A METHODOLOGY FOR PROJECTING
THE ELECTRICAL ENERGY DEMAND
IN CALIFORNIA:

A USER’'S GUIDE TO THE MODEL

PREPARED FOR THE RESOURCES AGENCY OF CALIFORNIA
WITH SUPPORT FROM THE NATIONAL SCIENCE FOUNDATION

S. K. ANDERSON

R-1107-NSF/CSRA
MARCH 1973

SANTA MONICA, CA. 990406







A METHODOLOGY FOR PROJECTING
THE ELECTRICAL ENERGY DEMAND
IN CALIFORNIA.:

A USER’S GUIDE TO THE MODEL

PREPARED FOR THE RESOURCES AGENCY OF CALIFORNIA
WITH SUPPORT FROM THE NATIONAL SCIENCE FOUNDATION

S. K. ANDERSON

R-NIO7-NSF/CSRA
MARCH 1973

SANTA MONICA, CA. 90406







PREFACE

This report is part of the Rand research program on The Growing Demand for
Energy. The general focus of the program is on the underlying cause of the conflict
between energy and the environment—the rapid increase in demand for all forms
of energy—and the implications of this conflict for governmental policymaking.

This particular study represents one portion of the research performed for the
Resources Agency of the State of California that is summarized in R-1084-NSF/
CSRA, California’s Electricity Quandary: I. Estimating Future Demand, September
1972. The work was performed under a contract from the Resources Agency, aug-
mented by a grant for energy studies from the National Science Foundation.

This report describes a computer program used for projecting the electrical
energy demand of the State of California. The program is based upon demand-
estimating methodology detailed in other Rand reports listed below. As a user’s
manual for the program, the report contains all instructions necessary to analyze
future electricity demands. It should be useful to anyone concerned with the practi-
cal details of projecting electrical energy demands.

R-991-NSF/CSRA, A Methodology for Projecting the Electrical Energy De-
mand of the Manufacturing Sector in California, by W. E. Mooz and
C. C. Mow, January 1973.

R-995-NSF/CSRA, A Methodology for Projecting the Electrical Energy De-
mand of the Residential Sector in California, by C. C. Mow, W. E. Mooz,
and S. K. Anderson, March 1973.

R-1106-NSF/CSRA, :A Methodology for Projecting the Electrical Energy De-
mand of the Commercial Sector in California, by W. E. Mooz and C. C.
Mow, March 1973.

Deane N. Morris
Head, Rand Energy Program
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I. INTRODUCTION

The Electricity Demand Projection model is based on the detailed methodology
described in the companion documents produced in the study.® As its title suggests,
the model may be used to make projections of electricity demand in California. In
addition to this important and useful function, it serves as an analytical device to
systematically and consistently analyze alternative assumptions about the future
and their effects on electrical energy demand. Thus questions of population size,
level of the economy, prices of electricity and gas, composition of the industrial
sector, and other key variables may be examined to determine their role in the
future demand for electricity. Further, the ability to rapidly make these analyses
allows policymakers to deal with uncertainties of the future, by examining and
testing the effects of different assumptions and policies on the projected electricity
demand.

In the model, California is divided into socio-economic sectors, and the activities
of each sector demand electrical energy. The sectors are identified as residential,
industrial, commercial, agricultural, governmental, and two miscellaneous minor
sectors. At present, the first three of these account for about 90 percent of the total
electrical energy used in the state, and will probably always be the dominant con-
suming sectors.

Inputs to the model describe the population and the economy of the state in
some detail. The prices of electricity and gas are also included, since these affect the
demand for electricity.

Outputs describe the projected electrical energy demand in California for each
year specified as an input. The output is subdivided into the sectors listed above, and
into further subdivisions within the residential and industrial sectors. In the resi-
dential sector, it is possible to trace trends in electricity use to five major geographic
areas, and to the types of consuming appliances in use. In the industrial sector, the
ouputs include a breakdown by major types of industries. v

The computer model described in this document is written in FORTRAN IV and
was run on the Rand IBM 360/65 computer system using the level G compiler. A
typical run requires approximately 64K bytes of core and uses 32 CPU seconds. The
program is totally self-contained, and, except for standard input/output devices, it
does not require the use of any tapes, disks, or other auxiliary programs. For these
reasons, it should be easily adaptable to other computer systems.

! See Preface.



II. GENERAL DESCRIPTION

STRUCTURE

California’s electrical energy consumers are subdivided into seven socio-eco-
nomic sectors, and each sector contributes to the total state electricity demand.
Within the residential sector, users are further broken down into five geographical
areas. The energy consumed in these five areas makes up the total residential
demand.

The majority of residential users within each area are customers served by the
five major utility districts in California: Los Angeles Department of Water and
Power, Pacific Gas and Electric, Southern California Edison, San Diego Gas and
Electric, and Sacramento Municipal Utility District. These account for approxi-
mately 95 percent of California residences. Those served by other means are then
included in one of the above districts.

The use of electricity has also been traced to the many appliances and appliance
groups within a typical residential household. Each appliance falls within one of the
following three groups: (1) Kitchen Group, (2) Lighting, Utility, and Household
Maintenance Group, and (3) Environmental Control, Recreation, and Personal Care
Group.

Within the industrial sector, electricity consumers are identified by major in-
dustry. There are 25 major industries, of which 20 are in the manufacturing sector
and 5 are in the mining sector. Each is identified by a 2-digit number which is
assigned according to the Standard Industrial Classification (SIC) system of the
Office of Management and Budget of the United States. Each industry contributes
a portion of kWh usage to the total industrial sector demand.

OPERATION

The computer model is designed to project electrical energy consumption for up
to ten individual years spaced by a constant interval. For example, the user might
wish to study the projected electricity needs for a 30-year period (1970-2000) at
5-year intervals, or for a shorter period (1970-1988) at more frequent 2-year inter-
vals. Input data are required for each year for which a projection is desired, and no
year subsequent to 2000 should be used. The latter restriction exists because the



appliance saturation curves become less reliable as they are projected from the data
base, and the year 2000 has been arbitrarily selected to limit their use.

When execution begins, all the input variables are read into the model. Then
the remainder of the program, computing energy demand, is repeated for each year
a projection is desired. For any one year, the computations for each of the seven
sectors are completed in the following order: residential, industrial, commercial,
agricultural, railroad, governmental, and interdepartmental. These sector demands
are then summed for a state total, and output results are printed for that year. Only
those results required for use in the next year’s estimating equations are retained.

The model comprises a main routine and several adjoining subroutines. The
main routine controls the overall program logic flow, while the subroutines are
task-independent and assist the main routine in carrying out its function. The
majority of the subroutines deal with the residential and industrial sectors, since
these sectors lend themselves to study in greater detail.

Different estimating methodologies are used for each sector because the elec-
tricity consumption by each is dependent on a unique set of social and economic
factors. For example, consumption for the residential sector depends directly on the
number of households, the ownership of appliances, and the estimated yearly kWh
usage of each appliance. On the other hand, industrial sector consumption depends
on the amount of electricity per unit of output (or energy intensiveness), and on the
output of each industry included in the sector. Because of computational differences,
electrical energy demand for each sector is computed separately and then added to
the others for a state total.

As written, the computer program would theoretically work for any state or
geographical area. However, from a practical standpoint it is limited to the State of
California, since the model is based on estimating equations that are derived from
California data, and for some sectors these equations are built into the program. To
use the projection model for other areas, equations would have to be developed for
the area and subsequent modifications would need to be made to the program. If a
state or area were to be subdivided into more than five differing regions for study,
some dimensioning problems on input would be encountered. Consequently, this
report is concerned only with the use of the model for California.

OPTIONS

For any one run of the computer model, some data may not be available for one
or more of the sectors requiring inputs. In this case, the user can bypass the process-
ing of any sector for all years by setting respective “flags.” If this is done, the
interdepartmental sector must also be suppressed since its energy demand depends
directly on the sum of the other sector demands. If a sector is bypassed, the final kWh
total for each year will not be representative of the electricity usage for the entire
State of California, but only of those sectors processed. This will be apparent from
the computer output, which will show zeros for those sectors that have been sup-
pressed.

For each household appliance within the residential sector, except space heat-
ing, an option is provided for choosing which of three standard equation forms will



best represent the appliance saturation data reported by the five major utilities from
1955 to the present. The saturation rate of an appliance is the proportion of
households in a given area that own the appliance. Regression analyses, with a base
year of 1955, must be run on the data outside the model for each appliance in each
area. Then a flag identifying the form of the equation, along with the corresponding
coefficients, are inputs to the program. The saturation data for space heating is
entered in the model in a different manner and will be explained later under “Input
Procedures,” Sec. IV.

The user of the model has two options for making inputs to the industrial sector.
These options are designed to accommodate the two forms of data relating to size
of industrial sector. The first option calls for the input of a value representing the
total production of the industrial sector in terms of dollars of value added, or dollars
of gross state product due to industry, and the input of the percentages of this value
that are contributed by each manufacturing and mining industry making up the
sector. The second option calls for the input of the value added data for each manu-
facturing and mining industry.



III. PROGRAM CONSIDERATIONS

FLOW OF OPERATIONS

Figure 1is a flow chart showing the general flow of operations for the Electricity
Demand Projection model. Processing runs from top to bottom and left to right.
When data are available for all the sectors and the user desires the total California
kWh demand, the majority of subroutines are called only once for each year a
projection is made. The few exceptions are the major input routine, INPUT, which
is called once for the entire model, and the function subprograms, LINE, CURVE,
and RCURVE, which may be called several times from within a routine. The

MAIN
2 1
INPUT RESID INDUST
2
3 5 7 9 PRINT2
ENERGY HOUSE AKWH TKWH

4 é 8 10
PRICES SATUR FULLY PRINTI

@ Real function LINE
©

Function CURVE
(® Function RCURVE

b o o

Fig. 1—General flow of operations
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numbers above each subroutine box in Fig. 1 denote the order in which the routines
are sequenced for the first year. For any succeeding year, numbers 2 through 12 are
repeated. Each routine and its functions are outlined below.

ROUTINES AND FUNCTIONS
Routine MAIN

This routine is the master control for the computer program. It directs the
program logic flow and sequences a series of subroutines that read in data and assist
in calculating the electricity projections for the seven sectors. Estimating calcula-
tions are made here for all sectors except the residential and industrial sectors.
MAIN also generates the output summary page titled “California Demand,” where
the projected demands for each sector and the state are listed. The state projection
represents the total electrical energy demand for California unless one or more
sectors have been suppressed, as described in Sec. II under “Options.”

Subroutine INPUT

This subroutine reads the input data as supplied by the user. It is called once
by MAIN at the beginning of execution, and data for all years are read at this time.
For any one year, inputs are necessary for four sectors: residential, industrial,
commercial, and governmental. If the user chooses, in MAIN, to bypass any sector
because of insufficient data, INPUT will bypass the reading of data for that sector
for all years for which projection is desired. INPUT also generates the pages of
output titled “Program Inputs.”

Subroutine RESID

This subroutine controls the residential sector projection calculations. It is
called by MAIN, and one pass is made for each year processed. Except for initializing
variables, no direct computations are made here.

Various factors are involved in computing the overall residential sector demand
for any year. This subroutine, therefore, calls several other subroutines that provide
the inputs to the estimating equation and that calculate the final result. This sector
projection is then sent back to MAIN to be aggregated into the state total.

Subroutine ENERGY

Subroutine ENERGY calculates the estimated yearly kWh usage for each
household appliance. Regression analyses were run outside the model on data col-
lected by the Edison Electric Institute, and for each appliance a linear equation of
the form F(y) = a+b - y was found to best describe the data. These equations were
then built into the model, and this subroutine solves each equation for the given



year, y, where y equals zero in 1955 (e.g., for 1970, y = 15). The actual data and
equations appear in the Rand report describing the residential sector.?

ENERGY also sets the values for the number of rooms per household in each
of the five geographical areas representing the sector. This is done directly by
constant equations that are based on 1970 data compiled by the State Bureau of
Census.

Subroutine PRICES

This subroutine calculates an appliance saturation adjustment figure based on
changes, if any, in the price of electricity or gas during the time period under
examination. The saturations of four appliances (range, water heater, clothes dryer,
space heating) are likely to be affected by a change in energy price, since consumers
are influenced by electricity and gas prices when deciding whether to purchase gas
or electrical appliances. This adjustment factor is computed here and is used in
subroutine SATUR. The value equals 1 if the prices remain constant. The Rand
report describing the projection methodology for the residential sector contains a
full discussion of the equation used in the calculations.®

Subroutine HOUSE

This subroutine computes three related tasks.

First, it computes the population totals in each of the five geographical areas
of the residential sector. Inputs to the model for each year include a figure represent-
ing the total state population and the fractional breakdown of that population into
the five areas. The model then uses this information to compute the area population

-totals.

