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CHAPTER I
INTRODUCTION

Let us use the letter Q to stand for the energy derived

from burning some 38 billion tons of coal. In the

eighteen and one half centuries after Christ, the total

energy consumed averaged less than one half Q per century.

This means, roughly speaking, that half of all the energy

consumed by man in the past 2000 years has been consumed

in the last one hundred.
This quotation from Dr. Homi Bhabha, Chairman of the First Conference
on the Peaceful Uses of Atomic Energy, indicates, quite dramatically,
the tremendous increase in energy consumption which has occurred
during the past several years. The future is even more ominous:

Extrapolating from current trends, the need for energy
in the next century will be between 100 and 400 Q.2

In the United States, the increase in energy usage is even more
accelerated. John W. Simpson, President of the Power Systems
Division of Westinghouse Electric Corporation, gave the following
facts in a recent speech: "Between 1960 and 1969, the average
household consumption of electric power rose from 3851 to 6550
kilowatt hours, up 70%. By 1985, it has been estimated that average
annual consumption will be 17,240 kilowatt hours, about 4 1/2 times
that of 1960."3 “Between 1960 and 1970, industries increased their
use of power by 70%. Yet in the decade from last year to 1980,
industries will double their use of power."4 Figure 1, from a
different source, shows a similar prediction of the magnitude of

this acceleration of energy consumption in the United States.
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Figure 1. Energy consumption ip the United States, past,
present, and future.?

The real problem is that this increase is occurring at a time when the
factors inf]uencing the energy supply are restricting its expansion.
Only a few years ago, nuclear energy was hailed as the answer to all
of the questions concerning the energy supply. Yet nuclear power
plants have encountered severe engineering and cost overrun problems
during construction. Most are now far behind schedule.

Because of the federal restrictions on the selling price of



interstate natural gas, there has been a decrease in the exploration
for new sources. Consequently, shortages are now occurring as demand
increases. Liquified natural gas is being brought in from foreign
countries by tanker to alleviate this shortage, but the cost is
significantly higher.

Much of the 0il for the United States comes from the Middle
East. The 01l producing nations in that area have banded together to
extract the maximum royalty from those nations which must purchase
0oil. At every chance, such as the recent floating of the value of
the dollar, they have demanded and received an increase in prices.
The discovery of o0il on the North Slope of Alaska caused quite a stir,
but the cost of this oil will be high. It must be extracted from
shale, which will be expensive. In addition, the engineering problems
associated with the Alaskan climate and the protection of the
environment will also increase costs.

Coal too is expected to have a continued sharp increase in
price. When the prospects for nuclear power were being promoted,
many coal companies delayed the opening of new mines. Now, with the
failure of nuclear energy to produce as expected, and the increased
use of coal by foreign countries coal prices have risen sharply.
Another factor which will surely effect the cost of coal is the
implementation of proposed mine safety regulations. At this time,
they are essentially unenforced. When they do become enforced, the

cost must again rise.



While each of these industries has its unique problems, there
is one problem common to all, the new emphasis on the protection of
the environment. New regulations, now being enacted, are almost
certain to be a particular problem to the energy supply industries.
They must find ways of producing power while lessening their impact
on the environment. Electric plants could be very hard hit if
required to reduce their emissions into both air and water to pro-
posed levels. Nuclear plants have a considerable problem to overcome
with thermal pollution. A good portion of the coal and o0il industries
output is of high sulfur content, making it unusable under clean air
standards. To solve these respective problems, each industry is
going to have to spend a great deal of money. As with the factors
discussed earlier, this can only push prices for each of these fuels
higher.

In a recent issue of Forbes® surveying the energy situation,
this trend was reflected. The article pointed out that the price of
coal has doubled over the past three years. The price of residual
fuel o0il in some areas has risen 60% in the past year alone.

David Freeman, head of the energy section of the President's Office
of Science and Technology, expects the cost of electricity to rise
30% in the next decade. John F. O'Leary, former head of the Bureau
of Mines, said: "Over the next 15 years, we can expect a doubling
of the real price of natural gas to the consumer."’ Others make

predictions more drastic than these, and when they are compared with



recent price trends, as shown in Figure 2, the more drastic predic-
tions seem inevitable.

What impact does this have on building design? The concluding
sentence from the Forbes report is: "We've lived high on our low
cost raw materials, now we must reach into our pockets and at last
pay the price for our style of 11ving."9 Thus, an item which
previously had 1ittle effect on the design process is going to
become increasingly important. As the cost of supplying energy for
a building over its life rises, relative to the first cost of the
building, owners are going to become increasingly insistant that
full consideration be given these costs during building design. The
increasing sophistication of owners, as well as the growing practice
of hiring professional owner's representatives to review designs
should further this trend.

Too many times in the past, the architect has failed to give
sufficient consideration to energy conservation, primarily because
of the relatively low cost of fuel. The building was simply given
to the consulting engineer after completion of the design for
"whatever it takes" to meet the energy requirements. Yet, as
annual energy costs for buildings escalate, owners are going to
demand that a design must incorporate concepts to reduce these energy
costs. Consequently, the architect is going to need a method of
evaluating these concepts and alternatives in the early stages of

design.
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Since this methodology must be used by the architect rather
than the engineer, it will be different than that which is generally
in use today. It must be structured in a way which removes the
necessity for technical expertise and permits the architect to use
his own terminology and set of variables. Because its use will be
required before many of the details of the building are known, it
should utilize the elements and scale appropriate to this level of
design. It should also be simple to use and should not consume time
which the designer needs to devote to other elements of the project.

The computer has been used with great success in solving problems
of this type. There are several reasons for this, but the primary one
is that the computer can store both large amounts of data and also
the procedures for calculations with this data. The data can then
be retrieved and calculations made in response to simple commands
from a computer program. A system which uses this concept success-
fully for a similar problem is the ICES {Integrated Civil Engineering
System) and one of its subsystems, STRUDL (Structural Design Language).9
This system uses a library of procedures. The designer inbuts a
list of simple commands or operations to be executed, along with the
data required. The program then processes these commands in sequence,
recalling from the Tibrary all of the detailed algorithms required
to process that particular command. A great amount of flexibility
is available with this program since new procedures can be added

to the library, as developed, for recall at any time.



This thesis presents a computer program for energy analysis by
architects which has been developed to meet these requirements. It
also documents the methodology used in the program. The five basic
areas covered by the thesis are: (1) A review of existing programs,
(2) New program requirements, (3) Methodology, (4) Results,

(5) Conclusions.



CHAPTER II
A REVIEW OF EXISTING ENERGY LOAD PROGRAMS

Most of the existing programs are intended more for analysis
than for design. However, by examining them, it is possible to
determine the characteristics which a new program should have. The
programs have generally come from four different sources: (1) utility
companies, (2) universities, (3) private consulting and computer
software firms, and (4) professional societies. Since programs
from each of these sources are quite similar, it is easier to examine
each group than all of the individual programs.

The programs developed by the utility companies are inadequate
for several reasons. The most prominent is the Tack of confidence by
users in the results of these programs. Of course, this is easy to
understand when, as has been reported, representatives of two different
energy sources deliver results which "prove" that their source is the
most economical for a particular project. This situation is com-
pounded by the fact that since the programs were developed on a
proprietory basis, the user is unable to examine the program logic
and data. As with most of the existing programs, which were developed
under the process used by architects and engineers in the past,
these programs require input data that is much too detailed for
use in design. Another disadvantage is that, because of the
typical role of sales engineer for the company, it is frequently

necessary to have another person between the user and computer which
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further increases the turn-around time for the program. Consequently,
it becomes unacceptable as a design tool. It appears that the

primary appeal of these programs is to the small engineering firm
without computer capability. If they are simply adding the necessary
heating and cooling to a building which is already designed, and
providing there is sufficient time, they can significantly reduce
their office overhead costs by letting the utility company do the
work of computing the loads.

University-developed energy load programs run the complete
spectrum of sophistication. One of the most successful and sophis-
ticated examples is the HEATRAN-211 program developed by the
Architectural Engineering Department at Penn State University. It
is actually a group of programs, developed under sponsorship of the
National Science Foundation, for building energy design and evaluation.
The basis for the program is the technique of Monte Carlo Simulation
of Solar Radiation and Dry Bulb Temperatures for Air Conditioning
Processes. 12 The HEATRAN-2 program is written in Fortran and
requires a program deck obtained from the University. The basic
operation is directed by a set of commands which process data with
internal routines stored in the machine. Data generally consists
of 40 cards, some of which might contain as many as 12 values,
obtained from the Users Guide and transferred to the cards. Depending
on the commands used, the output can consist of such items as monthly
temperature conditions, heating/cocling loads for up to three wall

configurations, maximum heat gain and loss, or a profile of this data.
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The options currently available are:

1. Weather option - Provides yearly summaries of the
weather data and is used to assure that proper data
is being generated.

2. Air conditioning option - This option causes the main
program to be executed, and, together with the command
cards, determines the type of results which will be
produced.

3. Output option - Currently this provides only an output of
the solar absorption and transmission through glass for
all incident angles between 0 and 90 degrees.

The basic approach of this program to the evaluation of the solar
and transmission loads for walls, roofs, and glass comes closer

to satisfying the criteria for a design program than almost any
other available. In this area, its only disadvantage is dependence
on the turn-around time for the computer installation being used.

If an in-house computer is not available, this program becomes too
cumbersome to use. If the turn-around time is a day or more, it is
inconvenient, and thus may be used sparingly. With a fast turn
around time, it is quite useful. But while it is quite useful for
the evaluation of the material for these three elements, it does not
calculate the actual air conditioning Toad of a building. It simply
calculates the transmission load, based on the sol-air temperature,
through the materials. It does not include ventilation load,

infiltration, lighting, appliance, and occupancy load. Thus, its use
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js restricted to one area of evaluation. It does, however, provide
some very good techniques which might be adaptable to other programs.

Many of the consulting engineering firms who have acquired
computer capability have also developed programs for energy analysis
to use on these machines. The degree of sophistication of these
programs varies greatly. Some firms have simply computerized their
manual calculations. In one recent article,!3 the primary concern
in their approach seemed to be the presentation of all output data
on one page. Other firms, such as Caudill, Rowlett, and Scott have
taken a more in-depth look at the whole pr*ocess.14 Understandably,
their programs appear to provide easier input, and yet more accurate
results. As did C.R.S., most of these firms have taken a deterministic
approach in the generation of weather data simply because they feel
that they cannot justify the increase in accuracy in terms of the
added data collection, programming, and program execution costs.
Despite the apparent success of some of these programs for the
engineer, they suffer from the same problems of relatively slow
turn-around time and the need for detailed information. This really
makes no difference to the architect, however, since they are
intended for in-house use and are unavailable to others.

Once these programs are developed and if the firm has sufficient
hardware capacity, an increasing trend is for the large firms to spin-
off a computer service company and sell the service to those who do
not have computer capability. Two such firms and their respective

systems are Herman Blum Consulting Engineers, Dallas, Texas - APACETS



13

and Syska and Hennessy Information Systems, New York - SHIS. 16

As with the utility company programs, clients send their data to

the company for processing. Some of the advantages claimed for this
mode of operation include:17 (1) the client's personnel do not need
to learn about machine operation or about the particular mechanics
of using a program, other than its engineering aspects, (2) there
are no fixed costs, as there might be with terminal operation,

(3) Tiaison engineers have an opportunity to review submitted work
and insure desired quality, (4) the client has constant access to
the 1iaison engineer to have questions answered and to be sure that
the program is fully exploited. These advantages are true, but as
with the utility company programs, the time lag necessary for the
transmittal of information makes this type of program acceptable for
analysis but unacceptable for design.

Because of the expected potential, some of the computer hardware
and software firms such as Honeywell Information Systems, Dyna Data
Services, Westinghouse, and McDonnald Douglas Automation Company
have also entered this area. One group of these firms operates
much the same as the consulting engineers mentioned above, with
the same advantages and disadvantages, although they might be able
to offer slightly Tower computer time charges because of their more
efficient utilization and larger machines. There is some question
as to whether they give the same attention to the quality of the
results since they are not specialized in this area. Some claim
that they simply give results based on the input data supplied by

the user, right or wrong.
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The other group of these firms operates a central processing
facility with appropriate programs but differ in that they use an
interactive terminal for transmission of information between the
user and computer. Some of the reasons this method is claimed to
be superior are as follows:!8

1. Computer experts agree that if the problem to be solved
has a relatively small amount of input and output data
but the memory requirements are large and the program
relatively complex, time sharing is a valid approach.

2. Time sharing is the correct technique if the user is
looking for immediate response and the ability to inter-
change data.

3. If program is structured right, a great deal of computer
knowledge by user can be omitted.

4. Time sharing reduces turn-around time significantly.

5. Time sharing allows correction of errors at the time they
are made. Time delay for reruns is omitted.

6. Programs may be sectionalized and only part of the program
run to avoid greater expense while reducing turn-around
time.

7. Access is provided to a large machine rather than the
IBM 1130's normally used by many small offices.

8. Time sharing costs are based on terminal usage. If
programs exist, there are no programming costs or first

costs for computers.
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Some of the disadvantages include:

1. Programs must be structured for efficient input/output
operation.

2. There is no opportunity for independent review of results.
Keypunch errors can go undetected unless proper scrutiny
is given by the user.

Despite these disadvantages, the on-line terminal appears to be the
best mode of operation for design, primarily because it almost
eliminates turn-around time, a drawback with almost all of the
existing programs. The other major problem, too much detail required
for input data, can then be solved through proper programming. In
fact, this reduction of input data makes terminal operation even
more efficient.

The fourth source of programs has been professional societies.
There are two societies active in this area, ASHRAE and APEC. Their
expressed goals have resulted in two very different approaches.
ASHRAE has defined its role as the development of algorithms for
calculations but not deve]opmeht of the programs themselves. They
feel that this leaves the level of sophistication to which the
program is developed to the user. APEC (Automated Procedures for
Engineering Consultants) was formed to develop actual programs for
consulting engineers and others engaged in the area of building
design. Member firms pay dues for the use of these programs and to

support the development of new programs.
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The algorithms developed by ASHRAE represent an important
contribution to research in this area because they employ some
advanced concepts. Also important is that they have collected all
of this information into one volume. However, the transfer of many
of the techniques into actual practice may not come easy for the
average office. The mathematical techniques are rather complex.

