION BEG.lNS 
o 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 
I I I I I x I I I I I ! t J I I ! I I I I I I ! , 

I , 1 I I 1 1 I 
o 10 20 30 40 50 60 70 80 90 100 
PERCENT OF FOSSIL PLANT CONSTRUCTION PERIOD 

Distribution of project cash flows during power plant design 
and construction (3). The length of the periods indicated may 
not by typical of current projects. 
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nuclear steam supply system is contracted for at the beginning of 
1975, the construction permit is received in mid-1977 1 and the project 

is completed in mid-1982. For the coal plant the steam supply sys
tem is contracted for in mid-1976, the construction permit is received 
in mid-1978, and construction is completed in mid-1982 (3).* 

The construction cost of a power plant consists of a direct 
and an indirect cost component. Direct costs are those associated 
with structures, facilities, land, and plant equipment. Because 
of escalation in the cost of materials and labor during the con
struction period, the amount of direct costs varies depending upon 
when payments for such structures, facilities, etc. are made. In
direct costs include the cost of such facilities, equipment, and 
services that are used for construction, taxes, and interest. 
These costs are strongly dependent upon the duration of construc
tion. For example, the amount of interest during constructiont 

depends on the length of time between investment and project com
pletion. 

When an estimate fur the cost of a project is prepared, a 
contingency allowance must be included with each major account. 
Because it is also anticipated that during the course ofconstruc
tion the cost of materials and labor will change, cost increases 
must be calculated and included in the estimate under the heading 
IIEscalation During Construction. 1I Escalation during construction 
must be calculated for each expense from the base year at which 
the estimate for an expense was made until such expense is incurred, 

The accuracy of an estimate depends upon the accuracy of the 
forecast of financial parameters such as escalation and interest 
and upon how closely the cash flow curve is followed. During the 
several years of the construction period, the forecasts for finan
cial parameters change, and deviations from the original schedule 
frequently occur. For these reasons, estimates must be updated 
from time to time to include corrections to the cash flow record 

*These schedules may not be typical of current projects. 
tSometimes called "Allowance For Funds During Construction" 

(AFDC). 
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for the period between the last prediction and the present as well 
as new forecasts and schedules for the remainder of the construc
tion period. 

lj.3 Current Trends of Construction Costs 

Final costs of power plants .which came on line during the 
present decade are significantly higher than ori9inally estimated. 
Annually updated estimates for the plants currently under construc
tion show the same trend4 . This trend can be illustrated by 

observing changes in the estimated final cost of power plants in 
Ohio; relevant data are presented in Table 1. This table contains 
three sections. In section (a), unit costs* and dates of expected 
commercial operations are shown as of 1976. In section (b), the 
same items are presented updated as of 1977. In section (c), the 
net delay and cost increase between 1976 and 1977 estimates are 
calculated. The data in sections (a) and (b) of Table 1 are from 
annual utility reports to the Securities and Exchange Commission. 
From the data in Table 1, it becomes apparent that, with the ex
ception of one plant, all others which were scheduled to be on 
line after 1979 have been deferred by one or two years. Also, 
regardless of whether there is a delay or not, every cost estimate 
with the exception of one has been increased. The estimate which 
has been decreased reflects the decision to procure low-sulfur 
coal instead of building S02 removing equipment5 . In general, 
cost increases are due to inflation and the increased cost of 
money, delays in the completion of construction and changes in 
safety and environmental standards. 

The average annual escalation rate of total steam plant con
struction costs in the North-Central U.S. between January 1, 1970 
and January 1, 1977 was 9.4%. The lowest in that period was 2.4% 
during 1972 and the highest was 26.2% during 1974. During 1976 the 

*Unit Cost = Plant Construction $) 
Plant Net Capacity 



Table 1 Estimated Unit Costs and Dates of Expected Commercial Operation 

of Steam Electric Power Plants Being Built by Ohio Utilities 
Source: Utility Annual Reports to the Securities & Exchange Commission 

Plant 
Name 

* 
C 

or 
N 

Mansfield 2,3 C 

Conesville 6 C 

Miami Fort 8 C 

Zimmer 1,2 N 
East Bend 1,2 C 
Perry 1,2 N 
Poston 5 C 

Killen 1,2 C 

Beaver Valley 2 N 

Davis Besse 2,3 N 

Poston 6 C 

Erie 1,2 N 

Capacity 
MW 

e 

2x325 

375 

500 

792+1150 

2x600 

2x1205 

375 

2x600 

885 

2x906 

375 

2x1260 

1: C: Coal, N: Nuclear 

(a) as of 1976 

Year of Line 

1977,1979 

1978 

1978 

1979,1986 

1980,1982 

1980,1982 

1981 

1981,1983 

1981 

1983,1985 

1983 

1984,1986 

Cost 
$/kWe 

564 

292 

338 

828 

527 

660 

803 

466 

804 

581 

945 

(b) as of 1977 

Cost 
Year on Line $/kWe 

1977,1980 

1978 

1978 

1979,1987 

1981,1984 

1981,1983 

1983 

1982,1985 

1982 

1985,1987 

1985 

1986,1988 

617 

326 

266 

894 

594 

853 

942 

547 

1072 

1357 

666 

1047 

(c) Comparison 
Cost 

Delay Increase 
Years $/kWe 

1 

o 
o 
1 

3 

2 

2 

3 

1 

4 

2 

4 

53 

34 

-72 

66 

67 

193 

139 

81 

553 

85 

102 

--I 

W 

01 
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annual escalation ra'te was 5.4%. These figures were derived from 
the Handy-Whitman Index6 , 

Delays increase final construction costs mainly because of 
more interest during construction. Delays are due to longer li
censing times, intervenor actions, changes in safety and environ
mental standards coupled with changes in design and retrofitting, 
shortages in construction personnel and materials, inadequate pro
ductivity. Utilities have also deferred the completion of some of 
their projects because of difficulties in raising the necessary 
funds.7 - 12 . 

Changing safety and environmental standards have a 
significant impact upon the cost of power plants. Thus, in addi
tion to the direct cost of compliance with new standards, delays 
resulting from the revision of designs and retrofitting have 
affected indirect costs as well. 

Safety design changes made to nuclear power plants in the 
past are related to containment structures, seismic criteria, IEEE 
requirements, emergency core cooling, allowable radiation doses 
for postulated accidents, design bases for post-accident hydrogen 
control systems, restrictions of routine release of low-level 
radi oacti vi ty, etc. 3~13~. 

Environment-related changes have affected both coal-fired 
and nuclear power plants. Common to both (but affecting coal
fired plants less) have been changes in the allowable intake 
velocity of cooling water and temperature rise in the condenser __ 
As a result, a major scale-up of water intake structures, condenser 
pipes and pumps was required. Changes related to nQise levels have 
also been made. Other environmental restrictions applicable to 
coal but not to nuclear power plants relate to particulates, S02 and 
NOx emissions, limestone handling, ash system, and sewage treatment3,~. 

13.4 Effect of Financial and Design Parameters on Construction Costs 

The cost of a power plant depends on a number of financial and 
design parameters. Major parameters which influence construction 
costs are escalation rates, interest rates, wages and length 
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of a It/ork week, 1 ength of the peri ad of cons tructi on, type of plant 
(coal, nuclear, etc., single or multiple unit), plant capacity, 
plant location (e.g. south-east or north-central U.S., etc.), 
environmental restrictions and method of compliance (e.g., 502 

removing equipment vs. procurement of low sulfur coal), type of 
cooling system, desired degree of plant availability, novelty of 
design, plant site (e,g., on a mine, near a river). 

The sensitivity of plant costs to the above parameters (exclu
ding the last three) can be examined by using the CONCEPT program 2. 

Basically, CONCEPT assumes that a given plant will have the same 
components regardless of location and time of construction. The 
program contains reference designs for various types of plants, 
When the cost of a given plant is sought, the cost components of 
the reference plant will be adjusted according to local cost in
dices, time escalation parameters, and size scaling factors to 
produce the cost for the given plant2 • 

Size-related scaling factors are stored in CONCEPT for each 
of the major components of a plant. For each component, scaling 
relations used by CONCEPT are of the form: 

c'ost :: constant· (Size)r 

where r is called the scaling exponent. The value of r is differ
ent for each component; moreover there exists disagreement among 
different estimators about the proper value of r for a given com
ponent. The exponents used by CONCEPT are usually in the middle 
of the range of those of other estimators2. 

Results 'of a study of the sensitivity of construction costs 
to various parameters, using CONCEPT, were reported by the AEC3 in 
1974. Many of the parameters used in that study have changed. 

since the time of the study, (e.g. estimates for escalation rates, 
interest rates, duration of construction, etc.). Nevertheless their 
results can be useful in providing a qualitative indication of the 
effects of various parameters on constructing costs; a su~nary of these 
results is presented below: 

- Cost variations due to plant location were within ±8% of 
the U.S. average; in Ohio, costs were calculated to be 
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within +2% of the U.S. average. 

- Assuming escalation rates of 10% per year for labor and 5% 
per year for materials, interest rate of 7.5% per year, it 

was calculated that one year's delay in the completion of 
construction increased final cost by 7%. 

- When the duration of construction was set to 6 years for 
coal plants and 7.5 years for nuclear plants, it was found 

that a 1% increase in the escalation rate for equipment 
and materials led to a 3% increase in total costs; a 1% 
increase in the escalation rate for site labor led to a 
1.5% increase in total costs. 

- A 1% increase in the interest rate increased total costs by 
3% for nuclear plants, and by 2% for coal plants. 

- Alternative heat rejection systems were investigated, and 
it was found that when natural draft towers are used,'total 
costs increase by 2 - 3% over the case when mechanical 
draft towers are used. 

When the cost of S02 removing equipment was included, the 
total cost was higher by 21% than when not. 

- Multiple-unit plants have a lower total cost per kw provided 
that subsequent units are completed soon after the first one. 
Savings are mainly due to reduced indirect costs for subse
quent units. If subsequent units are sufficiently delayed, 
however, interst and escalation during construction may out
weigh these savings. For a dual-unit plant where the second 
unit came on line one year after the first, CONCEPT calculated 
total savings on the order of 5% over the unit cost of the 
first unit. 

- Total cost differences as a function of size were found to 
be as much as 30%. The variation of unit cost as a function 
of capacity for various types of plants is shown in Figure 2. 
This figure was obtained from Reference 3. 

13.5 A Method of Providing Capital Cost Data Input to WASP 

Construction cost data required as input to WASP consist of 
unit cost estimates for various types (coal-fired, nuclear, etc.) 
and capacities of plants coming on line in any year of the study 
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COST BASIS - DECEMBER 1981 STARTUP 
COSTS INCLUDE NATURAL DRAFT 
COOLING TOWERS 

PLANTS HAVE nvo IDENTICAL UNITS 

PLANT TYPE 

lWR 

COA"L, WITH 
S02 CONTROL 

OIL, WITH 
S02 CONTROL 

OIL, WITHOUT 
S02 CONTROL 

500 600 700 800 900 1000 1 toO 1200 1300 

UNIT SIZE (MWte)) 

Figure 2. Unit capital costs of power plants as a function 
of unit size. Adapted from reference-3. This 
figure is furnished to indicate the relationship 
between unit cost and unit size. Actual numbers 
may not be typical of current projects. 
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horizon. As a result of non-uniform delays in construction comple
tion the costs of similar plants coming on line in the same year may 
be quite different. If it is desired that construction data for 
WASP be compatible with cost estimates for actual plants on schedule, 
then it becomes difficult to obtain such data for WASP by means of 
conceptual programs. 

When cost estimates for actual plants are available, it is 
possible to create a set of input data for WASP which, as a whole, 
is compatible with cost estimates for actual plants. In this sec
tion, we describe the method which was used to obtain such input 
for the application of WASP to Ohio utilities. 

In deriving a convenient formula which will supply data for 
WASP, we assume that the cost of a plant in a separable function 
of capaci ty, x, and yea r of constructi on compl eti on, t. Further, 
it is assumed that the cost of a plant of a given design can be 
found by adjusting the cost of a standard-design plant by a multi
plicative correction factor. The formula which is sought is of 
the form 

where 
UC(x,t) = K · S(x) · F(t) 

UC: unit cost, $/kWe, 
x: plant capacity, MWe , 
t: year of completion of construction, 
K: multiplicative, design-correction factor, 
s: a function which expresses cost variation with 

capacity-for plants of standard design and is 
normalized to unity for a reference plant, 

F: a function which expresses cost variation with 
year of completion of construction for the 
reference plant of standard design. 

The design-dependent factor, K, can be found by using the 
CONCEPT code or some other means. For example, if the CONCEPT code 
indicates that the cost of a plant with natural draft towers is 
3% higher than for a plant with mechani~al draft towers, and the 
latter type of plant is assumed to be the standard design, then 



13 - 11 

K is set to 1.03. 
The capacity-dependent function, S, can be obtained by using 

the CONCEPT Code. Graphs of unit cost, y, as a function of capacity, 
x, of plants with identical designs and construction periods, ob
tained by CONCEPT, are shown in Figure 2. The curves of figure 2 
are fitted as 

where 

y(x) = Constant ~ xr 

r = -0.26 for coal plants, and 
r = -0.32 for nuclear plants. 

If y(xo) denotes the unit cost of a reference plant of capacity xo' 
then s(x) is obtained by using Eq. (3) as 

S(x) = y(x) = (~)r (4) 
y(xo) Xo 

The function F(t) can be found by fitting construction costs 
estimates for plants scheduled by Ohio utilities as a function of 
the year of construction completion. Since F(t) must represent the 
functional relationship between cost and year of construction com
pletion of plants of the same design and of reference capacity, 
prior to fitting, the cost estimates for individual plants must be 

adjusted to represent cost estimates for the reference capacity and 
standard design plant. Adjustments for differences in design can 
be made using the correction factor, K. Adjustments for differences 
in capacity are made by using Eq.(4). If Fi is the estimated cost 

\ 

for the standard design but with the actual capacity, x, the esti-
mate for the reference capacity is given by 

(5) 

where x is the capacity of the actual plant, and Xo the reference 
capacity. This is repeated for all available cost estimates by 
Ohio utilities. The values of Fils thus obtained are fitted by a 
function of the year of completion of construction, t, as 

F(t) = aebt (6) 

where a and b are constants determined by the fit. 
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The annual rate of construction cost escalation, R, is found 
from Eq. (6) as 

R = eb - 1, 
where R is t~e annual rate defined by (7) 

Construction Cost of Reference Plant Completed in Year N 
R = Construction Cost of Refe0ence Plant Completed in Year N-l -1 .. 

(8) 

The basic cost estimates for individual plants scheduled by 
Ohio utilities are shown in Table 2. Of the cost estimates listed 
in Table 2, the original estimate for Killen does not include the 
cost of S02 removing equipment. The cost estimate for that plant 
as presented in Table 2 has been multiplied by K = 1.23 to reflect 
the cost of S02 removing equipment. 

Some of the cost estimates in Table 2 are for the total cost 
of multiple-unit plants. These estimates are not used in that form. 
Rather, adjustments are made so that these estimates represent the 
cost of the first unit. Next these estimates are translated into 
the cost of reference-capacity plants. The reference capacity for 
nuclear plants is chosen as 1000 MWe , and for coal-fired plants as 
600 MW. Every unit cost estimate for the reference capacity based e 
on the 11th plant on schedule is given by Eq. (5) 

with 

and 

= 5600 for coal-fired plants 
Xo ~OOO for nuclear plants 

_ [-0.26 for coal-fired plants 
r - ~0.32 for nuclear plants 

(9) 

(10) 

The resulting estimates, F;, are listed in Table 3. By fitting 

the estimates of Table 3, Fi' as a function of the year of comple
tion of construction, t, one obtains 

F(t) = J9S.33 eO. 09 (t-1975) for coal plants (11) 

including the cost of S02 removing equipment, and 

F(t) = 560.53 e O.06(t-1975) for nuclear plants. (12) 

In Equations (11) and (12) t is the year of plant completion and 



Table 2. Unit cost-estimates for plants scheduled by Ohio 
electric utilities (Data from References 9, 10, 14) 

Coal-Fired Plants Nuclear Plants 

Capacity Year of Unit Cost I 
i Plant Name r'1w( e) Operation F; $/kw~~) i Plant Name 

1 f,1ansfi e 1 d 1 825 1976 464 1 Beaver Valley 1 

2 Conesville 5 375 1976 393 " 2 Davi s Besse 1 
3 Mansfield 3 875 - 1980 (***) 767 3 Zimner 1 

4 Poston 5 375 1983 942 4 Perry 1 ,2(*) 
5 Killen 1,2(*) 2 X 600 1982,1985 673(**) 5 Bea ver Va 11 ey 2 
6 East Bend 1,2(*) 2 X 600 1981 ,1984 594 6 Davi s Besse 2,3 (*) 

7Erie 1,2(*·) 

8 Zimner 2 

(*) Total cost of two units available. 

(**) The cost for hypothetical 502 removing equipment has been added.' 

(***) Data obtained from PUCO staff. 

Capacity Year of llni t Cost 
Mw(e) Operation F; $/kw(e) 

885 1976 650(***) 

906 1977 630(***) 

792 1979 670 
2 x 1205 1981 ,1983 853 

885 1982 1072 

2 X 906 1985, 1987 1357 
3 X 1260 1986,1988 1047 
1150 1987 1049 

w 

--I 

w 
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'Table 3~ Unit Cost estimates of first unit, reference size plants 
including the cost of S02 removing equipment. 