Second, this subroutine calculates the number of households in each area of the
residential sector. Based on the previously calculated population counts and the
number of persons per household entered in the model, the number of households
in each area is approximated by dividing the population per area by the median
number of persons per household in that area.

Third, this subroutine calculates values for the average number of rooms per
household and the average number of persons per household for the entire state.
This is done by taking an average of those values given by area weighted by the
number of households per area.

Subroutine SATUR

Subroutine SATUR calculates the saturation rates for the various household
appliances in each area of the residential sector. As described in Sec. II under
“QOptions,” the user must enter a flag for each appliance, excluding space heating,
specifying which of three equation forms is to be used to compute the saturation rate
for that appliance. There are also three function subroutines, LINE, CURVE, and

2 C. C. Mow, W. E. Mooz, and S. K. Anderson, A Methodology for Projecting the Electrical Energy
Demand of the Residential Sector in California, The Rand Corporation, R-995-NSF/CSRA, March 1973.

3 Ibid.



RCURVE; each solves one of the three types of equations when given the coefficients.
Thus, SATUR solves the saturation rate for each appliance in each area, except for
space heating, by sequencing the specified subroutine to make the calculations.

The saturation rate for space heating is also computed here. The equation form
differs from the above three forms; some of the coefficients are inputs, while others
are built into the program. The built-in coefficients have been generated using data
from 1960 to 1970—the most recent and best information available for projection
use. The input coefficients will be explained under “Input Procedures,” Sec. IV. The
actual saturation data for all appliances and the equations used for the Rand test
cases can be found in the Rand report outlining the residential sector projection
methodology.*

After all the saturation rates are calculated, those few that are sensitive to price
changes are adjusted by the factors computed in subroutine PRICES. If the resulting
rate for any appliance is greater than one (1) for any year, its value is set equal to
one.

Subroutine AKWH

For each residential area, subroutine AKWH computes the kWh usage for an
average household, for each of the three appliance groups within a household, and
for each of the important appliances within these groups. It uses the appliance
saturation data calculated in SATUR and the estimated kWh per appliance informa-
tion from ENERGY. The product of these two variables for each respective appliance
yields the average annual kWh usage per appliance. The results are then suramed
to obtain appliance group and household totals. As in HOUSE, the final task of this
subroutine is to calculate average kWhtotals for a typical household in the State of
California.

Subroutine FULLY

Subroutine FULLY calculates the kWh usage of fully saturated appliance
groups and households in each geographical area of the residential sector. This
calculation is based on the assumption that the saturation value for each appliance
is one (1), which is equivalent to saying that each household owns all the appliances
that consume electricity. The same basic calculations made in AKWH are repeated
here with the new saturation values, and weighted averages are again computed for
the state totals. These results show the effects on electricity consumption if every
household owned and used every available appliance.

Subroutine TKWH

This subroutine calculates the total residential kWh demand for each geograph-
ical area and sums these values for a state total. It multiplies the kWh usage for a
typical household, computed by area in AKWH, by the number of households per
area to obtain the total kWh usage for the respective areas.

* Ibid.



Subroutine PRINT1

PRINT1 controls the printed output for the residential sector. It is called by
RESID after the total residential energy demand has been calculated in subroutine
TKWH and prints three full pages of computed data for each year.

Subroutine INDUST

Subroutine INDUST is the control subroutine for the industrial sector. It is
called by MAIN and calculates the total industrial kWh demand for each year.
‘Depending on which input option has been selected for entering the dollar value
added figures for the 25 California industries, this subroutine will branch to a
corresponding set of computations. For each industry, the product of the energy
intensiveness (or kWh/$ value added) and the dollar value added for any year yields
the total kWh consumption for that year. A unique price elasticity coefficient, when
multiplied by the above kWh total, will reflect any change in the price of electricity
or other fuels. Finally, the 25 values are added to obtain the total kWh demand for
the industrial sector.

Subroutine PRINT2

This subroutine generates the page of output displaying the computed values
of the industrial sector. It is called once by INDUST, when the final total kWh
demand is obtained, and prints the data according to the makeup of the sector itself.
For example, if the sector is composed only of the mining industry, then the informa-
tion printed reflects this fact.

Function CURVE

This function subroutine evaluates an equation of the form f(y) = 1—a - exp
(b - y), given a, b, and y. It is one of the equations that may be chosen to approxi-
mate historical appliance saturation data, as explained in Sec. II under “Options.”

Function RCURVE

This function subroutine evaluates an equation of the form f(y) = a - exp
(b + y), given a, b, and y. It is also one form that might be chosen to approximate
saturation data reported by the utilities.

Real Function LINE

This function subroutine evaluates a linear equation of the form f(y) = a+b-y,
given a, b, and y. It can be used in the program in the same way as the previous
two functions, as a saturation curve option, and, in addition, as an approximation
to the estimated kWh consumption for each appliance in ENERGY.



IV. INPUT PROCEDURES

GENERAL DESCRIPTION

Four of the seven socio-economic sectors require inputs to the program, and this
set of data constitutes the majority of the input deck. There must be a block of cards,
including data for every year, unique to each sector. The remainder of the deck is
a set of control cards that pertain to the processing of all sectors. The control data
are read initially from MAIN, while the sector data are read from subroutine
INPUT in the following order: residential, industrial, commercial, and governmen-
tal. All the data for one sector are read before beginning the next sector. Therefore,
in the case where one of the four sectors is to be bypassed, the corresponding block
of input cards representing that sector must be omitted from the program input
deck.

Table 1 is a sample of the input formatting that can be followed as the input
deck is described below. It has been designed for projections of seven years and
compares with an actual deck listed in Table 2. Columns 73-80 on any data card are
not read by the program and may be used for comments if desired. Because there
are so many input variables, this comment system is useful for quickly identifying
the cards when making changes.

INPUT DATA CARDS

The first few data cards aré read from MAIN and the first three contain integer
values. An integer must always be entered right-justified in the indicated field, since
trailing blanks are read as zeros. The first card must have seven entries, one for each
sector and in the sector order shown in Table 3. These values specify the sectors to
be processed during the run. Entering a one (1) implies processing, whereas a zero
(0) tells the program to bypass the sector calculations and reading of input data. The
entries are stored in the array NOYES, and the format is 7110, starting in column
one.

The next card contains three values: NYR, the number of years, maximum of
10, for which the user desires a projection; KYER, the year number that serves as

10
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Table 2

SAMPLE INPUT DECK

//A4989#SA JOB (2698,200,103),'ENERGY DEMAND',CLASS=L
FORTCLGYREGION.GO=64K
//FORT ,SYSIN DD =*

// EXEC

FORTRAN SOURCE CODE GOES HERE

/%
//GO.SYSIN DD =
1 1 1 1 1
7 1955 5
1970 1975 1980 1985 1990 1995 2000
1. 1. 1.
1.25 1.5 1.35
1.5 2. 1.67
1.75 3. 2.
2. “, 2.5
2.25 5. 3.
2.5 é. 3.5
40 .8
.0&R 057 067 .088 .054
L261 .168 .133 174 .124
2.68 2.95 3.03 2.95 3.07
2.68 2.90 2.95 2.90 2.98
2.68 2.86 2.88 2.86 2.90
2.6R 2.81 2.81 2.81 2.81
268 2.81 2.81 2.81 2.81
2.6R 2.81 2.81 2.81 2.81
2.6R 2.81 2.81 2.81 2.81
19.70 .143 .366 .396 .064
21.29 .137 .366 .396 069
22.62 .133 .365 .399 .072
25.14 127 .363 . 404 .075
27.27 122 .362 . 408 L077
30.55 .119 .361 412 078
33,54 G117 .36 .4l4 .079
10 10
10 10
10 10
20 20
2112111111111 1122111111

L907 -.006 1. 0. 14 0. 1.057
1. 0. 0. 0. 0. 0. 0.

.06 0. .64 0. 043  .005 .20
3,267 -.135 1.049 =.028  .025 .005 .01
n. 0. 0. 0. 0. 0.

212211111111 21221111111

WR2T  =-.025 1. 0. 866 =-.012  .981
0. 0. 1. 0. 0. 0. 0.

.07 0. .70 0. .921 ~-.02 .20
2.052 -,074  .009  .006  .105  .00D5 O,

0. 0. 0. 0. 0. 0.
2122111111112 1122111211

JA9R -.014 1. 0. 861 =-.007 1.057
0. 0. n. 0. 1. 0. 0.

.09 0. .73 0. .964 =,013 .30
3,267 -.135  .942 -.006  J.16% 005 O.
1.007 -.006 0. 0. 0. 0.

-.031

0.
<004

-.N21
O.
0.

-.031
0Oa
Oo
0.

.031
.032
.031
.031
.03
.03

.005

NOYES
NYR
IYRND
RLEVLTO
RLEVL75
RLEVLSOD
RLEVL8S
RLEVL9O
RLEVLY9S
RLEVLOO
7

HEATT0
HFAT
PENPLETO
PEDPLFTS
PENOPLESRO
PEOPLEBS
PEOPLEYD
PEOPLFYS
PENPLEOO
TPOPTO
TPOPT5
TPOIPRO
TPUPARS
TPOPYO
TPUPIS
TPOPOO
IDEP R
INEP W
IDEP D
INDEP H
KOPT1
ARl 1
ARl 6
ARl 11
ARl 16
AB1 21
KOPT2
AR2 1
AR? 6
AKZ 11
AR2 16
AK? 21
KOPT3
AR3 1
AR3 6
AR3 11
AR3 16
a3 21
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Table 2-~continued
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EE 1
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EE 22
FINT 1
FINT 8
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FINT 22
TVAT0
PVA 1
PVA B
PVA 15
Pva 22
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EINT 8
EINT 15
EINT 22
TVATS
PVA 1
PVA 8
PVA 15
PVA 22
EINT 1
EINT 8
EINT 15
EINT 22
TVAB0
PVA 1
PVA 8
PVA 15
PVA 22
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EINT 15
EINT 22
TVABS
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PVA 8
PVA 15
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EINT 8
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Table 3

SECTORAL BREAKDOWN OF THE
CALIFORNIA ECONOMY

1. Residential Sector
2. Industrial Sector

3 Commercial Sector

4, Agricultural Sector
5. Railroad Sector

6. Governmental Sector
7

Interdepartmental Sector

a reference or base year for many of the equations;® and INT, the interval of years
between consecutive projections. The format for this card is 3110, beginning in
column one.

The third card provides the actual year numbers for those years desired. They
are read, in increasing order, into the array IYRNO, with a format of 10I5, starting
in column one. There must be as many values as the number of years represented
by NYR, above.

The last set of cards read in MAIN contains price level data based on assump-
tions about the future economy. There must be one card representing each year, and
each card must have three values listed: (1) electricity price level, (2) gas price level,
and (3) price level for other fuels. These levels are obtained by beginning with a level
of one (1) for the first year that a projection is desired, and then calculating any
increases or decreases in the price level as a certain percentage of this initial year.
For example, suppose the first year is 1970 and in 1975 the price of electricity
increases 25 percent. The number entered on the card as the first of the three values
would be 1.25 for 1975. To reflect a decrease of 25 percent, the entry would be 0.75.
The format for this set of cards is 3F10.3 for columns 1-30, and the values are stored
in the array RLEVL.

The data described below are read in from INPUT. They will be outlined by
sector in the order that the cards should appear. If any sector data are not to be read
and the flag has been set to zero (0) in NOYES, the entire set of cards representing
that sector must be omitted. Whenever data are entered by year, ascending order
must be followed.

Residential Sector

The first card for this sector contains the value of the estimated kWh/(person
room) for lighting in a household. When read in, this value is stored in the variable

® The reference year must correspond to the year in which y equals zero in the saturation equations
that are inputs to the model and the appliance kWh growth equations that are built into subroutine
ENERGY.
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Z. To estimate kWh usage for lighting in each of the five areas, the value of kWh/
(person - room) is multiplied by the average number of rooms per household and
by the average number of persons per household in each area. The format is F10.3
in columns 1-10.

The next two cards contain the space heating saturation data. Each card has
five entries, one for each area served by a major utility company. They are entered
in the order shown in Table 4. The first card has the appliance saturation values in
1970, and they are read into the array HEAT70. The second card contains the
appliance saturation values for any residential construction occuring beyond 1970,
and they are stored in the array HEAT. Both cards use the format 5F'10.3, beginning
in column one.