Most of the smaller offices do not, unfortunately, have people
experienced in Fourier Analysis. In addition, the procedures feature
the use of Environmental Science Services Administration weather tapes.
Again, this is too involved for general use and certainly too involved
for use during the design phase of a project.

APEC programs do not suffer from these problems since they were
specifically developed for use by consultants. But since the con-
sultant normally does not make his energy Toad calculations until
late in the project, this program has the same limitation as other
programs already reviewed. In discussing the APEC programs with
representatives of two firms, it appears that the pattern is to
subscribe to the service and td use the central processing facility
until computer capabhility is acquired. After use of a computer is
obtained the programs are transferred to the users machine. Within
three to four years, as a firm develops its own specific requirements,
a new and more detailed program is written by the firm to satisfy
those requirements.

It can be seen from this review of existing energy load programs

that most are intended for use by the consulting engineer after the
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architectural design of the building is complete. This, of course,

is understandable since this has been the process which has been
followed in the past. But with the increase in energy prices which
has occurred in recent years, as shown in Figure 2, it is evident

that this process will have to be modified. More programs will have
to be developed which allow an analysis of the factors affecting the
energy consumption during the architectural design. What is necessary
is a program which allows annual energy consumption to be one of

the determinants of architectural design rather than one of the

consequences.



CHAPTER TIII

REQUIREMENTS FOR AN ENERGY LOAD CALCULATION
PROGRAM FOR ARCHITECTS

Having examined the strengths and weaknesses of the various

groups of existing programs, it is now possible to establish the

requirements for a program which better fits the needs of the

architect. The first step is to understand the types of energy

consumption which occur within a building. There are several ways

of classifying this utilization, one way is to categorize it by the

type of load on the final energy conversion device. Using this

system, the total load can be subdivided into four components:

1.

Air Conditioning - all loads resulting from the air
conditioning equipment. This can range from fuel oil

for heating boilers to electricity for cooling tower

fan motors.

Lighting - loads related to the building lighting system,
both interior and exterior.

Process - Toads resulting from processes occurring within
a building which are required to produce the items or
perform the service for which the space is being used.

A drill press in a factory or a stock quotation board in
a broker's office would both be included in this category.
Overhead - loads related to the miscellaneous equipment
for indirect support of the process for which the space

is being used. It generally includes the various "plug-in"

18
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devices, such as office machines, used within a building.
When considering these four types of loads from the architect's point
of view, it is possible to categorize them in another way. The
process load and overhead load are fixed loads. They are dictated
by the functions which are to occur within the space. The architect
has no control over them. The other two types of loads, air condition-
ing and lighting are variable loads to the architect because they are
the ones over which he has control as a result of his design decisions.
It is for these loads that a program for energy design is required.
The process and overhead loads are considered only when they influence
the other two. As a result of this, the primary orientation of the
program is toward the thermal environment of the building.

Having fixed the basic program orientation, it fs possible to
further examine the needs of the architect to determine the require-
ments and then the final structure for such a program. It should be
realized from the outset that what the architect requires is not the
ability to make a precise calculation of the energy load for each
room in a building, but rather the ability to make a realistic com-
parison between various alternatives which influence his design.

This could be a comparison between different building configurations,
such as shape or orientation, or between different types of materials,
such as reflective or non-reflective glass. If the energy consumption
were to be the primary determinant in the architectural design process,
more precise calculations might be necessary. But since energy

consumption remains as only one of several criteria for evaluation
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of the design, sufficient accuracy for a valid comparison of
alternatives 1is justified.

Since the calculation of energy loads have traditionally been
performed by the engineer, most architects are not experienced in
this aspect of design. Some schools of architecture attempt to give
them a basic knowledge of the techniques, but apparently, after
working for a few years, these techniques are forgotten. As a
consequence, it is necessary to devise a process which can be per-
formed without a specific knowledge of the techniques involved.
Several methods are available, one being the use of a program handbook
which tells the user what data is required and how to punch it on a
computer card deck. Such a method is relatively cumbersome and time
consuming. As a result, it does not readily lend itself to the pace
of decision making which may be required for building design if a
great number of possible combinations are to be evaluated.

The availability of the on-line computer terminal solves this
problem because through its use, answers are produced rapidly.
Another advantage of the on-line terminal is that through the use
of conversational language, it can be programmed to ask questions
of the user and obtain a reply. This is a great help in that no
longer does the user have to know the process. The steps of the
process are programmed in the machine. The user simply has to
answer a series of questions by typing in the data for the building
being designed. This is, in many ways similar to the interchange

which previously took place between the engineer and the architect.
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The architect simply supplied information about the building 1in
response to questions from the engineer who then translated it into
load determinations.

One drawback of this technique is that, because of the slow
typing speed of the terminal, there is a relatively large amount of
time spent in waiting for questions to be typed. Then too, after
using the program for a while, the user knows each of the questions,
and this process becomes tedious. Thus, some mechanism needs to
be provided so that the questions themselves can be bypassed during
execution of the program.

If this technique of using questions to request data from the
user is applied, the form of the questions becomes important.
Obviously, the text must present a clear idea of the information
desired and the form and method of entering the data into the computer.
It must be concise to conserve typing time. It must also use the
terminology of the architect and use the same variables which he is
accustomed to using such as expressing the type of walls in terms of
the materials used rather than the u-factor. If the program is to
free the user from dependence on charts or handbooks, a Tist of some
values which are typically used should aiso be presented. This allows
the user who is unfamiliar with typical values to use the program.

It also provides an additional advantage in that if a designer is
comparing two types of wall materials before he has made a decision
on the type of roof to be used, he has a dummy value readily available

which can be used until a roof material is selected.
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While having a set of representative values available for use
is important, it is impossible to present all of the possible com-
binations which could be used. Therefore, the user should be able
to enter values other than those listed. If this is to be permitted,
the program must be capable of informing the user on what the form
and dimensions of this data are to be. It also should check to
assure that the data entered is within a feasible range of values
and give an error message or warning if the data entered is outside
of this range.

There are other advantages to this on-line technique which
apply particularly to the novice user. First is that Tittle or no
know]edge of the computer is required for its use. The few instructions
necessary for use of a terminal can be contained in two or three pages.
Once put on-line, the terminal itself can be used to instruct a person
in the necessary procedures. The other advantage is that extensive
error detection devices can be built into the program to immediately
check the input from the user. 'With conversational language on a
terminal, a message can be immediately given to tell the user that
an error has occurred and to suggest what corrective action should
be taken. This is contrasted to the use of card decks where there
is a considerable time lag between submission of a program and the
receipt of the.resu1ts. Quite often, several of these submissions
are required before the correct output is obtained.

There are several other features which should be incorporated

in an energy calculation program relating to the scale at which the
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architect works in the early stages of design. The program itself
should be structured to consider the whole building or very large
portions of it rather than individual rooms or areas. At this stage,
the architect is manipulating large design elements such as the
material for an entire building. He is making comparisons between
50% or 80% of glass on an exposure rather than between six or nine
windows. The program should allow the user to express variables

in this form and scale.

Naturally, if the program is to be useful, it must be applicable
to any type of building. First, it should be able to be used, no
matter what the primary function of the building is to be. It
should work equally well in the design of a school or a department
store. However, it should make the necessary adjustments in the
energy load for the different types of buildings. Second, it should
be able to work with any building form or shape. If one considers
the infinite number of building shapes that could be conceived, the
magnitude of this problem can be understood. The final program, then,
must make some compromise between being able to consider all shapes
and being able to consider those which are commonly used. The
ability to satisfy this requirement determines, to a large extent,
how effective the program will be.

Related to this requirement is the ability to work with various
sections or parts of buildings. This is important for two reasons.
As explained above, the success of a program is largely dependent

upon its ability to deal with a great number of building shapes.
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Since most buildings are a combination of several basic forms, one
way of approaching the problem is to break the building into its
various forms, calculate the energy load for that form, and then
sum the loads for the various forms. The areas in common between
two forms must, of course, be compensated for.

Another reason for being able to consider only certain sections
of a building is because of the differences in load which occur in
various sections. Perhaps the most significant difference is between
the top floor of a building and one of the intermediate floors. The
top floor calculations include the roof load, while the intermediate
floor load include neither a roof load nor a floor load. If the
user wishes to make a heating/cooling calculation for the purpose
of determining the approximate size of air conditioning ducts, he
has to be able to calculate the respective loads in each of these
sections in order to obtain satisfactory results.

0f course, all of the other program requirements are inconse-
quential if the output of the program is presented in a format which
is not clear and easy to understand. The dimensions in which the
final results are expressed must also be meaningful. Units of
energy such as watts or btu's are somewhat nebulous, even when
reviewed by engineers. Thus, the results should be expressed in
some form which is more easily understood. One possible way is
to convert the energy load into dollars per year of energy costs.
There are drawbacks to this idea because the energy to cost ratio

depends on the type of system used. At this stage of the design,
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it is unlikely that such a system has been chosen. If however, this
limitation is understood, such a conversion can be made. Also

since the primary use of the program is to be in comparing alterna-
tives, and the same system is used for both alternatives, the effect
of this conversion should be minimized.

There are two other requirements which should be met by any
program for energy estimation. The first of these is that it should
facilitate reruns with different data. This is especially important
if several different comparisons are to be made. If it is an
arduous task to change the data and reexecute the program, there
will be a temptation to 1imit the number of comparisons made or
combinations tested. For terminal use, there should be a provision
for storing the input data from the previous run so that only the
data which is to be changed has to be entered. If possible the
results should contain a section which summarizes the differences
in output from different runs.

The other requirement is that the program contain a technique
for the updating of the program. There are two aspects which
should be considered. One is that data which is stored in the
program should be stored in a way which makes it accessible for
change rather than imbedded in the program logic itself. The other
is that with the terminal, some routine should be available to
display what data is stored and allow change of that data with rela-
tive ease. This does not mean, however, that access to the procedure

for changing this data should be available to everyone. Some form
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of protection should be included to prevent unauthorized changing
of data files.

This is a considerable 1ist of requirements for a program to
meet. It is probable that no program will completely satisfy all
of them, but any program which is to be useful must meet all of them
to some degree. To evaluate the programs which are now available
as well as any program which is developed, it might be useful to
summarize them into a set of criteria for evaluation.

The criteria are as follows:

REQUIREMENTS FOR AN ENERGY LOAD CALCULATION PROGRAM FOR ARCHITECTS

1. Program written primarily for a comparison of alternatives.

2. Interactive mode should be used to decrease turn-around time.

3. Program should be in the form of questions so that the architect
does not have to know the process or computer programming.

4. Bypass of the question should be permitted once the program
becomes well known.

5. Typical values should be provided for each question so that
reference to secondary sources is eliminated.

6. Provision should be made for entering values other than reference
values.

7. Extensive error checks should be provided for all data entered.

8. Program should be applicable to any type of building and any
form or shape.

9. Capability for working with only certain sections of a building

should be provided.
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11,

12.

14.
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Variables should match those normally used by the architect in
terminology and scale.

Results should have sufficient accuracy for a valid comparison
of results.

Qutput should be in clear, understandable form.

Rerun of the program should be possible without having to enter
all of the data each time.

There should be a provision both for display of data stored

in the files and for changing that data.



CHAPTER IV
METHODOLOGY FOR ENERPAC

After considering the advantages afforded by use of the inter-
active mode of operation, this method was chosen for implementation
of the program. At the time the program was begun, this decision
dictated use of the Conversational Programming System developed by
I.B.M. for interactive use of their Model 360 Computer. This system
allows the user to write programs in CPS PL/I or CPS BASIC. The
CPS PL/I Tanguage was chosen because it is a much more powerful
language, especially in its capability for the manipulation of
character strings, which were expected to be an important part of
the program.

In evaluating the details of any computer program there are
two aspects which should be discussed, the programming and the
methodology. The programming deals with the mechanics, such as
the restrictions imposed by the computer hardware or the advantages
or Timitations of a particular language. The program methodology
investigates the techniques used, such as the method used for
calculation of the transmission loss through a wall.

While there were some small restrictions in the language,
such as the fact that structures could not be used, the most
significant programming problems resulted from the storage and
core space limitations. CPS PL/I allows only four 4000 byte hlocks

of storage capacity, called "pages" to be loaded into core at any

28
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one time. Most programs of any consequence are much larger than
this. As a result, when the program was developed it was necessary
to segment the main program into several smaller units or subroutines.
A short main program, ENERGY, was then provided to call each of these
subroutines into core in the proper sequence and remove it after it
had been used. Although the main procedure used only 2K, one
complete "page" was the minimum storage block which could be used.
Because of the four page limitation, this restricted all subroutines
to three pages or 12,000 bytes, which proved to be too small for
efficient operation. It also eliminated the technique of calling
one subroutine and then having that subroutine call a second
subroufine, which is standard programming practice. The consequence
was that a great amount of time was consumed in organizing the
content and sequence of the various subroutines for efficient
operation.

The second Timitation was that CPS PL/I allowed only 256
different symbols to be used for variable names, statement labels,
or other identification functions. This quickly became a limitation.
The problem was further complicated by the fact that the CPS PL/I
manuall? makes no mention of either symbols or this limitation.
Only by experimenting with typical statements was it possible to
determine how many symbols a particular statement used. Breaking
the program into subsections, as discussed earlier, helped to
alleviate the problem, since this practice allowed 256 symbols 1in

each subroutine. In spite of this, the generous use of statement
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labels to clarify the flow of the program, had to be avoided and
certain techniques which required a large number of symbols could
not be used.

Another problem encountered was that variable names and values
were not shared by external subroutines within the same program.
This meant that, if data was of sufficient quantity that it could
not be transferred through arguments (about 20 items), it had to
be written on a separate file and then read-in each time it was
used in a different subroutine. This procedure of reading in values
from the file at the beginning of each subroutine proved costly in
storage space and symbol capacity. Then too, the files upon which
this information was stored had to have all data with a similar
format. This meant that data had to be stored in blocks which were
equal to the longest record which was being stored. Since some
records were 5 bytes long while others were 80, this
was not too efficient.

The final problem concerned the size of the Toad/save file
in which all of the programs with the same major account number are
stored. This file is approximately 65K in size. If the total of
all programs saved exceeds that number, no additional program space
is available. Since this program reguired about 60K, there was
little room left for other terminal users. Thus, after the storage
space was all allocated, it became necessary to erase one subroutine

to test another. This problem was never resolved.
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In the development of this program, theée problems associated
with programming proved to be the primary determinant of the
structure and the most time consuming. This occurred, not because
of their complexity, but because of the limited amount of information
available from the manual or other sources. They were solved mostly
by trial and error which proved very costly in both time and computer
use cost. In retrospect, they were of far greater consequence than
any of the problems associated with the development of program

methodology.