Coal-Pired Plants Nuclear Plants 

Plant Year of Unit Cost, Plant Year of ·Unit Cost, 
i Name Operation F i /$/ K\'Je i Name Operation F i $/K't/e 

1 Mansfield 1 1976 504 1 Beaver Valley 1 1976 

2 Conesville 5 1976 348 2 Davis Besse 1 1977 

3 ~tansfield 3 1980 833 3 Zimmer 1 1979 

4 Poston 5 1983 ·834 4 Perry 1 1981 

5 Killen 1 1982 673 5 Beaver Valley 2 1982 

6 East Bend 1 1981 594 6 Davis Besse 2 1985 
7 Erie 1 1986 
8 Zimmer 2 1987 

F is the unit cost of the reference plant. The cost of a plant 
of different size, UC(x,t) can then be calculated by 

UC(x,t) = K(~ )r F(t). 
o 

(13) 

For coal plants without S02 removing equipment K = 1/1 .23; other
wise K = 1. Results of this fit are shown plotted in Figures 3 

and 4. 
The uniform, annual construction cost escalation rate, R, 

obtained as the result of the present fitting is equal to 9.4% 
per year for coal-fired plants and 6.2% per year for nuclear plants. 

In order to explain the apparent disparity in the escalation rate 
between coal and nuclear plants, additional information about each 
specific plant is needed. As noted in reference 1, such information 
may be obtained from various utility companies. Until uncertainties 
in the data are resolved, it is recommended that in applications of 

WASP a range of R be used; 

625 

610 

622 

824 
1031 

1196 

1026 

1097 
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500 

400 
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100~--~--~~----------------~------~~-------r------~ 
1976 1978 1980 1982 1984 1986 1988 

t (year of operation) 
Figure 3. Unit cost as a function of year of operation for the stan

dard, 600 MWe coal plant with (upper curve), and without 
(lower curve) 502 removing equipment. 
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Figure 4. Unit cost as a function of year of operation for the 

standard, 1000 MWe nuclear plant. 
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CHAPTER 14 

COST OF RELIABILITY STUDY 

14.1 Methodology 

The objective of the cost of reliability study is to determine 
the relative total generation cost of a utility expanding in an optional 
manner as a function of reliability constraint. The study considers 
the Dayton Power & Light Company (DP&L) as a model system. Subject to 
a given reliability criterion the optimal expansion policy for the 
next ten years is determined by the WASP code and the associated value 
of the objective function, defined as the sum over all years of the 
study of the cost of construction plus the operation and maintenance 
(O&M) cost less any plant salvage valuet all discounted back to 1975 
dollars, is calculated. The process is repeated for other reliability 
levels thus yielding a curve of total system cost versus reliability 
level. The loss-of-load probability (LOLP), defined as the probability 
that the system will have to call upon emergency measures to meet the 
load, is used as a reliability criterion in this study. 

14.2. Input Data 

The input data for each Qf the six modules discussed in Chapter 4 
is described below. 

14.2.1. FIXSYS Data 

The data for FIXSYS is shown in Table 1. Each column in Table 1 
is numbered and its meaning is explained at the bottom of the table. 
For example, the first entry in the first column of Table 1 refers to 
Connesville unit #4 (code name CON4) having one identical unit, a min
imum and maximum net generating capacity of 60 MWe and 132 MWe, respec
tivelyt~ a base load heat rate of 8940/Btu/kWhe and an average incremental 

tEach expansion candidate has a plant life associated with it. The WASP 
code assumed that at the end of the study period the utility goes out 
of business and sells all its equipment. The salvage value of each unit 
in the expansion schedule is calculated based on the number of years of 
plant life remaining at the end of the study period and is subtracted 
from the cost of construction for that unit to arrive at an effective 
capital cost for the unit. 

ttSince a number of the olants in the DP&L system are jointly owned with 
Columbus & Southern Oh~o Electric (C&SO) and Cincinn~ti Gas & Electric 
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heat rate of 8808 Btu/kWhe (the calculation of heat rate data is given 
in Appendix 14AO, a domestic fuel cost of l02¢/million Btu, a foreign 

cost of O¢/million Btu (not used in this study), a plant type 
code 4 (coal-fired) a plant location number set to 1 in this ver-
sion of WASP, a forced outage rate of 30.2%, 42 days per year of 
scheduled maintenance, a maintenance class size of 800 MW (see Table 2), 
an expected energy generation per year of 0 GWH (for hydro stations 
only) and a fixed variable non-fuel O&M cost of O.044$/kW-month and 
O.709¢!kWh, respectively. The names of the units to which the code 
names refer are shown in Appendix 14C. 

The last entry in the first column of Table 1 (OHPC) is a con
tract with the Ohio Power Company which is modeled as a ficticious 
plant having a capacity equal to the amount specified in the contract, 
a 0.0% forced outage rate and no maintenance requirements. Because the 
utility pays the capacity cost for this contract whether or not it uses 
the power, the contract is modeled as a ficticious plant instead of 
being included with emergency power. The minimum and maximum operating 
levels, heat rate data and the forced outage rates are taken from 
information supplied by DP&L. The domestic fuel costs are taken from 
a letter from Mr. Allen Hill of DP&L dated November 24, 1975. The number 

days per year of scheduled-maintenance are taken from a Faculty 
Engineering Conference paper by Mr. R.X. French 2 , and the O&M costs 
are the result of work done by S. Tzemos with the PUCO. Tzemos 
separated the appropriate financial accounts in the 1975 annual report, 
FPC Form 1,2 into those attributed to fixed O&M costs and those 

attributed to variable O&M costs, summing each and converting to the proper 
units for use in FIXSYS. 

WASP requires the grouping of maintenance outages into a maximum 
of seven classes. The capacity of each unit takes one·of the seven 
values. The divisions are rather arbitrary but should be selected so 
as to minimize the deviation from reality. Table 2 displays the main
tenance classes; these divisions are used for the cost of reliability 
and power poolingtstudies and for both the FIXSYS and VARSYS modules. 
(Cant.) 
(CG&E) the pDwer available from these plants is given in terms of what 
available to DP&L. 

tSee Chapter 15 
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Table 1 FIXSYS Data-Cost of Reliability Study 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

CON4 60 132 8940 8808 102 0 4 1 30.2 47 800 0 0.044 0.709 
FOR7 1 72 176 9017 8918 102 0 4 1 20.0 42 500 0 0.153 0.153 
PEK6 1 75 220 8755 8694 102 0 4 1 33.1 42 500 0 0.032 1.249 
STI3 3 80 205 8731 8655 102 0 4 21 . 1 42 600 0 0.017 0.528 
STU4 1 80 205 8785 8668 102 0 4 17 . 1 42 600 0 0.017 0.528 
HU36 4 15 68 9649 9612 102 0 4 1 6.5 22 60 0 0.062 1 .162 
HUTl 1 61 61 10706 10706 102 0 4 1 4.9 22 60 0 0.062 1 .162 
HUT2 1 60 60 9621 9621 102 0 4 6.7 22 60 0 0.062 1 .162 
TAI4 1 70 140 9087 9062 102 0 4 1 16.9 29 140 0 0.057 1.555 
TAI5 1 130 130 9757 9757 102 0 4 15.5 29 140 0 0.057 1.555 
TTOP 1 160 150 11811 11811 102 0 4 1 16.0 29 140 0 0.087 1.555 
MONO 14 14 10204 10204 232 0 1 1 25.8 16 20 0 0.162 0.978 
SrOD 1 14 14 10204 10204 232 0 1 1 21.4 16 20 0 0.140 0.162 
STUD 1 4 4 10204 10204 232 0 1 10.0 16 20 0 0.024 0.133 
TAID 1 11 11 10204 10204 232 0 1 1 9.7 16 20 0 0.163 0.978 
HUGT 1 34 34 10911 10911 232 0 2 6.8 16 20 0 0.157 0.285 
YA47 4 21 11212 11212 232 0 2 6.2 16 20 0 0.148 0.287 
YA12 3 24 24 11211 11211 232 0 2 1 11 . 1 16 20 0 0.148 0.267 
OHPC 1 150 150 10000 10000 101 0 4 1 0.0 0 0 0 2.282 0.000 

Item Descriptions 
1 ) Code Name for Power Station 
2) Number of Identical Units 
3) Mi ni mum Ope ra t i ng leve 1 (Mt~E) 
4) Maximum Generating Capacity (MWE) 
5) Heat Rate at Minimum Operating Level (BTU/KWHE) 
6) Average Incremental Heat Rate (BTU/KWHE) 
7) Domestic Fuel Cost (Cents/Million BTU) 
8) Foreign Fuel Cost (Not Used in this Study) 
9) Plant Type (O=NucTear; l=Gas Turbine; 2=Diesel; 4=Coal ... Fired) 

10) Plant Location Number (Set to 1 in this Version of WASP) 
11) Forced Outage Rate (%) 
12) Number of Scheduled Maintenance Days per Year 
13) Maintenance Class Size (MW) -
14) Expected Energy Generation (GWH) - For Hydro Stations Only 
15) Fixed Non-Fuel O&M Cost ($/KW-Month) 
16) Variable Non-Fuel O&M Cost (Cents/KWE) 
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Table 2 Maintenance Classes 

pacity Range MW 

o -
40 -

- 1 

200 -

550 -

700 - 949 

950 & Over 

Maintenance Class 

20 

1 

500 

600 

800 
1000 

The energy and demand charges associated with the contract with 
Ohio Power Company are modeled as a fuel cost and a fixed O&M cost, 
respectively, as follows 3: 

Energy Cha rge: 
$6,501,972 energy charge x __ l_kW_h_:: 101 ¢ 

644,714,000 kWh consumed 10,000 Btu 106 Btu 

Demand Charge: 
$4,107,500 demand charge per yr. + $0 other charges per yr~ 

150,000 KW demand x 12 months per yr. 

:: 2.282 Kw-m~nth 

14.2.2 VARSYS Data 

The input data for VARSYS is shown in Table 3. The meaning of 
each column is the same as those for the FIXSYS module. The five ex
pansion candidates~ namely, 800 NW nuclear unit, 1000 MW nuclear unit, 
600 MW coal unit, 800 MW coal unit and 50 MW gas turbine unit are con
sidered. It is assumed that DP&l will own one third of the large units 
and 100% of the gas turbine units. The plant data for these units are 
taken from Appendix E of the IAEA Nuclear Power Planning Study ProceduY'es 
Manua1 4 and from Dr&L's 1975 Uniform Statistical Reports! 
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Table 3 VARSYS Data-Cost of Reliability Study 

N800 a 178 267 10710 9360 51 0 0 1 14.0 42 800 a 0.470 1.000 
N10H 0 222 333 10710 9360 51 0 a 1 16.0 42 1000 a 0.400 0.840 
0600 0 67 200 10680 8890 102 0 4 12.0 42 600 a 1 .250 2.630 
0800 0 89 267 10640 8850 102 0 4 14.0 42 800 0 1 .150 2.430 
GT50 0 50 50 13810 13810 126 0 2 5.0 14 60 0 0.400 0.000 

Item Descriptions 

1 ) 
2) 
3) 
4) 
5) 
6) 
7) 
8) 
9) 

10) 
11 ) 
12 ) 
13) 
14) 
15 ) 
16 ) 

Code Name for Power Station 
Number of Identical Units - Set to 0 in VARSYS 
Minimum Operating Level (MWE) 
Maximum Generating Capacity (MWE) 
Heat Rate at Minimum Operdting Level (BTU/KWHE) 
Averaqe Incremental Heat Rate (BTU/KWHE) 
nomestic Fuel Cost (Cents/Million BTU) 
Foreign Fuel Cost (Not Used in this Sduty) 
Plant Type (O=Nuclear; l=Gas Turbine; 2=Oiesel; 4=Coal-Fired) 
Plant Location Number (Set to 1 in this Version of HASP) 
Forced Outage Rate (%) 
Number of Schuduled Maintenance Days Per Year 
Maintenance Class Size (MW) -
Expected Energy Generation (GWH) - For Hydro Stations Only 
Fixed Non-Fuel O&M Cost ($/KW-Month) 
Variable Non-Fuel O&M Cost (Cents/KWH) 

14.2.3 LOADSY Data 

The LOADSY module requires the following information: 

1. annual peak loads,' 

2. the ratio of each seasonal peak to the annual peak load; and, 

3. the normalized (i.e., peak load - 1.0) load duration curve 
for each season. 

Each of the normalized load duration curves are represented by a 
fifth-order polynomial as determined by the LOADFIT programS. LOADFIT 

is a computer program that generates a normalized load duration curve 

from hourly load data and then fits an n-th order polynomial to the 

normalized load duration curve by least-squares methods. It can be 

executed for an entire year or seasonally. Appendix 14B shows how the 
seasonal to annual peak load ratio data are calculated. The LOADSY 

data is su~marized in Table 4. 
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14.2.4 CONGEN 

The lowing is required in the CONGEN module: 
1. The permissible capacity range expressed as a percentage of 

the yearly peak load; e.g., with a peak load of 1,000 MW 
and a capacity range specifica on of 10 to 25%, the allowed 
capaci range would be 1,100 MW to 1,250 MW. 

2. iability 1 that must be maintained. The LOlP 
as re1i i ity criterion. 

The used in CONGEN is summar; in Table 4 

Tab"' e 4 
LOADSY Data - Cost of Reliability Study 

Yearly Seasonal to Annual Peak 
Peak Load Ratios 

Year load(MW) Winter Spring Summer Autumn 

1976 1948 0.975 0.783 1.000 0.714 

1977 2105 0.963 0.758 1.000 0.691 

1978 2277 0.964 0.722 1.000 0.658 

1979 2459 0.970 0.686 1. 000 0.626 

1980 2658 0.971 0.647 1.000 0,590 

1981 2863 0.975 0.622 1.000 0.567 

1982 3083 0.975 0.593 1.000 0.541 

1983 3305 0.975 0.577 1.000 0.527 

1984 3528 0.977 0.560 1.000 0.511 

1985 3763 0.976 0.554 1.000 0.505 

1986 3999 0.979 0.549 1.000 0.501 

Table 5 
CONGEN Data - Cost of Reliability Study 

Case Capacity Range LOL Criterion 
Number (% of Peak Load) (Days/Yea r) 

1 o - 70 0.3 

2 25 - 50 1 .0 

3 o - 40 5.0 

4 10 - 25 10.0 

5 o - 20 20.0 
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14.2.5 ME 1M Data 

The 1 ng order of the generating units must be provided as 
input for the 1M modu1e. All units that have a minimum operating 
level greater 0 MW must be represented by two entries in the 
loading order. a base block of capacity (loaded first) and a load 

1m'1ling or a ock of capacity (loaded afterward). Units 
having a minimum operating level of 0 MW (e.g., peaking units) are 
represented in loading order by a single entry. The loading 
order is s in e 6 and was determi~ed from marginal cost 
cons i dera 

14.2.6 DYNPRO Data 

The i data for the DYNPRO module is summarized in Tables 7 

and 8& This data remains the same for all cases8 ,9 and consists 
of the plant life, capital cost at the beginning of the study and 
capital cost escalation rate for each expansion candidate as well as 
the base year for present-worth calculations, discount rate applied to 
all capital operating costs and the escalation rates on operating 

costs by ant type which applies to units in the FIXSYS and VARSYS 
modules. 

Table 6 
MERSIM Data - Cost of Reliability Study 

loading · WASP Loading WASP 
Order Name Block Order Name Block 

1 N10H Base 19 TAI4 Base 
2 N800 Base 20 TAI4 Peak 
3 C800 Base 21 TAI5 Base 
4 CON4 Base 22 HU36 Base 
5 C600 Base 23 HU36 Peak 
6 FOR7 Base 24 HUT2 Base 
7 BEK6 Base 25 HUTl Base 
8 ST13 Base 26 GT50 Base 
9 STU4 Base 27 HUGT Base 

10 Nl0H Peak 28 YA13 Base 
11 N800 Peak 29 YA47 Base 
12 C800 Peak 30 TTOP Base 
13 CON4 Peak 31 TAID Base 
14 C600 Peak 32 MONO Base 
15 FOR7 Peak 33 STUD Base 
16 BEK6 Peak 34 SIDD Base 
17 ST13 Peak 35 OHPC Base 
18 STU4 Peak 
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Table 7 
DYNPRO Data for Expansion Candidates - Cost 

of Reliability Study 

Plant Capital Cost Escalation Rate 
WASP Life In 1976 On Capital 
Name (Y rs. ) ($/ KW) Cost (%) 
N800 35 494 11 .5 

N10H 35 460 11 ~ 5 

C600 30 380 11 .5 

C800 30 353 11 .5 

GT50 20 150 8.0 

Base year for present-worth calculations: 1975 

Discount rate applied to all capital and operating 
costs: 9.25% 

14.3 Results 

Table 8 
DYNPRO Operating Cost Data - Cost of 

Reliability Study 

Plant Type 

Nuclear 
Coal-Fired 
Diesel 
Gas-Trubine 

Escalation Rate On 
Operating Costs (%) 

5.3 
6.5 
4.5 
4.5 

The cost of reliability study involves the determination of 
economically optimal system expansion policies for DP&L and their 
relative cost subject to various reliability levels. The results of 
this part consist of those optimal expansion policies and the associated 
values of the objective function. The five hypothetical expansion can
didates and the existing DP&L system discussed in Section 14.2 are used~ 

Tables 9 through 13 show the optimal expansion policies. The 
LOLP criterion used in each case is shown at the top of each table. 
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The numbers in each row represent the cumulative number of units of 
each type installed and on-line at the beginning of that year. It is 
interesting to note that none of the optimal expansion policies 
included any coal-fired units. The costs assumed in this study (see 
Section 14.2) evidently make the nuclear units far more economical 
and thus they are chosen to the exclusion of the coal-fired units. 
The value of the optimal expansion schedule objective function for the 
length of the study period is shown at the bottom of each table in 
units of millions of 1975 dollars. 