Table 4

FIVE GEOGRAPHICAL AREAS OF CALIFORNIA REPRESENTED
BY THE FIVE MAJOR UTILITY COMPANIES

1. Area served by Los Angeles Department of Water
and Power (DWP)

2. Area served by Pacific Gas and Electric (PGSE)
Area served by Southern California Edison (SCE)
4. Area served by San Diego Gas and Electric (SDG&E)

5. Area served by Sacramento Municipal Utility
District (SMUD)

The next set of cards provides the average number of persons per household in
each area. There must be one card for each year and five entries to a card, one entry
for each area. The values are read in the area order listed in Table 4, and stored in
the array PEOPLE. The format is 5F10.3, starting in column one.

Population data are entered by year. One card is used for each year and six
values must appear on each card. The first of the six is the total population count
(TPOP), in millions, for the State of California in that year. The next five entries are
the fractions of the total population residing in each of the five areas, in area order.
These last five entries are stored in the array PERC and the cards are read in the
format 6F10.3, beginning in column one.

The ownership of electric ranges, water heaters, dryers, and space heating may
be affected by changes in the price of gas and/or electricity, since the appliances may
be operated by either energy source. To calculate the effect of price changes on
appliance saturation, the depreciation rates of the appliances, in years, must be
entered. For entering these rates, the user must supply one card for each appliance
in the following order: range, water heater, dryer, and space heating. On each card
there must be two entries in the format 2110 in columns 1-20: (1) electricity deprecia-
tion, expressed as the average number of years before the electrical appliance is
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replaced; and (2) similar gas appliance information. These numbers are read into the
variable IDEP.

The next block of data, which makes up the remainder of the residential input,
deals with the appliance saturation rates. For each appliance the user must identify
the form of equation which has been found to best represent the historical data.
Three equation types have been built into the model, and in each case one of these
must be chosen. They are listed in Table 5, along with corresponding option codes.

Table 5

FORMS OF EQUATIONS AVAILABLE FOR REPRESENTING
HISTORICAL SATURATION DATA

Function * Option
Subroutine Equation Code
LINE f(y) =a+b -y
CURVE f(y) =1-a - exp (b - y) 2
RCURVE f(y) = a - exp (b - y) 3

*
For our purposes, y is the value of the

present year. Arbitrarily, y is zero in 1955.

The equations and their coefficients have been determined outside the model by
regression analyses of saturation data versus time. The year 1955 has been selected
arbitrarily as zero in the equations. The option codes representing the equation
types and the coefficients are used as inputs to the model. This method of entering
saturation data applies to all appliances except space heating; the saturation rate
for space heating will be calculated using inputs previously stored in HEAT and
HEAT70.

There must be six input cards for each of the five utility areas, entered in the
order shown in Table 4. For example, the six cards for DWP should precede the cards
for PG&E, and PG&E cards must precede SCE cards. The first card in each set
contains the option codes, KOPT, one for each appliance, excluding space heating,
and in the appliance order shown in Table 6. The format is 23I2 in columns 1-46.
The next five cards provide the equation coefficients corresponding to the chosen
option codes. There are two coeflicients, a and b, for each equation, and they are
entered in this order, 5 pairs to a card. The first card contains the coefficient pairs
for appliances 1-5, the next card contains pairs for appliances 6-10, and so on, until
the fifth card, which has pairs 21-23. The a coefficient is stored in array AA and,
similarly, the b coefficient is stored in array BB. The format for reading these
variables is 10F7.3 in columns 1-70.

The saturation rates for lighting and central air conditioning vary from area to
area, since factors affecting saturation, such as persons per household, rooms per
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Table 6

RESIDENTIAL APPLIANCES USED IN ELECTRICITY
DEMAND PROJECTION

Kitchen Group
1. Range
. Refrigerator
. Freezer
. Dishwasher
. Misc. (Kitchen Group)

v wN

Lighting, Utility, and Hdusehold Maintenance Group

6. Lighting (DWP)

7. Lighting (PGS&E)

8. Lighting (SCE)

9. Lighting (SDGS&E)

10. Lighting (SMUD)
11. Water Heater

12, Washing Machine
13. Dryer

14. Misc. (Utility Group)

Environmental Control, Recreation, and Personal
Care Group

15. Black and White TV
16. Color TV
17. Room Air Conditioner
18. Misc. (Environmental Group)
19. Central Air Conditioner (DWP)
20. Central Air Conditioner (PG&E)
21. Central Air Conditioner (SCE)
22. Central Air Conditioner (SDG&E)
23. Central Air Conditioner (SMUD)
24. Space Heating (DWP)
25. Space Heating (PG&E)
26. Space Heating (SCE)
27. Space Heating (SDG&E)
28. Space Heating (SMUD)

NOTE: The <aturation rates for lighting, cen-
tral air conditioning, and space heating vary from
area to area, so these appliances are considered
separately by area. :
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household, and climate, differ in each area. These appliances are, therefore, consid-
ered separately by area and are listed as such in Table 6. Saturation data for both
lighting and central air conditioning are entered in the method described above.
Equation coefficients are entered along with the option code specifying the equation
form. In the case where inputs are being entered for a particular area, and some
figures must be entered for one of the appliances in another area, a one (1) is used
as the option code and zeros (0s) are entered for the a and b coefficients. The resulting
equation will then provide a zero saturation rate for that appliance. For example,
when entering PG&E data, the option code for lighting (DWP) is 1, and the a and
b coefficients are 0. and 0., respectively.

Industrial Sector

The first card of the industrial input deck contains the value of the input option
provided within the industrial sector. The only entry on the card, LOPT, designates
the manner for entering the dollar value added values. If a one (1) is entered on the
card, a dollar value added figure must be entered for each of the 25 industries. If a
two (2) appears, the program expects a total dollar value added input for the manu-
facturing sector and a similar dollar value added input for the mining sector, togeth-
er with the fraction of the total dollar value added that is due to each of the
industries. The format for this card is I10 in columns 1-10.

The second card contains part of the industrial price elasticity information that
is used to calculate the energy adjustment factors due to price variations. Two values
must be entered with format 2F10.3 in columns 1-20. The first, RLMBDA(1), is the
A coefficient from the price elasticity adjustment equation shown below.

A® = - (P/Pt) B« PvPt)Be + - N« AE-D

where A(t) = elasticity adjustment figure in year t,

P, = price level of electricity,

P, = price level of gas,

E, = price elasticity of electricity,
E, = price elasticity of gas.

A full discussion of this equation and its coefficients can be found in the Rand report
concerning the projection methodology for the manufacturing sector.®

The second value on the second card, EGP(1), is the fraction of the electricity
elasticity values that is used to calculate the elasticities for other fuels. For example,
if the fuel price elasticities are 30 percent of the electricity values, a .3 is entered.

The elasticity values for electricity, E,, in the above equation, are read into the
array EE. One value is entered for each Standard Industrial Code (SIC) and in the
code order shown in Table 7. There must be seven values to a card except for the
last card, which has only four. The format for these four cards is 10F7.3 in columns
1-70.

The remaining data for the industrial sector are read in groups, one group for
each year and all alike in structure.” However, depending on the value of LOPT

¢ W. E. Mooz and C. C. Mow, A Methodology for Projecting the Electrical Energy Demand of the
Manufacturing Sector in California, The Rand Corporation, R-991-NSF/CSRA, January 1973.
" These data may include zeros for any industry where no real data exist.
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Table 7

STANDARD INDUSTRIAL CODES OF CALIFORNIA FOR
THE MINING AND MANUFACTURING SECTORS

SIC
Order | Code Industry

Manufacturing Sector

20 Food and Kindred Products

21 Tobacco Manufactures

22 Textile Mill Products

23 Apparel and Related Products
Lumber and Wood Products

25 Furniture and Fixtures

26 Pulp, Paper, and Products

27 Printing and Publishing

28 Chemicals and Allied Products
10 29 Petroleum and Coal Products

11 30 Rubber Products

12 31 Leather and Leather Goods

13 32 Stone, Clay, and Glass Products
14 33 Primary Metal Industries

15 34 Fabricated Metal Products

16 35 Machinery, except Electrical

17 36 Electrical Machinery

18 37 Transportation Equipment

19 38 Instruments and Related Products
20 39 Miscellaneous Manufactures

WONAES WN -
N
&

Mining Sector

21 10 Metal Mining

22 11 Anthracite Mining

23 12 Bituminous Coal and Lignite Mining
24 13 Crude Petroleum and Natural Gas

25 14 Mining and Quarrying of Non-metallic
Minerals (excl. fuels)

defined above, the structure throughout the groups can vary from run to run. If
LOPT equals one (1), the following holds true. The first four cards in each group
contain the energy intensiveness (kWh/dollar value added) values, EINT, for the
SIC codes. There must be 25 inputs altogether, seven to a card except for the last
card which has four. Each value must be entered in the order of the SIC codes, listed
in Table 7. The format is 7F10.3 in column 1-70.

The last four cards, a total of eight for the group, contain the dollar value added
numbers, one for each SIC code. These 25 values are entered in the same form as
the intensiveness values and are read into the variable VA.

If LOPT equals two (2), the group structure changes. The first four cards of the
group contain the intensiveness values as in the above group. But the fifth card
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contains the total dollar value added information, TVA, for the industrial sector.
Two values must be read using the format 2F10.3, the first representing the manu-
facturing sector and the second the mining sector. The final four cards, nine in all
for this group, contain the fraction of the total dollar value added that exists in each
SIC code. Again, these values are entered seven to a card, except for the last card
which has four, with the same order and format as the array EINT.

Commercial Sector

The initial card for this sector provides all the price elasticity information for
the commercial sector. The elasticity equation is the same as that defined above for
the industrial sector. Three entries are read in columns 1-30 in the format 3F10.3.
The first value, RLMBDA(2), is the A from the elasticity equation. The second value,
EGP(2), is the fraction of the electricity elasticity value that is used to calculate the
elasticity for gas. And the third, EE(26), is the electricity elasticity value.

Finally, the annual gross state product data for the commercial sector are
entered by year, in billions, with the value for each year on a separate card. These
values are stored in the array COMGSP. There may be up to ten cards, each with a
format F10.3 in columns 1-10.

Governmental Sector

The input deck form for this sector is the same as for the commerical sector.
Therefore, the rules outlined above can be used as a guide for entering the data
representing government. The difference in the values read in is the only change.
The first card must supply the program with RLMBDA(3), EGP(3), and EE(27). Then,
similarly, the governmental gross state product values are entered by year and
stored in GVTGSP. The formats and order of cards remain the same.



V. PROGRAM OUTPUTS

The Electricity Demand Projection model provides six pages that list program
inputs, designed by the user after a specific scenario. By seeing what data went into
the model, those interested can create the results that appear in the following pages.
Next, the model generates a set of output pages for each projection year requested.
The same format is used to print each set.

If all the sectors are run, the first three pages of each set provide a detailed
tabulation of the variables influencing the residential sector energy demand. The
first page is titled “Residential Sector,” and the number to the left of the title
indicates the year of the projection. Listed on this page are such variables as the
estimated kWh usage per appliance, the saturation rates per appliance in each area,
and the kWh usage of a fully saturated household or group in each of the areas. Fully
saturated implies a saturation rate of 1.0 for all appliances.

Each appliance is listed in the residential output, in abbreviated form, and by
number in the order shown in Table 6. The five geographical areas that partition
the sector are also listed by their principal electricity suppliers, the five major utility
companies serving California residents. In order to include those residents served
by other means, some of the areas may contain slightly more people than actually
reported by the utilities themselves.

The second page tabulates the average kWh usage per appliance, per group, and
per household for each area. This projection, of how much electricity will be demand-
ed in the particular year by a typical household in California, is directly dependent
on the scenario used for the model.

The last page of the residential section displays the demographic data unique
to each area and also contains information on the relative prices of gas and electrici-
ty. These data include population, rooms per household, persons per household,
number of households, and the saturation adjustment factors affecting the range,
water heater, dryer, and space heating. A table is also provided listing both the area
kWh demand and the total California residential electrical energy demand.

The fourth page of output in each set deals with the industrial sector. The page
is titled “Industrial Sector,” and the number to the left of the title identifies the year
of the projection. Both the total dollar value added for the state and the electrical
energy demand for the industrial sector are listed. The remaining output identifies
the parameters used in calculating the demand projection. The following variables
are listed by SIC code: dollar value added, energy intensiveness, electricity and fuel

23
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elasticities, and the price elasticity adjustment factor computed from the elasticity
equation.

The fifth page displays a summary of the projected kWh usage by sector and by
state. When all the sectors are run, the state estimate is representative of the entire
electricity demand for that year. Sector percentages are also listed.

Sample listings of this output are illustrated in Tables 8 through 13. If either
the residential or industrial sector is bypassed during execution, those output pages
pertaining to their computational parameters, Tables 9 through 12, are omitted. The
final summary page will always appear for each year.
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Table 13

TOTAL CALIFORNIA ELECTRICAL ENERGY DEMAND

SECTOR
RES IDENTIAL
INDUSTRIAL
CCMMERCIAL
AGR ICULTURAL
RAILROADS
GGVERNMENTAL
INTERDEPT .