PROGRAM STRUCTURE

Organization
As a result of storage space limitations discussed earlier,
the program was broken down into a number of subroutines. These
were controlled by a short main program called ENERGY. A 1list of
the subroutines and a description of their function is as follows:
1. INPUT - Types out questions to the user and stores data
which is entered.
2. TEST - Generates typical data for testing operation
of program.
3. CONVRT - Converts data from the form in which it is
entered to the form required for calculations.
4. SUMMRY - Prints the main data which was entered to allow
a check by the user,
5. OUTPUT - Calculates the various areas of the building, such

as glass area or total floor area.
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6. CALC - Performs the actual energy load calculations.

7. UPDATE - Allows reading and changing data in file "TEXT".

Basic Operation - Main Program: ENERGY

To illustrate the basic operation of the program, Figure 3
was developed. It shows, in block diagram form, the relationship
between the main procedure, ENERGY, and the subroutines listed above.
The first operation is the LOGIN procedure, described in the User's
Manual, which connects the terminal and loads the program into the
computer. After the EXECUTE command, operation of the program is
initiated. The first event is a question listing the eight options
available and a request for selection of an option by the user.
These eight options are:

1. Energy calculation for entire building (Basement omitted)

2. Calculation for the top floor only

3. Calculation for the intermediate floors only

4. Calculation for the ground floors only

5. Calculation for the floors below grade only
Calculations for entire building with question text omitted

Listing of questions. (Requires 10 minutes)

0 N O

UPDATE option for checking and changing information

in data files

As shown in Figure 3, if option 7 or 8 is selected, control passes

to the UPDATE subroutine which allows the reader to either read or

change the data in the file "TEXT". After completion of the UPDATE

subroutine, control 1is passed to the end of the program.
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LOGIN

GET
option

\E INPUT

op = 1/8 Subr: UPDATE

7-7/8 L"‘"aillllllll

GET

datatp -

-

Subr: Test

W INPUT
Subr: INPUT Jé_l/

OUTPUT
CALL - Subr: CONVRT
AL )y . OUTPUT
) Subr: SUMMRY 7
—
< CALL Subr: QUTPUT
—
CALL Subr: CALC > ouTPUT |
LOGOUT
INSTR.

Figure 3. ENERPAC Flow Diagram
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If any of the other options are selected, the types of data
which can be used are listed. The three data options are:

1. New data, to be entered during execution of the program.

2. Existing data, from storage, to be used.

3. Test data to be generated.

The "test data" option calls the subroutine TEST which generates
values for the same data which is typical of that normally entered
by the user. This permits a check of the complete program sequence
to assure that proper flow is maintained. It also produces known
results to check the accuracy of the program. The "existing data"
option permits the user to change selected data values and rerun
the program without having to go through the complete input routine.
This procedure is explained in the User's Manual. The "new data"
option erases the data in storage from the last run of the program
so that new data can be entered from subroutine INPUT.

Following this is a series of CALL statements which loads the
desired subroutine into the program and executes it. The sub-
routines are processed in the sequence shown in Figure 3. A more
detailed description of the operation of certain subroutines is
given later in this chapter. After these subroutines have been
executed and the results printed, control is returned to the main
procedure which types instructions for ending operation of the
program. The user then executes the LOGOUT procedure to disconnect

the terminal from the computer.
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QUEST 2: Proc(QN,LL,UL,'VN',DFN

VALUE )

PUT LIST
('vn')

QUEST 1 (N1)

DO 1 = bl (N1) to el (NI)

READ FILE (text) into (line)
KEY (1)

PUT LIST (line)

END

T

PUTED IT
('incorrect input')

1

GET LIST
(value)

valuec =
CHAR (value)

REWRITE (file)

K

RETURN

END QUEST 2

Figure 4. Flow Diagram for Subroutine INPUT/QUEST 2
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Subroutine Input

The structure of the Input section is the most complicated
subroutine, primarily because of the many options which must be
permitted in a generalized program. To make the program simple
for the user requires much more program logic than if the user
could be depended upon to use his logic. Details of this Togic can
be found in the Tisting of the program given in the Appendix.

The INPUT subroutine consists of a series of questions which
request information from the user. The sequence of these questions
depends on the data which is entered in response to previous questions.
But to understand operation of the subroutine, it is only necessary
to understand the operation of one typical question. In the actual
program, the technique is to use a call statement for each question.
An internal subroutine to execute the actual logic of the question.

A typical call statement, and its associated arguments are of
the form:

CALL quest 2 (N2, LL2, UL2, VN2, DFN2, VALUE)
where the arguments are as follows:

N2 - Number of the question being executed

LL2 - Lower 1imit which the value entered by the user may

have

UL2 - Upper 1imit which the value entered by the user

may have. If the value entered is not equal to or

between LL2 and UL2, an error message will be generated.
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VN2 - A character string used to write the name of the
variable for which input data is required. It is
only printed when the option omitting the question
text is in effect.
DFN2 - The fdata file number" or key to indicate the storage
location in the file into which the data will be inserted.
VALUE - The argument which receives the value for the
variable entered in the subroutine. This value
can then be used in subsequent program logic.
A flow diagram for the logic of the question subroutine is shown in
Figure 4. The first step in the subroutine is a check to see if the
option omitting the question print-out, #6, is in effect. If so,
the variable name for the input required is printed. If not,
internal subroutine QUEST 1 is called. The argument N1 is simply
the number of the question being printed. A do-loop then reads the
question, Tine by line, from the file TEXT and prints the question
for the user. A sample question is as follows:

Q(11) - Enter the number for the building shape which
most nearly approximate your building:

1. Square

2. Rectangular
3. L-Shaped

4, Circular

This form of question, with the user entering an integer from 1 to 4,
was chosen for most for several reasons. Most important, it eliminates
the confusion which can occur when entering real numbers because of
such things as dimensions, significant figures, or decimal point

placement. Second, by entering an integer, it is easier to access
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a group of values associated with that particular number by putting
them in an array with that number as a subscript.

Having typed out either the question or simply the variable
name, the computer then types the word "value" requesting the user
to enter the desired value for the variable. If the value which is
entered is equal to or between the two 1imits, LL and UL, then control
passes to statement RS2. If however, the value is outside these
1imits, the message:

INCORRECT INPUT. Reenter number from 1 thru 4.
is printed where 1 and 4 are LL and UL respectively. Control is
then returned to statement AS2a for another entry of the value.
After an acceptable value has been entered, a check is made to
determine whether the value is to be stored in the file TEXT.
If the value is to be stored, it is first transformed from a floating
point value or integer to a character string. It is then stored in
the file with a REWRITE statement. If the value is not to be stored,
the two previous steps are omitted. The final step in the sub-
routine is to return to the calling program for execution of the
next statement. In the final version of the program, there are
actually three subroutines used for questions:

1. QUEST 1 - Also shown in Figure 4, is used to print

out the text of the question from BL(N1), the first

line of question N1, through EL(N1), the last line.
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2. QUEST 2 - As described above prints the question, requests
a value and stores that value if needed.

3. QUEST 3 - Functions similar to QUEST 2 except the logic
is altered for use with subscripted variables. It is
used for all of the value which are dependent on the
number of exposures, for example the percentage of glass
in each wall or exposure, PCTGL(EX).

The file TEXT, which is used to store each line of text for the
questions, is stored on 15 tracks of an on-line disc. The file was
given REGIONAL (1) DIRECT organization. This allows reference to
each line by specifying the "key" or number assigned to that par-
ticular Tine which contains one 80 character record. This differs
from other data set organizations where the records are referenced
solely on the basis of their sequence in the data set. The
REGIONAL (1) organization does reduce the number of records that
can be stored per track, because of the necessity of also storing
a key, however it reduces the time required for accessing the records
which is more important. Each record or line of text is a maximum
of 80 bytes or characters long. This, rather than 130 characters,
was done to keep the typed questions in a format similar to a
reqular printed page and also to facilitate the use of cards for a

back-up copy of the data set.

Subroutine TEST

This subroutine is used to generate the same set of variables

which the user would enter in the INPUT subroutine. This was done
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so that the entire program can be checked rather than just the cal-
culation section. In addition, it allows the accuracy of the program
to be quickly checked to assure that program logic and internal data
has not been changed. Although originally intended for use only in
the debugging of the program, it has been retained because of these

features.

Subroutine CONVRT

The CONVRT subroutine was necessitated by the decision to have
the user enter an integer value corresponding to a particular variable
rather than the actual value of the variable. As described in the
INPUT section, this technique helps to reduce the amount of input
requested from the user. By entering the value for the building type,
and then retrieving the other values associated with that building
type, such as the lighting Toad, from storage, it is possible to
eliminate the need for the user to enter seven different variables

related to that building type.

Subroutine SUMMRY

Although error tection for values outside of an acceptabie range
has been provided, it was considered necessary to provide a listing
of the primary values which were used for the calculations. Not only
does this provide a check against mistakes which occur within the
acceptable range, but it also provides a permanent record of the
input for each printout of the results. This is important if a great

many combinations of variables are to be compared.
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Subroutine QUTPUT

This subroutine is used to calculate each of the areas required
for subsequent load calcu]ations; These are primarily the wall,
glass, and door areas for each of the exposures and the totals for
the building. The roof area, floor area, and basement wall area are
also calculated. A total floor area is calculated by multiplying the
floor area by the number of stories in the building. Two basement
wall areas are calculated. BMWLAH is the area of the basement wall
area between ground level and eight feet below ground. BMWLAL is
the area of basement wall greater than eight feet below ground. This
was reguired because of the different techniques used for calculating

the heat transfer through these two wall sections.

Subroutine CALC

The subroutine which performs the calculations for the various
loads is, of course, the most important in the program. As such,
it requires a detailed analysis to explain the techniques which were
used. The calculations fall into several general groups:

(1) transmission, (2) solar, (3) ventilation, (4) infiltration,
(5) 1ighting, (6) occupancy, (7) power, and (8) costs.

Central to the development of a technique for estimating energy
loads is the procedure for predicting weather data. Various techni-
ques have been used, as described in the Chapter on "Existing
Programs". Two factors influenced the choice of a procedure for this

program. First, it was considered desirable to use a method which
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required the input of a minimum amount of data from the terminal.
Second, the routine had to be one which required a minimum of machine
storage space. After reviewing the various methods, it was decided
to use two separate short routines, one for predicting outside air
temperatures and another for predicting the solar radiation.

The method chosen for predicting the outside air temperature
was originated by Will Brown in an article, "Typical Year Temperature
Data for System Evaluation."20 The method uses one harmonic equation
with different constants to predict the normal mean temperature for
different latitudes. The equation is:

tC = tm + ta (Sin (T"P)G) (])

te = calculated mean monthly temperature, OF

tm = normal mean annual air temperature, OF

ta = normal mean temperature amplitude, OF

T = time, months (expressed as an integer from 1 to 12)
P = phase angle for months

8 = conversion factor to translate T to angular

measurement in degrees per month

The inside design temperature was assumed to be 750F. Thus, the
formula used for the calculation of the transmission through all
surfaces above ground was:

Hy = AU (to - 750) (2)
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where:
Ht = heat loss/gain transmitted through surface, BTU/HR
A = area of surface, sq. ft.
U = coefficient of transmission (U-factor), BTU/HR-SQ.FT.-OF
t. = calculated outside air temperature (see eq. (1))

Transmission through basement walls was calculated from the
procedure recommended in Carrier's Handbook of Air Conditioning

System Design,21

Using this procedure, a separate calculation was
made for the transmission through, (1) the wall from the ground
level to eight feet below ground, (2) the wall from eight feet below
ground to the depth of the basement, and (3) the floor slab. The

formulae used were:

Wall (0-8 ft. depth) TRBWH = BWAH (.08)(DELT) (3)

Wall (8 ft. to total depth) TRBWL

]

BWAL (.08)(GRNDT) (4)
Floor TRFL

FLA (.05)(GRNDT) (5)
where the variables correspond to similar variables in equation 2.
DELT is the difference between the outside air temperature and 75OF,
the inside air temperature. GRNDT is the difference between the
ground, which seldom goes above 650F, and the inside air temperature.
The components were then summed to obtain the total transmission
for the building section being considered.

The procedure used to calculate the solar load employed
storage of the solar heat gain factors for each date, latitude and

exposure in the file TEXT. These factors were then retrieved and
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used for the respective calculations. The solar heat gain for the
roof and walls was obtained by multiplying the solar heat gain
factor for each exposure by the area for that exposure:

SLWL(EX) = SHGF(EX) (WLAN(EX)) (6)
The solar load for the windows was calculated in the same way except
a reflectivity components was added:

SLGL(EX) = SHGF(EX) (GLA(EX)) (REF) (7)

where; in equations 6 and 7:

SHGF(EX) = solar heat gain factor/exposure, btu/hr./sq.ft.
WLAN(EX) = net wall area/exposure, sq.ft.

GLA(EX) = glass area/exposure, sq.ft.

SLWL(EX) = wall solar load/exposure, btu/hr.

SLGL(EX) = glass solar load/exposure, btu/hr.

These values were then summed to get the total solar load.
Calculations for the other components of the building energy
load use factors which are keyed to the building type. There are
two components of the typical load which were not included, infiltra-
tion and appliance loads. Infiltration was not included because of
the present practice of sealing buildings so that infiltration
becomes a negligible part of the total load. Appliance loads were
omitted since they are essentially fixed loads, as'discussed earlier,
and do not affect the architect's decisions.
The remaining loads were calculated as follows:
Ventilation:

0CCNO = FLAT (8)
0ce
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CFM = OCCNO (VENT) (9)

VENTLD = 1.08 (CFM) (t. - 75) (10)
Lighting:

LITELD = LITE(FLAT) (11)
Occupancy:

0CCLDS = OCCNO(SHP) (12)

OCCLDL = OCCNO(LHP) (13)
Where:

OCCNO = number of occupants, occupants

FLAT = total floor area for building

0cC = occupancy load factor, sq.ft./occupant

CFM = amount of ventilation air required, cu.ft./min.

VENT = ventilation load factor, cfm/occupant

te = outside air temperature, OF

VENTLD = total ventilation load, btu/hr.

LITE = lighting load factor, btu/hr./sq.ft.