Figure 1 shows the installed capacity for each case by year and 
the system peak load by year. The reserve margin (percent of system 
peak load by which the installed capacity exceeds the peak load) 
increases as the LOLP criterion becomes more conservative .. For some 
cases the reserve margin is extremely high; e.g., 41% for Case 1 in 
1986. 

Table 9 
Optimal Expansion Schedule for Case 1 (0.3 DIY) 

YEAR N800 NlOH C600 C800 GT50 

1986 6 4 0 0 3 

1985 5 4 0 a 3 

1984 4 4 0 0 3 

1983 3 4 0 0 3 

1982 2 4 0 0 3 

1'981 1 4 0 0 3 

1980 1 4 0 0 0 

1979 1 4 0 0 0 

1978 1 3 a 0 0 

1977 0 3 0 0 0 

l1976 a 2 0 0 0 

Objective Function (106 1975$) = 1941. 
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Table 10 
Optimal Expansion Schedule for Case 2 (1.0 DIY) 

YEAR N800 N10H C600 C800 GT50 

1986 5 4 0 0 2 

1985 4 4 0 0 2 

1984 3 4 0 0 2 

1983 2 4 0 0 2 

1982 2 4 0 0 1 
1981 2 3 0 0 1 

1980 2 2 0 0 1 

1979 2 1 0 0 1 
1978 2 1 0 0 0 
1977 1 1 a 0 0 
1976 0 1 0 0 0 

Objective Function (106 1975$) = 1865. 

Table 11 
Optimal Expansion Schedu~e for Case 3 (5.0 DIY) 

YEAR N800 N10H C600 C800 GT50 

1986 5 3 0 0 0 
1985 4 3 0 0 0 
1984 3 3 0 0 0 
1983 2 "- 3 0 0 0 

1982 1 3 0 0 0 
1981 1 3 0 0 0 
1980 1 3 0 0 0 
1979 1 1 0 0 0 
1978 1 1 0 0 0 
1977 0 1 0 0 0 
1976 0 0 0 0 0 

Objective Function (106 1975$) = 1774. 
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Table 12 
. / 

Optimal Expansion Schedule for Case 4 (10.0 C/Y) 

YEAR N800 N10H C600 C800 GT50 

1986 4 3 0 0 1 

1985 3 3 0 0 1 

1984 2 3 0 0 1 

1983 ? ? 0 n "I 
c.. c.. V I 

1982 2 2 0 0 1 

1981 1 2 0 0 1 
1980 1 1 0 0 1 
1979 1 0 0 0 1 

1978 1 0 0 0 0 
1977 0 0 0 0 0 

Objective Function (106 1975$) = 1727. 

Table 13 
Optimal Expansion Schedule for Case 4 (20.0 DIY) 

YEAR N800 N10H C600 C800 GT50 

1986 3 3 0 0 0 
1985 2 3 0 0 0 
1984 1 3 0 0 0 
1983 1 3 0 0 a 
1982 1 . 2 0 0 0 

1981 1 1 0 0 0 

1980 1 1 0 0 a 
1979 0 1 0 0 0 

1978 0 0 0 0 0 

1977 0 0 0 0 a 
1976 0 0 0 0 a 



5720 

MW 

5000 

or-

.... 

"':-

~F-

"'I-

"''''' 

"i-

"ra 

4000 I- Fe> 

.. "" 

.... 

...... 

... ,4 

3000 1"1"" 

"':" 

... :--

-I"" 

.. ~ 

14 - 12 

, 
!- I I I I I 

ii 
l'" 

.., 

II 
11 

I~ 

~ 

-

I 

I I I 

J 

.J 

J 
:, 

" 

i---~ 
-.lI 
e 

...II 
III 

I~ 

...II ." ... 

F I 

r 
I 

CASE 

CASE 2 

CASE :3 

CASE 4 

I 
CASE 51 

t 
T 

SYSTEMj
PEAK 
LOAD _ 

f 

1800 ~s=1 -17 f 78 l 79 I 80 I 8 I f 82 f 83 I 84 I S 5 I 86 { 

Fi gure 1 I ~,s ta 11 ed Capac i ty and Sys tern p'eak for Cos t of 
Reliability Study 



14 - 13 

Figure 2 is a plot of the LOLP criterion against the value of 
the optimal solution objective function. The graph is interpreted 
as follows: 

a. As the LOLP approaches 365 days/year the objective function 
becomes very small (only O&M costs of the existing system), 
thus accounting for the concavity of the curve for values 
of COP greater than 10.0 days/year. 

b. In the range of LOLP less than 1.0 days/year it becomes 
increasingly difficult to maintain a given reliability level, 
thus the objective function increases at an increasing rate. 

c. For a LOLP between 1.0 and 10.0 days/year the curve is 
roughly linear on the semi10g plot. This region of the curve 
represents a transition area betwen the two regions described 
above and thus the curve is neither concave nor convex in 
shape. 

14.4 Summary of Results 

Figure 2 shows that the value of the objective function is quite 
sensitive to changes in the reliability level that must be maintained. 
For example, if the system planners decided back in the mid-1960·s 
to maintain a LOLP of 10.0 days per year instead of 1.0 days per year 
during 1976-1986, a savings of $138 million over the eleven year period 
or $12.5 million per year would have resulted. This savings is 7.4% 
of the value of the objective function associated with the 1.0 days per 
year LOLP criterion. It must be remembered, however, that the expansion 
candidates are hypothetical and due to the long lead time associated 
with large thermal units the optimal expansion schedules obtained would 
be unrealistic for a utility beginning its planning at the present time. 
The main purpose of the study is to quantify the relative cost of main
taining various levels of reliability as the utility expands. 

Another important point is that, as the reliability constraint 
is relaxed, the utility would have to purchase more power from neighbor
ing utilities to meet its load. The increased cost of purchased power 
would tend to offset the savings from relaxing the reliability constraint, 
which results primarily from deferred construction expenses. 
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APPENDIX 14ft, 

DOCur~ENTATION OF HEAT RATE DATA t 

The purpose of this appendix is to document the calculation of 
the heat rate data required in t~e FIXSYS module of the WASP programs 
The incremental heat rates and net power output at minimum, best 
point (minimum heat rate),and maximum operating levels for most units 
were supplied by the utilities. From these data the base load heat 
rate and average incremental heat rate (used to obtain full load heat 
rate) were determined and used as input for FIXSYS. In some cases the 
heat rate data reported by the three utilities for jointly-owned units 

did not correspond. For those cases the data reported by one of the 
owners was used .tt 

As a brief explanation of incremental heat rate and heat rate 
consider Figure A-l. Figure A-l(a) which is referred to as the power 
plant input-output curve shows the r~lationship between the heat rate of 
thermal energyinto the power plant (I Btu/hr) and the power output of 
the plant (L KWe). The heat rate is defined as the average thermal 
power per unit electrical power output at the level L. In mathematic 
terms the heat rate as a function of the electrical power output is 

HR(L) = I[L) · (A-l) 

A typical example of a heat rate curve is plotted in Figure A l(c). 
The incremental heat rate is defined as the slope of the input

output curve or the ratio of the change in thermal power into the 
system to electrical power out: 

IR(L) = dI(L) 
dL 

An incremental heat rate curve is shown in Figure A-l(c). 

·;·This appendix includes the data used in Chapters 14 and 15. 

(A-2) 

ltThe differences,usually less than 5~s, were not realized until the data 
from Columbus & Southern Ohio Electric Co. (CSO) and the Cincinnati Gas 
& Electric Co. (CG&c) were reported. Thus, sOlTle of the data used in the 
power pooling study (see Section 14.4) for the Dayton Power & light 
Co. (DPl) does not agree with the corresponding numbers in the cost of 
reliabil·ity study (see Section 14.2). 
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The efficiency of the plant as a function of the power output is 

shown in Figure A-1(b). 

a. b. 

L. 
Oulpul Oulpul 

l 

Figure A.l Typical Input/Output Performance Curves for 

The percent 

A Large Thermal Unit Showing: 
(a) the Input-Output Curve (Btu/hr; kW output), 
(b) the thermal efficiency curve; and 
(c) the heat rate and incremental heat rate curve. 

(But/kWhe vs. kWe output) 

efficiency is defined as: 

k 
eel) = HR1LT x 100 (A-3) 

where k is a conversion factor. With HR(l) given in units of Btu/Kwhe, 

k = 3413 
But 
kHh 

The data supplied by the utilities is incremental heat rate data. 
The inout data required for FIXSYS is heat rate data. The heat rate 
data is calculated from the incremental heat rate data in the following 

manner. 
From the definition of incremental rate, Equation A-2, 

or 

dI - IRdL 

II 
Il - IO = ~IRdL 

lO 

This is shown as the shaded dfea in Figure A l(c). Assuming the IR 

(A-4) 

(A-5) 
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curve can be modeled as a straight line for short intervals, 

(A-6) 

Examining the incremental heat rate data supplied by the utilities 
shows that this assumption is reasonable between the minimum and best 
point loads, and between the best point and maximum loads. One 
important point to note about Figure A-l(c) is that the incremental 
heat rate and the heat rate are equal when the heat rate is a minimum; 
namely, at the best point load. Skrotski and Vopat l 0 show that this 
is true of any generating unit whose performance is described by these 
curves. 

Defining state 1 as the minimum operating level, state 2 the 
best point and state 3 the maximum level, the base load heat rate (HR,) 
can be determined as follows: 

Realizing that: 

12 =' HR L 2 2 (A-7) 

and HR2 = IR2 (A-B) 

then 12 = IR2L2 (A-g) 

also, 11 = 12-~(IR1+IR2)(L2-Ll) (A-lO) 

and since HRl = Il/Ll (A-ll) 

then HR = 
IR2L2-~(IR1+IR2)(L2-Ll) 

(A-12) 1 L3 

In the FIXSYS module the average incremental heat rate (AIR) is 
used to determine the full load heat rate (HR3) from the equation with 

(A-13) 

However, it is AIR that is inputted in FIXSYS. Working backward, the· 
full load heat rate was obtained form an analysis similar to that used 
to calculate HRl and then AIR was calculated for input to FIXSYS. With 

Eq. (A-'l), we have 



So, HR3 bee.omes 
HR3 ::: 
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For input to FIXSYS, AIR was caltulated from Eq. (A-13). 

HR3L3 - HRl L1 
AIR =-----

L3 _ L, 

(A-14) 

(A-15) 

(A-16) 

(A-17) 

As an example of the calculation, the data supplied for 
Conesville Unit 4 by DPL (used in the cost of reliability 
study) -is used here to find HRl and AIR. 

Given: IRl = 8367 Btu/Kwhe 

IR1 = 8808 Btu/Kwhe 

L, = 364 MW 

L2 = 582 MW 

IR3 = 9251 Btu/Kwhe L3 = 800 MW 

J L2 
IRdL = ~(8367 + 8808) (582 - 364) = 1872075 Btu/hr. 

L, 
12 = 8808 x 582 = 5126256 Btu/hr. 

HR, = 5126256 - 1872075 = 894-0 Btu/Kwhe 
I 364 

f L3 
L IRdL = ~ (8808 + 9251) (800 - 582) = 1968431 Btu/hr, 

2 
HR = 5126256 + 1968431 - 8868 Btu/kWhe 

3 ... 800 

AIR = 8868 x 800 - 8940 x 364 = 8808 Btu/kWhe 
800 - 364 
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For units having only one block of capacity (e.g., diesels and 

gas turbines), HRl and AIR were set equal to the full load heat rate. 

In the cost of reliability study, HR3 for peaking units was calculated 
as shown above, but in the power pooling study the values of HR3 for 
these units were taken from Federal Power Commission Form No. 12 
reports supplied by the PUCO .. These reports·were not used for 
other units because the data was supplied for entire stations only; 
thus, it was not suitable for input to FIXSYS for those individual units. 

Two of the utilities, CGE and CSO, reported that most of their 

units did not have a minimum point in the heat rate curve that could 
be called a best point. In those cases it was assumed the maximum 
load was the best point load. Most units are capable of operating at 
power levels above their stated maximum load for short periods of time, 
but it is relatively expensive to do so; in all likelyhood, the heat 
rate increases as the power output is increased above the stated max
imum level. Thus, the maximum load probably represents a best point 
on the heat rate curve. In this case, 

and 

IR2 = IR3 = HR2 = HR3 

L2 = L3 

HRl and AIR can be calculated as before. 

Firm contracts with other companies, which were modeled as 
ficticious plants, were assumed to have a full load heat rate of 

(A-l8) 

(A-19) 

10,000 Btu/kWhe. Tables A-l through A-4 summarize the incremental heat 
rate and net power output data used in the work. Table A-5 shows all 

jointly-owned units, both existing and planned, ~~ used in the power 

pooling study. This data was used in the FIXSYS and VARSYS modules. 



Un 
Name 

CON4 

FOR7 

BEK6 

8T13 

5TU4 

lIU36 

HUTI 

HUT2 

TAI4 

TAI4 

TTOP 

~IOND 

SIDD 

STIJD 

rAID 

HUGT 

YA47 

tyA13 
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Table A-l Incremental Heat Rate and Power Output 
Data - DPL - Co~t of Reliability Study 

Base 
Incremental Heat Unl t i\et POh'cr Load 
Rates (BTU/K\\'IIE) Output (~I\n Hcat 
~Iin . B. P. l'-lax. ~Hn. B.P. :'-bx. Rate 
Load Load Load Load Load Load (BTU/Kii"Hf:) 

8367 8808 9251 364 582 800 8940 

8660 8918 9176 200 345 490 9012 

8387 8644 9035 150 280 440 8755 

8439 8650 8881 230 407 585 8731 

8409 8680 8904 230 407 585 8785 

9585 9615 9675 15 49 68 9649 

9650 10575 11500 0 44 61 10706 

9585 9615 9675 0 49 60 9621 

9024 9074 9124 70 105 140 9087 

9702 9752 9802 0 105 130 9757 

11735 11800 11850 0 85 150 11811 

10180 10200 10220 0 8 14 10204 

10180 10200 10200 0 8 14 10204 

10180 10200 10220 0 3 11 10204 

10180 10200 10220 0 7 11 10204 

10850 10900 10950 0 20 34 10911 

11150 11200 11250 . 0 11 21 11212 

11150 11200 11250 0 13 24 11211 

Average 
Incre. 
Heat 
Rate 

(BTU/ K]\'HE) 

8808 

8918 

8694 

8655 

8668 

9612 

10706 

9621 

9062 

9757 

11811 

10204 

10204 

10204 

10204 

10911 

11212 

11211 
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Table A-2 Incremental Heat Rate and Power Output 
Data - DPL - Power Pooling Study 

Incremental Heat 
Rates (BTU/KhlfE) 

Unit Nin. B.P. 
Name Load Load 

CON4* -- --
FOR7** -- --

BEK6* -- --
STI3* -- --
STU4* -- --

HU36 9585 9615 

HUT 1 9650 10575 

HUT2 9585 9615 

TAI4 9024 901'1/ 

TArS 9702 9752 

TTOP 11735 11800 

l>10ND -- --

srnn -- --

STUD -- --

TAID -- --

HUGT -- --
YA47 - ... --
YA13 -- --

* See Table A-4 

** See Table A-3 

. ~Iax. 
Load 

--

--

--
--

--
9675 

11500 

9675 

9124 

9802 

11850 

... -

--

--

--
--

--

--

Base 
Uni t Net PO\\Jer Load 

Output (~rW) Heat 
l'-lin. B.P . ~!ax . Rate 
Load Load Load (BTU/Kh'HE) 

-- -- -- 9850 

-- -- -- 9673 

-- -- -- 9182 

-- -- -- 9742 

.. - -- -- 9715 

IS 49 68 9649 

0 44 61 10706 

0 49 60 9621 

70 105 140 9087 

0 105 130 9757 

0 85 150 11811 

0 8 14 10300 

0 8 14 10300 

0 3 11 10300 

0 7 11 10300 

0 20 34 15500 

0 11 21 15656 

0 13 24 14000 

Average 
Incre. 
Heat 
Rate 

(BTU/Kh1-IE 

8785 

9046 

8502 

8694 

8740 

9612 

10706 

9621 

9062 

9757 

]1811 

10300 

10300 

10300 

10300 

15500 

15656 

14000 
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Table A-3 Incremental Heat Rate and Power Output 
Data - CGE - Power Pooling Study 

Base 
Incremental Heat Unit Net Power Load 
Rates (BTU/K~\1IE) Output (M1\') Heat 

Unit Hin. B.P. ~iax. ~lin.1 B.P. f'.lax. Rate 
Name Load Load Load Load (D'T'rr It'\\,UC"'I Load Load UIU/I"\. IlL) 

CON4* -- -- -- -- -- -- 9850 

FOR7 8789 -- 9303 205 -- SOD 9673 

BEK6* -- -- -- -- -- -- 9182 

ST13* -- -- -- -- -- -- 9742 

SUT4* -- -'- -- -- -- -- 9715 

FOR3 12033 -- 13468 18 -- 59 15102 

FOR4 12210 -- 12671 18 -- 59 13196 

FOR5 10533 -- 12363 33 -- 80 13666 

FOR6 8951 -- 9231 74 -- 165 ·9403 

\'[125** -- -- -- 39 -- 95 13000 

W346** -- -- -- 41 -- 100 13000 

BEKI 9104 -- 11116 36 -- 85 12485 

BEK2 8654 -- 10317 37 -- 98 .11688 

BEK3 8931 -- 9781 56 -- 124 10297 

BEK4 9087 -- 9333 64 -- 153 9504 

BEK5 8800 -- 9117 110 -- 238 9301 

STUD -- -- -- 0 -- II 10300 

F12T -- -- -- 0 -- 46 9087 

F36T -- -- -- 0 -- 14 9658 

B14T -- -- -- 0 -- 45 9637 

DCIT -- -- -- 0 -- 74 11811 

D23T -- -- -- .0 -- 14 9658 

D4ST -- -- -- 0 -- IS 10926 

* See Table A_4 
** Heat rates taken from Reference 11. 