CALIFORNIA

MILLION KWH
126343.9%
70189.00
246977.75
5000. 00
75.00
27462.96

—-4096431
481544.94

PERCENT
26.2
14.7
51.3

1.0
0.0
5.7

—w=lal
100.0
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Variable
Name

Input
AA

BB

COMGSP

EE

EGP

EINT

GVTGSP

HEAT

LISTING OF PROGRAM VARIABLES

Dimension

(6,30)

(6,30)

(10

27

3)

(25,10)

(10

(6)

Description

“a” coefficients in saturation curve
equations chosen outside model to
represent each appliance in each resi-
dential area.

“b” coefficients in saturation curve
equations chosen outside model to
represent each appliance in each resi-
dential area.

Gross state product for commercial
sector for every year.

Electricity elasticity values.
(1)425) SIC codes
(26) Commercial sector
(27) Industrial sector

Fraction of electricity elasticity values
used to calculate gas elasticities.

(1) Industrial sector

(2) Commercial sector

(3) Governmental sector

Energy intensiveness, or kWh/$ value
added, values for each SIC code for ev-
ery year.

Gross state product for governmental
sector for every year.

Saturation rate for all residential con-
struction that occurs beyond 1970 in
each area.

35



Variable
Name

HEAT70

IDEP

INT

IYRNO

KOPT

KYER
LOPT

NOYES

NYR

PEOPLE

PERC

PVA

RLEVL

Dimension

(6)

2,9

(10)

(6,30)

)

(6,10

(6,10

(25,10)

(3,10

36

Description

Saturation rate for space heating dur-
ing 1970 in each area.

Depreciation rates for electric and gas
range, water heater, dryer, and space
heating.

(1,1-4) Electric appliances

(2,1-4) Gas appliances

Interval between consecutive years for
which projection is desired.

Actual year numbers for years (max-
imum of 10) for which projection is
desired.

Saturation equation option codes for
each appliance in each area.

Reference year number.

Option on how to input the $ value

added data.
= 1 Input $ value added for each

SIC code.

= 2 Input total $ value added for
mining and manufacturing sectors
and fraction of each total due to

SIC codes.

Option of whether to process or bypass
each sector when computing projected
state kWh demand.

Number of years for which projection
is desired.

Number of persons per household in
each area for every year.

Fraction of total state population re-
siding in each area for every year.

Fraction of total $ value added due to
each SIC code for every year.

Energy price levels for every year.
(1,1-10) Electricity
(2,1-10) Gas
(3,1-10) Other fuels



Variable
Name

RLMBDA

TPOP

TVA

VA

Output
AKWHA

AKWHA-

AKWHG

AKWHG-

AKWHH

AT

DEMAND
EG

Dimension

3

(10)

(2,10

(25,10)

6,30)

(6,30

(6,3)

(6,3)

6

@27

27)

37

Description

“A” coefficient in the elasticity equa-
tion (pg.20).

(1) Industrial sector

(2) Commercial sector

(3) Governmental sector

Total population for state (in millions)
for every year.

Total $ value added for every year.
(1,1-10) Manufacturing sector
(2,1-10) Mining sector

$ value added for each SIC code for ev-
ery year.

The kWh/(person - room).

Average kWh usage for each appliance
in each residential area and in state.

Percentage of household kWh used by
each appliance in each area and in
state.

Average kWh usage for each appliance
group in each area and in state.

Percentage of household kWh used by
each appliance group in each area and
in state.

Average kWh usage for typical house-
hold in each area and in state.

Electricity demand adjustment due to
price elasticities of electricity, gas, or
other fuels.

(1)(25) SIC codes

(26) Commercial sector

(27) Governmental sector

Projected kWh demand for state.

Gas elasticity values.
(1)-(25) SIC codes
(26) Commercial sector
(27) Industrial sector



Variable
Name

ELECT

FSAT

GAS

GSAT

GSATP

HOUSES

KWHA

PERSNS

PHOUSE

POP

PPOP

PRICE

RATIO

ROOMS

SAT

SVA

TEED

Dimension

@

(6)

G

6,3)

(6,3)

6)

(30)

(6)

6)

6)

(6)

@

M

(6)

(6,30

)

38

Description

Actual price level of electric range, wa-
ter heater, dryer, and space heating
due to any price fluctuation.

kWh usage of fully saturated household
in each area and in state.

Actual price level of gas range, water
heater, dryer, and space heating due to
any price changes.

kWh usage of fully saturated appli-
ance groups in each area and in state.
Percentage of fully saturated household
kWh used by each appliance group in
each area and in state.

Number of households in each area
and in state.

Estimated kWh used by each appli-
ance.

Number of persons per household in
each area and in state.

Percentage of total households belong-
ing to each area and to state.

Total population for each area and
state.

Fraction of total state population re-
siding in each area and in state.

Saturation adjustment for appliances
sensitive to gas and electricity price
changes (range, water heater, dryer,
space heating).

Percentage of total state kWh demand
attributable to each sector.

Average number of rooms per house-
hold in each area and in state.

Saturation rate for each appliance in
each area and in state.

Sum of $ value added for each SIC
code, or total $ value added.

Total electrical energy demand projec-
tion for each sector.
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Variable
Name Dimension Description
TKWHP ® Percentage of total residential kWh
demand due to each area and state.
TKWHU (6) Total residential kWh usage for each
area and state.
TOT Total electrical energy demand projec-

tion for all sectors (excluding inter-
departmental sector).






OO0

OO ONO

1000
1003

1001
1002

(2 XgX ]

1040
1041

1042

Appendix

ELECTRICITY DEMAND PROJECTION MODEL
COMPUTER PROGRAM

THIS ROUTINE IS THE MASTER SCHEDULAR FOR ALL ENERGY-
CONSUMING SECTORS; RESIDENTIAL, INDUSTRIAL, COMMERCIAL.,
AGRICULTURALy GOVERNMENTAL, AND INTERDEPARTMENTAL

DIMENSION IYRNO(10)9RLEVL(3+10)+IDEP(2,4)

DIMENSION HEATT70(6),HEAT(6)

DIMENSION PERC{(6410),TPOP(10),PPOP(6),PEOPLE(6510),PERSNS(6)
DIMENSION KOPT(6,30),AA(6,30),BB(6,30)

DIMENSION EINT(25,10),TVA(2,10),VA{25,10),PVA(25,10)
DIMENSION RLMBDA(3),EGP(3),EE(27),EG(27),COMGSP(10),AT(27)
DIMENSION TEED(7),GVTGSP{10)+RATIO(7),NOYESIT)

READ IN INITIAL VALUES FOR ALL SECTORS

NOYES = OPTION CODES FOR SECTOR PROCESSING
NYR = NO, OF YEARS TO BE OBSERVED

KYER = BASE YEAR FOR CALCULATIONS

INT = INTERVAL BETWEEN CONSECUTIVE YEARS
IYRNO = VALUES OF THE YEARS 7O BE OBSERVED
RLEVL = ENERGY PRICE LEVELS

READ(551000) (NOYES(I)sI=1,T7)
READ(5,1000) NYR,KYER,INT
FORMAT(7110)

READ(5,1003) (IYRNO(1),I=1,NYR)
FORMAT(1015)

DO 1002 I=1,NYR

READ(5,1001) (RLEVLILyI),L=1,3)
FORMAT({3F10.3)

CONTINUE

PRINTOUT INPUT VARIABLES

WRITE(641040)

FORMAT(1H1,48X, 26H*5%k%x PROGRAM INPUTS #*xxxx)
WRITE(641041)

FORMAT(1HO)

WRITE(6,1042) (NOYES(I)yI=1,7)

FORMAT( 1HO,39HSECTOR OPTION CODES (IN SECTOR ORDER) =,713)

WRITE(6,41043) NYR
41
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1043
1044
1045
1046

1047

1048

1049

1027

1005

1015

1

IF
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FORMAT(1HO,32HNUMBER OF YEARS TO BE OBSERVED =,13)

WRITE(6,1044) KYER

FORMAT(1HOy 16HREFERENCE YEAR =,15)

WRITE(6,+1045) INT

FORMAT(1HO, 24HINTERVAL BETWEEN YEARS =,13,6H YEARS)

WRITE(641046) (IYRNO(I),1=1,NYR) )

FORMAT(1HO,22HYEARS TO BE OBSERVED =,1016)

WRITE(641047) (RLEVL(1,1),121,NYR)

FORMAT(1HO»42HELECTRICITY PRICE LEVELS (IN YEAR ORDER) =,
10F7.3)

WRITE(6+1048) (RLEVLI2,1)yI=1,NYR)

FORMAT (1HOy42HGAS PRICE LEVELS (IN YEAR ORDER) =y
10F7.3)

WRITE(641049) (RLEVLI3,1),1=1,NYR)

FORMAT (1HO,42HDTHER FUEL PRICE LEVELS (IN YEAR ORDER) =,
10F7.3)

INITIALIZE THE PRICE ADJUSTMENT ARRAY - AT
DO 1027 1=1,27
AT(I) = 1.0
CONTINUE
READ THE INPUT VALUES FOR THE SECTORS
CALL INPUT(NYR,NOYES,IDEP,Z,KOPT,AA,BB,EINT,TVA,VA,
PVA,LOPTyGVTGSP,TPOP,PERC,PEOPLE,RLMBDA,EGP,EE,
COMGSPyHEAT70,HEAT, IYRNO)

CALCULATE THE TOTAL ENERGY DEMAND FOR EACH YEAR

DO 1013 N=1,NYR
ZERO THE TOTAL DEMAND ARRAY - TEED
DO 1005 J=1,7
TEED(J) = 0.0
CONTINUE
. CALCULATE FACH SECTOR DEMAND
(NOYES(1).NE.1) GO TO 1006
*%%x  RESIDENTIAL Rk

MYEAR = TYRNO(N)-KYER
YEAR = MYEAR
T = TPOP(N)

00 1015 J=1,¢
PPOP(J) = PERC(JyN)
PERSNS(J) = PEOPLE(J,N)
CONT INUE

CALL RESID(YEAR N, INT,IDEP,RLEVLyZ,KOPT,AA,BB,TEED(1),
T+PPOP,PERSNS \HEATTO,HEAT, IYRNO)

100¢ IF (NQOYES(2).NE.1) GO TO 1007
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c xxx INDUSTRIAL b
c
C SOLVE FOR GAS AND FUEL ELESTICITY VALUES
c
DO 101¢é J=1,25
EG(J) = EGPI(L1)*EE(J)
1016 CONTINUE
c
CALL INDUST(N,LOPT,EINT,TVA,VA,PVA,TEED(2)+RLMBDA(1),EG,
1 EEsRLEVL,AT,IYRNO)
c
1007 IF (NOYES(3).NE.1) GO TO 1008
¢
c *es COMMERCIAL b
c
o SOLVE FOR GAS AND FUEL ELESTICITY VALUES
c :

EG(26) = EGP(2)%EE(26)
IF(N.EQ.1) GO TO 1028

g COMPUTE THE PRICE ELASTICITY ADJUSTMENT VALUE
¢ AT(26) = (RLMBDA(2)*(RLEVL(1,N)®SEE(26))*(RLEVL(2,N)
1 *3EG(26)))+((1.-RLMBDA(2))*AT(26))
clOZS MYEAR = JYRNO(N)-KYER
YEAR = MYEAR
TEED(3) = (.2345+(.02048YEAR) )*COMGSP(N)*#(10.#*3)%AT(26)
clOOO IF (NOYES(4).NE.1) GO TO 1010
g *s2 AGRICULTURAL *==
¢ TEED(4) = 5000.
chlO IF (NOYES(5).NE.1) GO TO 1011
g 5% RAILROADS R
¢ TEEDIS) = 75,
clOll IF (NOYES(6).NE.1) GO TO 1004
g &% GOVERNMENTAL *=**
E SOLVE FOR GAS AND FUEL ELESTICITY VALUES

EG(27) = EGP(3)*EE(2T7)
IF(N.EO.1) GO TO 1029

c
C COMPUTE THE PRICE ELASTICITY ADJUSTMENT VALUE
¢ .
AT(27) = (RLMBDA(3)®(RLEVL(1,N)**EE(2T7))*(RLEVL(2sN)
1 *5EG(27)))+((1.~RLMBDA(3))*AT(27))
¢ _
1029 TEED(6) = (LTISGVIGSP(N)*(10.%%3) ) *AT(27)
c

1004 IF (NOYES(7).NE.,1) GO TO 1030
c
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*%%  [INTERDEPARTMENTAL 5=
T07 = 0,0
00 1009 K=1,6
TOT = TOT+TEED(K)
1009 ZONT INUE
MYEAR = IYRNO(N)-KYER