LITELD = total lighting load, btu/hr.

SHP = sensible heat load/occupant, btu/hr./occupant?9

LHP = latent heat Toad/occupant, btu/hr./occupant3O

OCCLDS = total sensible heat load, btu/hr.

OCCLDL = total latent heat Toad, btu/hr.

These loads are then added to the transmission loads and solar loads
to determine the total Toad for the building.
The final group of calculations are those related to cost.

Expected total construction costs for the building, expected
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mechanical and electrical costs (included in the total cost), and

expected mechanical equipment space are determined by:

EBC = BLDCST(FLAT) (14)

EMEC = MECST(FLAT) (15)

EMES = MESPA(FLAT) (16)
Where:

FLAT = total floor area of the building, sq. ft.

BLDCST = building cost factor, dollars/sq.ft.

ERC = expected building cost, dollars

MECST = mechanical/electrical cost factor, dollars/sq.ft.

EMEC = expected mechanical/electrical cost, dollars

MESPA = mechanical/electrical space factor, sq. ft. (mech)/

sq.ft. (total)
EMES = expected mechanical/electrical space, sq. ft.

Annual operating costs are determined by multiplying heating/cooling
load totals by the operating cost for a typical system for that type
of building.

Obviously, a discussion of the methodology used for a computer
program of any size can only focus on the major elements without
becoming tedious. If a more detailed investigation is desired, it
is necessary to investigate a listing of the program itself. With
this particular program, the storage space Timitations of the
hardware have necessitated the omission of any documentation or
"comment" statements within the program. Also, only a minimum number

of statement labels were used. The programming technigques used,
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however, do not require an advanced knowledge of PL/I. Thus, while
time consuming, it is still relatively easy to follow the actual

techniques used in the program.



CHAPTER V
ANALYSIS OF THE RESULTS

The first section of the "Results" is an Input Summary of the
most important input values used in the calculations. This summary,
shown in Figure 5, provides a listing which can be used to assure that
the intended values were used for calculations. It also provides a
record of these values when the results are referred to at a later
date. The input variables actually printed in the Summary include
only the building dimensions and other major variables. It may be
an advantage to give a complete Tisting of all variables used.

Doing this would prevent any mistakes concerning the input variables
used for the calculations. Following this is a Tisting of the
variables as they are read from the file into the CALC subroutine.

A procedure was found which eliminated this print-out between

the Input Summary and the Results, but it consumed too much space

in subroutine CALC.

After this, the Results are printed. As can be seen in
Figure 6, the results are in the form of the b.t.u. hour required
for the month with the maximum heating load and maximum cooling
load. When the basic concepts of the program were first being
formulated, it was decided that two types of output would be

included. The first would be a yearly output showing the various
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* RESULTS *
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MAX 1MUM HEAT MAY IMUM COOL

MOMTH 1 7
TRANSMISSION LOAD:

UALLS -52047 1612

NLASS -329206 10126

noORS -37046 ngh

nNOOF -9100 239

FLOOR -25800 -2500

RSMT. WALLS n )
SOLAR LOAD/SLASS 1000 1000
VENTILATION LOAD -628671 16501
LIGHTING LOAD 150000 150000
NCCUPANCY LOAD 192857 192857
TOTAL 1LOAD -796%172 7270011

FXPECTED COST AND SPACE REQUIREMENTS:

TOTAL COST OF BUILDIMNA = & 348750.00

i

COST OF MECHANICAL AND ELECTRICAL FEQUIPMENT
(INCLUDED IN TOTAL COST)

¢ 1ne000,00

MECHANITCAL EQUIPMENT SPACE RENAUIREN = £758.00 SO, FT,

Fieure 6, Typical Results from Progzram ENERPAC,
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components of the load and cost data. If the user then wanted a more
detailed Took at the monthly values for each component of the Toad,
it could be displayed. This is the way the program was first written.
It was discovered, however, that the statements which were required
for display of the monthly summary used a large amount of storage
space on the load/save file. When space became a problem, it was
decided to erase this portion of the output and to provide a display
loads for only the two critical months. It should be understood
that the logic to make calculations for each month is still contained
in the program, it is only in the actual display of information that a
change was made,

Also omitted in the final stages of programming was a print-out
of the net wall area, glass area, and door area for each exposure
as well as roof, floor, and basement wall areas. These intermediate
values serve no purpose except to assure the user that correct values
were used in the calculations. However, after extensive testing
of the program to verify the accuracy and logic of the area
calculations, it was decided that this information could be omitted.
To restore this feature, it is only necessary to reinstall a sub-
routine to extract these numbers from the file TEXT and print them
in the format desired.

Another consequence of the storage space problems was that it
was necessary to omit solar Toad routine which had been developed.
Originally, the technique used was to store the solar heat gain

factors for each month, developed by ASHRAE, for a horizontal surface
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and each exposure at several different 1atitudes. These values
were then extracted from storage and used in the calculations.
Unfortunately, this required a 12 by 18 array both for the solar
heat gain factor and for the solar heat gain. The declaration of these
two arrays without any logic whatsoever consumed 3456 bytes of the
12,000 available in the calculation subroutine. Obviously, this amount
of space could not be spared. The result was that the original solar
heat gain technique could not be included in the calculation sub-
routine. Average values for solar load had to be incorporated into
the program logic resulting in slight inaccuracies in the solar Toads.
Transmission values are also affected by this change because the
sol-air temperature could not be used. Thus, the cooling Toad values
are lower than they would be if the sol-air temperature were used.

The final problem created by insufficient load/save space
was that monthly costs for the heating/cooling Toad could not be
included. The original intent was to associate a particular air
conditioning system with each building type used in the program.
Typical operating costs, expressed in dollars/btu, would then be
multipiied by the load for the month to obtain monthly costs. In
researching the existing literature, however, it was found that little
information on the operating costs for various systems is available.
Most of the data available was insufficiently documented for further

use. There is a need for further development of this type of data

for future research.
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A11 of the calculations based on the average load factors
provided accurate results. But because they are based on average
values, the user should exercise caution if radical design solutions
are being evaluated. In this event, the user should consult the
sources given in the User's Manual to obtain more precise factors
to enter as input.

It can be seen that the storage space limitations have
restricted the type but not the accuracy of the results obtained.

If the program is converted to TSO, and a routine for calculating
the sol-air temperature added, the resultant program should produce
the full range of information necessary for the architect to effectively

choose between alternatives being investigated.



CHAPTER VI
CONCLUSIONS

In the office of T. Vincent Learson, Chairman of I.B.M., is
a plaque paraphrasing a 1ine from Machiavelli's The Prince, "It must
be remembered that there is nothing more difficult to plan, more
doubtful of success, nor more difficult to manage, than the creation
of a new system." After having tried to create a new system, albeit
simple, it is easy to understand why the plaque is displayed.

In reviewing the performance of the program, perhaps the first
step would be to evaluate the choice of an interactive terminal. The
terminal system itself operated quite well, the only disadvantage
being the relatively Tong time required to type some questions.
However, when comparing the time required to make calculations using
the program, to the time required for manual calculations, the savings
in time is quite apparent. Storage space limitations, as discussed,
provided the most significant problem. This was further compounded
by the total lack of information from the IBM CPS Manual, the only
reference on the system. Since a new system, TSO, has now replaced
the CPS system, it is hoped that this problem will be minimiied.

The other hardware problem was the operation of the computer
itself. Sporadic cperation of the system, coupled with the repeated
and unexplained Toss of parts of the program, resulted in a tremendous
amount of lost time. If faced with the project, the first task

would be to develop a set of job control Tanguage (JCL) utility
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programs for reproducing all data sets and any part of the load/save
file desired. Card back-up of the program would then be made at
regular intervals or after every major addition or modification to
the program.

To evaluate the program itself, the 1ist of Requirements for an
Energy Load Calculation Program for Architects developed in Chapter III
can be used. Since the program was developed from the Tist, it meets
these criteria quite well. The first four are met completely. The
elimination of reference to a secondary source, #5, was met on all
but the question concerning the latitude of the building site. The
original concept was to give the user a Tist of latitudes for local
sites as reference and then request input of the actual Tatitude of
the site. If this was unknown, the user could then simply input the
name of the state and the program would use the latitude for the capi-
tol of that state. The method was tested, and worked as desired.

When storage space became a problem, however, this subroutine appeared
the least critical to the operation of the program relative to the
space consumed. The STATE subroutine was therefore erased. The format
of the latitude question was then changed to 1ist fourteen local

cities and their latitudes. It is expected that most users will be
able to use these values directly or be able to interpolate. For

other sites, a map of the United States showing latitudes is provided
in the User's Manual.

There was no problem in meeting 6 and 7, but 8 and 9 were only

partially satisfied. Requirement 8 was that the program be applicable
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to any type of building with any form and shape. Related to this

was requirement 9, that a capability for working with any section of
the building be provided. Every one of the space allocation programs
developed thus far has had considerable difficulty with this problem.
The usual approach to defining the shape of a building has been to
develop either a grid or radius system and then to approximate the
building shape using short line segments. The problem becomes much
more complicated in three dimensions. A1l of the techniques investi-
gated required a great number of data points to work with a building
of irregular shape. This contradicts the idea of terminal use that
data input should be minimized. Finally, four basic building shapes
were chosen. The assumption was made that they had vertical walls
and flat roofs. This was necessary to proceed with development of
the program.  This problem remains as one to be solved if the

program is to become more general. The use of nine different building
types and the provision for entering data for the parameters used,
met the requirement for applicability to any building.

Since the program was designed for use by architects, require-
ment 10, that the variables should match those normally used, was
easily satisfied. If the program was going tc be used by an office,
they would most probably insert material types and other values which
they frequently use and would modify the number of items in storage
to make the program efficient for their particular office.

The results, of course, are the most important part of the

program. Not only are they required to be accurate, but also must
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have dimensions and a format which makes them understandable. This
was discussed in Chapter V. As shown there, the results are of
sufficient accuracy for the purpose of this program. The format
presents the desired information. It does, however, suffer from
the fact that the Summary and Results are not presented together.

Another of the consequences of insufficient storage space was
that the routine adopted for changing a Timited amount of data and
rerunning the program is relatively inefficient. The method finally
chosen was to use the UPDATE subroutine, already a part of the
program, for changing the desired data in the file and then providing
an option to execute the program using the data stored in the file.
The reason for the inefficiency is that the UPDATE option of the
program must be executed for each jtem of data which is to be changed.
Then too, the user must use the data file schedule to find the
Tocation in which data is to be inserted. This provides a great
chance for error. If the storage capacity were available, a
program to perform this operation should require only that the user
type in the name of the variable and the value placement in the file
would be automatic. It should also allow any number of values to
be changed before each rerun.

Requirement 14, that there should be a provision for display and
change of data in the file TEXT has been met with the UPDATE sub-
routine. The only drawback of this subroutine is that the data file
schedule must be consulted to determine the number for the lines

involved.
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Thus, it can be seen that, with a few exceptions, the program met
all of the requirements set for it. Simplicity has been maintained.
It is only necessary to know the procedure for connecting the terminal
with the computer to execute the program. From that point, the
program provides instructions for its operation. Because of the
question technique and the inherent advantages of interactive opera-
tion, no knowledge of computers or load estimating techniques is
necessary. The program performs as intended.

Despite the success of the program, the limitations of the
CPS PL/I Tanguage have had their effect on the program so that there
are still improvements which can be made. This is especially true
since TS0, with its exceptionally large program storage capacity has
become the primary terminal system language. It is expected that
this may be 150K in core for TSO versus 16K for CPS. The advantages
are immediately apparent. So the first improvement in the program
under this system would be the incorporation of all of the subroutines
into one program in which all of the variables and their values are
known throughout. This would eliminate many of the file input/output
routines which now consume both time and storage space. Another
advantage of this change is that it would eliminate the typing of
all of the variable names between the print-out of Summary and Results,
improving the appearance and perhaps effectiveness of the output.

Another major improvement which could be made under TSO is the
enlargement of the weather generation program. Since a large amount

of data could be stored, it might be appropriate to incorporate a
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statistical routine, such as that used for HEATRAN-2, in which the
user first enters the name of the state in which the building site
is located and is then presented with several cities or distinct
weather areas within the state. Appropriate factors, keyed to that
input would be retrieved from storage after selection of an area.
To take advantage of the increased accuracy of the weather data, it
would then be necessary to change the ieration Toops so that hourly
calculations for the various loads are made. This would make the
results as accurate as possible.

The final improvement would be to solve the problem of describing
the geometry of the building in a way which makes the program appli-
cable to a building of any shape. As discussed, most of the efforts
of others have thus far failed either because of their lack of sophis-
tication of their programs or because of the excessive amount of data
reqguired. This problem becomes particularly important in the cal-
culation of solar loads because of the need to determine the
orientation of all surfaces with respect to the sun. It alsc is
important in calculating shadow areas on parts of the building.
Another feature related to this is an improved ability to treat only
sections of a building. Only vertical sectioning was incorporated in
the ENERPAC program, horizontal sectioning should also be possible.

Although it would represent a completely different approach,
the ultimate refinement of the program would be to adapt it for use

on an interactive graphics terminal. The basic framework is provided
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with this program. Only the changes necessary to display the
existing information on a Cathode Ray Tube (CRT) and to input data
from the console would be required. The CRT display would offer
several advantages. Question text could be displayed instantly
rather than typed Tletter by letter. This would permit longer
questions and thus more typical values to select from. The biggest
advantage would be gained on those questions which utilize graphics.
With the proper programming, it would be possible to let the user
draw the actual shape of the building with a Tight pen. Input of
various dimensions could be requested by making that dimension blink.
For the input of the latitude of the building site, a light pen
could be touched to a map of the United States displayed on the
screen. There are many possibilities, and since the basic techniques
have been developed with ENERPAC, the change-over would be simplified.
Related to future improvements in the program itself is the
development of an integrated system of programs for architectural
design. Such a development would effect the program in two ways.
First, a system dealing with architectural design could provide a
consistent methodology for use in this program, as well as others.
Second, by having a complete group of programs, more people would
become acquainted with this particular program, thus prompting greater
usage. Such a package should include programs for space allocation,
building code requirement verification, structural design, duct

design, electrical design, and others.
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The first effort should be directed toward the development
of a methodology for the definition of building shape which could be
used in all future programs. Having done this, each subsequent
program could be structured to fit within this framework. During the
development of each new package, great care must be exercised to
assure consistency of approach, as well as units, variable names,
and other details. The establishment of such a series of programs
will undoubtedly require a great amount of effort. Once completed,
however, it would provide architects with a very important tool for
building design.