Average 
Incre. 
Heat 
Rate 

rB ..... U/ "\,,, 'E ..... l 1 £\.. HI ) 

8785 

9046 

8502 

8694 

8740 

12751 

12441 

11448 

9091 

12067 

12068 

10110 

9485 

9356 

9210 

8959 

10300 

9087 

9658 

9637 

11811 

9658 

10926 



Unit 
Name 

CON4 

BEK6 

ST13 

STU4 

PI34 

PIeS 

POl2 

P034 

C012 

CO:.13 

STUD 

PI6T 

POSD 

COND 

PEDD 

ADDD 

WA78 

NA9T 
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Table A-4 Incremental Heat Rate and Power Output 
Data - CSO - Power Pooling Study 

Base 
Incremental Heat Unit Net Power Load 
Ra't.es (BTU/KWHE) Output (~1W) Heat 
/.Ii n. lB. P. I Max. ~Ii n. lB. P . r ~Iax. Rate 
Load Load Load Load Load Load (BTU/K!\lIE) 

8319 -- 9251 350 -- 800 9850 

8264 -- 8740 152 -- 434 9182 

8281 -- 9108 231 -- 585 9742 

8344 -- 9135 231 -- 570 9715 

9385 -- 15044 13 -- 29 18526 

10043 -- 11133 13 -- 9S 14571 

10713 11070 12490 15 37 45 11332 

10516 -- 12558 
/ 

25 -- 71 14437 

9910 -- 10575 60 -- 122 10919 

9561 10501 13309 65 IGI 178 11195 

-- -- -- 0 -- II 10300 

-- -- -- 0 -- 17 11163 

-- -- -- 0 -- 14 9962 

-- -- -- 0 -- 14 9962 

-- -- -- 0 -- 14 9962 

-- -- -- 0 -- 14 9962 

-- -- -- 0 -- 29 10240 

-- -- -- 0 -- 158 11990 

Average 
Incre$ 
Heat 
Rate 

(BTU/K!\'HE) 

8785 

8502 

8694 

8740 

12215 

10588 

11128 

11537 

10242 

10313 

10300 

11163 

9962 

9962 

9962 

9962 

10240 

11990 
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Table A-5 Jointly-Owned Generating Units 

Date Net Summer Unit Generating 
\~ASP First Capacity CMW) 
Name On-Line Total DPL CGE eso 

CON4 6-73 800 132 320 348 

BEK6 7-69 434 217 163 S4 

STUD 10-69 11 4 4 3 

ST13 10-70+5-72 585 205 228 152 

STU4 6-74 570 200 222 148 

FOR7 5-75 500 180 320 -
FORB 1-78* 500* 180 320 -
ESBI 1-82* 600* 294 306 -
ESB2 1- 80* 600* 294 306 -
ESB3 1-84* 800* 392 408 -
KILl 1-83* 600* 294 306 -
KIL2 1':'81* 600* 294 306 -
ZI~11 1-79* 792* 249 317 226 

Z1M2 1-86* 1150* 362 460 328 

* Preliminary 
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APPENDIX B 

DOCUMENTATION OF SEASONAL TO ANNUAL PEAK LOAD 

RATIO DATA t 

The purpose of this appendix is to document the calculation of 
the seasonal to annual peak load ratio data required in the LOADSY 
module of the WASP program. The LOADFIT program 12, ~xecuted to obtain 
the coefficients of the fifth-order polynomial used to describe the 
normalized seasonal load duration curves, also provided the following 
pertinent information by season: the summation of all loads (i.e., the 
area under the load duration curve), the peak load and the number of 
hours in the peiiod. The hourly load data for a recent year (here
after referred to as the base year) was used in LOADFIT. With this 
information the seasonal load factor (SLF) was obtained from the 

relation: 

where 

( ~ HL) . 
SLF i = SP .*H 

1 

1 

(B-1) 

HL = hourly load (MW) - summationover all loads in season i 

= seasonal peak load for season i (MW) sp. 
1 

H = number of hours in season - identical for all seasons 

Defining P. as: 
1 

P. = SLF.*SAR. 
1 1 1 

(B-2) 

where: AP = the annual peak load (MW) 
SARi = SPi/Ap the ratio of seasonal peak load to the annual peak 

load for season i 

and substituting Equation B-1 into B-2 yeidls: 

(L HL). 
Pi = ~.l\P 1 (B-3) 

t This appendix includes the data used in Chapters 14 and 15. 
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Recognizing that: 4 
4 l:(l:HL}. 
l: P. = i = 1 1 

i = 1 1 H~P 
(B-4a) 

= E (All hourl~ loads in ~earl 
HxAP 

then it can be seen that: 

4 4 
4ALF = t P. = E (SLF.xSar.)· 

·1'"1 1 1 1 = 1= 
(8-5) 

Because the normalized load duration curves remained the same for all 
years of the study, the seasonal load factors also remained the sam~ 
for all years,and those numbers were used in the above equation. The 
ten year forecast supplied by each utility gave projected 
winter and summer peak loads and the annual load factor for each of 
the next ten eyars. Thus, the SAR for the winter can be calculated 
directly and,realizing that the SAR for the summer is 1 .O,the only 
variables remaining in the above equation are the SARis for the spring 
and autumn. Assuming: 

(8- 6) 

itis possible to solve for the SARis as shown below. 
Table B.l displays the pertinent load data sued in the cost of 

reliability study. 

Table B-1 Load Data ~ Cost.of Reliability Study 

~easonal Seasonal to 
Summation Numbers Seasonal Seasonal Annual 

Season Of Loads Of Hours Peak Load Load Factor Peak Load 
Number Season (mWh) In Season (MWl on Ratio 

1 . Wi nter 2283254 2190 1436 72.6 0.8145 
2 Spring 2184109 2190 1633 61 . 1 0.9263 
3 Summer 2414549 2190 1763 62.5 1 .0000 
4 Autumn 2269945 2190 1490 69.6 0.3452 
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From Table B&l: 

(SAR)2 = 0.9263 = 1 096 
(SAR)4 0.8452 . 

(B-7) 

For 1976, ALF = 57.7%, the summer peak load 

peak load = 1899 MW. Thus: 

= 1948 MW and the winter 

--- 1899 0 975 SAR, = 1948 = . 

With the above information, Equation 8-6 yields: 

SAR4 = 0.714 

and SAR2 = 1.096 x 0.714 0.783 

Table 8.2 summarizes the SAR calculations by year for the cost of 

reliability study. 

Table 8-2 Seasonal to Annual Peak Load Ratios Cost of 
Reliability Study 

Summer Winter Annual Seasonal to Annual 
Peak Load Peak Load Load Peak Load Ratios 

Year 0,IW) (1-IW) Factor Co) 
~------.---

\\'inter Autumn Spring 

1976 1948 1899 57.7 0.975 0.714 0.783 
1977 2105 2026 56.7 0.963 0.691 0.758 
1978 2277 2194 55.6 0.964 0.658 0.722 
1979 2459 2384 54.6 0.970 0.626 0.686 
1980 2658 2580 53.4 0.971 0.590 0.647 
1981 2863 2791 52.7 0.975 0.567 .0.62?' 
1982 3083 3006 51 .8 0.975 0.541 0.593 
1983 3305 3221 51.3 0.975 0.527 0.577 
1984 3528 3448 50.8 0.977 0.511 0.560 
1985 3763 3672 50.6 0:976 0.505 0.554 
1986 3999 3913 50.5 0.979 0.501 0.549 

(B-8) 
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Tables B.3 through B.8 summarize the load data and seasonal to 
annual peak load ratios for each of the three utilities in the power 
pooling study. 

The summer and winter peak loads for CCD are less than the sum 
of the appropriate peak loads from the constituent utilities because 
the peaks do not occur on the same day. For 1975, the CCD summer 
peak load (from LOADFIT) was 5924 MW while the sum of the summer peaks 
of the three component utilities was 5965 MW. The ratio of these 
figures is: 

5924 = 0.9931 
5965 

Assuming this relationship holds true for each year of the study: 

AP CCD = 0.9931 (APDPL + APCGE + APCSO ) 

The winter peak load is obtained the same way_ For 1975, the CCD 
winter peak load was 4883 MW while the sum of the components was 
4920 MW. The ratio of these figures is: 

~.s83 = 0 9925 4920 . 

Thus, SP1,CCD ~ 0.9925 (SP1,OPL + SP 1,CGE + SP1,CSO) 

(B-9) 

(8-10) 

(B-ll) 

(B-12) 

It is also necessary to obtain the annual load factor for CCD 
from the information provided. From the defintion of annual load 
factor: 

AP x ALF = E HL in ~ear 
8760 hours ln year (B-13) 

where: AP = Annual Peak Load (MW) 
ALF = Annual Load Factor 

HL = Hourly Load (MW) 

then, 3 
3 E (EHL). 

_ j=l J 
E AP.xALF. - 8760 = 

'j=l J J 

EHL for CCO 
8760 = ALFCCD x APCCO (8-14) 
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where j = the number of the component utility 
3 

Thus, 

I:AP.xALF. 
j=l J J 

ALFCCD = AP
CCD 

(8-15) 

With these relationships it is possi e to calculate the seasonal to 
annual peak load ratios as before. Tables B.9 and B.l0 summarize the 
load information for CeD for use in the powerpooling study. 

The objective of this appendix was to document the calculation of 

the seasonal to annual peak load ratio data required in the LOADSY 
module of the t'/ASP code. It is bel ieved the assumptions made in this 
analysis are reasonable. Probably the most questionable assumption 
is that shown in Equation B-7, namely that the ratio of the seasonal 
to annual peak load ratios for the spring and autumn seasons remained 
constant for every year of the study. This assumption was mde to 
allow solution of Equation B-6 for the seasonal to annual peak load 

ratios. 

Table ~-3 Load Data - DPL - Power Pooling Study 

Seasonal I Seasonal to 
Summation c.!umbers Seasonal Seasonal . Annual 

Season Of Loads Of Hours Peak Load Load Factor Peak Load 
Number Season (!H\1 I) In Season c,nq (%) Ratio 

1 Winter 2376130 2190 1611 67.3 0.945 

2 Spring 2184411 2190 1687 59.1 0.989 

3 Summer 2351371 2190 1705 63.0 1.000 

4 Autwnn. 2313864 2190 1705 62.0 1.000 

Base Year: 1975 

Table B-4 Seasonal to Annual Peak Load Ratios ~ DPL- Power 
Pooling Study 

Summer Winter Annual ~ Seasoll~l to Annual 
Peak Load Peak Load Load Peak Load Ratios 

(~1W) 
-t-=-------.:::...--

Year (~n~) Factor Co) \\'inter AutunmiSpring 

1975 1705 1611 -- 0.945 1.000 0.989 
1976 1948 1899 57.7 0.975 0.848 0.838 
1977 2105 2026 56.7 0,963 0.821 0.812 
1978 2277 2194 55.6 0.964 0.784 0.775 
1979 2459 2384 54.6 0.970 0.747 0.739 
1980 2658 2580 53.4 0.971 0.707 0 .. 699 
1981 2863 2791 52.7 0.975 0.682 0.674 
1982 3083 3006 51.8 0.975 0.652 O. 6~1 5 
1983 3305 3221 51.3 0.975 0.635 0.628 
1984 3528 3448 50.8 0.-977 0.617 0.611 
1985 3763 3672 50.6 0.976 0.611 0.605 
1986 3999 3913 50.5 0.979 0.606 0.600 ----"------ .-
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Table 8-5 Load Data - CGE - Power Pooling Study 

Seasonal Seasonal to 
Summation Numbers Seasonal Seasonal Annual 

Season Of Loads Of Hours Peak Load Load Factor Peak Load 
Number Season (M~\tH) In Season (~HV) (% ) Ratio 

1 Winter 3115727 2190 1967 72.3 0.783 

U 
Spring 3088182 2190 2429 58.1 0.967 

Summer 3483082 2190 2511 63.3 1.000 

Autwnn 3085104 2190 2107 66.9 0.839 

Base Year: 1975 

Table 8-6 Seasonal to Annual Peak Load Ratios - CGE - Power 
Pooling Study 

. Summer lVinter Annual Seasonal to Annual 
Peak Load Peak Load Load Peak Load Ratios 

Year (~nq eM\\') Factor COo) 
--_._-- .---------J-------
Winter Autumn Spring 

1975 2511 ' 1967 -- 0.783 0.839 0.967 

1976 2770 2300 56.8 0.830 0.777 0.896 

1977 2990 2440 56.8 0.816 0.785 0.905 

1978 3170 2580 56.9 0.814 0.789 0.909 

1979 3360 2740 56.8 0.815 0.785 0.905 

1980 3560 2910 56.8 0.817 0.784 0.904 

1981 3770 3090 57.0 0.820 0.789 Oa909 
I 
r 1982 4000 3280 57.3 0.820 0.797 0.919 

1983 4240 3480 57.7 0.821 0.809 0.933 

1984 4490 3690 58.1 0.822 0.820 0.946 

1985 4760 3910 58.6 0.821 0.836 0.964 

1986 5070 4170 I 59.0 0.822 0.847 O:~ 977 
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Table B-7 Load Data - eso - Power Pooling Study 

Seasonal Seasonal to 
Summation NumbeTs Seasonal Seasonal Annual 

Season Of Loads Of Hours Peak Load Load Factor Peak Load 
Number Season (~H'{H) In Season (!»1\\') (%) 

1 Winter 2087188 2190 1342 71.0 

2 Spring 2075359 2190 1684 56.3 

3 Summer 2262350 2190 1749 59.1 

4 Autumn 2052138 2190 1501 62.5 

Base Year: 1975 

Table B-8 Seasonal to Annual Peak Load Ratios - eso -
Power Pooling Study 

Summer \~inter Annual Seasonal to Annual 
Peak Load Peak Load Load Peak Load Ratios 

Ratio 

0.767 

0.963 

1.000 

0.858 

Year (r.l\1l) (~nV) Factor (%) ------r--·--·-r-------Winter Autwnn Spring 

1975 1749 1342 -- 0.767 0.858 0.963 

1976 1834 1453 55.6 0.792 0.851 0.954 

1977 1952 1565 55.8 0.802 0.851 0.955 

1978 2067 1652 56.1 0.799 0.863 0.968 

1979 2184 1776 55.8 0.813 0.845 0.948 

1980 2308 1902 55.9 0.824 0.842 0.945 

1981 2436 2033 56.4 0.835 0.852 0.956 

1982 2570 2182 56.7 0.849 0.853 0.957 

1983 2712 2325 57.0 0.857 0.858 0.963 

1984 2860 2474 570lJij65 0.857 0,962 

1985 3019 2634 57.8 0,872 0 .. 875 Of982 

1986 3187 2803 58.5 0.880 
1

0 . 893 ; 0.999 

I 
I 



'14 - 32 

Table 8-9 Load Data - eso - Power Pooling Study 

'-
Seasonal Seasonal to 

Summation Numbers Seasonal Seasonal Annual 
Season Of Loads Of Hours Peak Load Load Factor Peak Load 
Number Season (N.WH) In Season CMW) (%) 

1 Winter 7579045 2190 4883 70.9 

2 Spring 7347952 2190 5744 58.4 

3 Summer 8096803 2190 5924 62.4 

4 Autumn 7451106 2190 5313 64.1 

Base Year: 1975 

Table B-10 Seasonal to Annual Peak Load Ratios - eso -
Power Pooling Study 

Summer Winter Annual Seasonal to Annual 
Peak Load Peak Load Load Peak Load Ratios 

Year (~1\\,) (~fW) Factor (96) Winterl t\utumn I Spring 

1975 5924 4883 -- 0.824 0.897 0.970 

1976 6507 5609 57.1 0.862 0.624 0.675 

1977 6999 5986 56.9 0.855 0.624 10 . 674 

1978 7462 6378 56.7 0.855 0.617 0.667 

1979 7948 6848 56.2 0.862 0.596 0!645 

1980 8467 7336 ~~ a 0.866 0.584 0.631 ...,.J II ow' 

1981 9007 7854 55.9 0.872 0.579 0,.626 

1982 9587 8404 55.8 0.877 0.572 0!618 

]983 10186 8958 55.8 0.879 0.570 0.616 

1984 10803 9540 55.9 0,883 0.570 0.616 

1985 11463 10139 56.2 0,884 0.579 0',626 

1986 12172 10804 56,5 0.888 0.585 0.633 

Ratio 

0.824 

0.970 

1.000 

0.897 
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APPENDIX C 

vlASP GENERAT ING UN IT CODES t 

The WASP program requires that each generating unit entry in 
FIXSYS and VARSYS has a four character code name for that entry. 
Tables C.l through C.3 show the code names for the generating units 
used in this work and the accompanying units names. Table C.4 displays 
the same information for the planned generating units used in the work. 

t This appendix includes the information used in Chapters 14 and 15. 
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TABLE C-l 

WASP CODE NAMES FOR THE DAYTON POWER & LIGHT 
COMPANY GENERATING UNITS 

Unit Name WASP Code 

Conesvi'lle 4 CON4 
~1iami Fort 7 FOR7 
Beckjord 6' BEK6 

Stuart 1-3 ST13 
Stuart 4 STU4 
Hutchings 3-6 HU36 
Hutchings 1 HUTI 
Hutchings 2 HUT2 

Tait. 4 TAI4 
Tait 5 TATS 
Tai"t Topping TTOP 
lvionument Diesel l\10ND 

Sidney Diesel SIDn 
Stuart Diesel ,STUD 
Tait Diesel TAID 
Hutchings G.T. HUGT 
Yankee G.T.4-7 YA41 
Yankee G"T.1-3 YA13 
Ohio Po\,'er Company Contract OHPe 

-.. 