YEAR = MYEAR
TEED(T) = ((.26B1+.01687+YEAR)/100.)*TOT

1030 CONT INUE
DEMAND = 0.0

SUM INDIVIDUAL SECTOR DEMANDS FOR CALIF TYOTAL

oNno

DO 1012 L=1,7
DEMAND = DEMAND+TEED(L)
1012 CONTINUE
COMPUTE THE PERCENT DEMAND FOR EACH SECTOR
DO 1025 L=1,7
RATIO(L) = (TEED{(L)/DEMAND)*100,
1025 CONTINUE
PRINTOUT SECTOR AND STATE TOTALS

WRITE(6+1017) IYRNO(N)
1017 FORMAT(1H1,14)

DD 1023 Ils},R

WRITE(6+1024)
1024 FORMAT({1HO)
1023 CONTINUE
WRITE(€,1022)
1022 FORMAT(1H ,50X,29H*ss%% CALIFORNIA DEMAND *®%%%,//)
WRITE(E,1026)
1026 FORMAT(1H 441Xy6HSECTORs10Xs11HMILLION KWH,9X, THPERCENT)

D0 1018 L=1,7
IF(L.EQ.1l) WRITE(6,1031)
IF(L.EQ.2) WRITE(6,1032)
IF(L.EQ.3) WRITE(6,1033)
IF(L,EQ.4) WRITE(6,1034)
IF(L.EQ.5) WRITE(6,1035)
IF(L.EQ.6) WRITE(6,1036)
IF(L.EQ.T7) WRITE(6,1037)

1031 FORMAT{1HO+38X y12HRESIDENTIAL )
1032 FORMAT(1HO0+38X s 12HINDUSTRIAL )
1033 FORMAT (1HO»38X  12HCOMMERCIAL )
1034 FORMAT (1H0+38X» 12HAGRICULTURAL)
1035 FORMAT {1HO,38X » 12HRAILROADS )
1036 FORMAT(1HO» 38Xy 1L2HGOVERNMENTAL )
1037 FORMAT (1H0+38X ¢ 12HINTERDEPT, )
WRITE(641019) TEED(L),RATIO(L)
1019 FORMAT(1H+ 57X ¢yF10.2+10XsF6.1)

1018 CONTINUE
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WRITE(6,1021)

1021 FORMAT (LH®oSTXo10H________ +10X,6H )
WRITE(6,1020) DEMAND

1020 FORMAT (1HO +38X ¢ LONCAL IFORNIA 49X sF10.2,11X,5H100.0)

1013 CONTINUE

sTOP
END
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SUBROUTINE INPUT(NYR,NOYES,INEP+Z +KOPTyAA,BB,EINT,TVA,VA,
1 PVA,LOPTyGVTGSP»TPOP,PERCyPEOPLE+RLMBDA,FEGP,EE,

2 COMGSP ,HEATT70,HEAT y 1YRNO)

THIS ROUTINE READS THE INPUT FOR THE SECTORS

DIMENSION NOYES(T7)4IDEP(2+4)«IYRNO(10),SECT(5)
DIMENSION KOPT(6430),AA(6430),8B(6,30)

DIMENSION EINT(25,10),TVA(2,10),VA(25,10),PVA(25,10)
DIMENSION GVTGSP(10),TPOP(10),PERC(6,10),PEOPLE(6,10)
DIMENSION RLMBDA(3),EGP(3),EE(27),COMGSP(10)
DIMENSION HEAT70(&)HEAT(6)

DATA SECT/'DWP 'y 'PGE ', *'SCE ','SDGE?, *SMUD"'/
IF (NOYES(1).NE.1) GO TO 2

READ IN THE RESIDENTIAL SECTOR INPUT VALUES
z = FACTOR USED IN LIGHTING CALCULATIONS(KWHR/PERSNN*ROOM)

HEAT70= 1970 SATURATION FOR SPACE HEAT
HEAT = SPACE HFEAT SATURATION FOR NEW CONSTRUCTION
PEOPLE= PERSONS/HOUSEHOLD

TPOP = TOTAL POPULATION COUNTS
PERC = PROPORTION OF TOTAL POPULATION
IDEP = DEPRECIATION RATE FOR THE FOUR APPLIANCES USING BOTH

GAS AND ELECTRICITY
KOPT = SATURATION CURVE FQUATION OPTIONS
AA,BB = COEFFICIENTS FOR SATURATION CURVE EQUATIONS

READ(5,9) 2
FORMAT(F10.3)
READ(5,14) (HEATT70(J),J=1,5)
READ{5,14) (HEAT(J)yJ=1,5)
FORMAT({7F10.3)
D0 &4 I=1,NYR
READ(S5,14) (PEOPLE(Jy1),J=1,5)
CONT INUE
DO 7 I=1,NYR
READ(5,14) TPOP(I) s (PERC{JyI)ypJ=1,5)
CONTINUE
DO 3 I=1,4
READ(5,10) (IDEP(LyI)yL=1,2)
FORMAT(2110)
CONTINUE
DO 15 1=1,5
READ(5513) (KOPT(I9J)ed=1,23)
FORMAT (2312)
DO 16 J=1,23,5
JP = J+4
IF (JP.GT.23) JP = 23
READ(S5417) (AA(I4N)¢4BB(I,N),N=J,JP)
FORMAT(10F7.3)
CONT INUE
CONTINUE

PRINTOUT RESIDENTIAL SECTOR INPUT VALUES

WRITE(&,48)
FORMAT(1H1 48X, 26H%#%%%x PROGRAM INPUTS HakAx )

WRITE(6,49)
FORMAT (1HO)
WRITE(E&,25)



(@]

(8]

25
26
27
28

29

30

31

32
33

34

37
38

35

50

40

39

41

43
42

47

FORMAT({1HO,10X,19H )

WRITE(6,426)

FORMAT(1H ,10X,18HRESIDENTIAL SECTOR)

WRITE(€,27)

FORMAT (1H+,10X,19H )

WRITE(6,428) 2

FORMAT (1HOy 19HKWH/ (PERSON*ROOM) =,F8,3)

WRITE(€429) (IDEP(LleJ)yd=loes)

FORMAT(1HO,43HDEPRECIATION RATES FOR ELECT. RANGE, WATER ,
31HHEATER, DRYER, HEATER (RESP.) =,415)

WRITE(E,y30) (IDEP(24J)yJ=144)

FORMAT(1H ,43HDEPRECIATION RATES FOR GAS RANGE, WATER ,
31HHEATER, DRYER, HEATFER (RESP.) =,4I15)

WRITE(&,3])

FORMAT(1HO,45HSATURATION CURVE. OPTIONS (IN APPLIANCE ORDER))

DO 33 K=1,5
WRITE(6+32) SECT(K)y(KOPT(KyJ)yd=1,23)
FDRMAT(IH 7A472H =923I3)
CONTINUE

WRITE(E,34)
FORMAT (1HO,44HA AND B COEFFICIENTS (RESP.) FOR SATURATION ,
36HCURVE EQUATIONS (IN APPLIANCE ORDER))

DO 35 K=1,5

DO 36 J=1,23,5

JP = J+s

IF (JP.GT.23) JP = 23

IF (J.EQ.1) WRITE(6437) SECTIK) s LAAIK,N}BBIKsN) N=J,JP)
FORMAT(1H 4A4,5{7Xy2F7.3)) '

IF (JeNE.l) WRITE(6938) (AA(KIN)yBBIK,N)N=J4JP)
FORMAT(1IH ,4X,5(7Xy2FT7.3))

CONT INUE

CONTINUE

WRITE(€6460)
FORMAT (1H )

DO 39 K=1,NYR

WRITE(E440) IYRNO(K)TPOP(K)

FORMAT(1H ,31HTOTAL ROPULATION (MILLIONS) IN ,14,2H =,
F10.3) )

CONT INUE

WRITE(&,48)

WRITE(£4+49)

WRITE(6,425)

WRITE(&,26)

WRITFE(E&,27)

WRITE(E,41) (SECT(J)yJ=1,5)
FORMAT (1HOy50X,5(6X A4 ) )
WRITE(€E4+60)

DD 42 K=1,NYR

WRITE(6,43) IYRNO(K),(PEOPLE(J¢K)J=1,5)

FORMAT(1H ,25HPERSONS PER HOUSEHOLD IN »14,2H =,19X,5F10.3)
CONT INUE

WRITE(6,50)
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DO 44 K=1,NYR
WRITE(E445) IYRNO(K)y (PERCIJyK)yJ=1+5)

45 FORMAT(1H ,34HPROPORTION OF TOTAL POPULATION IN ,14,2H =,
1 10Xs5F10.3)
44 CONTINUE
WRITE(6+946) (HEATTO(J)sJ=1,5)
46 FORMAT(1H0O,32H1970 SATURATION FOR SPACE HEAT =,18Xy5F10.3)
WRITE(64947) (HEAT(J)yJ=1,5)
47 FORMAT(1HO,44HSPACE HEAT SATURATION FOR NEW CONSTRUCTION =,
1 6X9y5F10.3)

2 IF (NOYES(2).NE.1) GO TO 8

READ IN THE INDUSTRIAL SECTOR INPUT VALUES
LOPT = OPTION FOR INPUT (OF s VALUE ADDED
RLMBDA= |LAMBDA

EGP = PROPORTION OF ELECT ELASTICITY USED FOR GAS
EE = ELECT ELASTICITIES

EINT = ENERGY INTENSIVENESS VALUES (KWH/SVA)

VA = MFG AND MINING INDUSTRY $ VALUE ADDEDS

TVA = TOTAL $ VALUE ADDEDS FOR MFG AND MINING

Pva = INDUSTRY PORTIONS OF TOTAL $ VALUE ADDEDS

READ(5,10) LOPT
READ(5,23) RLMBDA(1),EGP(]1)
DO 6 1=1425,7
IP = I+¢
IF (IP.GT.25) IP = 25
READ(5423) (EE(M),M=]1,1IP)
6 CONT INUE
DO 19 J=1,NYR
PO 20 1=1,25,7
IP = 1+6
If (1IP.GT.25) IP = 25
READ(S5,23) (EINT(MyJ),M=1,1P)
23 FORMAT(7F10.3)
20 CONTINUE
IF (LOPT.E0.2) GO TO 21
DO 22 1=1,25,7
IP = [+6
IF (IP.GT.25) IP = 25
READ(5,23) (VA(M,J)M=1,1IP)

22 CONTINUE
GO TN 19
21 READ(5,23) (TVA(MyJ)4M=1,2)
DO 24 1=1,25,7
IP=I+6

IF (IP.GT.25) IP = 25
READ(5+,23) (PVA(M,J),M=1,1P)
24 CONT INUE
19 CONTINUE

PRINTOUT INDUSTRIAL SECTOR INPUT VARIABLES

WRITE(E+48)
WRITE(6+49)
WRITE(6+25)
WRITE(6,59)
59 FORMAT(1H ,10X,17THINDUSTRIAL SECTOR)
WRITE(6,27)
WRITE(E,61) LOPT



61

63

64
62

67

68

66

T

70
72

69
14

73

49

FORMAT (1HO,35HOPTION FOR INPUT OF s VALUE ADDED =,13)
WRITE(6451) RLMBDA(1)

WRITE(6,452) EGP(1)

WRITE(£+49)

DO 62 1=1+25,7

IP = 146

IF (IP.GT.25) IP = 25

IF {1.EQ.1) WRITE(6,63) (EE(M)M=1,1P)

FORMAT(1H ,43HELECTRICITY ELASTICITIES (SIC CODE ORDER) =,
TXy7F10.3)

IF (1.NE.1) WRITE(6,64) (EE(M) M=I,1P)

FORMAT(1H ,50X»7F10.3)

CONTINUE

WRITE(6,49)

DO 66 K=1,NYR

DD 65 1=1,25,7

IP = [+6

IF (1P.GT.25) IP = 25

IF (1.EQ.1) WRITE(6,67) IYRNO(K) o (EINT{MyK)yM=I,1IP)

FORMAT (1H +41HENERGY INTENSIVENESS (SIC CODE ORDER) IN
1492H =43X,7F10.3)

IF (1.NE.1) WRITE(6968) (EINT{M,K) M=21,IP)

FORMAT(1H ,50X,7F10.3)

CONT INUE

CONTINUE

WRITE(6448)
WRITE(€4+49)
WRITE(6,425)
WRITE(&,59)
WRITE(£,27)
WRITE(6,449)

IF (LOPT.EQ.2) GO TO 69
DO 72 K=1,NYR

DO 70 I=1,25,7

IP = J+6

IF (IP.GT.25) IP = 25

IF (1.EQel) WRITE(6,71) IYRNO(K)y(VA(MyK)sM=1,1P)

FORMAT(1H ,34HS$ VALUE ADDED (SIC CODE ORDER) IN ,
1442H =,10X,7F10.3)