The final step with any program is its implementation. There
are certainly advantages to using the ENERPAC system for making
energy load calculations. Since architecture students are expected
to be the primary users, the freedom from knowledge of the process
involved is expected to be the most significant change from present
practice. Second in importance would be the ability to evaluate
several alternatives. The saving in time over manual calculations,
also makes the system attractive. Hopefully, the users will have
greater confidence in the computer results than they currently have
in their manual calculations. However, it will only be after the
system has been in use for a period of time that a final evaluation

of its effectiveness be possible.
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PROGRAM DESCRIPTION

ENERPAC is an interactive computer program for estimating build-
ing energy loads. It was designed to provide architects and students
of architecture with a procedure for comparing various design concepts
and evaluating their impact on the energy consumption of the building.
The program consists of a main controlling section, ENERGY, and a
group of subroutines which perform the desired operations.

The procedure used is for the terminal to type questions for the
user, requesting input of the required data. Extensive error checks
are provided to assure that this data is within the proper range.

A summary of the input data is given and then the results are printed,

showing the cooling and heating loads for the building.
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INSTRUCTIONS ON USE OF THE TERMINAL

The Time Sharing Option (TSO) is the system now available for

terminal use. The ENERPAC program is written in CPS PL/I which runs

as a subset on the TSO Tanguage. The steps shown below are written

specifically for this program. If other options are desired, contact

Systems Consulting for instructions.

A. Preparation (May be done in any order)

1.

Contact the Professor in charge of the terminal to get an
account number, subaccount number, and password.

2. Place telephone adjacent to acoustic coupler.

3. Slide the acoustic coupler switch, beside the red pilot
light to the right or "on" position.

4. Press the "on-off" switch on the right side of the terminal
keyboard to the "on" position.

5. Move the "local-remote" switch on the lower left side of
the keyboard to "remote."

B. Dial-up

1. After lighting the receiver and getting a dial tone,
dial 9. After getting a second tone, dial 951-3230.
The answer will be a continuous, high pitched, tone
which indicates the computer is ready for connection.

2. Quickly place the telephone receiver into the acoustic
coupler. Only 6 seconds is allowed for this operation.
If not done within this time, the number must be dialed
again.

3. If the connection is made, the "ready" and "proceed"

1ights on the left of the keyboard will Tight and the
neon light on the acoustic coupler will glow.
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C. Connecting to the Computer

1.

When the receiver is placed in the coupler, the terminal
should type:

OW+43929P US¢UN  YQAQS
#I1KJ53020A ENTER  LOGON

If it does not, depress the return button and it will.
Following this, the sequence below must be completed
with the user typing in those statements shown as "typed
by user." The machine will respond as shown. If any
typing errors are made, the machine will type an error
message. The user must then reenter the command.

OW+43929P USEUN  YQAQS

#I1KJ53020A ENTER  LOGON

Togon (typed by user)

IKJ56700A ENTER USERID -
(subaccount/password typed by user)

LOGON IN PROGRESS AT 17:41:22 on MARCH 3, 1972
TSO IS NOW VPI'S PRIMARY TIME-SHARING SYSTEM

REPORT PROBLEMS TO SYSTEMS CONSULTING ext. 6156 or 6603

READY

cps (typed by user)

ENTER MASTER ACCOUNT NAME

(master account name typed by user)

GOOD AFTERNOON; THE TIME IS 17:42:13 3/03/72;

D. Executing the Program

1.

After completing the sequence above, the program is loaded
from machine storage into core by typing in small letters:

load (ENERGY, ARCH)

When the program has been loaded, the machine will type
an underbar.

To execute the program, it is then only necessary to type:
XEQ

Execution of the program will then commence.
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Disconnecting from the Computer

If the user desires to disconnect from the computer he first
presses the "ATTN" button on the upper right of the keyboard.

After this, or if execution of the program has been completed,
the user types "LOGOUT." The terminal will type "READY" after
which the user types "LOGOFF." The final step is to hang up
the telephone which is actually what disconnects the terminal
from the computer.
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PROGRAM OPERATION

Answering Questions

For each item of input data, the terminal will type a question,
usually Tisting several alternatives from which to choose an
answer. Following this, the terminal will type the word VALUE
or VALUE 3 (N) and an underbar. The user must then type in

the requested data and then press the "RETURN" key on the right
side of the terminal keyboard. If the value is within the
correct range, another question will be typed. If not, an
error message will be printed. The user must enter the correct
value. It should be noted that if an error is made on the
subscripted variables, all values for that variable must again
be entered.

To Rerun The Program Without A1l New Data

If it is desired to change only a few values of input data and

rerun the program, the following procedure must be used:

1. After completion of the initial execution of the program,
select the data to be changed and find the "key" numbers
for that data from "Schedule of Data Location in File TEXT"
given in the manual.

2. Type XEQ to execute the program again.

3. Choose option #8 in answer to question Q-1.

4. Type in 2 in answer to the guestion on changing file data.

5. Enter the key number in response to both MINLIN and MAXLIN.

6. Type in the new data enclosed in parenthesis, i.e. '36.5'
After this control will again be passed to the end of the
main program. To rerun the program type XEQ.

7. If more than one value is to be changed before rerunning

the program, this process must be executed once for each
change desired.
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INPUT DATA SHEET

To be used for preparing input data using List of Questions in User's
Manual. Letters in parentheses are variable names used in program.
Numbers in parentheses give acceptable range of value.

1. Program Option (opt) = (1-8).

2. Data Type (datatp) =  (1-3).

3. Building Type (bldgtp) __ (1-10).

4./3. Occupancy Load Factor (occ) = (- ) persons/sqg.ft.
Ventilation Load Factor (vent) = (- ) cfm/sq.ft.
Lighting Load Factor (1ite) = (- ) watts/sq.ft.
Power Loads (pow) = (- ) watts/sq.ft.

Building Costs (bldgest) = (- ) $/sq.ft.
Mechanical and Electrical Costs (mecst) = (- ) $/sq.ft.
Mechanical Equipment Space (mespa) = (- ) $§/sq.ft.

5. Building Shape Diagram (diag) = waumw_;,(l-Z),

6. Building Shape - See Diagram (bldshp) = (1-4).

7. Length of Each Wall (1In(1)) = (1-500) feet

(In(2)) = (1-500) feet
(In(3)) = (1-500) feet
(In(4)) = (1-500) feet
(In(5)) = (1-500) feet
(In(6)) = (1-500) feet
8./7. Building Diameter (d) =  (1-500) feet
9. Height of Building (h) = (1-500) feet

Note that this should be only the height of the section for
which calculations are being made.
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10. Number of Stories in Building Section (stor) = (1-60).
11. Building Orientation (bldor) = __ (1-8).
12. Wall Type (witp) = __ (1-6) or U-Factor (wluf) =
_(0.1-4.0).
13. Glass Type (gitp) = (1-7) or U-~Factor (gluf) =
____(0.1-4.0).
14. Window Type (wntp) = (1-2).
15. Percentage of Glass per Exposure (pctgi(ex)) =  (0.01-1.00).
16./15. Window Height (wnh) = (0.5-20) feet
17./15. Window Width (wnw) = (0.5-30) feet
18./15. Number of Windows in Each Exposure (wn(1)) = (-
wn(2)) =__ (-
(wn(3)) = (-)
(wn(d)) = (-
(wn(5)) = _ (-
(wn(6)) = (-
19. Door Type (drtp) =  (1-7) or U-Factor, druf =
_ {0.01-4.0)
20. Deoor Height, drh = (5-15) and width, drw = (2-30)
21. Number of Doors per Exposure, dr(1) = ( -)
dr(2) = (-)
ar(3) = (-)
dr(4) = (-)
dr(8) = (-)
dr(6) = (-)



22.

23.

24.
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Roof Type (rftp) = (1-6) or U-Factor (rfuf) =
(0.01-4.0).

Basement Wall Type (bwtp) = ' (1-6) or U-Factor (bwuf) =
(0.01-4.0).

Floor Type (fltp) = (1-6) or U-Factor (fluf) =
(0.01-4.0).

Latitude of Building Site, See Latitudes Map (lat) =

(25-60).



KEY
NO.

401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
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DATA ADDRESS SCHEDULE IN FILE "TEXT"

VARIABLE

Reserved

Program Option

Building Type

Building Shape
Occupancy Load Factor
Ventilation Load Factor
Lighting Load Factor
Power Load Factor
Reserved

Building Cost
Mech./Elect. Cost

Mech. Equipment Space
Length of Exposure
Length of Exposure
Length of Exposure
Length of Exposure
Length of Exposure
Length of Exposure
Diameter

Height

Reserved

Reserved

YOI WN) -

Masimum Number of Exposures

Number of Stories
Building Orientation
Wall Type '
Wall U-Factor

Glass Type

Glass U-Factor

Window Type

Percentage Glass in Exposure
Percentage Glass in Exposure
Percentage Glass in Exposure
Percentage Glass in Exposure
Percentage Glass in Exposure
Percentage Glass in Exposure

Reserved
Reserved
Window Height
Window Width

YOS W N -

SYMBOL

OPT
BLDTP
BLDSHP
0cC
VENT
LITE
POW

BLDCST
MECST
MESPA
LN(7)
LN(2)
LN(3)
LN(4)
LN(5)
LN(6)
D

H

EXMAX
STOR
BLDOR
WLTP
WLUF
GLTP
GLUF
WNTP
PCTGL(1)
PCTGL(2)
PCTGL(3)
PCTGL(4)
PCTGL(5)
PCTGL(6)

WNH
WNW

ACCEPT.
RANGE

1-8

1-10

1-4

1-500
1-500
1-500
1-500
1-500
1-500
1-500
1-500

1-8

1-50

1-8

1-6
0.01-4.00
1-7
0.01-4.00
1-2
0.01-1.00
0.01-1.00
0.01-1.00
0.01-1.00
0.01-1.00
0.01-1.00
0.05-20.0
0.05-30.0



KEY
NO.

441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474

475

476
477
478
479
480
481
482
483
484
485

VARIABLE

Number Windows
Number Windows
Number Windows
Number Windows
Number Windows
Number Windows
Reserved

Door Type

Door U-Factor
Door Height
Door Width
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in Exposure
in Exposure
in Exposure
in Exposure
in Exposure
in Exposure

Number Doors
Number Doors
Number Doors
Number Doors
Number Doors
Number Doors

in Exposure
in Exposure
in Exposure
in Exposure
in Exposure
in Exposure

S DB W -

Reserved
Reserved

Roof Type
Roof U-Factor

Basement Wall Type
Basement Wall U-Factor

Floor Type
Floor U-Factor
Reserved

Latitude of Site

Reserved
Reserved
Reserved

DTS WN—

First Line - Solar Heat Gain

Factors

Last Line - Solar Heat Gain
Factors

Reserved

Reserved

Reserved

Reserved

Net Wall Area - Exposure 1

Net Wall Area - Exposure 2

Net Wall Area - Exposure 3

Net Wall Area - Exposure 4

Net Wall Area - Exposure 5

Net Wall Area - Exposure 6

SYMBOL

WN(EX)
WN(EX)
WN(EX)
WN(EX)
WN(EX)
WN(EX)

DRTP
DRUF
DRH
DRW
DR(EX)
DR(EX)
DR(EX)
DR(EX)
DR(EX)
DR(EX)

RFTP
BMWLTP
BMWLUF

FLTP
FLUF

LAT

™
TA
P

SHGFBL
SHGFEL

WLAN(EX)
WLAN(EX)
WLAN(EX)
WLAN(EX)
WLAN(EX)
WLAN(EX)

ACCEPT.
RANGE

— - O N
Do

SN0 O -~
[on 2N 63 I BN

541-577
552-588

LI S A A I |



KEY

486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510

VARIABLE

Total Wall Area
Reserved

Glass Area - Exposure 1
Glass Area ~ Exposure 2
Glass Area - Exposure 3
Glass Area - Exposure 4
Glass Area - Exposure 5
Glass Area - Exposure 6

Total Glass Area

Reserved

Door Area - Exposure 1
Door Area - Exposure 2
Door Area - Exposure 3
Door Area - Exposure 4
Door Area - Exposure 5
Door Area - Exposure 6
Total Door Area
Reserved

Roof Area

Lower Basement Wall Area
Higher Basement Wall Area
Floor Area/Story

Total Floor Area

Reserved

Reserved

80

SYMBOL
WLAT

GLA(EX)
GLA(EX)
GLA(EX)
GLA(EX)
GLA(EX)
GLA(EX)
GLAT

DRA(EX)
DRA(EX)
DRA(EX)
DRA(EX)
DRA(EX)
DRA(EX)
DRAT

RFA
BWAL
BWAH
FLA
FLAT

ACCEPT.
RANGE
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ENERPAC 13 a program for bullding energy designs., It is hoped ghit this
program will aid you in the design of wechanical systems. If fupther
information is required, cohsult the User¥s Manual
B(1}y - This proghar allows eight options, After the tereinal Kk typed “opt"

type in the number of the optiok to be axecuted and press the wERTURE™

key on the right side of the keyboard. Expect 2 light pavse.

1. Energy calculation Ffor the entire building. (aaamﬁ&n&'&iitinﬁi

2. Calculation for the top floor only.

3, Calculstion for the intermefdiate floots only.

k. Caleulation for the ground floors only.

5. Calculation for the fleors belov grade only.

£, Calculation for the entire building with guestion text ahittn&;

7. Listing of questionss ir progran. {(Reguires W sinutesy

8. UPDATE option for checking ahd changibg information IN Auta Files.
¢{2) - Data From the last run of the program is nov In stotage. Ester the

nusker for the tTypse of data you wish to uses

t. Wew data, to be supplied durimg this executlon of the progras,

2. Eximting data, now in storage, to be uged,

I, Test Gath, to bhe gunarated.
0{7) - Enter the number for the buildiny type beibqg used:

1. School buildings

2. Classroor buildings

3. 0ffice buildings

4, Pepartment stores

5. Hospitals

6, Hotels and apartsent buildings

7. Theaters and auditoriums

8. Libraries or museums

9. Specialty stores

10. Building type and load deats to be supplied by user
oYy -~ For a specisl building type, the following date is reguired:

1. ODccupancy load {0CC) in persons/sqg. ft.
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Jo Ventilation load{VENT) im CFE/s8q. Tt

3. Vighting losd (LYTE} in wvatin/aq. ft,

4, Power loalda(POW) 1n vatis/sg. Ft.