Name 



I 
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TABLE C 

WASP CODE NAMES FOR THE CINCINNATTI GAS AND 

ELECTRIC COMPANY GENERATING UNITS 

Unit Name WASP Code 

Conesville 4 CON4 

1'-liami Fort 7 FOR7 

Beckjord 6 BEK6 

Stuart 1-3 ST13 

Stuart 4 STU4 
Miami Fort 3 FOR3 
j\Iiami Fort 4 FOR4 
Miami Fort 5 FORS 
Miami Fort 6 FOR6 
West End 1,2,5 Wl25 

West End 3,4,6 W346 

Beckjord 1 BEKI 

Beckjord 2 BEK2 

Beckjord 3 BEK3 

Beckjord 4 BEK4 

Beckjord 5 BEKS 
Stuart Diesel STUD 

Miami Fort G.T. 1-2 F12T 

Miami Fort G.T. 3-6 F36T 

Beckjord C..T. 1-4 B14T 

Dicks Creek G.Te 1 DCIT 
Dicks Creek G.T. 2-3 

I 
D23T 

Dicks Creek G.To 4-5 D4ST 

Name 
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TABLE C_3 

WASP CODE NAl\lES FOR COLU~fBUS AND SOUTHERN 

OHIO ELECTRIC COl\IPA0IY GE:\ERATING UNITS 

Unit Name WASP Code 

Conesvii1e 4 CON4 

Beckjord 6 BEK6 

Stuart 1-3 ST13 
Stuart 4 STU4 

Picway 3-4 PI34 

Picway 5 PIeS 
: 

Poston 1-2 POl2 
Poston 3-4 P034 

Conesville 1-2 C012 

Conesville 3 CON3 

Stuart Diesel STUD 
Picway G.T. 6 PI6T 
Poston Diesel POSD 

Conesville Dies el COND 
Pedro Diesel PEDD 

Addi.son Diesel ADDD 
Walnut G.T, 7-8 WA78 

Walnut G.T. 9 WA9T 
Ohio Power Company Contract OHPC 

.~ J, 

Name 
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CHAPTER 15 

POWER ING 

15.1 Methodology 

The objective power study' is to investigate the 
generating facilities and load savings associated wi the pooling 

requirements of the Dayton Power & Light Company (DP&L) with the Cincin-

nati Gas & Electric Company (CG&E) and Cblumbus & Southern Ohio Electric 
Company (C&SOS), to form a single utility (CCD). This study, however, is 

does ~ot intended to predict the real reliability levels or financial con
ditions of these companies, because several assumptions are made in the 

basic data and their accuracy is not guaranteed. The reader should rather 
consider this as a theoretical analysis of the reliability level of three 
hypothetical utilities. 

The present analysis is made by running the WASP program for five 
cases as follows: 

Case 1 DPl (no optimization) 
Case 2 CGE (no optimization) 
Case 3 CSO (no optimization) 

Case 4 CCD (no optimization) 
Case 5 CCD* (optimization) 

The first three cases are run for each of DPL, CGE and CSO, respectively, 
assuming that the expansion schedule is fixed according to the expansion 
schedule of each company. From these runs, the annual loss-of-load pro
bability and the total cost of operation and construction for the twelve 
years planning period is es mated, provided that each of these companies 
is operated as a hypothetically isolated system. In Case 4, the generating 
systems of the three companies are hypothetically consolidated into a 
group and their generating un; are dispatched for the aggregated demand 

of the three systems. The procedure for the WASP calculation for Case 4 

is the same as for ous cases except a much larger number of gen-
erating units is in ved. e 5 IS treated rather differently. Instead 

of a fixed construction schedule~ there is an option which allows the 

15 - 1 
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completion of each unit under construction to be delayed a year or two. 
Under this condition the completion year for each unit is selected by the 
dynamic programming module, DYNPRO. The loss-of-load criterion for Case 5 

is set at two days per year. This is comparable to the loss-of-load pro
bability found for Case 1 and 2. 

The designated study period is the twelve years from 1975 to 1986. 

All the costs are expressed in 1975 dollars. 

15.2 Input Data 

The input data for each of the six modules discussed in Chapter 4 
is described below. 

15.2. 1 . F I XS YS Data 

The data for FIXSYS is summarized in Tables 1 through 4, the format 
of which is identical to Table 1 of Chapter 14. Contracts with other com
panies are handled as discussed in Section 14.2. Some of the plant data 
for jointly-owned units differs from Chapter 14 because of conflicting 
data obtained from the three utilities. 

The fuel costs for each plant were obtained from the 1975 FPC 
Form 1 annual reports( ~ 3,~. Since fixed and variable O&M costs for 

CGE and CSO were not available when this work was performed, the DPL 
costs are used to estimate the O&M costs for the unit of other companies. 
It is assumed that similar units have similar O&M costs, O&M costs, how
ever, are a relatively small component of the overall objective function, 
thus the error associated with these approximations is negligible(5). 

15.2.2. VARSYS Data 

The input data for VARSYS is summarized in Tables 5 through 8, The 
data is taken from Appendix E of the IAEA Nuclear Power Planning Study 
Procedures Manual(6)'as well as from DPL's 1975 Uniform Statistical 
Report (7) . 

15.2.3. LOADSY Data 

The LOADSY data is shown in Appendix 14-B. 
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Table 1 

FIXSYS Data-DPL-Power Pooling Study 

1 2 3 4 5_ 6 7 8 9 10 11 12 13 14 15 16 

CON4 1 58 1 9850 8785 88 0 4 1 10.2 42 800 0 0.444 0.708 
FOR7 1 74 180 9673 9046 75 0 4 1 10.0 42 500 0 0.153 0.153 
BEK6 1 78 217 9182 8502 83 0 4 1 10.0 42 500 0 0.032 1.249 
STI3 3 81 205 9742 8604 99 0 4 1 13.0 42 600 0 0.017 0.528 
STU4 1 81 200 9715 8740 99 0 4 1 13.0 42 600 0 0.017 0.528 
HU36 4 15 68 9649 9612 128 0 4 1 6.5 22 60 0 0.062 1.162 
HUTl 1 61 61 10706 10706 128 0 4 1 4.9 22 60 0 0.062 1 .162 
HUT2 1 60 60 9621 9621 128 0 4 1 6.7 22 60 0 0.062 1 .162 
TAI4 1 70 140 9087 9062 123 0 4 1 16.9 29 140 a 0.057 1.555 
TArs 1 130 130 9757 9757 123 a 4 1 15.5 29 140 a 0.057 1.555 
TTOP 1 150 150 11811 11811 123 a 4 1 16.0 29 140 0 0.057 1.555 
MONO 1 14 14 10300 10300 235 0 2 1 25.9 16 20 0 0.162 0.978 
SrOD 1 14 14 10300 10300 232 0 2 1 21 .4 16 20 0 0.140 1 .162 
STUD 1 4 4 10300 10300 236 0 2 1 10.0 16 20 0 0.024 0.133 
TAID 1 11 11 10300 10300 235 0 2 1 9.7 16 20 0 0.162 0.978 
HUGT 34 34 15500 15500 237 0 1 1 6.8 16 20 0 O. 152 0.288 
YA47 4 21 21 15656 15656 234 0 1 1 6.2 16 20 0 0.149 0.267 

Item Description (See Table 1 of Chapter 14) 
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Table 2 

FIXSYS Data-CGE-Power Pooling Study 

1 2 3 4 5 6 

CON4 1 140 320 9850 8785 

FOR7 1 132 320 9673 9046 
BEK6 1 56 163 9182 8502 
STI3 3 90 228 9742 8694 
STU4 1 90 222 9715· 8740 

FOR3 1 18 59 15102 12751 

FOR4 1 18 59 13196 12441 

FOR5 1 33 80 13666 11448 

7 8 9 10 11 12 13 14 15 16 

88 0 4 10.2 42 800 0 0.044 0.700 

75 a 4 1 10.0 42 500 0 0.153 0.153 

83 0 4 1 10.0 42 500 0 0.032 1.249 
99 0 4 1 13.0 42 600 0 0.017 0.528 

99 0 4 1 13.0 42 600 0 0.017 0.528 

90 0 1 1 5.0 22 60 0 0.062 1.162 
80 0 4 1 

80 0 4 1 
5.0 22 60 0 0.062 1.162 

5.0 22 60 0 0.062 1.162 
FOR6 1 74 165 9403 9091 90 0 4 1 7.0 29 140 0 0.057 1.555 
W125- 1 39 95 13000 12067 141 0 1 1 10.0 30 60 0 0.152 0.288 
W346 1 41 100 13000 12068 141 0 1 1 10.0 30 140 0 0.152 0.288 
BEK1 1 36 85 12485 10110 86 0 4 1 7.0 30 60 0 0.062 1.162 
BEK2 1 37 98 11688 9485 86 0 4 1 7.0 30 140 0 0.062 1.162 
BEK3' 1 56 124 10297 9356 86 0 4 1 10.0 30 140 0 0.057 1.555 

BEK4 1 64 153 9504 9210 86 0 4 1 13.0 29 140 0 0.057 1 .555 

BEK5 1 110 238 9301 8959 86 0 4 1 10.0 34 500 0 0.013 0.528 
STUD 1 4 4 10300 10300 236 0 2 1 10.0 16 20 0 0.024 0.133 
FI2T 2 46 46 9087 9087 236 0 1 1 10.0 16 60 0 0.149 0.267 
F36T 4 14 14 9656 9656 236 0 1 1 10.0 16 20 0 0.149 0.267 

BI4T 4 45 45 9837 9637 235 0 1 1 10.0 16 60 0 0.149 0.267 
DOlT 1 74 74 11811 11811 242 0 1 1 10.0 16 60 0 0.149 0.267 
D23T 2 14 14 9658 9658 242 0 1 1 10.0 16 20 0 0.149 0.267 
045T 2 15 15 10926 10926 242 0 1 1 10.0 16 20 0 0.149 0.267 
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Table 3 

FIXSYS Data-CSO-Power Pooling Study 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

CON4 1 152 348 9850 8785 88 0 4 10.2 42 800 0 0.044 0.709 
BEK6 1 19 54 9182 8502 83 0 4 1 10 .. 0 42 500 0 0.032 1 .249 
STI3 3 60 152 9742 8694 99 0 4 1 13.0 42 600 0 0.017 0.528 
STU4 1 60 148 9715 8740 99 0 4 1 13.0 42 600 0 0.017 0.528 
PI34 2 13 29 18526 12215 85 0 4 1 7.2 22 20 0 0.062 1.162 
PIC5 1 13 95 14571 10588 85 0 4 1 3.2 22 60 0 0.062 1.162 
P012 2 15 45 11332 11128 83 0 4 1 4.9 22 60 0 0.062 1 . 162 
P034 3 25 71 14437 11537 83 0 4 5 .. 0 22 60 0 0.062 1 .162 
C012 2 60 122 10919 10242 87 0 4 1 12.4 30 140 0 0.057 1 ,555 
CON3 1 65 178 11195 10313 87 0 4 1 10. 1 29 140 0 0.057 1.555 
STUD 3 3 10300 10300 236 0 2 1 10.0 16 20 0 0.024 o. 133 
PI6T 1 17 17 11163 11163 202 0 1 1 63.2 16 20 0 O. 149 0.267 
POSD 1 14 14 9962 9962 214 0 2 1 8.2 16 20 0 0.140 1 .162 
COND 1 14 14 9962 9962 228 0 2 16.2 16 20 0 0.140 1 . 162 
PEDD 1 14 14 9962 9962 214 0 2 1 5.3 16 20 0 0.162 0.978 
ADDD 1 14 14 9962 9962 216 0 2 16.0 16 20 0 0.162 0.978 
WA78 2 29 29 10240 10240 178 0 1 1 11 .2 16 20 0 0.149 0.267 
VJA9T 158 158 11990 11990 178 1 1 1 0.7 16 140 0 0.149 0.267 
OHPC 1 250 250 10000 10000 132 0 4 1 0.0 0 0 0 1 .100 0.000 
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Table 4 

FIXSYS Data-CCD-Power Pooling Study 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

CON4 350 800 9850 8785 88 0 4 1 10.2 42 800 0 0.044 0.709 
FOR7 1 206 500 9673 9046 

BEK6 1 153 434 9182 8502 
75 0 4 1 10.0 42 500 0 0.153 0.153 

83 0 4 1 10.0 42 500 0 0.032 1.240 
ST13 3 231 585 9742 8694 99 0 4 1 13.0 42 600 0 0.017 0.528 

STU4 231 570 9 5 8740 99 0 4 1 13.0 42 600 0 0.017 0.528 
HU36 4 15 68 9549 9612 128 0 4 1 6,5 22 60 0 0.062 1.162 
HUTl 1 61 61 10706 10706 128 0 4 1 4.9 22 60 0 0,062 1.162 
HUT2 1 69 60 9621 9621 128 0 4 1 6,7 22 60 0 0.062 1.162 
TAI4 70 140 9087 9062 123 0 4 1 16.9 29 140 0 0.057 1.555 
TAr5 1 130 130 9757 9757 123 0 4 1 15.5 29 140 0 0.057 1.555 

TTOP 1 150 150 11811 11811 123 0 4 1 16.0 29 140 0 0.057 1.555 
MONO 14 14 10300 10300 235 0 2 1 25.8 16 20 0 0.162 0.978 

SrOD 14 14 10300 10300 232 0 2 1 21.4 16 20 0 0.140 1.162 
TAID 1 11 11 10300 10300 235 0 2 1 9.7 16 20 0 0.162 0.978 

HUGT 1 34 34 15500 15500 237 0 1 1 6.8 16 20 0 0.152 0.288 

YA47 4 21 21 15656 15656 234 0 1 1 6.2 16 20 0 0.149 0.267 
YAl3 3 24 24 14000 14000 234 0 1 1 11.1 16 20 0 0.149 0.267 
OHPC 1 150 150 10000 10000 101 0 4 1 0.0 0 0 0 2.202 0.000 

FOR3 1 18 59 15102 12751 80 0 1 1 5,0 22 60 0 0.062 1.162 
FOR4 1 18 59 13196 12441 80 0 4 1 5.0 22 60 0 0.062 1.162 
FOR5 1 33 80 13666 11448 80 0 4 1 5,0 22 60 0 0~062 1.162 
FOR6 1 74 165 9403 9091 80 0 4 1 7.0 29 140 0 0.057 1.665 
WI25 39 95 13000 12067 141 0 1 1 20~O 30 60 0 0.157 0.288 

W346 1 41 100 13000 12068 141 0 1 1 10.0 30 140 0 0.152 0.288 
BEKl 1 36 85 12485 10110 86 0 4 1 7.0 30 60 a 0.062 1.162 
BEK2 1 37 98 11688 9485 86 0 4 1 7.0 30 140 0 0.062 1.162 
BEK31 56 124 10297 G355 86 0 4 1 10.0 30 140 0 0.057 1.555 
BEK4 1 64 153 9504 9210 86 0 4 1 13.0 29 140 0 0.057 1.555 
BEK5 1 110 238 9301 8959 86 0 4 1 10.0 34 500 0 0.017 0.528 