IF (1.NE.1l) WRITE(6+68) (VA(MyK)yM=1,1P)

CONTINUE

CONT INUE

GO 10 8

DO 73 K=1,NVYR

WRITE(E474) IYRNO(K)y{TVA(M,K) ,M=1,2)

FORMAT(1H ,43HTOTAL $ VALUE ADDED (MFG AND MIN RESP.)} IN ,
144,2H =,1X42F10.3)

CONT INUE

WRITE(6,49)

DO 75 K=1,NYR
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NO 76 1=1,25,7
IP = 1+¢
IF (IP.GT.25) IP = 25
IF (1.EQ.1) WRITE(6,77) IYRNO(K),(PVA(M,K)sM=1,1P)
77 FORMAT(1H ,43HPROP. OF $ VALUE ADOED (SIC CODE ORDER)
1 I1492H =41X,7F10.3)
IF (IeNE.l) WRITE(6,68) (PVA(MyK)eM=I,IP)
76 CONTINUE
75 CONT INUE

B IF (NOYES({3).NE.1) GO TO 12

READ IN THE COMMERCIAL SECTOR- INPUT VALUES

RLMBDA= LAMBDA

EGP = PROPORTION OF ELECT ELASTICITY USED FOR GAS
EE = ELECT ELASTICITY

COMGSP= GROSS STATE PRODUCT FOR COMMERCIAL SECTOR

READ(5,23) RLMBDA(2),EGP(2),EE(26)
DO 1 I=1,NYR
READ(5,23) COMGSP(I)
1 CONTINUE

PRINTOUT COMMERCIAL SECTOR INPUT VARIABLES

WRITE(€,48)
WRITE(6,49)
WRITE(€,25)
WRITE(6,50)
50 FORMAT(1H ,10Xx+,17HCOMMERCIAL SECTOR)
WRITE(&,27)
WRITE(E,51) RLMBDA(2)
51 FORMAT (1HOy8HLAMBDA =,F10.3)
WRITE(E,52) EGP(2)

IN

52 FORMAT(1HO+42HPROPORTION OF ELECTRICITY ELASTICITY USED ,

1 9HFOR GAS =,F10.3)

WRITE(E4+53) EE(26)
53 FORMAT(1HO,24HELECTRICITY ELASTICITY =,F10.3)

WRITE(64+60)

DO 54 K=1,NYR
WRITE(6+55) TYRNO(K)COMGSP(K)
55 FORMAT(1H +34HGROSS STATE PRODUCT (BILLIONS) IN ,14,2H
1 F10.3)
54 CONT INUE

WRITE(6449)
12 IF (NOYES(6).NE.1) GO TO 18

READ IN THE GOVERNMENTAL SECTOR INPUT VALUES

RLMBDA= LAMBDA
EGP = PROPORTION OF ELECT ELASTICITY USED FOR GAS

EE = ELECT ELASTICITY
GVTGSP= GROSS STATE PRODUCY FOR GOVERNMENTAL SECTOR

READ(5,423) RLMBDA(3),EGP(3),EE(27)

DO 5 I=1,NYR
READ(5,23) GVTIGSPI(I)
5 CONTINUE

PRINTOUT GOVERNMENTAL SECTOR INPUT VARIABLES

=9

’
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IF (NOYES(3).EQ.1) GO TO 56

WRITE(6,+48)
56 WRITE(£&449)
WRITE(6+25)
WRITE(6457)
57 FORMAT(1H ,10X,19HGOVERNMENTAL SECTOR)

WRITE(E,27)
WRITE(6,51) RLMBDA(3)
WRITE(6,452) EGP(3)
WRITE(6+53) EE(27)
WRITE(£460)

DO 58 K=1,NYR

WRITE(6+55) IYRNO(K)GVTGSP(K)
58 CONTINUE
18 CONTINUE

RETURN
END
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SUBROUTINE RESID(YEAR N, INT,IDEP,RLEVL+Z,KOPT,AA,BB,TEED,

1

T+PPOPPERSNS 4HEATT704HEAT, IYRNO)

THIS ROUTINE IS THE MASTER SCHEDULAR FOR THE RESIDENTIAL SECTOR

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

AKWHA (£430) yAKWHG(643) ,FSAT(6)4SAT(6430),ROOMS(6)
PERSNS(6) 4POP(6) +HOUSES(6) s TKWHU(6) , AKWHH(6) +GSAT(643)
PPOP(6)yTKWHP(6) +GSATP(643) s AKWHAP(6430) s AKWHGP(6,43)
PHOUSE(6),IDEP(2,44) 4PRICE(6)RLEVLI3,10)
KOPT(6430),AA(6,30),BB16,30),ELECT(4),GAS(4)
HEATT0(6),HEAT(6),1YRNO(10)

REAL KWHA(30)

INITIALIZE ARRAYS

DO 801 I=1,6

ROOMSI{T)

POP(I) =

HOUSES(T)

TKWHU{T)

AKWHHIT)

FSAT(I) = 0

TKWHP(I) =

PHOUSEI(I) = 0.0

PRICE(I) = 0.0

DO 802 J=1,30
KWHA(J) = O.
SAT(I.J) = 0.0
AKWHA(TI,J) = O.
AKWHAP(1,J) = O
CONTINUE

DO 803 K=1,3
AKWHG(I,K) = 0.0
AKWHGP (T4K) = 0.0
GSAT(I,K) = 0.0
GSATP(I,K) = 0.
CONTINUE

CONT INUE

0
0
=0
=0
0

0
0
.0

0]

OBTAIN THE ESTIMATED YEARLY KWHR USAGE FOR EACH APPLIANCE

AND AVERAGE NO. OF ROOMS PER HOUSEHOLD IN EACH AREA

CALL ENERGY(YEAR,KWHA,Z,PERSNS,RO0MS)

CALCULATE THE SATURATION ADJUSTMENT FROM THE CHANGE IN THE

PRICE OF ELECTRICITY AND/OR GAS. THIS FIGURE WILL
AFFECT THE RANGE, WATER HEATER, DRYERy AND HEATER,

CALL PRICES(N,INT,IDEP,RLEVL,PRICE,ELECT,GAS)

POP(€E) = Tx(10.%%6)

CALCULATE THE POPULATION AND NO. OF HOUSEHOLDS FOR EACH AREA

CALL HOUSE(POP,PPOP,PERSNS,HOUSFS,PHOUSE,RONDMS)
NBTAIN THE SATURATION RATES FOR EACH APPLIANCE IN EACH AREA

CALL SATUR(YEAR,SAT,PRICE.KOPT,AA,BB,HEATTO,HEAT,HOUSES,

IYRNQN)
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OBTAIN THE AVERAGE KWHR PER APPLIANCE, PER GROUP, AND PER
HOUSEHOLD AND THEIR PERCENTAGES
CALL AKWH(SAT yKWHA s AKWHA y AKWHG g AKWHH 9 AKWHAP 3 AKWHGP » HOUSES)
OBTAIN THE KWHR USAGE OF A FULLY SATURATED HOUSEHOLD AND GROUP
CALL FULLY(KWHA,FSAT,GSAT,GSATP,HOUSES)
CALCULATE THE TOTAL KWHR DEMAND AND PERCENTAGE FOR EACH AREA
CALL TKWH{HOUSES s AKWHH, TKWHU, TKWHP )
PRINT OUT RESULTS FOR THE RESIDENTIAL SECTOR
CALL pRlNTl(KNHA,AKHHAvAKHHH'AKNHGvAKNHAPvAKHHGpvSAT,FSAT9
ROOMS yPERSNS  POP 4 PPOP yHOUSES s PHOUSE 4GSAT,GSATP,
TKHHUyTKVHpvZ'ELECT'GAS'pRICEOIYRNOvN)

TEED = TKWHUL(E)

RETURN

END
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SUBROUTINE ENERGY(YEAR yKWHA 2 yPERSNS ,ROOMS)
THIS ROUTINE CALCULATES THE ESTIMATED KWHR USAGE YEARLY FOR
EACH APPLIANCE AND AVERAGE NO. OF ROOMS PER
HOUSEHOLD IN EACH AREA
DIMENSION PERSNS(6),RO0MS(6)
REAL KWHA(30),LINE

LINE = FUNCTION ROUTINE F(Y)=A+B®Y

ROOMS (1) = 4,2
ROOMS(2) = 4.8
ROOMS(3) = 4,7
ROOMS(4) = 4,7
ROOMS(5) = 4,9
KWHA(1) = 1200.
KWHA(2) = LINE(T775.+425.9YEAR)
KWHA(3) = LINE(920,420.yYEAR)
KWHA(4) = LINE(370.92.9YEAR)
KWHA(S5) = LINE(170.450.+YEAR)
KWHA(11) = LINE(3980.+20.yYEAR)
KWHA(12) = 110.
KWHA(13) = LINE(880.98.,9YEAR)
KWHA(14) = 650.
KWHA(15) = 360,
KWHA{16) = LINE(425.45.9YEAR)
KWHA(17) = 1450,
KWHA(18) = LINE(600.+100.,YEAR)
KWHA(19) = 3200.
KWHA(20) = 2400,
KWHA{21) = 3200.
KWHA(22) = 3450,
KWHA(23) = 34¢0,
KWHA(24) = 7000.
KWHA(25) = 9800.
KWHA(26) = T7000.
KWHA(27) = 11550.
KWHA(28) = 13180.
DO 11 M=1,5
N = M+5
KWHA(N) = Z=PERSNS(M)*R0OOMS (M)
CONTINUE
RETURN

END
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SUBROUTINE PRICES(N,INT,IDEP,RLEVL,PRICE,ELECT,GAS)

THIS ROUTINE CALCULATES THE SATURATION ADJUSTMENT DUE TO A
PRICE CHANGE [N ELECTRICITY AND/OR GAS
THE APPLIANCES AFFECTED ARE RANGE, WATER HEATER, DRYER, HEATER

DIMENSION IDEP(244)RLEVL(3,10),ELECT(4),GAS(4),PRICE(6),SUM(2)
CALCULATE ACTUAL PRICE LEVELS OF GAS AND ELECT
D0 60 L=1,4

DO 61 K=1,2
NUM = 0
SUM(K) = 0.
M= N

DO €2 1=1,50

DO €3 J=1,INT
SUM(K) = SUM(K)+RLEVLI(K M)
NUM = NUM+1 _
IF (NUM.EQ.IDEP(K,L)) GO TO 64
CONTINUE

M = M=)
IF (M.LE.O) M =1
CONTINUE

DEP = IDEP(K,L)
1F (K.EQ.1) ELECT(L) = SUM(K)/DEP

IF (K.EQ.2) GAS(L) = SUM(K)/DEP
CONT INUE

CONT INUE

CALCULATE SATURATION ADJUSTMENTS DUE TO PRICE CHANGES

PRICE(l) = ELECT(1)**(=-1,98)*GAS(1)%*{.91)

PRICE(2) = ELECT(2)%%(-3,22)*GAS(2)**(2.1)

PRICE(3) = ELECT(3)**(=1,77)%GAS(3)**(.41)

PRICE(4) = ELECT(4)*%(~4.88)*GAS(4)*%(1.2)
RETURN

END
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SUBROUTINE HOUSE(POP,PPQOP «PERSNS,HOUSES s PHOUSE,ROOMS)
THIS ROUTINE CALCULATES THE NO. OF HOUSEHOLDS BY AREA
DIMENSION POP(6),PERSNS(6)+HOUSES(6)4PHOUSE(6),ROOMS(6),PPOP(6)

CALCULATE NO. OF HOUSEHOLDS AND POPULATION TOTALS BY AREA

DD 30 1I=1,5
POP(I) = PPOP(I)*POPI(6)

HOUSES(I) = POPI(I)/PERSNSI(I)
HOUSES(€) = HOUSES(6)+HOUSES(I)
30 CONTINUE

CALCULATE AREA PERCENTAGES OF TOTAL HOUSEHOLNS

D0 31 J=1,¢
PHOUSE(J) = (HOUSES(J)/HOUSES(6))*100.