5, Infiltzation loals (INPIL) ia ers

h. Buildipg L8 (BLDCETY % 3 8/5g.

7+ Hechawickl and & :
Enter thie data, ib the gegitence shown a%o&&, aftmr th& vt &1 Type
variable nazwe. Sources for this Information are shoWn in the Umec's 3&1&#&;
b9 ~ The Buildiag Shapes Diagras L& shown Ih the User's Nahual or &an be

typed by the terminal. Type in the nunber for the methofd to be umseNy

1. Diagras typed by terwinal. (RFequires approxikately 2 sihntes)

Z. Diegraw khown or obtained frow Users Eanual
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EEREHEF R R T RSN
¥ BUILDIUG SHAPES DYAGRRR *
0 R R O Ok O

ARk AR G RRER RS SRR Rk R oltoRiob Rl kR R ok o ok 1T 1L

g
L ¢
&p
4
L4

* z2ir3 LI 1 Pk ¥p »* ®

® EXP1 L EXIPY & % EXP1 E% ¥ EXPY ¥

e # ¥ % x* % .
¥ = . W P% ¥ »
pe » s e v % *
e g E¥  ®E EXF3 = ®

WY Y& %X ok R kO *

* & %

RNERERREFRECCRE  #Y 2% %6 o % *

8LOG.

TYPE ¥1 # % . " »

{SOQUARE) i * % X % "

G -

Q(12) =

Ty -

% $ % M , # #
« EXE3 % % PYPS " ' KRN
FEREPR SRR ER IS FEEETRRE RGN PLOG, TYPE ¥y
BLDG, TYPE #2 BLDG, TYPE #3 IBCULAR)
(RECTARGULAR) {L-SHAPED)

From the building shapes zhgin, Belect the one which nost bearly

approximates your ballding:

1. Sgbare

2, Rectangular

3., L-Shaped

4, Cireular

Entexr the length of each exposure, in feet, for each of the

exposures ghown in the Bullding Shapes Dlagrawm, startiig with

¥xpogure T,

Enter the diameter of the building, in feet.

as shown in the diagram, and "hY, the height of the bullding section

being considered, Dimensions should be in feet.
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.14y - Enter the height, in feet, for the section of the building for
vhich the calculationz are being made.
veing consgidered, Dimensions should be in feet.

G(15) - Enter the bullding dimensions of 4%, the diameter of the building,
and YR®, the height of the building section beinl considared.
Pimensions should be in feet.

Q¢16) ~ EBnter the numker of stories in the buildiag height for which
calculations are being rada.

3¢17) ~ Enter the number of the direction which you would like the
exposure marked YELPI®™ on the Building Shapes Disgram to facel
1. Bovth{To be oriented as showvn on dlagram)

2. Bortheast
3. Fast

4. Southeast
%. South

€. Southwest
7. Hest

8. Horthwest

Q(19) ~ EZnter the number for the wall type being used:

1. 25/32® %ood siding, building paper sheathing, & T1/4" insulatioh
hoard U~factor=0.19
2. % Pace brick veneer, 1/2% insul.bd. sheathing, & 3/8% gypsus
board interior Tefactor=0.25%
3. 4% Pace brick, 12" block, & 5/8% plaster g=-factor=0,27
4. 4v rFace brick, 8% block, H-factor=0,30
5. 8" 140 #/CF Poured concrete U~factor=0,36
6., U~factor supplled by usev
BEVEE) Enter the value for the wall u~factor.
0(21) - Enter the number for the glass type being ured:
1. Single flat glass  U~factor=1,13
2. Double insulating glass, 1/4% air space U~factor=0.65
3. single glass with storm windows  U~factor=(.56

1



(i22)

g{23)

Q(2u)
0 (25)

Q{26)

oM

Q(28)

Q(29)
Q(30)
Q(31)
Q(32)

0(38)

LI R O |

[N SO O SO
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4. bouble insulating glass, 1/2% air space  U~-factorsp.aB

5. Fature

&, U-fadtor supplied by user

7. Ko glass used on buildiag

Bater the value for the glasms u~factor.

Enter the nuwbor Yor the window type.

1.« Divensions of viandows Xnown \

2., Windov dimchsions unknown, percentage of glass to be sapplied.

Enter the perventage of glass for each exposure zhovhn,

Value should be jinteger (o Jecimal), 1. e, 50

Enter the size, in feat, of the winldov height {Wid) .,

Enter the size, in fewt, of the window width(WEW}.

Enter the number of windows in each exposire showh,

Bnrer the number for the door type belng used:

1. 3/4¥% glase door U~Tactor=0,.55

2, 1T /4" Wood door  U~Tactor=0.51

3. ¥ /2" wood door B-factor=U,89

4, 1 1/4% wood doof with a*@:ﬁ &aar g=~favtor=06.33

Y, 1% Wood dovr  U-¥ ,

&, U-faztor and éﬁa&aﬁi&a te be gupplied by user

7. ¥egglect &vor heat losssgain

fnter the value for the door u-factor,

Entér the size, In Yeet, of the door height (DEH) .

Enter the size, in feet, of the door wideh (DEW).

Enter the number of Roors in esck exposure showh.

Enter the number for the type of roof being used:

1. 4% Concrete slab, T 1/2% insulation board, & 3/¢ suspended acousmt,
tile ceiling H-factor=0,08

2. Flat metal roof deck, insulationh {B=R,17) onr top, & I/4% acoust.,
tile on furring -factor=0.13

3. 4% Conc. slab & insulation{b=4.%7) on top U~factor=0,18

4, Plat metal roof deck, ipsulation (K=0.72) on top, 3I/8Y gypsus bd.,
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1/2" plaster W-factor=0.25
5, Fiture
6. U~factor to be mupplied by user
O(35 ~ Enter the value for the roof u<factor.
U{1E) ~ Entér the nusber for theé baseweént wall type:
T. B% Poured concrets (80 ¥/CF)  U-factor=0.10
2. 6% Poiured concrete (180 ¥/AF}  U-factor=0.75
3. §* Pouted concrete (140 ¥/CH)  U-factor=0.67
4. 10" Poured conorete (140 #/CF)  U-factor=0.61
5, 12% Poured concrete (14D ¥/C¥)  U-factor=0.5%
6. U-factor to be supplied By user
g(317) - Enter the value for the basmement vall u-factor.
0(38) - Bnter the mumber for the type of floor being used:
1. Wood subfloor on joists, 378" imsul, bd., 1/8" hard board, 6
flcor £ile U-factors0.79
2. Wood subfloor & 3/4¥ hardwood flcor U-factors0, 3N
3. &% Concrete deck and floor tile U-Factors=0.60
§. & Concretes deck, plyvood subfloor, and floor tile U-Factorw0,30
%, &% Concrete deck, wood subflosr, £ 3/ 8% hardvood Fleor
v-factors0,22
§. OU<factor to be supplied by user
Q(39) - Enter the value for the w-factor.
o(s1) - Latitudes £br several Iocal cities are shown., Enter the IA€ituflis’,
to neatest tenth of a degiee, from this list or estimate the value
for other cities., If value is unknown, consult map in the Usets Manual,
1. Blacksburg, Va, Latal37,2
2. Roanoke, Va. Lat=37.3
1. Arlington, Va. tat=38,9
4. Pichwond, Va. Lat=37,5
5, Worfolk, Va. Late37.0
6. Bluefield, W. Va. Late37.2
7. Charleston, ®. Va. Late38. 4
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8. Wheeling, ¥. Va. Lat=38.5 . i
9, Winston-salem, N. O, Lat=3§.0 =
10. Charlotte, N. C. Lat=3%,2
1t. #ilmington, ¥. C, Lat=34,2
1¢d. Raltimore, Hd. Lat=39.3
11. Salisbury, nd. Lat=38.3
14, Hagerstown, Hd4. Lat=3%.6

Enter the number for the UPDATE option desireds
1. Bead file "TEXTY
2. fThange file WTRYTH®




APPENDIX II

PROGRAM LISTING OF ENERPAC
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rl:

a2:

ra2:

rs:
rb:
r7:
ré:
ra:
ri00:

89

DECLARE text FILE ENV( REGIONAL(1) F{20) OLD ) ;
DECLARE input ENTRY EXT KEY(arch); '
DECLARE result ENTRY EXT XEY(arch);

DECLARE update ENTRY EXT KEY(arch);

DECLARE convrt ENTRY EXT KEY(arch);

DECLARE summry ENTRY EXT KEY(arch);

DECLARE calc ENTRY EXT XEY(arch);

DECLARE test ENTRY EXT KEY(arch);

DECLARE output ENTRY EXT KEY(arch);

DECLARE cx CHAR(R0);

DECLARE 1ine CHAR(20);

OPEN FILE(text) DIRECT UPDATFE TITLE(Yharry.moate,.a30722') ;
DO 1=1 TO iug

READ FILE(text) INTO(lIne) KEY(1) ;

PUT LIST(1ine);

END al;

GET LIST(opt);

IF opto=l&opt<=8 THEN GO TO rl;

PUT LIST('INCORRECT INPUT., Reenter number from 1 thru 8');
30 TO al;

IF opt=7]opt=8 THEN CLOSE FILE(text) :

IF opt=7|opt=8 THEN CALL update(opt):;

IF opt=7lopt=8 THEN GO T0 ri0n;

IF opt=8 THEN GO TO a2:

DO 1=15 TO 19;

READ FILE(text) INTO(1lne) KEY(1) ;

PUT LIST(1ine);

END a2;

GET LIST(datatp);

IF datatp>=l&datatp{=% THEN G0 TO r2;

PUT LIST('INCORRECT INPUT. Reenter number from 1 thru 3');
G0 70 az:

IF datatp=2]datatp=3 THEN CLOSFE F!LE(text) ;
IF datatp=2 THEN GO TO r7;

{F datatp=3 THEN CALL test:

IF datatp=3 THEN GO TO r6;

ex='00";

DO 1=401 TO 510;

REWRITE FILE(text) FROM{ecx) KEY(1) :

END ;

CLOSE FILE(text)

CALL input(opt);

CALL convrt(opt);

CALL summry:

CALL output{opt);

CALL cale(opt);

PUT LIST('END OF PROGRAM, TYPE IN "LOGOUT'" AND THEN "LOGOFF"!');



Input:

rg:

q9:

gll:

920

PROCEDURE (opt);
opt=1;

DECLARE text FILE ENV( REGIONAL(1) F(80) OLD

DECLARE bl1(u0) DEC(3), el(40)

DECLARE b11 CHAR(80), b12 CHAR(S80), e11 CHAR(80), e12 CHAR(EBO);

DEC(3);

DECLARE bbl CHAR(S5), eel CHAR(S);

DECLARE 1ine CHAR(20), In(f) , pctg!(ﬁ) » wni8) , dr(6) ,
OPEN FILE(text) DIRECT UPDATE TITLE('HARRY.MOATE,A30722" ) 5
bt1'-'9010150(1098096000{;(3203310&2%667683308709190009910290012213213&1531&51&9151';
eus'mhemeanﬂgsaeaenaazoowoasassmmsunamesaoamazl10001301321&11&31&1150151" '
bl28’1521531551751771?81791811851961972%210219221"
el2="152153162175177178179183104196203204218219239";

Pi=1;

DO =1 TO A40;
bbhl=substr{bll,11,3);
eelnsubstr(ell,!! 3);
bi1(1)=Ffloat(bbl);
el{(l)=Ffloatleel);
fi1=it+3;

iIF 1™=2%5 THEN GO TO rl;
fi=1:

bl1l=b12;

ell=el2;

END ;

valuecschar(opt);
REWRITE FILE(text) FROM(valuec)

KEY(402)

CALL quest2(7,1,10,'bldtp’,u403,b1dtp);

IF bldtp™=10 THEN GO TO a9
iF opt=6 THEN GO TO rR:
CALL questl(8);:

BET LIST{oce,vent,lite,pow,bldecst,mecst, mespa);

valuec=char(occ);

REWRITE FILE(text) FROM(valuec)
valuec=char(vent);

REWRITE FILE(text) FROM(valuec)
valuec=char(lite);

REWRITE FILE(text) FROM{valuec)
valuecschar{pow);

REWRITE FILE(text) FROM(valuec)
valuec=char(bldcst);

REWRITE FILE(text) FROM(valuec)
valuec=char{mecst);

REWRITE FILE(text) FROM(valuec)
valuecechar(mespa);

REWRITE FILE(text) FROM{valuec)

KEY(405)
KEY{(406)
KEY(407)
KEY(408)
KEY(&10)
KEY(:11)
KEY(412)

CALL quest2(9,1,2,'dlag',0,diag);

IF diag=2 THEN GO TO qli;
CALL quest1(10):

CALL quest2(11,1,4,'bldshp', 404, hldshp);
IF bldshp=1|bldshp=2 THEN exmax=i;

L4
d

13
»

~e

hid

8

valuec CHARKBO), va!ue!(ﬁ) P va!ued cﬂantaa):




51.
52,
53.
5h,
55.
56,
57,
58,
59.
60,
61,
62,
63.