F12T 2 46 46 9087 9087 236 0 1 1 10.0 16 60 0 0.149 0.267 
F36T 4 14 14 9658 9658 236 0 1 1 10.0 16 20 0 0.149 0.267 
B14T 4 45 45 9637 9637 235 0 1 1 10.0 16 60 0 0.149 0.267 
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Table 4 (Continued) 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

DOlT 1 72 74 11811 11811 242 0 1 10.0 16 60 0 0.149 0.267 
023T 2 14 14 9658 9658 242 0 1 1 10.0 16 20 0 0.149 () ?c:..7 

V.I-VI 

D45T 2 15 15 10926 10926 242 0 1 1 10.0 16 20 0 0.149 0.267 
PI34 2 13 29 18526 12215 85 0 4 1 7.2 22 20 0 0.062 1 .162 
PIC5 1 13 95 14571 10588 85 0 4 1 3~2 22 60 0 0.062 1 .162 
P012 2 15 45 11332 11128 83 0 4 1 4.9 22 60 0 0.062 1 .162 
P034 2 25 71 14437 11537 83 0 4 1 5.0 22 60 0 0.062 1 .162 
C012 2 60 122 10919 10242 87 0 4 1 12.4 30 140 0 0.057 1 .555 
CON3 1 65 178 11195 10313 87 0 4 1 10.1 29 140 0 0.057 1.555 
PI6T 1 17 17 11163 11163 202 0 1 1 68.2 16 20 0 0.149 0.267 
POSD 14 14 9962 9962 214 0 2 1 8.2 16 20 0 0.140 1.162 
COND 1 14 14 9962 9962 228 0 2 1 16.2 16 20 0 0.140 1 . 162 
PEDD 1 14 14 9962 9962 214 0 2 1 5.3 16 20 0 0.162 0.978 
ADDD 1 14 14 9962 9962 216 0 2 1 16.0 16 20 0 0.462 0.978 
WA78 2 29 29 10240 10240 178 0 1 11 .2 16 20 0 0.149 0.267 
WA9T 1 158 158 11990 11990 178 0 1 1 0.7 16 140 0 0.149 0.267 
OPCC 1 250 250 10000 10000 132 a 4 1 0.0 0 a 0 1 .100 0.000 
STUD 1 11 11 10300 10300 236 a 2 1 10.0 16 20 0 0.024 0.133 
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Table 5 

VARSYS Data-DPL-Power Pooling Study 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

ZIMl a 166 249 10710 9360 40 0 0 14. a 42 800 0 0.470 1.000 
lIM2 0 241 362 10710 9360 40 0 0 17.5 42 1000 0 0.370 0.770 
FORB 0 60 180 10695 8910 100 a 4 10.5 42 500 0 1.390 2.930 
KILl 0 98 294 10680 8890 'lOa 0 4 1 12.0 42 600 0 1.250 2.630 
KIL2 0 98 294 10680 8890 100 a 4 1 12.0 42 600 a 1 .250 2.630 
E581 0 98 294 10680 8890 100 0 4 1 12.0 42 600 0 1.250 2.630 
ESB2 0 98 294 10680 8890 100 0 4 1 12.0 42 600 0 1.250 2.630 
ES83 a 131 392 10640 8850 100 a 4 1 14.0 42 800 0 1 . 150 2.430 

Table 6 

VARSYS Data-CGE-Power Pooling Study 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

lIMl 0 211 317 10710 9360 40 0 0 14.0 42 800 0 0.470 1.000 
lIM2 0 307 460 10710 9360 40 0 0 1 17.5 42 1000 0 0.370 0.770 
FORB 0 107 320 10695 8910 100 0 4 10.5 42 500 0 1 .390 2.930 
KILl 0 102 306 10680 8890 100 0 4 1 12.0 42 600 0 1.250 2.630 
ESPl 0 102 306 10680 8890 100 0 4 1 12.0 42 600 0 1.250 2.630 
ESB2 0 102 306 10680 8890 100 0 4 12.0 42 600 0 1.250 2.630 
ESB3 0 136 408 10640 8850 100 0 4 14.0 42 800 0 1 . 150 2.430 
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Table 7 
VARSYS Data-CSO-Power Pooling Study 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

ZIMl 0 151 226 10710 9360 40 0 0 1 14.0 42 800 0 0.470 1.000 

ZIM2 0 219 328 10710 9360 40 a 0 1 17.5 42 1000 0 0.370 0.770 
CON5 0 125 375 10725 8939 100 f"I Ii "I 

V 't I 

CON6 0 125 375 10725 8939 100 0 4 1 

POS5 0 125 375 10725 8939 100 0 4 1 

POS6 0 125 375 10725 8939 100 0 4 1 

NEWl 0 125 375 10725 8939 100 0 4 1 

Table 8 

8.5 40 

8.5 40 

8.5 40 

8.5 40 

8.5 40 

VARSYS Data-CCD-Power Pooling Study 

500 0 1.590 3.340 

500 a 1.590 3~340 

500 0 1.590 3.340 

500 0 1.590 3.340 

500 0 1.590 3.340 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

ZIMl 0 528 792 10710 9360 40 0 0 1 14.0 42 800 0 0.470 1~000 

Z 1M2 a 767 1150 10710 9360 40 0 0 1 17 t 5 42 1000 0 0.370 O. 770 

FOR8 0 167 500 10695 8910 lOa a 4 1 10.5 42 500 0 1,390 2.930 

KILl 0 200 600 10680 8890 100 0 4 12.0 42 600 0 1.250 2.630 

KIL2 0 200 600 10680 8890 100 0 4 1 12.0 42 600 0 1.250 2.630 

ESBl 0 200 600 10680 8890 100 0 4 1 12.0 42 600 0 1.250 2,630 

ESB2 0 200 600 10680 8890 100 0 4 1 12.0 42 600 0 1 .250 2.630 

ESB3 0 267 800 10640 8850 100 0 4 14.0 42 800 0 1.150 2.430 

CON5 0 125 375 10725 8939 100 0 4 1 8.5 40 500 0 1.590 3.340 

CON6 0 125 375 10725 8939 100 0 4 1 8.5 40 500 0 1.590 3.340 

POS5 0 125 375 10725 8939 100 0 4 1 8.5 40 500 0 1.590 3.340 

POS6 0 125 375 10725 8939 100 0 4 1 8.5 40 500 0 1.590 3,340 

NEWl 0 125 375 10725 8939 100 0 4 1 8.5 40 500 0 1.590 3.340 
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15.2.4. CONGEN Data 

Input data for CONGEN is required only for Case 5. For this run 
a capacity range of 0 to 50% and a LOLP criterion of 2.0 days per year 

are us 

15.2.5. MERSIM Data 

The loading orders used in the MERSIM module are shown in Tables 
9 through 12. Note that all units in FIXSYS and VARSYS are included in 
the loading order. The loading order is determined by increasing 
incremental cost at the base load level. 

15.2.6. DYNPRO Data 

The OYNPRO input data is shown in Tables 13 and 14. The escalation 
rates on capital cost are set to 0% because the capital costs which are 
already adjusted for escalation are used. The capital costs for the 
optimized expansion schedule are revised as shown in Table 13. Zimmer 
#2 and Newbury Site #1 are postponed beyond the end of the study (1986) 
and are not included in the optimized expansion schedule. 

15.3 Results 

The results of the WASP runs for the five cases mentioned in Section 
15.1 are summarized in Table 15, in which the annual LOLP for the period 
of twelve years and the value of the objective function at the end of 1986 
are shown. 

It is observed that LOLP of DPL (Case 1) and CGE (Case 2) is sub
stantially higher than that of CSO (Case 3) each of which are hypothetically 
assumed to be isolated. 

The total of the objective functions for the three companies (Cases 1, 
2 and 3), which includes all the construction, operating and maintenance 
costs unti 1 1986, is 5620 $M in 1975 do 11 ars. On the other hand, the 
objective function for the hypothetically consolidated system, CCO, (Case 4) 
is 5196 million dollars, which is 424 million dollars (or 7.5%) less than 
the total of the objective functions for the three isolated systems. 
This 7.5% savings results from generation diversity as well as load 
diversity among the three systems. Generation diversity refers to the 
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fact that the variety of plants available for customer service is wider 
for CCD than for any of the three systems operating independently. Thus, 
the generating units are always more economically used by dispatching 
the whole system as one consolidated system. Load diversity refers to 
the fact that, since the load profiles of the three systems are different, 
peak load for each system tends to be averaged out when combined. For 
example, if the load on the DPL system is high at a particular time but 
the load on the CGE system is low, DPL's high load is covered by using 
CGEls idle units which are more efficient and cheaper to operate than the 
peaking units available at DPL. 

The last column of Table 15 shows the results of the WASP run for 
Case 5 which allows one or two years delay in completing future units 
under the constraint of two days per year of LOLP. The system thus, 
determi ned is des i'gna ted by CCD*. The LOLP of two days per yea r is j) of 
course, unrealistically large for such a consolidated system, but it is 
meaningful in estimating the relationship between the LOLP criterion and 
the amount of savings. Table 16 shows how the original schedule for com
pleting units can be delayed if the LOLP criterion is two days per year. 
The objective function for CCD* is 4,724 million dollars, which is 472 
million dollars (or 9.1%) less than that of CCO, 
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Table 9 
MERSIM Data-DPL-Power Pooling Study 

Loading WASP Block Loading WASP Block Order Name Order Name 

1 lIM2 Base 22 ESB2 Peak 
2 lIM1 Base 23 FOR8 Peak 
3 ESB3 Base 24 FOR7 Peak 
4 CON4 Base 25 BEK6 Peak 
5 KILl Base 26 ST13 Peak 

['" 
6 KIL2 Base 27 STU4 Peak 
7 ESBl Base 28 TAI4 Base 
8 ESB2 Base 29 TAI4 Peak 
9 FOR8 Base 30 TAT5 Base 

10 FOR7 Base 31 HU36 Base 
11 BEK6 Base 32 HU36 Peak 
12 ST13 Base 33 HUT2 Base 
13 STU4 Base 34 HUT1 Base 
14 OHPC Base 35 HUGT Base 
15 ZIM2 Peak 36 YA13 Base 
16 lIMl Peak 37 YA47 Base 
17 ES83 Peak 38 TTOP Base 
18 CON4 Peak 39 TAID Base 
19 KILl Peak 40 MONO Base 
20 KIL2 Peak 41 STUD Base 
21 ESBl Peak 42 SIDD Base 
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Table 10 
MERSIM Oata-CGE-Power Pooling Study 

Loading WASP Block Loading WASP Block Order Name Order Name 

1 ZIr~2 Base FOR6 Base 
2 ZIMl Base 30 BEK5 Peak 
3 ES83 Base 31 BEK4 Base 
4 CON4 Base 32 BEK4 Peak 
5 KILl Base 33 BEK3 Base 
6 KIL2 Base 34 BEK3 Peak 
7 ESBl Base 35 BEK2 Base 
8 ESB2 Base 36 BEK2 Peak 
9 FORB Base 37 FOR4 Base 

10 FOR7 Base 38 FOR4 Peak 
11 BEK6 Base 39 BEK1 Base 
12 ST13 Base 40 BEKl Peak 
13 STU4 Base 41 FOR5 Base 
14 ZIM2 Peak 2 FOR5 Peak 
15 ZIMl Peak 43 FOR3 Base 
16 ESB3 Peak 44 FOR3 Peak 
17 CON4 Peak 45 W125 Base 
18 KILl Peak 46 W125 Peak 
19 KIL2 Peak 47 W346 Base 
20 ESBl Peak 48 W346 Peak 
21 ESB2 Peak 49 F12T Base 
22 FORB Peak 50 814T Base 
23 FOR? Peak 51 F36T Base 
24 BEK6 Peak 023T Base 
25 ST13 Peak STUD Base 
26 STU4 Peak 54 045T Base 
27 FOR6 Base 55 DelT Base 
28 FOR6 Peak· 
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Table 11 
MERSIM Data-CSO-Power Pooling Study 

Loading WASP Block Loading WASP Block Order Name Order Name 

1 ZIM2 Base 23 NEWl Peak 
2 ZIMl Base 24 P012 Base 
3 CON4 Base 25 P012 Peak 
4 BEK6 Base 26 C012 Base 
5 STL3 Base 27 C012 Peak 
6 STU4 Base 28 CON3 Base 
7 CON5 Base 29 CON3 Peak 
8 CON6 Base 30 P034 Base 
9 POS!) Base 31 P034 Peak 

10 POS6 Base 32 PIC5 Base 
11 NEW1 Base 33 PIC5 Peak 
12 OHPC Base 34 PI34 Base 
13 ZIM2 Peak 35 PI34 Peak 
14 ZIM1 Peak 36 WA78 Base 
15 CON4 Peak 37 POSD Base 
16 BEK6 Peak 38 PEDD Base 
17 STI3 Peak 39 WA9T Base 
18 STU4 Peak 40 ADDD Base 
19 CON5 Peak 41 PI6T Base 
20 CON6 Peak 42 COND Base 
21 POS5 Peak 43 STUD Base 
22 POS6 Peak 
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Table 12 
MERSIM Data-CCO-Power Pooling 

Loading WASP Block Loading WASP Block Order Name Order Name 

. 1 ZIM2 Base 26 KIL2 Peak 
2 ZIMl Base 27 ESBl Peak 
3 [S83 Base 28 ESB2 Peak 
4 CON4 Base 29 FOR8 Peak 
5 KILl B&se 30 FOR7 Peak 
6 KIL2 Base 31 BEK6 Peak 
7 ESBl Base 32 STI3 Peak 
8 ESB2 Base 33 STU4 Peak 
9 FORB Base 34 CON5 Peak 

10 FOR7 Base 35 CON6 Peak 

11 BEK6 Base 36 POS5 Peak 
12 STI3 Base 37 POS6 Peak 
13 STU4 Base 38 NEWl Peak 

14 CON5 Base 39 FOR6 Base 
15 CON6 Base 40 FOR6 Peak 

16 POS5 Base 41 BEK5 Base 

17 POS6 Base 42 BEK5 Peak 
18 NEW1 Base 43 BEK4 Base 
19 OHPC Base 44 BEK4 Peak 
20 OPCC Base 45 BEK3 Base 

21 ZIM2 Peak 46 BEK3 Peak 
22 ZIMl Peak 47 P012 Base 
23 ESB3 Peak 48 P012 Peak 
24 CON4 Peak 49 C012 Base 
25 KILl Peak 50 C012 Peak 



Loading WASP 
Order Name 

51 CON3 
52 CON3 
53 BEK2 
54 BEK2 
55 FOR4 
56 FOR4 
57 BEKl 
58 BEKl 
59 FOR5 
60 FOR5 
61 TAI4 
63 P034 
64 TAI5 
65 FOR3 
67 FOR3 
68 HUT2 
69 HU36 
70 HU36 
71 PIC5 
72 PIC5 
73 HUTl 
74 TTOP 
75 PI34 

15 - 16 

Table 12 (Continued) 

Block Loading 
Order 

Base 76 
Peak 77 

Base 78 
Peak 79 
Base 80 
Peak 81 
Base 82 

Peak 83 
Base 84 
Peak 85 
Peak 87 
Base 88 
Base 90 
Base 91 
Peak 92 
Base 93 
Base 94 
Peak 95 
Base 96 
Peak 97 
Base 98 
Base 99 
Base 100 

WASP Block Name 

PI34 Peak 
WA78 Base 
Wi25 Base 
W125 Peak 
W346 Base 
W346 Peak 
POSD Base 
PEDD Base 
WA9T Base 
F12T Base 
PI6T Base 
B14T Base 
F36T Base 
D23T Base 
SIDD Base 
MOND Base 
TAID Base 
STUD Base 
D45T Base 
DCiT Base 
YA13 Base 
YA47 Base 
HUGT Base 
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Table 13 

DYNPRO Capital Cost Data for All 

Candidates-Power Pooling Study 

Original Capital Cost In Optimized Capital Cost In 
WASP On-Line Original On-Line On-Line Optimized On-Line 
Name Date Year ($/KW) Date Year ($/KW) 

ZIHI 1979 1980 687 

Z1M2 19S6 963 -- --
FORS 1978 341 1980 400 

KILl 1983 564 1985 662 

KIL2 1981 568 1983 667 
: 

. ESBl 1982 534 1984 627 

ESB2 1980 . 528 1982 620 

ESB3 1984 669 1986 785 

CONS 1976 393 1978 . 461 

CON6 1978 292 1979 316 

POSS 1981 803 1981 803 

POS6 1983 581 1985 682 

NEWl 1985 868 -- --

Base year for present-worth calculations: 1975 

Discount rate applied to all capital and operating costs: 9.25% 

Table 14 

DYNPRO Data-Power Pooling Study 
I -- Escalation Rate On 

Plant Type Plant Life (Yrs. ) Operating Costs (%) 

Nuclear 35 5 9 S 

Coal-Fired 30 590 

Diesel -- 4.5 

Gas-Turbine -- 4.5 
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Table 15 

Results-Power Pooling Study 

Loss-of-Load Probability (Days/Year) 

Year DPL CGE CSO CCO 

1975 O. 131 0.181 0.197 0.036 

1976 0.658 0.749 0.041 0.065 

1977 1.803 2.268 0.001 0.285 

1978 1.792 2.133 0.029 0.153 

1979 1.624 2.281 0.018 0.160 

1980 1.227 1 .691 0.045 0.171 

1981 0.988 1.703 0.023 0.108 

1982 0.846 1.861 0.056 0.155 

1983 0.733 1.694 0.020 0.087 

1984 0.511 1.276 0.052 0.092 

1985 1.483 3.286 0.023 0.182 

1986 1 .261 3.710 0.020 0.202 

Objective 1674 2181 1765 5196 Function 

(106 1975$) Total of DPL + CGE + CSO = 5620 

CCD* 

0.036 
0.190 

0.725 

1 . 151 
1.869 
0.564 

1.072 
1.336 
1.503 

1.727 

1 . 176 
1 .431 

4724 
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Table 16 
Postponed Unit On-Line Dates 

WASP Original Optimized* Number of 
Name On-Line Date On-Line Date Years Postponed 

ZIMl 1979 1980 1 

ZIM2 1986 
FOR8 1978 1980 2 

KILl 1983 1985 2 

KIL2 1981 1983 2 
ESBl 1982 1984 2 

ESB2 1980 1982 2 
ESB3 1984 1986 2 

CON5 1976 1978 2 

CON6 1978 1979 1 

POS5 1981 1981 0 
POS6 1983 1985 2 

NEWl 1985 

* The optimal on-line dates are determined subject to 
the following constraints: 

1) Expansion candidates are identical to those the three 
utilities are planning to install. 