31 CONTINUE

CALCULATE THE AVERAGE NO. OF ROOMS PER HOUSEHOLD AND AVERAGE
NO. OF PERSONS PER HOUSEHOLD FOR CALIF. USE AN
AVERAGE WEIGHTED BY THE HOUSEHOLDS IN EACH AREA

TPERSN = 0,0
TROOM = 0.0

DO 3?2 K=1,5
TPERSN = TPERSN+{PERSNS{K)*HOUSES(K))
TROOM = TROOM+ (ROOMS(K)*HOUSES(K) )
32 CONT INUE

PERSNS(6) = TPERSN/HOUSES(6)
ROOMS (&) = TROOM/HOUSES(6)

RETURN
END
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SUBROUTINE SATUR(YEAR,SAT,PRICEKOPT,AA,BB,HEATTO,HEAT.HOUSES,
1 IYRNOsN)
THIS ROUTINE CALCULATES THE SATURATION RATES FOR APPLIANCES

DIMENSION SAT(6+30),PRICE(6),KOPT(6,30),AA(6,30),BB(6,30)
DIMENSION HEATT0(6),HEAT(6) yHOUSES(6),HTO(6),1YRND(10)

DATA H70/1051155.,2444133.,2574651.+427389.,198925.+6696252./

REAL LINE
LINE = FUNCTION ROUTINE F(Y)=A+BxXxY
CURVE = FUNCTION ROUTINE F(Y)=1-A%EXP(B%Y)

RCURVE= FUNCTION ROUTINE F(Y)=ABEXP(B*Y)
HT0 = NUMBER OF HOUSEHOLDS IN EACH AREA AND STATE IN 1970

RYEAR = JYRNO(N)=-1970
USE THE SPECIFIED OPTION TO OBTAIN APPLIANCE SATURATION RATES
DO 90 I=1,5
DO 94 J=1,23
IF(KOPT(IyJ).NE.1) GO TO 92
SAT(I,J) = LINE(AA(I,J)»BB(I+J)sYEAR)
GO TO 94
CONT INUE
IF(KOPT(I4J)«NE.2) GO TO 93
SAT(IsJ) = CURVE(AA(I,J)+BB(I,J),YEAR)
GO TQ 94
CONT INVE

IF(KOPT(IyJ).NE.3) WRITE(6,91) I,J4

FORMAT(1HO,15HERROR IN OPTIUN,215)
SAT(I4J) = RCURVE(AA(I,J),BB(1,J)+YEAR)
CONT INUE

M = T+23

X = HOUSES(I)-H70(I)+(.0125%RYEAR®HT0(I))

Y = (1.-(.0125%RYEAR) }*HT70(1)

SAT(I4M) = ((X¥*HEAT(I))+(YRHEAT70(1)))/HOUSES(I)
ADJUST THOSE APPLIANCE RATES AFFECTED BY PRICE CHANGFES

SAT{I,1) = SAT(I,1)*PRICE(1)

SAT(I,11) = SAT(I,11)%PRICE(2)

SAT(I,13) = SAT(1,13)%PRICE(3)

SAT(IsM) = SAT(I,M)*PRICE(4)

DO 95 J=1,28
IFISAT(I+J)eGTale) SATIILJ) = 1.

CONTINUE
CONT INUE

RETURN
END
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58

SUBROUTINE AKWH({SAT s KWHA s AKWHA  AKWHG y AKWHH s AKWHAP y AKWHGP 3 HOUSES))

THIS ROUTINE CALCULATES THE AVERAGE KWHR PER APPLIANCE,

PER
GROUP, PER HOUSEHOLD AND THEIR PERCENTAGES BY AREA

DIMENSION SAT(6430) 4 AKWHA(6,530) yAKWHH(6) s AKWHG(643) » AKWHAP(6,30)
DIMENSION AKWHGP(6¢3) yHOUSES(6)+AKG(3)4,AKA(30)+SKA(30)sAK({3),SK(3)

REAL KWHA(30)

INITIALIZE TEMPORARY STORAGE VARIABLES

AKH =

DO 53

DO 62

DN 50

0.0

N2=1,3
AKG(N2) = 0.0
AK(N2) = O.
SK(N2) = O.

CONTINUE

0
0

Nl=1,30
AKA(N1) =
SKA(N1) =
CONTINUE

0.0
0.0

I=1,5

SOLVE FOR AVE. KWHR PER APPLIANCE AND ADD TO RESPECTIVE GROUPS

SUM ALL

D0 55 J=1,28
AKWHA{ 1 +J)=SAT{I,J)*KWHA(J)
IF{J.LE.5) GO TO 56
IF{J.LE.14) GO TO 57
AKWHG(T1,3) = AKWHG(I+3)+AKWHA(TI,J)
GO TO 58
AKWHG(I,1) AKWHG (1,1 )+AKWHA(T,J)
GO TO 58

AKWHG(T1,2) AKWHG(142)+AKWHA(TI+J)

APPLIANCES FOR HOUSEHOLD KWHR TOTAL

AKWHH{T) = AKWHH{T)+AKWHA(I,J)

CONTINUE

CONTINUE

CALCULATE AN AVERAGE KWHR USAGE FOR A TYPICAL HOUSEHOLD AND

DO 54

GROUP IN CALIF. USE AND AVERAGE WEIGHTED BY THE
“HOUSEHOLDS IN EACH AREA

M=1,5

AKH = AKH+ (AKWHH (M) ®HOUSES(M))

DO 59 MM=1,3
AKG(MM) = AKG({MM)+({AKWHG{(M,MM)*xHOUSES (M)} )
CONTINUE

DO 63 MMM=1,28

AKA (MMM ) = AKA(MMM)+(AKWHA (M, MMM )*HOUSES (M) )
SKA(MMM) = SKA({MMM)+(SAT{(M,MMM)*HOUSES(M))
CONTINUE



(3 XaXsNe BN e}

oo O

aon

54

66

67

61

64

52

65
60

SUM THE AncA TOTALS TOGETHER FOR LIGHTING,

AN

CONTINUE

D SPACE HEAT

DO 66 K=1,5
AK(1) =
AK(2) =
AK(3) =
SK(1) =
SK(2) =
SK{3) =
U

DO 67 K=1,5
AKA(K+ 5
AKA(K+18
AKA{K+23
SKA(K+ 5
SKA(K+18
SKA(K+23
CONTINUE

AKWHH(6) = AKH

DO 61 MM=1,3

AKWHG(6yMM) = AKG(MM)/HOUSES(6)

CONTINUE

DO 64 MMM=1,28

AKWHA (& yMMM) = AKA(MMM)/HOUSES({6)
SAT(6yMMM) = SKA{MMM)/HOUSES(6)

CONTINUE

00 60 I=1,¢6

59

AK({1)+AKA(K+ 5)
AK(2)+AKA(K+18)
AK(3)+AKA(K+23)
SK(1)+SKA(K+ 5)
SK{2)+SKA(K+18)
SK(3)+SKA(K+23)

)
)
)
)
)
)

AK (1)
AK(2)
AK(3)
SK(1)
SK{2)
SK(3)

/HOUSES(6)

CALCULATE GROUP PERCENTAGES

CALCULATE APPLIANCE PERCENTAGES

RETURN
END

D0 52 L=

1,3

CENTRAL AIR,

AKWHGP (T,L) = (AKWHG(I,L)/AKWHH(I))*100.
CONTINUE

DO 65 K=

1,28

AKWHAP( I yK) = AKWHA(T yK)/AKWHH(1)*100.
CONTINUE

CONTINUE
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SUBROUTINE FULLY(KWHA,FSAT,GSAT,GSATP,HOUSES)

TH1S ROUTINE CALCULATES THE KWHR USAGE OF A FULLY SATURATED

GROUP AND HOUSEHOLD AND THE GROUP PERCENTAGES
DIMENSION GSAT(6+3)4FSAT(6)+G(3),GSATP(6,+3),65(3),HOUSES(6)
REAL KWHA({30)
FS = 0.0
ZERO OUT TEMPQORARY STORAGE ARRAYS

D0 70 L=1,3

G(L) = 0.0
GS(L) = 0.0
70 CONTINUE

ADD APPLIANCE KWHR USAGE TO RESPECTIVE GROUPS

No 71 J=1,5
G(l) = Gl1)+KWHALJ)

71 CONTINUE
DO 75 J=11,10

G(2) = G(2)+KWHA(J)
75 CONTINUE

N0 76 J=15,18
G(3) = G(3)+KWHA(J)

76 CONTINUE
MM = 6
M =19
D0 72 1=1,5
GSAT(I+3) = G(3)+KWHA(M)+KWHA(M+5)
GSAT(I+2) = G(2)+KWHA(MM)
GSAT(1,1) = G(1)

ADD GROUPS FOR TOTAL “OUSEHOLD KWHR

DO 73 K=1,3
FSAT(I) = FSAT(I)+GSAT(I,K)

73 CONT INUE
MM = MM+
M = M+l

T2 CONTINUE

CALCULATE THE KWHR USAGE OF A TYPICAL FULLY SATURATED
HOUSEHOLD AND GROUP IN CALIF, USE AN AVERAGE
WEIGHTED BY THE NO. OF HOUSEHOLDS IN EACH AREA

DO 77 I1=1,5
FS = FS+(FSAT(I1)*HOUSES(II))

DO 78 JJ=1,3
GS(JJ) = GSUJII+(GSAT(II,JJ)*HOUSES(IT))

78 CONT INUE
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CONTINUF
FSAT (&) = FS/HOUSES(6)
DO 79 JJ=1,3
GSAT(€45JJ) = GS(JJ)/HDUSES(6)
CONTINUE
CALCULATE GROUP PERCENTAGES OF TOTAL HOUSEHOLD
DO 80 I=1.6
DO 74 J=1,3
GSATP(I4J) = (GSAT(I,J)/FSAT(1))*100.
CONTINVE
CONT INUE
RETURN

END
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SUBROUTINE TKWH{HOUSES,AKWHHy TKWHUy TKWHP )
THIS ROUTINE CALCULATES THE TOTAL RESIDENTIAL KWHR DEMAND

DIMENSION HOUSES(6) yAKWHH(6) s TKWHP(6) 3 TKWHU(6)

CALCULATE TOTAL DEMAND FOR CALIF AND THE AREAS

00 20 I=1,5

TKWHU( 1) = HOUSES(I)*AKWHH(T)
TKWHU(£E) = TKWHU(6)+TKWHU(T)
CONT INUF

CALCULATE AREA PERCENTAGES OF TOTAL DEMAND

DO 21 J=1,6
TKWHP(J) = (TKWHU{J)/TKWHU(6))#100.
CONT INUE
RETURN

END
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SUBROUTINE PRINTL (KWHAAKWHA y AKWHH, AKWHG y AKWHAP y AKWHGP » SAT» FSAT,
1 ROOMS yPERSNS yPOP 4 PPOP yHOUSES o PHOUSE »GSAT,GSATP,

2 TKWHUy TKWHP 9 Z s ELECTyGASyPRICEs IYRNO,N)

THIS IS THE MASTER PRINT ROUTINE FOR THE RESIDENTIAL SECTOR

DIMENSION AKWHA(€,30) AKWHG(643) ,FSAT(6),SAT(6,30),RO0MS(6)
DIMENSION PERSNS(6),POP(6) ¢HOUSES(6) y TKWHU(6) s AKWHH(6) 9GSAT(643)
DIMENSION PPOP(6)sTKWHP(6)3GSATP(643) yAKWHAP(6430)+AKWHGP(643)
DIMENSION PHOUSE(6)4ELECT(4)4,GAS(4),PRICE(6),1YRNO(10),TITL(56)
DIMENSION SECT(5)

DATA SECT/'DWP ', 'PGE ',"SCE *,'SDGE*',*SMUD'/
DATA TITL/'RANG','E VLIREFRY,VIGERY y'FREEY ,*ZER ', *DISH',*WASH',
MISCYy® KITVy?LIT *,'DWP *,*LIT ¢, 'PGE *,'LIT ','SCE *,
TLIT Y 9SDGE Y *LIT *,"SMUD'»*WATR',? HTR!,'WASH',* MAC’,
'DRYE?, 'R VLIMISCt, ' UTL','BEW ', TV  #,'COLO",'R TV',
'ROOMY,* AC ',"MISC'y' ENV','CAC ','DWP ','CAC ','PGE ',
*CAC "y ?'SCE ", 'CAC ','SDGE','CAC ", 'SMUD"', "HTR ', 'DWP ',

YLYHTR ', 'SCE ', 'HTR ','SDGE?', 'HTR *,*SMUD!'/

NP WUN -

YHTR ', 'PGE
REAL KWHA(30)

WRITE(6,9) IYRNO(N)
9 FORMAT(1H1ls14,46Xy30H%%b%%x RESIDENTIAL SECTOR *%%x%xx)
WRITE(6,1)
1 FORMAT(1HO)
WRITE(6,2)
FORMAT(1HOy7TTX,31HAREA SATURATION RATES (PERCENT))
WRITE(6,3)
FORMAT(1IH ,13X,16HYEARLY KWH USAGE)
WRITE(6,4)
FORMAT(1H s9HAPPLIANCE 37X s9HAPPLIANCE 48X y3HDWP 39X s3HPGE,9X,
1 3HSCE 48X y4HSDGE 98X 9 4HSMUD »8X 9y SHCALIF,/)