65,
GG,
67.
68,
Bg.
70.
71.
72.
73.
75,
75,
76.
17.
78.
79,
80,
81,
32.
23,
3h.
35.
86,
87,
28,
89.
0.
91.
92.
93,
94.
9%,
a6,
87.
g8,
29,
100.

ql3:
alb:

q25:

a28:

a3k

a3b:
a38:
b0

quest]:

aquest?:
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IF bldshp=3 THEN exmax=6;

IF bldshp=4 THEN exmax=l;

valuec=char(exmax);

REWRITE FILE(text) FROM(valuec) KEY{423)

IF bidshp=4 THEN GO TO ql3;

CALL quest3(12,1,500,"length?, 413);

GO TO qlb:

CALL quest2(13,1,500,'dlameter',k19,d);

CALL quest2(14,1,500, 'heleght',8420,h);

CALL quest2(16,1,50,'storles', t2h,stor);

CALL quest2(17,1,8,'bldor',425,bldor);

IF opt=5% THEN G0 TO q36;

CALL quest2(19,1,6,'wltp',426,wltp);

IF witp=6 THEN CALL quest2(20,.01,&, "wluf', 427, wiuf);
CALL quest2(21,1,7,'g1tp',428,21tp);

IF gltp=7 THEN G0 70 q28; ”
IF gltp=6 THEN CALL quest2(22,.01,4,"g1uf', 429, uf);
CALL quest2(23%,1,2,'wntp', 430, wntp);

1F wntp=1 THEN 60 TO q25;

CALL quest3(24,.01,1,'pctgl?,431);

G0 TO Q28

CALL quest2(25,.5,20, 'wnh', 30,wnh);

CALL quest2(26,.5,30, 'wnw', 440, wnw);

CALL quest3(27,.5,10,'wn/ex',utl1);

CALL quest2(28,1,7,"'drtp', 448, drto);

IF drtp=7 THEN 80 TO o3&;

I1F drtp=6 THEN CALL quest2(29,.01,4, 'druf',4ke,druf);
CALL quest2(30,5,15,'drh', 450,drh);

CALL quest?2(31,2,30,%drw!,451,drw);

CALL quest3(3%2,0,10,%dr/ex',452);

IF opt=3 THEN GO TO qglf;

IF opt=h THEN GO TO 038:

CALL cquest2(34,1,6,"'rftp', 4680, rftn);

IF rftp=6 THEN CALL quest2(35,.01,4, 'rfuf?, 461,rfuf);
IF opt=2 THEN GO TO q40;

IF opt™=5 THEN 80 TO g38;

CALL quest2(36,1,6, 'bmwltn', 462, bmwitp);

IF bmwlitp=6 THEN CALL quest2(37,.01,4, 'bmwluf', 463, bmwluf);
CALL quest2(38,1,6,'f1tp', 464, Fltp);

IF fltp=6 THEN CALL quest2(39,.01,4,'fluf?, u65,fluf);
CALL quest2(40,25,80,"1at',467,1at);

CLOSE FILE(text) ;

PROCEDURE (nl):

DO 1=bl(nl) TO el(nl);

OPEN FILE(text) DIRECT UPDATE TITLE('harry.moate.a30722') ;
READ FILE(text) INTO(line) KEY(1) ;

PUT LIST(1Ine);

END ;

PROCEDURE (n2,112,u12,vn2,dfn2,value);

IF opt=8§ THEN GO TO as?2;



101.
1p2,
103,
104,
105,
106.
107.
108,
109,
110.
111,
112.

113,

114,
115,
116.
117.
118.
119,
120.
121,
122.
123,

1244
125.

126.
127.
128,
129.
130.
131.
132.
133,

134,

as?:
382a:

rs2:

rs2a:

quest3:

as3:

as3a:

rsis
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CALL questl(n2);

GO TO as?a;

PUT LIST(vn2);

QET LIST(value);

IF valued=1128value<=ul2 THEN GO TO rs2;

PUT EDIT('INCORRECT INPUT, Reenter number from ',112,' thru
60 TO as2; -

IF dfn2=0 THEN GO TO rs2a; e

valuec=char{(value);

OPEN FILE(text) DIRECT UPDATE TITLE('harry.moate,a%0722"')
REWRITE FILE(text) FROM(valuec) KEY(dfn2) ; ;
RETURN

END quest2;

PROCEDURE (n3,113,ul3,vn3,dfn3);

{F opt=6 THEN GO TQ as3;

CALL questl(n3);

PUT LIST(vn3);

dfn3a=dfn3;

DO ex=1 TO exmax;

GET LIST(value3(ex));

IF value3(ex)>=1138value3(ex)<{=ul3 THEN R0 70 rs3;

PUT EDIT('INCORRECT INPUT, Reenter number from ',113,' thru.

ex=px~1;

dfn3a=dfn3a~1;

a0 7O as3a;

valued=char(value3{ex));

OPEN FILE(text) DIRECT UPDATE TITLF('harry.moate.aSB??Z') ;
REWRITE FILE(text) FROM(valued) KEY(dfn3a) ;
dfn3a=dfn3a+l;

END as3a;

RETURN ;

END quest3;

CLOSE FILE(text) ;

END Input:

,ulZ)(A(37) F(S,Z) A(s), F(s,z))3 :f;“ '

sl e S

'ul3)(A(37),F(5,2),A(6),F(5,2));
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1l test:  PROCEDURE :

2, DECLARE text FILE ENV( REGIONAL(1) F(80) OLD ) :
3. OPEN FILE(text) DIRECT UPDATE TITLE(*harry.moate,a30722') ; o , S
b DECLARE a(30) , namec CHAR(20); | w T
Se DECLARE In{6) , pctgl(6) , dr(6) ; , '
6e th;a(l)'l;
7. bldtp,a(2)=1;
3. bldshp,a(3)=2;

g. !n(l);a(h)-503

10, In{2),a(5)=100;

11. In(3),a{8)=50;

12, ln(k),a(?)*lﬂﬁ:

13, h,a(8)=50;

1k, exmax,a(9)=h4;

18, stor,a(10)=73;

16. bidor,a(1l)=1;

17. witp,a(l2)=1;

18. gltp,a(13)=1;

19, wntp,a(ly)=2;

29. petgl(1),a(15),a(16),a(17),a(18)=,5;

21. drtp,a(l19)=1;

22, drh,a(20),drw,a(21)‘10;

23, dr(1),2(22),a(23),a(28),a(25)=1;

24, rftp,a(28)=1;

25, bmwltp,a(27)=1;

26, fitp,a(28)=1;

27, lat,a(29)=37,2;

28, n“l}

29, DO 1=402 TO 404,413 TO 416,420,423 TO 426,428,430 T0 434,448,450 TO &55,480,462,564,867;

30. name=a(n);

31, namece=char(name);

392, REWRITE FILE(text) FROM{namec) KEY(1) ;

33. n=n+l;

34, END

35. PUT LIST(YEND OF SUBROUTINE "TEST"'):

36. CLOSE FILE(text) ;

37. END test:;



s
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convrt: PROCEDURE (opt);

cl:

el

ch

DECLARE text FILE ENV( REGIONAL(1) F(80) oL
OPEN FILE(text) DIRECT UPDATE TITLE('harry.moate,a30722') ;
DECLARE strg CHAR(20), str(ll)
DECLARE occe CHAR(B0), ventc CHAR(80), 1litec CHAR(80), powc CHAR(80), bldcsc CHAR(SG);

DECLARE mecstc CHAR(80), mespac CHAR(E80);

DECLARE wlufc CHAR(88), zlufc CHAR(80), drufc CHAR(SO), rfufc CHAR(SG), bmwluc CHAR(BO), f!ufc CHAR(B&)

DECLARE tmc CHAR(80), tac CHAR(80), pc CHAR(20);

?ECLARE state CHAR(S80);
nl;

DO 1=402,423,426,428,548,460,462,464,467;
READ FILE(text) INTO(strg) KEY(1)

str(l)=stryg;

T=141;

END ;

INCLUDE STRING str ;

GET L!ST(b}dtp,exmax,wltp,gltp,drtp,rftp,bmwltp,fltmlat):

fNCLUDE »

{F bldtp™=1 THEN GO TO c2;
occ=35:

vent=30;

1ite=10;

powes s

bldcst=23,25;

mecst=7,2;

mespa=,045;

tF bldtp™=2 THEN GO TO c¢3;
oce=20;

vent=25;

1ite=12;

pow=06;

bldcst=29,85;

mecst=8,0;

’

mespa=,0473;

{F bldtp™=3 THEN GO TO ch;
oce=105;

vent=20;

1ite=17;

pow=5:

bldcst=25,75;

mecst=7,6;

mespa=,025;

IF bldtp™=4 THEN G0 TO ¢5;
occ=hl;

vent=15;

1ite=lh;

pown5;

bldest=13,45;

CHAR(20);



51.
52,
5%.
54,
55,
56.
57.
58.
59.
60.
61.
62,
63.
6h.
65.
66.
67,
68,
69.
70,
71.
72.
73,
T4,
75.
76,
17,
78,
79.
80,
81.
g2,
83.
8h.
85,

87.
88,
89,
80,
91.
92.
93.
9,
85.
96,
7.
8.
9g9,
100,

52

cB:

cT:

c8:

cl0:

95
mecst=h,7;

éespa=.0&5;

IF bldtp™=5 THEN ¢

occ=125;

3

vent=25;
Tite=12;

pows=5;
bidest=38;
mecst=13,85;
mespa=,055;

IF bldtp™=6 THEN
oce=170;
vent=25;

Vite=3;

pows=h 3
bldest=21,35;
mecst=6,75;
mespa=,02;

IF bldtp™=7 THEN
oce=8;

vent=10;
Tites5;

pow=3;
bldest=23;
mecst=5,85;
mespa=,04;

IF bidtp™=8 THEN
pce=60;

vent=10;
Tte=l2;

pow=3;
bldcst=26,.7;
mecst=8,15;
mespa=,044;

iF bldtp™=9 THEN
occ=90;

vent=10;
11te=l};

pow=6;
hldest=1h,h;
mecst=3,85;
mespa=,015;

4

1F bldep=10 THEN
occe=char{occ);
vente=char{vent);
l1itec=char(lite);
powc=char{pow);

GO

GO

GO

60

TO

TO

T0

T0

T0

70

ch;

cl;

c8;:

cl0;

cll;



101.
102.
103,
104,
105.
106,
107.
108,
109,
110,
111,
112,
113,
114,
115.
116,
117.
118,
119,
120.
121.
122,
123,
125,
125,
128,
127.
128,
129,
130,
131,
132,
133,
134,
135,
136,
137,
132,
139,
149,
11,
142,
143,
ik,
145,
146,
147,
148,
149,
159,

cli:
cl2:
cl3:
clhs
cl5:
cl6

c201
c21:
c22:
c23;
c2he

c2%:

c30:
c31:
c32:
c33:
c3h
c35:

chO:

96

bldcsc=char{bldecst);

mecstc=char(mecst);

mespac=char (mespa);

REWRITE FILE(text) FROM(occe) KEY(Hu05)
REWRITE FILE(text) FROM(ventc) KEY{(L06)
REWRITE FILE(text) FROM(1lltec) KEY(407)
REWRITE FILE(text) FROM(powc) KEY(408) ;
REWRITE FILE(text) FROM(bidesc) XKEY(310)
REWRITE FILE(text) FROM{mecstc) KEY(411)
REWRITE FILE(text) FROM{mespac) KEY(412)
1F wlitp™=1 THEN G0 TO c12;

wluf=,19;

IF witp™=2 THEN GO TO cl13;

wlufs, 25; o

IF witp™=3 THEN G0 TO clk;

wiluf=27;

IF witp™=4 THEN GO YO cl15;

wluf= %

IF witp™=5 THEN GO TO cl6;

wlufe 36,

IF witp=G THEN GO TO c20;
wlufe=char(wluf);

REWRITE FILE(text) FROM(wiufc) ¥EY(427)
IF gltp™=1 THEN GO T0O c¢21;

gluf=1,13;

IF gltp™=2 THEN 60 TO ¢22;

gluf=,65;

IF gYtp™=3 THEN GO TO ¢23;

glufe,56;

IF gltp™=4 THEN GO TO c24;

gluf=_,48;

IF zltp=5 THEN gluf=0;

IF gltp=6 THEN GO TO c30:
glufeechar(gluf);

REWRITE FILE(text) FROM(glufc) KEY(429)
IF drtp™=1 THEN 80 TO c¢31;

druf=,55;

{F drtp™=2 THEN G0 TO c32:

drUF”»SS}

IF drep™=3 THEN GO TO c¢33;

druf=,49;

IF drtp™=4 THEN GO TO c34;

druf=,33%;

IF drtp™=5 THEN GO TO ¢35;

drufe,4%;

IF drtp=8 THEN GO TO c40;
drufe=char(druf);

REWRITE FILE(text) FROM(drufc) XKEY(449)
IF rfto™=1 THEN GO TO cil:

rfufe=,08;:

.
’
.
’

4

”
t4

.
’

s s Ne
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151, chl:s IF rfetp™=2 THEN GO TO ck2;

152, rfuf=,13;

153. ch2: IF rfep™=3 THEN GO TO ch3;
1854, rfuf=,18;

155, ch3e IF rftp™=4 THEN GO TO cbb;
156, rfuf=,25;

157, chy: IF rfep™=5 THEN GO TO chS;
158. rfuf=0;

159, chS: {F rftp=6 THEN 80 TO c590;
160, rfufc=char(rfuf);

161, REWRITE FILE(text) FROM(rfufc) KEY(LE1) ;
162, c50: IF bmwltpe=l THEN bmwluf=,1;
163, IF bmwitp=2 THEN bmwluf=,75;
164, IF bmwitp=3 THEN bmwluf=,67;
185, 1F bmwltp=h THEN bmwluf=,61;
166. IF bmwltp=5 THEN bmwluf=,5%;
167. IF bmwltp=6 THEN G0 TO ¢60;
168, bmwluc=char{bmwluf);

is9, REWRITE FILE(text) FROM(bmwluc) KEY(4B3) ;
170. c60 IF flep=l THEN fluf=_,29;
171, IF fitp=2 THEN flufs=,34;
172. IF fltp=% THEN flufs=,6;

173. IF fltp=4 THEN fluf=,3;

174, IF flep=a5 THEN fluf=,22;
175. {F fltp=6 THEN GO TO ¢70;
176, flufe=char(fluf);

177. REWRITE FILE(text) FROM(drufc) KEY(4L49)
178. c70: IF Yat>29 THEN GO TO ¢72;
179. tm=7h 4

180. ta=9.5;

181, pel,22;

182, GO TO ¢75;

183, c?2: IF Yat>36 THEN GO TO c73:
184, tm=66;

185, ta=17.7;

185¢ ﬂﬂﬁ.?;

187. G0 TO ¢75;

188. c73: IF 1at>h2.5 THEN GO TO c74;
189, tm'BZuﬁ}

190. ta=23.7;

191- p#fhl8;

192. G0 TO e75;

193, clh: tm=hh b

194, ta=28;

1950 pu“l17;

196, c75: tme=char(tm);

197, tac=char(ta);

138, pc=char(p);

199, REWRITE FILE(text) FROM(tme) XEY(471)

e e

200. REWRITE FILE(text) FROM(tac) KEY(472)



201,
202.
203,

204,
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REWRITE FILE{text) FROM(pc) KEY(LT73) ;
CLOSE FILE(text) ;

PUT LIST('END OF SUBROUTINF M“CONVRT"');
END convrt;
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1. summry: PROCEDURE ;

2, DECLARE text FILE ENV( REGIONAL(1) F(20) OLD ) ;