2) The on-linedates of each unit are allowed to be postponed 
one or two years from the original on-line date. 

3) The reliability criterion's comparable with the reliability 
lev~s obtained from DPL and CGE (2.0 days/year COP). 
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CHAPTER 16 

THE EFFECTS OF RADIO CONTROL 
RESIDENTIAL ELECTRIC WATER 

on 

intreasing cost fossile fuels has provided an incentive 
for electric utilities to seek new and more economical methods of 
producing electrical power. As a consequence, a wide variety of elec
trical load management techniques are now being developed. 1-8 One 

such technique involves controlling residential loads, particularly 
vIater heaters, in order to shift load "peaks" to load,lIvalleys." 
The purpose of this study t is to evaluate the advantages that might be 
gained from this type of load management. The Dayton Power and Light 

Company serves as a model for an anal is the effect of radio 
contr"ol of residential water heaters on the operation and capacity 
costs. This study is, however, based on two heuristic assumptions: 
(1) the diversified load of water heaters before control is constantly 

1 kW per one water heater, and (2) the total controllable electric 
load is 100 MW (or equivalently 100,000 water heaters). These two 
assumptions are necessary because no measured data for the diversi
fied load or total load of residential water heaters is available for 

the DP&L system 
In order to perform this evaluation, a computer model was 

developed to simulate load curve shaping a the radio control of 
electric water heaters. This model was used to investigate two 
schemes for electric water heater control. The first scheme reduces 
the daily load to the lowest p0ssible level. The second scheme in
itiates control on the basis of an ve demand level (real de
mand and outages). This type of control requires information about 
forced and planned plant outages, marginal production costs and the 

forecast hourly demand. The vantages of load control are deter-

The material in this chapter is based on the Master!s thesis 
of Mr. David J. Pasz, liThe Effect of Residential Control on Power 
System Economics," The Ohio State University) 1977. Mr. Pasz's 
work for this thesis was partially supported by the PUeD. 

"16 - 1 
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mined by using the MARC-3A program and the LOLP program, which are 
described in Chapters 3 and 5 respectively. 

16.2 A Brief Overview of Load Control 

Time-of-day pricing and automatic load control are thought to 
offer 'high potential as a means of shifting electrical demarid from a 
peak load time to an off-peak time, i.e., although in the U.S. application 
of automatic load control is far more advanced than time-of-day 
pricing. Time-of-day pricing is used very little in this country 
because it requires time-of-day metering which involves a high in
vestment cost or cumbersome and expensive maintenance. 

Automatic load control for residential users may be implemented 
by using either ripple control, time clnck switching, two-way distri
bution line control, or radio control. Among these, the radio con
trol is the most widely used in the U.S. 7 In the case of Detroit 
Edison 9 for example, the controlled water heaters are broken down 
into 10 control groups~ each of which is controlled by a different 
radio signal. The control signals are first transmitted to remote 
transmittal stations by tr.lephone lines and then transmitted to the 
customer's radio signal receivers. 

The first requirement for automatic load control is the exis
tence of a deferrable load. For example, irrigation pumps and swim
ming pool circulation pumps are deferrable. The electric load is 
also deferrableif the consumed electric energy is stored at the 
user1s side as is the case with electric storage heaters made of 
magnesite bricks, water heaters, air conditions and refrigerators. 
Although radio control of water heaters has been most successful in 
the U.S., the feasibility of controlling other resinential equip
ment is also being studied. 

A water heater stores energy in hot water. A 
typical single electric water heater draws 4 of electricity when 
its heater is on. The electric load is turned off when the hot 
water reaches a certain temperature and remains off until the 
stored energy decreases to a preset low level. The total load for 
all the residential heaters is therefore diversified because of 
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this on-and-off operation. The average load of electric water heaters is 
called the diversified load (of water heaters). Although the unco~troll 
diversified load varies with the time of day, it is approximately 1 kW 
as illustrated in Figure 1. 

Suppose a group of N water heaters, each having 4 kW heating 
element and 1 kW of diversified load, is turned off for a certain per
iod by a radio control device. If the electricity is turned off for a 
long period, the energy stored in the tanks will be depleted so that 
all the electric heaters will be turned on as soon as electricity 
becomes available. This means 4N kW electric load for each water heater 
is drawn from the generating system. In general, the electic load 
after a shut-off period depends upon the length of the shut-off period. 
A load profile of the diversified demand after various lengths of 
shut-off time is shown in Figure 2. 

16.3 Algorithms of the CONTROL Program 

In the present study, the hourly system load data of DP&L for 

9/1/1975 - 8/31/1976 is used as the system load without radio control 
and the change in the system load due to the radio control of 100,000 
water heaters is estimated. Since there is no measured data for the 
water heaters of DP&L residential customers, the diversified load of a 
water heater without control is rather arbitrarily assumed to be lkW. 
In other words, 100 MW of a constant load is subject to radio cpntrol. 

The diversified load of water heaters under radio-control is sim
ulated in this study by the Residential Load Control Simulation program, 
which is abbreviated as CONTROL program. The 100,000 water heaters are 
divided into 10 equal groups, each of which has a constant lOMW diversi
fied load demand before control. This program determines how to turn 
on and off the electricity for each group, according to the two alterna

tive schemes: 
(1) Load Leveling (LL): the load is controlled to minimize 

the peak load of each dayo 
(2) Economic Load Shaping (ELS): the load is controlled to 

minimize the highest marginal production cost in a day. 
In scheduling load control, it is assumed that the hourly load 

and the emergency shutdown time in a day are predetermined. This is 
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too unrealistic an assumption, because the load de~~nd and outages can 
be predicted with reasonable accuracy several hours in advance. In 
the next paragraphs, the algorithms of the program for Load Leveling 
as well as for Economic Load Shaping are outlined. 

For simplicity of explanation, suppose first we get a prescribed 
threshold load level below which the system load has to be maintained. 
The program considers the hourly load of each day in chronological 
order. For each hour, it compares the system hourly load with the 
prescr~bed threshold load. If the system load has been lower than the 
thr.eshold, no action for load control is taken and the program goes to 
the next hour. If the threshold is exceeded for the first time, the 
computer decides to shut off electricity for the necessary number of 
groups. The lowest group numbers available are picked up. If the 
load of the next hour still exceeds the threshold in spite of a 
number of shut-off water heater groups, then additional groups are shut 
off. This continues as long as the threshold is exceeded and there are 

groups that can be shut off. 
When the load decreases, just the reverse occurs. If the load 

drops below the threshold, as many groups as possible that have been 

shut'Jff are turned on in the order of the longest shut-off period. 

When those water heaters have been turned on, the total electrical 
load is calculated based on the length of shut-off shown in Table 1, 
which is developed by taking the hourly average of the load shown in 
Fig. 2. As mentioned before, all the water heaters shut off for six 
hours are turned on regardless of the threshold. 

Table 1 Payback after Various Shut-Off Hours 

Shut-off 
Length, hrs 

1 
2 
3 
4 
5 
6 

*Payback is 
shut-off. 
hour, the 
and 1.049 
after the 

Amount of Payback (KW) 

Payback* (KW) 

1st hr 2nd hr 3rd hr 

0.702 0.249 0.049 
1 .403 0.498 0.098 
2.080 0.738 0.182 
2.656 0.992 0.352 
2.982 1 .419 0.599 
3.000 2.080 0.920· 

the additional power drawn after the 
For eXample, if the shut-off is one 

diversified power drawn is 1.702, 1.249 
KW during the 1st, 2nd and 3rd hours, 
shut-off respectively. 
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It is assumed that each group can be shut off at most twice a 
day, but electricity is made available for at least three hours be
tween two consecutive shut-offs in a day. 

Even though we have assumed that the threshold level is pre
scribed, the controlled system load shape is affected by the value 
the threshold. For example, suppose the threshold is set too low. 
The system load can be maintained at the threshold level for some 
period after the uncontrolled system load exceeds the threshold. 
However, it is conceivable that all the water heaters would be turned 
on at once after the shut-off and, as a consequence, the controlled 
system load would far exceed the uncontrolled system load. Therefore, 
in the CONTROL program, the threshold is optimized for each day 
assuming the uncontrolled hourly system load is prescribed. This 
optimum level is arrived at after an exhaustive research. 

In summary for this section the following assumptions are made: 

(1) The uncontrolled diversified load of an electric water 
heater is always 1 ·kH. 

(2) Electricity for a group of water heaters is shutoff 
for a period of one to six hours. 

(3) The effect of a shut-off lasts only three hours. 
(4) The diversified electric load during the three hours 

after a period of shut-off is assumed as shown in Table 1. 
(5) 100,000 electric water heaters exist in the system. 

This is equivalent to a 100 MW constant diversified 
load under the first assumption. 

(6) The total of 100,000 water heaters are divided into 
10 control groups, each of which has 10 MW of uncontrolled 
diversity load. 

16.4 Effect of Radio Control of Water Heaters 

The effects of the radio load control of water heaters are 
evaluated from two viewpoints: operation cost saving and capital cost 

saving. The current DP&L generating system is assumed to be as shown. 
in Table 2. 
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The CONTROL program generated the controlled hourly load data 
in which the 100 ~1W uncontrolled diversified load is altered. An ex
ample of uncontrolled and controlled load profiles is shown in Fig. 3. 
Table 3 shows the seasonal summary of the peak load and load factors 
before and after control for the DP&L hourly data of 9/1/75 - 8/31/1975. 

To estimate the savings in operation cost gained by radio con
trol of water heaters, MARC-3A (described in Chapter 3) was run three 
times: first for all the hours with uncontrolled demand, second for 
the controlled load with load leveling (LL), and third for the con
trolled economic load shaping (ELS). The difference (reduction) in 
the operating costs for uncontrolled and controlled data is the total 
annual saving and is shown in Table 3. Radio control reduces annual 
operation co~t about 0.14% with LL and 0.17% with ELS. 

The capacity savingTwith the radio control is found by using 
the relation between the LOLP criterion and levelized construction 
cost developed in Chapter 14. For this purpose the LOLP program was 
run for the three load data. The LOLP for the uncontrolled load (UNS) 
is 1.027 day/year as shown in Table 3. The LOLP for the Load Level
ing control is 0.914 day/year which is lower than the uncontrolled 
LOLP by 0.113. Suppose the uncontrolled LOLP of 1.027 is the standard 
reliability criterion for the system expansion, then the construction 
cost saving caused by 0.113 day/year decrease in LOLP for the next 
two years is estimated from Fig. 2 of Chapter14 as $887,000. Similarly, 
the reduction in LOLP of ELS from UNS, which is 1.027 - 0.938 = 0.089, 
yields the saving of $698,000 in construction cost. 

In summary, the load control of 100,000 water heaters is esti
mated to save $1,024,000 with LL and $864,000 with ELS, as shown in 
Table 4. 

t The saving in construction cost is greatly overstimated in Mr. 
Pasz's thesis because of some serious mistakes in dealing with the re
liability calculation. Namely, the reliability level used in Fig. 
is based on hourly data, while the reliability value used by Pasz is 
based on the assumption that in each day the system laod is equal to 
the peak load of the day. 
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TABLE 2 UNIT IDENTIFICATION AND CAPACITY DATA 
FOR DAYTON POWER AND LIGHT 

I' I Uni t Capacity 
No. Unit Name % Own (MW) Type 

1 Miami Fort 7 36.00 500.00 Base 
2 Beckford 6 50.00 440.00 Base 
3 Conesville 4 16.50 800.00 Base 
4 J. M. Stuart 1 35.00 585.00 Base 
5 J. M. Stuart 2 35.00 585.00 Base 
6 J. M. Stuart 3 35.00 585.00 Base 
7 J. M. Stuart 4 35.00 585.00 Base 
8 Stuart Diesels 36.36 11 .00 Peaker 
9 Tait 4 100.00 140.00 Cycling 

10 Tait 5 100.00 130.00 Cycling 
11 Tait Topping 100.00 150.00 Cycling 
12 Hutchings 1 100.00 61 .00 Cycling 
13 Hutchings 2 100.00 60.00 Cycling 

14 Hutchings 3 100.00 67.00 Cycling 

15 Hutchings 4 100.00 67.00 Cycling 
16 Hutchings 5 100.00 67.00 Cycling 
17 Hutchings 6 100.00 67.00 Cycling 

18 Hutchings G. T. 100.00 32.00 Peaker 

19 Yankee 1 100.00 21 .00 Peaker 

20 Yankee 2 100.00 21 .00 Peaker 

21 Yankee 3 100.00 21 .00 Peaker 

22 Yankee 4 100.00 18.00 Peaker 
23 Yankee 5 100.00 18.00 Peaker 

24 Yankee 6 100.00 18.00 Peaker 

25 Yankee 7 100.00 18.00 Peaker 

26 Tait Diesels 100.00 11 .00 Peaker 

27 Monument Diesels 100.00 14.00 Peaker 

28 Sidney Diesel 100.00 14.00 Peaker 

29 Ohio Power Contract 100.00 150.00 Peaker 

30 Ovec Contract 100.00 100.00 Peaker 
I· 
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Table 3 Effect of Load Control 

Average 
Load 

MW 

Fall 1975 
UNS* 1 ,010 
LL* 1 ,010 
ELS* 1 ,010 

Winter 1975 
UNS 1 ,184 
LL 1 , 184 
ELS 1 , 184 

SPRING 1976 
UNS 1,043 
LL 1 ,043 
ELS 1 ,043 

SUMMER 1976 
UNS 1 , 115 
LL 1 , 115 
ELS 1 , 115 

Annual Summary 
UNS 
LL 
ELS 

Peak 
Load 

MW 

1,586 
1,486 
1 ,502 

1 ,74-0 
1,676 
1,695 

1 ,519 
1,457 
1,461 

1,793 
1,693 
1,700 

·Load 
Factor 

% 

63.7 
68.0 
67.2 

68.1 
70.7 
69.9 

68.7 
71 .6 
71 .5 

62.2 
65.0 
65.6 

Saving in 
Operation Cost 
Absolute $ 

27,000 
32,000 

43,000 
71 ,000 

23,000 
24,000 

44,000 
39,000 

137,000 
166,000 

% LOLP 

° .12 0.14 

0.16 
0.26 

0.1 ° 
0.1 ° 

0.18 
0.15 

1 .027 
0.14 0.914 
0.17 0.938 

*UNS: unshaped, LL: Load Leveling, ELS: Economy Load Shaping 
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Table 4 Annual Saving by the Radio Control 
of 100,000 Electric Water Heaters 

Saving in 
Operation Cost 

137,000 
166,000 

Saving in 
Construction Cost 

887,900 
698,000 

Total 
Saving 

1,024,000 
864,000 
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APPENDIX 16A 
USER'S GUIDE FOR THE RESIDENTIAL lOAD CONTROL 

SIMULATION PROGRAM 

16A.l Introduction 

The residential Load Control Simulation Program (CONTROL) 
is a fast and efficient means of evaluating load control as a 
load management option. The concept and explanation of the 
CONTROL Program is presented in Section 16.3. THe purpose of this 
appendix is to describe the procedures and data needed to use 
the CONTROL Program to investigate the effects of water heater 

control on the system demand curve. 
First the Job Control Language (JCl) needed to compile 

and execute the CONTROL Program on The Ohio State University IBM 

370/165 is discussed. Then a description of the input data and 
appropriate formats is presented along with a sample setup. 
A description of the output and output options, along with a 
sample output, follows. 

16A.2 CONTROl-JCl Requirements 

The CONTROL Program is written in FORTRAN for use of the use 

of the IBM 370/165. The code is easy to execute as it requires 
only six JCL cards. These cards are shown in Figure l6A-l. The 
first card indicates that a maximum of 30,000 lines and 
2,000 cards can be produced. These values can be changed if 
necessary. The first card also indicates that the execution 
class is C and that 252 K of storage is required. If CONTROL 
is not being used in the optimizing mode the execution class 
may be changed to class B for decreased turnaround time. 