& wWN

K =1
00 5 I=1,28

DO 20 II=1,6
SAT(II,1)=SAT(II,[)*100.
20 CONT INUE

WRITE(696) TITLIK) o TITLIK+Y) ,KWHA(T),TITL(K),
1 TITLIK+L) 4 (SAT(Js1)eJ=1y6)
6 FORMAT(1H s2A%4 98X sF9.2421X42A4,1X,6(5XyFT7.2))
K = K+2
5 CONTINUE

DO 10 I=1,3
WRITE(Ey1)
10 CONT INUE

WRIVE(6,7)
7 FORMAT(1H ,41X,39HFULLY SATURATED GROUP AND HOUSEHOLD KWH,
1 6H USAGE,/)
WRITE(6,8)
8 FORMAT(1HO,6H GROUP ¢ TXy3HDWP y4X 9 THPERCENT , 7X s 3HPGE; 4X,
1 THPERCENT » TX 9 3HSCE 94Xy THPERCENT 46Xy 4HSDGE » 4 X,
2 THPERCENT y6 Xy 4HSMUD 34X » THPERCENT 96Xy SHCALIF ¢ 3X s THPERCENT)
WRITE(6,+19) (GSAT(I,1),GSATP({I,41),I=1,6)
WRITE(6421) (GSAT(142)+,GSATP(1+42)91=1,6)
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WRITE(6,22) (GSAT{I+3),GSATP(1+3),1I=1,6)
WRITE(6,23)
WRITE(6424) (FSAT(I),1=1,6)
WRITE(64+9) IYRNO(N)
WRITE(E41)
WRITE(6,14)
14 FORMAT(1H +57X,17HAVERAGE KWH USAGE)
WRITE(6,1)
WRITE(6415)
15 FORMAT(SHOAPPL y9Xy3HDWP 4X y THPERCENT y 7X y3HPGE, 4X,
2 THPERCENT ¢6X y 4HSMUD o4X » THPERCENT 46Xy SHCALIF 43Xy THPERCENT 4 /)

K =1

DO 17 1=1,28
WRITE(64+16) TITLIK) o TITL(K+1)y(AKWHA(JsT)yAKWHAP(Js]1)sJ=1+6)

16 FORMAT(1H 32A4 41X sF9.2¢4X9F%.095(4X,F9,2,4X,F%.0))
K = K+2
17 CONT INUE

WRITE(6,423)
WRITE(64+24) (AKWHH(I)s1=1,6)

D0 11 1I=1,3
WRITE(6,1)
11 CONTINUE

WRITE(6,18)
18 FORMAT(TH GROUP,T7Xs3HDWP y4X s THPERCENT 37X, 3HPGE y4X,
1 THPERCENT s 7X93HSCE y4Xy THPERCENT , 6X 4 4HSDGE » 4 X,
2 THPERCENT y6X 9 4HSMUD 94X » THPERCENT 96X, SHCALIF 43Xy THPERCENT)
WRITE(E+19) (AKWHG(I51)yAKWHGP{1,1),1=1,6)
19 FORMAT(1HO s THKITCHEN$2XyF9e2+4X¢F4.035(4X,F9,244X,F4.0))
WRITE(E921) (AKWHG(I+2) s AKWHGP({1,2),1=1,6)
21 FORMAT(LIHO,THUTILITY 42X 9F9.294XsF4.095(4XsF9.2,4X4F4.0))
WRITE(E4+22) (AKWHG(I93) s AKWHGP(I,3)41=1,6)

22 FORMAT(1HO s THENVIRON $2X ¢F9e294X9sF4.095(4XyFIe204XyF&,0))

WRITE(6,23)

23 FORMAT(1H+,5X,6{4X49H v4XvaH___ )
WRITE(E424) (AKWHHII)yI=1,6)

24 FORMAT(1HOy9HHOUSEHOLD 9F9,294Xs4H100.+5(4X,F9,.2,4X,4H100,))
WRITE(6+9) IYRNO(NY

DO 12 I=1,2
WRITE(6,1)
12 CONTINUE

WRITE(6,28)
28 FORMAT(5HOAREA+5X 4 15HROOMS/HOUSEROLD 95X 9 1 THPERSONS/HOUSEHOLD,
1 15X, LOHPOPULATIONy5X 4 THPERCENT 415X 3 LOHHOUSEHOLDS 45X s

2 THPERCENT)

DO 29 K=1,5
PPOP(K) = PPOP(K)I*100.
WRITE(6,+30) SECT(K)+ROOMS(K) +PERSNS(K)POP(K),PPOP{K)+HOUSES(K),
1 PHOUSE (K)
30 FORMAT(1HOyA4310XyF5.29116XsF5.295X¢2(16X,FL0,046XsF5.1))
29 CONTINUE

WRITE(6,31)
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31 FORMAT(1H+,61X,10H 26X y5H v16X,10H ’
1 6Xy5H ) :
PPOP(6) = 100.
WRITE(6+432) ROOMS(6) +PERSNS(6)+POP(6),PPOP(6)yHOUSES(6),yPHOUSE(6)

32 FORMAT(1HOSHCALIF +9XsF5.2916X9F5.2¢5X+2{16X,F10.0,6XsF5.11))

DO 13 I=1,2
WRITE(6s1)
13 CONTINUE

WRITE(6,33)
33 FORMAT{1HO,18X,25HAVERAGE KWH USAGE - CALIF,18X,
1 S1HPRICE LEVELS AND SATURATION ADJUSTMENT DUE TO PRICE,
2 8H CHANGES)
WRITE(6,34)
34 FORMAT(1HOy6H GROUP»18Xs3HKWHy 7X, THPERCENT, 18X,
1 9HAPPLIANCE » 10Xy 1XHELECTRICITY10X,3HGAS,10X,
2 11HSATUR. ADJ.)
WRITE(6+35) AKWHG(6,51) yAKWHGP(641) yELECT(1),GAS(1)4PRICE(])
35 FORMAT(1HOy7THKITCHEN 12X 9sF104296XyF5,0419X¢ SHRANGE¢5X,
1 3(10X,F7.3))
WRITE(6+36) AKWHG(6+2) s AKWHGP(642),ELECT(2)+GAS(2)4PRICE(2)
36 FORMAT(1HOyTHUTILITY ¢12X9F10e296X91F5.0919X,9HWATER HTR,1X,
1 3(10X4F7.3))
WRITE(6437) AKWHG(6,3) yAKWHGP (643) yELECT(3),GAS{3),PRICE(3)
37 FORMAT(1HOy THENVIRONy12X9F10.296X4F5,0419XySHORYERs5X,
1 3(10X,F7.3))
WRITE(6,38)
38 FORMAT(1H+,19X,10H v6Xy5H )
WRITE(6+439) AKWHH(6)+ELECT(4)4GAS(4)4PRICE(4)
39 FORMAT(1HOy9HHOUSEHOLD y 10X 9F1042¢7X¢4H100,. 919X, THHEATING,3X,
1 3(10XyF7.3))

DD 25 I=1,3
WRITE(6+1)
25 CONTINUE

WRITE(6441)

41 FORMAT(LH +43X,4HAREA,8Xy16HTOTAL KWH DEMAND, 7X, THPERCENT)
WRITE(6446)

46 FORMAT(1H ,59X,10H{MILLIONS))

DO 42 1I=1,5
TKWHU(I) = TKWHU(TI)}/(10.%%*6)
WRITE(6¢43) SECT(I)oTKWHU(I) TKWHP(T)
43 FORMAT(1HO+43X9A%411XsFl0.2411X:F5.0)
42 CONT INUE

WRITE(6,464)
44 FORMAT{1H+,58X,10M v 11X,5H
TKWHU(6) = TKWHU(6)/(10.%%6)
WRITE(6+45) TKWHU(E) s TKWHP(6)
45 FORMAT({1HO 43X ¢SHCALIF,10X9F10.2911XsF5.0)

RETURN
END
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SUBROUTINE INDUST(N,LOPT,EINT,TVA,VA,PVA,TEED,RLMBDAyEG,EE,RLEVL,

1 AT »1YRNO)
c
c THIS ROUTINE IS THE MASTER SCHEDULAR FOR THF INDUSTRIAL SECTOR
c
DIMENSION EINT(25,10),TVA(2,10),VA(25,10),PVA(25,10)
DIMENSION EE(27)4RLEVL(3,10)+EG(27),AT(27),IYRNO(10)
c
SvA = 0.0
K = N
c
c BRANCH TO DESIRED METHOD OF CALCULATION
C
IF (LOPT,E0.2) GO TO 112
c
Cc SUM THE VALUE ADDEDS FROM EACH SIC CODE AND CALCULATE THE
c TOTAL ELECTRICAL ENERGY DEMAND FOR EACH YEAR
c
00 114 L=1,25
SVA = SVA+VA(L,K)
1F{K.EQ.1) GO TO 111
AT(L) = {RLMBDA*(RLEVL{1,K)**EE(L))I*=(RLEVL(3,K)
1 *2EG{L)))+({1.-RLMBDA)*AT(L))
111 INDST = (VA(L,K)*EINT{L,K))I*ATIL)
TEED = TEED+INDST
114 CONTINUE
c
G0 70 115
c
112 CONT INUE
c
c SUM THE VALUE ADDEDS FROM EACH SIC CODE AND CALCULATE THE
c TOTAL ELECTRICAL ENERGY DEMAND FOR EACH YEAR
c
00 117 L=1,25
J =1
IF{LeGE.21) J = 2
VA(LsK]) = TVALJ,K)XPVA(L,K)
SVA = SVA+VA(L,K)
IF(K.EQ.1) GO TO 113
AT(L) = (RLMBDA*(RLEVL(1,K)*%*EE(L))*(RLEVL(3,K)
1 *%kEG(L)))+{(1.-RLMBDA)*AT(L))
113 INDST = (VA(LWK)*EINTIL,K))I*AT(L)
TEED = TEED+INDST
117 CONTINUE
c
115 CONTINUE
c
CALL PRINT2(KoLOPT,TEEND,SVAsVA,EINT,EE,EG,RLMBDA,AT,
1 1YRNO,N)
c
RETURN

END
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SUBROUTINE PRINT2(KyLOPT,TEEDsSVAyVA,EINT+EE+EGyRLMBDA,AT,
1 IYRNOsN)
THIS IS THE MASTER PRINT ROUTINE FOR THE INDUSTRIAL SECTOR

DIMENSION EINT(25,10),EE(27)4EGE27)4VA(25,10),AT(27),IYRNO(10)

O 00N

WRITE(6,125) IYRNO(N)

125 FORMAT(1HLy [45 46X, 29H*%%%% [NDUSTRIAL SECTOR #*%¥%¥)
WRITE(6+126)

126 FORMAT{1HO 53X+ 24HMINING AND MANUFACTURING)
WRITE(6+120)

120 FORMAT(1HO)
WRITE(6,121)

121 FORMAT(1HO, 32X+ 26HDEFLATED CALIF VALUE ADDED,17X,

1 20HESTIMATED KWH DEMAND)

WRITE(64122)

122 FORMAT(1H 440Xy 1IH(SMILLIONS) 29X, 10H(MILLIONS))
WRITE(69124) SVA,TEED

124 FORMAT ( 1HO+40X3F10.2929X,F10.2)

DO 123 I=1,3
WRITE(64120)
123 CONTINUE

WRITE(6,128;
128 FORMAT(1HO»6X+BHSIC CODEs10Xy13HS VALUE ADDED, 14X,
1 6HENERGY 9 15X ¢ SHELECT ¢ 16Xy 4HFUEL 9 18X SHPRICE)
WRITE(6,127)
127 FORMAT{1H 47Xy 13HINTENSIVENESS 10X, 10HELASTICITY,
1 10Xy 1OHELASTICITYy10X9 16HELASTICITY COEFF+//)

DO 129 J=1,25
L = J+19
IF(J.6T7.20) L = J-11
WRITE(65130) LoVA(JIsKIEINT(J,K)LEE(J)+EG(J)»ATII)
130 FORMAT(IH +9Xs12y15X9F9e2+16X9F5.2916XsF5.2
1 15X+F5.2¢18X9F5,2)
129 CONTINUE

RETURN
END
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FUNCTION CURVE(A,B,Y)
THIS FUNCTION ROUTINE SOLVES THE EQUATION F(Y)=1-A%EXP(B*Y)
CURVE = l.-A%EXP(R%Y)
RETURN
END

FUNCTION RCURVE(A,HB,Y)
THIS FUNCTION ROUTINE SOLVES THF EQUATION F(Y)=A®*EXP(B*Y)
RCURVE = A*EXP(B*Y)
RETIIRN
END

REAL FUNCTINN LINE(A,B,Y)
THIS FUNCTIDN ROUTINE SOLVES THF EQUATIOWM FIY)=A+B%xY FOR ANY Y

LINE = A+B*Y
RETURN
END |
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