The second card shows that the program should be 
compiled by the catalogued procedure FORTRUN with a running 
time of no longer than three minutes. The time parameter can 
be changed to accommodate longer execution times, however, 
three minutes should be sufficient for most purposes. 
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The third card tells the computer that the source program 
is to be read in from cards. The CONTROL program directly follows 
this card. The forth JCL card should be placed after the program 
and before the data. This card indicates that th~ data is to be 
read from cards. The last two cards go directly after the data to 
indicate the end of the card file. 

16A.3 Input Data and Data Formats 

The significance of the parameters needed to stimulate 
the control of electric water heaters is discussed in Section 
16.3 (i.e., diversified demand, threshold, maximum time a 
water heater is allowed to be off and the minimum time a 
water heater must be left on before being returned to off 
status). This section defines the order and format of this data 

for the purposes of executing the CONTROL Program. Each'data card 
will be discussed individually. 

CARD 1: This card puts a limit on the number of hours 
a water heater can be left off when control 
is used in the optimizing mode. If control 
is not used in the optimizing mode this card 
will be ignored. This parameter should be 
placed in Column 1 in an 11 format. If this 
card is left blank, six hours is chosen by 
default. 

CARD 2: This card contains the first 12 hours of 
the diversified load factor profile to be 
used. The diversified load factor for the 
first hour should start in Column 1 in an 
F5.3 format. The diversified load factor 
for the second hour should start in column 
6 in an F5.3 format and so on. The diver
sified load factor should be specified in 
ki 1 owatts.' 

CARD 3: Same as card 2, for the hours of 13 
through 24. 

CARD 4: The total number of water heaters available 
for control is placed on this card. It should 
start,in column 1 in an F5.0 format. 
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The rst 
not more 
If on 
be 

valid 
in column 
specifies 
in addi on 
specifi 
scri in 
If 00 is s 

CARD 6: This s i es The first 

CARD 7: 

CARD 8: 

CARD 9: 

is the maximum number a water heater 
is allowed 1 ld 
placed in umn 1 in an 13 . This number 
should not have a fractional on (i.e&, no 
fractions of an hour should used). If zero 
is specified for is number the program will 
optimize with respect using the upper limit 
specified in card 1 The parameter 
specifies the cycle gap or number of hours a 
water heater must left on it is allowed 
to s is should be 
p 1 co 1 umn 1 5 . 3 t. I f a 
zero 
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specified by 1 through 7 respectively. If the day 
is a holiday it should be specified as 8. Column 
21 through 80 should contain 12 hours of load data 
in a 12I5 format. These cards are necessary to 
specify each day of load data. All load data 
should be specified in megawatts. 

An example of a typical data setup is shown in Figure A-2. 
For this example a six-hour ceiling was placed on the number of hours 
a water heater can be left off (Card 1). The average Pioneer div
sersified load profile, shown in Table 1 of Section 16.3, is used 
(Cards 2 and 3). Card 4 indicates that 100,000 water heaters are 
available for control. The fifth card shows that more than one 
day will be controlled, that water heaters will be controlled, and 
that card output is desired. The sixth and seventh cards show that 
the program should optimize the results with respect to the max-
imum water heater off time, the cycle gap and the threshold value 
simultaneously. Card 8 indicates that three days are to be con
trolled. Finally, Cards 9 through 14 show hourly load data for 
January 23 through 25 of 1976 (obtained from DP&L). The output 
resulting from this data will be discussed in the next section. 

1~A.4 OutBut Description 

There are two different means of obtaining output from the 

CONTROL Program: printout and cards. For every day of control, two 
8-1/2" x 11" pages of computer printout are generated. The easiest 
way to describe the output is with an exampl~. Using the 
sample input data of Figure A-2 the CONTROL Proqram was executed. 
The resulting computer printout is shown in Figure A-3. The sample 
input data called for control over three days, thus six pages of 
printout were obtained. As shown, it indicates the type of load 
being controlled (presently water heaters only), the total number 
of water heaters and the number of water heaters in each control 
group (the total number of water heaters divided by 10, since there 
are 10 control groups). Then the threshold level which was main
tained is documented. Note that directly under threshold level is 
a message which says that the threshold level was chosen by the 
program. This message will be written whenever the threshold level 
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LOAD COnTP,OL SUMMAR Y FOR 

(DAY NU~1!3ER lOF 

1/23/76 

31 

TYPE OF LOAD(S) TO BE CONTROLLED -- W~TER HEATERS 

TOTAL NUMBER OF CONTROL UNITS -- 100000. 

NUMBER Of UNITS IN EACH Of THE 10 CONTROL G~OUPS - 10000", 

THRESHH0LO LEVEL -- 1492.00 
(SPECIFIED BY PROGRAM) 

MAXIMUM TIME A UNIT IS ALLOWEO TO BE LEFT OFF 
(SPECIED BY P~OGRAM) -- 6 HOUR LIMIT 

6 .. 00-tOURS 

MAXIMUM TIME A UNIT MUST PE LEFT QN BEFORE IT IS ALL~WEO 
TO BE RETURNED TO OFF STATUS -- 3.00 HOURS 

J.iW.l£L 
1:00 
2:00 
3:00 
4:00 
5:00 
6:00 
1:00 
8:00 
9:00 

~H A. P Ff) (rv1.\il 

1110 ... 00 
1074 .. 00 
1044 .. 00 
1046.00 
1063.00 
1131 ... 00 
12.36 .00 
1511 .. 00 
1572.00 

SHAPFD{f-1H) 

1110.00 
1074 ... 00 
1044.00 
1046.00 
1063.00 
1131.00 
12R6.00 
1487.30 
140 1.20 
14B3 .. 40 
1487.11 
1466 .. 3'3 
14t:!';'.21 
14-68 .. 76 
1439.66 
1332 .. 03 
1292.26 
12eO .. 99 
1367.99 . 
1335 .. 99 
1256.99 
1219.99 
1130.99 
1054 .. 99 

OIy Ln~D~~ 
0.40 

10:00 
11 :00 
12:00 
13:00 
14:00 
15:00 
16:00 
17:.00 
18 :00 
19:00 
20 :00 
21:00 
22:GO 
23:00 
24:00 

1565 ... 00 
1556 ... 00 
14[)3.00 
1435.00 
1398.00 
1333 .. 00 
1276.00 
1213.00 
1281 ... 00 
136(~ '" 00 
1336 .. 00 
1257.00 
1220 .. 00 
1131.00 
1055.00 

HillU PAYBACK ~1,.\y EXTE~~O Ir-~T(l THE FOLLOWING DAY 

UNSHAPED LOAD PEAK VALUE -- 1512000MEG~WATTS 

UN~H~P[O PEAK LeAD TIME -- 9:00 HOURS 

SHAPED LOAD PEAK VALUE -- 1491 .. 20 M~GAWATTS 

SHAPED LOAD PEAK TIME -- 9:00 HOURS 

0.25 
0.13 
O.Oil 
0009 
0.15 
0.31 
0 ... 59 
0 .. 81 
1 ... 0?' 
1.11 
1.17 
1.12 
1 .. 06 
O.Q11 
0 .. 92 
0.99 
1.12 
1 .1 5 
1 .. 1 1 
0 .. 97 
0.86 
0.75 
0 .. 61 

Figure A-3 Sample Output from Control Using the Sample 
Input Data in Figure A-2. 
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CONTROL GROUP STATUS FOR 1/23 

ElBST CyCLE 

.GR!lUL.t! 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

GROnp :# 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

lIME QF£ 

o. 
o. 
0 ... 
o. 
o. 
o. 
o. 
0", 
o. 
o@ 

llI1L!1N 
10 ® 

11 ... 
120 
1208 
13", ' 
13. 
14. 
14. 
15. 
15 <» 

o. 
o. 
0. ' 
o. 
0 .. 
0", 
o. 
0 .. 
o. 
0", 

~~.IMf PfR GRQllf 

~ROl..iP ti 
1 
2 
3 
4 
5 
6 
1 
~1 
9 

10 

IL1T BL 1 I ~'iE nEF ,.., 
~_ </III 

3~ 
4. 
4. 
5. 
4". 
5" 
5 .. 
60J1 
6. 

Figure A~3 (Continued) 

ICTAl TDLJ2EE 

rnTAL TI~F, OE.E 
o. 
o. 
o. 
o. 
o. 
0 .. 
0", 
0", 
0"" 
0", 
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LOAD Cf.HlTROL SU~vU'1AR Y FOR 1/24/76 

3) 

TYPE 8F LOADIS) TO BE CON1ROlLED -- W~TER HE4TERS 

TOTAL NUMBER OF CONTROL UNITS -- 100000. 

NUMBER OF UNITS TN EACH OF THE 10 CONTROL GRIJUPS -~ 10000. 

ESHH 0 
PECIF D 

L -- 1 bO.OO 
RQGR ) 

,.1 I M U 1-1 T 1 r~ E !:I, U ~ J 1 TIS A lL 0 W tOT 0 BEL EFT 0 F F 
( ECIEO BY PROGRAM) -- 6 HOUR LIMIT 

5.00 HOURS 

MAXIMUM TIME A UNIT MUST BE LEFT ON BFFORE IT IS ALLOWED 
TO BE RETURNED TU OFF SlA1US -- 3.00 HOURS 

tillU~LQAQ,DATA 

HOU!L 

1: 00 
2 :00 
3:00 
4:00 
5:00 
6:00 
7:00 
8:00 
9 :00 

10: 00 
11::00 
12:0G 
13:00 
14:00 
15:00 
16:00 
17:00 
18 :00 
19:00 
20:00 
21 :00 
22:00 
23:00 
24:00 

UNS1:iA 0 fO (r",~.l 

94B<p>OO 
'196.00 
G56.00 
851.00 
fl48.00 
86n .. On 
913 .. 0C 
984 .. 0·:) 

1092.0(; 
11':)7 ... 00 
11B8",00 
1179.00 
1175&0(' 
1134_00 
lO?4uOO 
1066 .. 00 
1099.00 
1164 ... 0G 
12S9 .. 0C 
1232..,00 
1190.00 
1156 .. 00 
1095.00 
1035 .. 00 

SHAeF D (,,"1 W ) 

948.00 
fi9:>.9Q 
~55.99 
8~)O.99 
84"1.99 
867.99 
913 ... 00 
9))4.00 

1092.00 
1157.00 
1154.82 
1143 .. 96 
1141.30 
1136.34 
1122 .. 16 
1111 .. 52 
1] 1 H .. 34 
1159 .. 31 
1155.49 
115~ .. 94 
1143 .. 81 
1113.82 
1128.23 
11:>4 .. 34 

QIV LnAO FI\CJ..Iilil 

0.40 
0.25 
0 ... 13 
0 .. 013 
O.oq 
0 .. 15 
0.37 
0.59 
0 .. r; 1 
1.02 
1 II> 1 1 
1.17 
1.12 
1 ... 06 
O.9B 
0 .. 92 
0 .. 99 
1.12 
1.15 
1 ... 11 
0.91 
0.86 
0.75 
0 .. 61 

Nf)TfJ.. PAYBACK t·1AY EX1E~\'D INTO THE FULLOWING DAY 

UNSHAPFD LOAO PEAK VALUF -- 1259.00 M~GAWATTS 

U ~J S HAP [ D P F Ai{ L 0 AnT L''i E - - 1 9 : 00 HOUR S 

SHAPED LOAD Pf~K VAlU~ -- 1159.31 MEGAWATTS 

SHAPfD LOAD PE~~ TIME -- 18:00 HOURS 

Fis·.;.re A~ 3 (Continued) 
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ceNTROl GROUP $l'ATUS FOR 1/2 

1 
2 
3 
4 
r. 
..# 

6 
7 
8 
9 

10 

G~OU~ 

1 
2 
'3 
4 
5 
6 
1 
~ 
9 

10 

llt1LJlEE 
11 .. 
11 ® 

11<l1 
13 ... 
19 .. 
lq<» 
19. 
19 it 
19~ 
19. 

T I"'~ E Q r-F 

19. 
19 III 
24. 
24 .. 
24 CD 

o. 
o. 
o. 
o. 
c. 

TIME ON 

14111> 
15. 
16. 
20. 
21. 
22. 
23. 
23. 
24<1> 
24. 

TIME ON 

TOT AL. T IMF P'fR GROUP 

G~rlfP t!.. 
1 
2 
":l .... 
4 
5 
6 
7 . -
(~ 

'9 
10 

TOT~ll£1£.-a£E 
!j 4!1 

9. 
6" 
? 
Jq, 

3. 
3. 
4$ 
Lt. 
~$ 

5"" 

Figure A-3 (Continued) 

TOTAL II~E DEE 

TQTALJ1.",r:-.!1EE. 
s. 
5 f!IIj 

1. 
1411 
1. 
o. 
0. 
00ill 
o. 
0. 
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LOA ROL SU~MARY FOR' 1/25 

(DA NUMBER 3 OF 3 ) 

TYPE OF lOAO( ) TO [ UNTRCLLEO -- \.JAlt":.R HEA RS 

TOTAL NUMBER OF C U\lI1S -- 10(;000,," 

NUMBER OF U~ITS IN EACH OF E 10 CONT GROUPS -- 100 

M 
( 

RES EVEl -- 113n.co 
SPEC PROG AM) 

1M 
0 

A 
PhD 

IT S i\110 0 
AM) -- b H 

BE LEFT OF~ 
i-111 

6",00 HOURS 

~~AX I 
TO f3 "" • I T 

RET 
,~ A 

E 
NIT ~1UST E LEFT O~ BEFORE IT IS AlLO\-IED 

OFF STA S -- 3 00 HOURS 

HOUR 

1 :00 
2:00 
3:00 
4:00 
5:::00 
6:00 
7:00 
8:00 
9:00 

10:00 
11 :00 
12:00 
13:00 
14 :00 
15:00 
16:0C 
17:00 
15:0 
19 :: 

25:00 
76:00 
27:00 
28 :QO 
29:00 
30:00 

9 6 00 
9 00 
$3 5 00 
gB4 ... 0C 
R82 ... 00 
fU14 <II 00 
915®OO 
947 ... 00 

1015",00 
lO{~l.OO 
1128~OO 
1163 .. 00 
1204 .. 00 
i172 .. 0u 
1128 .. 00 
1096 .. 00 
110~..,OO 
1142 .. 0C 
115~ 00 
1126",00 
10P.3~OO 
1 04r. .. 00 

993 .. 00 
.900 00 

1030~85 
944{{p67 
S95<l1S7 
883.911 
R81 ... 9~ 
8P3",98 

S H !\ p r: D {.!1}Ll 

1030",85 
944",61 
895&81 
8r~3 OJ 98 
aSl.98 
r83",98 
91S<!>OO 
Q47..,(lO 

1015000 
lOr~.l.OO 
112t.OO 
1121 .. 96 
1130~39 
1124 ... 47 
1108",03 
1128 ... 54 
11296>79 
1135 ... 47 
1137 ... 94 
1129 .. 41 
1135 97 
1110",79 
1012.22 
903.91 

1030 .. 85 
944",66 
89S .. 86 
8&341091 
881<1>97 
853 .. 91 

DIV LOAD EAr: PSw) 

o 40 
0925 
0 .. 13 
0 .. 08 
0.09 
0.15 
0.37 
0 .. 59 
o .. ~~ 1 
1 .. 02 
1 ... 11 
1 .1 -, 
1@12 
1006 
0 .. 98 
0 ... 92 
0 .. 99 
1 ... 1? 
1 .. 15 
1 ... 11 
0097 
0.86 
0",75 
0",61 

UNSHAPEO LOAD PEAK VALUE -- 1209 .. 00 MEG~W~TTS 

UNSHAPED PFAK LOAD TIME -- 13:00 HOURS 

SHAPED LOAD PE~~ VALUE -- 1137.94 MEG~WATTS 

SHAPEO LOAD PEAK TIME -- 19:00 HOURS 

Fi e A~ 3 (Con t inued) 



16 - 2'5 

CONTROL GROUP STATUS FOR 1/2~/76 

EIRST CYCU 

GR()UL1;t 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

!2.B.Dll p 1i. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

~ROUP -!/ 
1 
2 
3 
4 
5 
6 
7 
R 
q 

10 

liME DEE 
120 
12 ... 
12. 
13 "" 
13. .. ,.,. 
.1..:) ... 
13", 
19. 
19., 
19. 

I1t1L.Q£.E 

19 .. 
19. 
19. 
19 II> 

o. 
o. 
o. 
o. 
0 .. 
o. 

TOTAL 1I~F; nIT 
4. 
5* 
'., <$ 

b. 
4. 
6. 
6 .. 
I ... 
1 f1il 

? 

Il!iE 0~-J 

14. 
15", 
16010 
16 ~ 
17., 
19. 
19. 
20. 
20.,. 
21. 

.Ill1.E._lli 

21 .. 
21.. 
22 .. 
22. 
o. 
o. 
o. 
o. 
0 .. 
0., 

Figure A-3 (Continued) 

TOTAL TI""~ QFr: 

2. 
2. 
3. 
3. 
O. 
o. 
0. 
o. 
0 .. o. 
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The the unshaped load curve (USLC) 
in the same as it was i next two cards represent 
the ( ) in as the unshaped load 
curve. lows this is 11 with asterisks to in-
dicate the summa is day~ A similar summary is 

yen r rest ich control is used, 
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