3. DECLARE str(25) CHAR(S80), strg CHAR(80), In(6) ;

b, DECLARE lat DEC(5.1):

5e OPEN FILE(text) DIRECT UPDATE TITLE('harry.moate,a30722') :

8. no=1;

7. DO =502 TO LOL,413 TO B20,424,425,427,429,449,46],463,465,467;
8. READ FILE(text) INTO(strg) KEY(1) ;

9. gstr{nol=strg;

i0. no=no+l;

11, END

12. INCLUDE STRING str ; '

f¥3% Lat) GET LIST(opt,bldtp,bldshp,In(1),In(2),1n(3),1n(4),In(5),1n(6), d,h,stcr,bldor,wluf,g!uf,druf,rfuf,bmwtuf
LfFluf,lat);

1%, INCLUDE + ;

15. PUT EDIT("saxwanananeanwxs’)(SKIP(5),COLUMN{LI5),A(15));

16, PUT EDIT('»INPUT SUMMARY+')(COLUMN(15),A(15));
17. PUT EDIT( 'exrweseaasrewen’) (COLUMN(15),A(15));

18, PUT EDIT('OPTION = ',opt)(SKIP(2),A(9),F(1));

19. PUT EDIT(YBUILDING TYPE = ', bldtp)(A(13),F(5));

20, PUT EDITC('BUILDING SHAPE = ',bidshp)(A(17),F(1));

21. PUT EDIT('BUILDING DIMENSIONS: ')(A(20));

22. IF bldshp=4 THEN GO TO r2;

23, . IF bidshp=4 THEN GO TO r2:

24, ' PUT EDIT(YLENGTH(L) = ¥, 1n(1)," FEET")(X(5),A(12),F(5),A(7));
25, PUT EDIT('LENGTH(2) = ',In(2),' FEET'"X(X(5),A(12),F(5),A(7));
26, PUT EDIT(YLENGTH(3) = ',In(3),' FEET')(X(5),A(12),F(5),A(7));
27, PUT EDITCPLENGTH(L) = ', In(4)," FEET'I(X(5),A12),F(5),A(T7));
28, IF bxdshp“us THEN GO TO r3;

29, PUT EDIT('LENGTH(5) = *',In(5),"' FEET')(X(5),A(12),F(5),A(7));
30, PUT EDIT('LENGTH(6) = ',In(6)," FEET")(X(5),A(12),F(5),A(7));
31, GO TO r3;
32, r2: PUT EDITC'DIAMETER = ° d,‘ FEET')Y(X(5),A(11),F(7),A(7));

33, r3 PUT EDIT{'"HEIGHT = ! h FEET')(X(%),A(Q) F(a) Al7));

34, PUT EDIT('MUMBER OF STORIES = ',stor)(A(zo) F(;));

35, PUT EDIT{'ORIENTATION OF EXPOSURE 1 = ! b]dor)(A(ZB) F(h));
36 . PUT EDIT('U- FACTOR ¢V ){3KIP,COLUMN(12), A(la)),

37, PUT EDIT('WALLS ,w?uf)(A(S) X{7),F(5, 2)),

18, PYT ED!T('CLASS',qu.)(A(S) X(7), F(,, ¥);

39, PUT EDITC'DOORY, druf)(A(L), x(a; F(S 2));

50, PUT EDIT('ROOF', rfuf)(A(L), X(2), F(S 2));

h1. PUT EB!T('FLﬂOR' f?u?)(A(S) X(7) F(S 2));

52, PUT EDIT('BSMT, wALL' bmwxuf)(A(xo) X(z), (5,2});
L3, PUT EDIT('LATITUDE OF BUILDING SITE = ', 1at, ! DEG. JSYI(sKIP,A(28),F(5,1) A(S)):
nh ., PUT EDIT('INSIDE DESIGN TEMPERATURE = 75 DEG. F. )(A(Bs));

45, CLOSE FILE(text) ;

L6, END summry;
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1. output: PROCEDURE (opt);

2, DECLARE text FILE ENV{ REGIONAL(1) F(80) OLD ) ;
3. DECLARE strg CHAR(B0), strl(12) CHAR(80), str2(18) CHAR(S80), str3(9) CHAR(SO);
b DECLARE varlc CHAR(80), var2c CHAR(20), var3c cnnktso), varbc CHAR(80), varS5c CHAR(80), vare GHAR(BO), ,
var7c CHAR(80); . S
5. NECLARE In(6) , pctgl(6) , wn(€) , dr(6) ;
6o DECLARE wla(6) , gla(s) , dra(6) , wlan{(6) , bmwitp(6) :
7. OPEN FILE(text) DIRECT UPDATE TlTLE('harry.moata.a3£722') :
8. no=1;
9. DO 1=404L,413 TO L18,4190,420,423 TO 425,428,430 TO 436,439 TO &46, &h&,&SO T0 &573
1o, READ F!LE(text) INTO(strg) KEY(I) ;
11, IF 1>425 THEN G0 TO 12;
12, strl{no)=strg;
13, 80 70 14;
ik, 12 IF 1>446 THEN GO TO 13;
is. IF 1=428 THEN no=1:;
16. str2{nol)=streg;
17. GO TO 14;
18. 13 IF 1=4i8 THEN no=1;
19. str3(nol=strg;
20. 14 no=no+l;
21. END
22, INCLUDE STRING strl
23, GET LIST(bldshp,1n{1),In(2),In{3),1In(k),In(5),1In(6),d,h,exmax,stor,bldor);
24, INCLUDE ¢ ; | ,
25, INCLUDE STRING str2 :
26. GET LIST(gltp,wntp,pctgl (1), pctegl(2),petgl(3),petegl(l),pctegl(5), octgl(6),wnh,wnw,wn(1),wn(2),wn(3),wn(h
Y,wn(5),wn(6));
[ ] F
28, INCLUDE = ;
29, INCLUDE STRING str3
30, exmax=h;
31. GET LIST(drtp,drbh,drw,dr(1),dr(2),dr{3),dr(4),dr(5),dr(6));
32, INCLUDE # ;
33. IF opt=5 THEN GO TO 185;
34, iF bldshp=4 THEN GO TO 170:
35, D0 ex=1 TO exmax;
36, wla(ex)=In(ex)sh;
37. PUT LIST(wlalex));
38. END ;
39, GO TO 171;
490, 170 wla(l)=3.1416xd+h;
41. 171: glat=0;
42, IF gitp™=7 THEN G0 TO 172;
43, DO ex=1 TO exmax;
b, glalex)=0;
6. G0 TO 174;
L7, 172: IF wntp=1 THEN GO TO 173;
48, DO ex=1 TO exmax;
59, gla(ex)=wla(ex)+pctgl {ex);

50. PUT LIST(glalex));



101

51.. glat=sglat+glalex);

52. END ;

53, GO TO 1743

54, 173: wna=wnh*wnw;

55. DO ex=1 TO exmax;

56, gla(ex)=swnaswn{ex);

57. glat=glat+glialex):

59. 174 drat=0;

60, IF drtp™=7 THEN GO TO 175;

61. DO ex=1 TO exmax;

62, dr(ex)=0;

63, END

64, GO TO 187;

65. 175 adr=drh+drw;

66. DO ex=1 TO exmax;

67, dra(ex)=adradr(ex);

68%. PUT LIST(dra(ex));

69. dratedrat+drat+dra(ex);

70, END :

71. 187: wlateD;

72. DO ex=1 TO exmax;

73.- wian(ex)=wla(ex)-gla(ex)~dralex);
Th, PUT LIST(ex,wlalex),glalex),dralex),wian{ex));
75, wlatewlatewlan(ex);

76. END

7. IF opt=3|opt=4lopt=5 THEN GO TO 178;
78. IF bldshp™=1|bldshp™=2 THEN 60 TO 176:
79. rfazin(1)»1n(2);

80, PUT LIST(rfa);

81, 176 IF bldshp™=3 THEN GO TO 177;

82. rfasin{(2)*In(3)+In{4)*In(5);

83, 177: IF bldshp™=4 THEN G0 TO 179:

84, rfa=3,1416%(d/2)ax2;

85, . 60 TO 179;

86. 178: rfaed;
87. 179: IF opt™=5 THEN G0 TO 186;

88. rfanl;

&§9. IF bldshp=4 THEN GO TO 180:;
90. Int=0;

91. DO ex=1 TO exmax;

2. Int=1nt+In(ex);

93. END

94, 60 TO 181;

85. 180 Int=3,1416+d;

96 . 181: bmwlah=Int*§;

97. bmwlal=int*(h=8);

8. bmwlat=bmwlah¢bmwlal;
99, 60 TO 182;

100, 186: bmwlal=0;
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101. bmwlah=0;

102, 182: IF bldshp=1]bldshp=2 THEN fla=In(1)*In(2);

103, 183: IF bidshp=3 THEN fla=1n(2)*In{3)+In(4)*in(5);

104, 184 IF bldshpel THEN fla=3,1414+(d/2)+#2;

105, 185: flat=flavstor;

106, IF opt=2]opt=3 THEN fla=0;

107. 1=480;

108, dummy=0; ‘
109, CALL subl(wlan{1),wlan(2),wlan(3),wlan(4), wlan(5),wlan(6),wlat);
110, CALL subl(gla(l),g1a(2),egla(3),g1al(b),gla(5),glal6),glat);
111. CALL subl(dra(1),dra(2),dra(3),dra(t),dra(5),dra(6),drat);
112, CALL subl{rfa,bmwlial,bmwlah,fla,f1at,dummy,dummy);
113, subl: PROCEDURE (varl,var2,var3,vark,varS,varf,var7);
114, PUT LIST(varl,var2,var3,vark, vars,var6,var?);

115, varlcs=char{varl);

116, REWRITE FILE(text) FROM(varle) KEY(1) ;

117. 1ele]l;

118, var2ce=char(var?);

119, REWRITE FILE(text) FROM(var2c) KEY()1) ;

120, 1=1+1;

121, var3c=char(var3);

122, REWRITE FILE(text) FROM{var3c) KEY(1) ;

123, }”1*1:

124, varic=char(vark);

128, REWRITE FILE(text) FROM(varkc) KEY(1) ;

1260 ’*‘*1}

127. varSce=char{(var$);

128, REWRITE FILE(text) FROM(varSc) XEY(1) ;

129, T=1+1;

130, varGc=char(varg);

131. REWRITE FILE(text) FROM(var6ec) KEY(1) 3

132, Imlel;

133, var7c=char(var?);

134, REWRITE FILE(text) FROM(var7c) KEY(1) :

1350. ,“}*2;

136. END subl;

137, CLOSE FILE(text) :

138, PUT LIST('END OF SUBROUTINE “OUTPUT™');

134, END output:;
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1., cale: PROCEDURE (opt): o :

2, A DECLARE text FILE ENV( REGIONAL(1) F(80) OLD ) e e SRPCT S

3. DECLARE strg CHAR{(80), strl(19) CHAR(80), str2(10) CHAR(20), ocat(12) , delt(12) , xrndt(l?) s trnt(lz
) , trgi(12) , trdr(12) , trrf(l12) ;

4, DECLARE trbwh(12) , trbwl(12) , trbw(12) , trfi(12)y, tr(12) , vent1d(12) , l!te!d(iZ) . occlds(lzi s O
celdi(12) , oceld(12) , load(12) ;
5. DECLARE s1(12) , tslgl(12) ;
6, cool, heat=0;
7 OPEN FILE(text) DIRECT UPDATE TITLE('harryv.moate.a30722')
g, no=1;
9. Do 1=h05 TO §12,4%27,429,459,461,463,465,471 TO 473,486,495,502 TO 508;
10. READ FILE(text) INTO(strg) KEY(!) 2
11. 1F 1>=486 THEN GO TO c¢2;
12, stri(no)=strg;
13, 80 TO c¢3;
14, c?: IF 1=486 THEN no=1l;
15, str2{no)=strg;
16. c3: no=no+l;
18, che INCLUDE STRING strl ;
19. GET LIST(oce,vent,11te,pow,nod,hldest, mecst,mespa,wiuf, gluf,druf, rfuf,bwuf, fluf, tm,ta,p);
20, INCLUDE « ;
21, ch: INCLUDE STRING str2 ' ;
22. CET LIST(wlat,glat,drat,no%03%,rfa,bwal,bwah,fla,flat);
235, INCLUDE = 3
24, DO mo=1 TO 12;
25, oat({mo)=tm+tarsind{({mo-n)*30);
26, delt{(mo)=cat{mo)-75;
27. /e NOTE! THIS WILL MAKE HEAT LOSS NEGATIVE t/;
28, IF cat{mo)<~30 THEN grndt(mo)=-35;
29, IF oat(mo)>~30&%oat{(mo)<~20 THEN grndt(mo)==-30;
30. IF oat(mo)>=20R0at{mo)<~10 THEN grndt{mo)=-25;
31. IF oat(mo)>=108cat{mo)<0 THEN grndt(mo)=-20;
32, IF cat(mo)>0&ocat(mo)<10 THEN grndt{(mo)=-15;
33. IF cat(mo)>10 THEN grndt(mo)=-10;
34, END
35, ttr,ttrwl, ttrel, ttrdr, ttref,ttrbwl, ttrbwh, ttrbw, ttrfl, tvent,t11te, toce, t10ad=0;
36. oceno=flat/occ;
37. DO mo=1 TO 12;
39, trwl (mo)=wiufr*wlatsdelt(mo);
39, ttrwl=ttrwl+trwl(mo);
40, trel({mo)=glufsglatedelt(mo);
u1. ttrgl=ttrgi+trgii{mo);
42, trdr{mo)=drufsdratedelt(mo);
L3, ttrdr=ttrdr+trdr(mo);
b . trrf{mo)erfuferfardel t(mo);
us, ttrrfettrrfetrrf(mo);
46, trbwh(mo)=,08+bwah*delt(mo);
h7. ttrbwh=ttrbwh+trbwh(mo);
L8, trbwl{mo)=,08+bwalegrndt(mo);
49, ttrbwl=ttrbwistrbwi(mo);

50, trbw{mo)=trbwh(mo)+trbwl(mo);



51,
52.
33,
54,
55.
56.
57,
58.
59.
60,
61.
62.
€3,
64,
65.

67,
G8.
69,
70,
71.
72.
73.
74,
75,
76
77.
78.
79.
80.
81.
82.
83,
8h,
85.
86
87.
g8.
89.
30.
21.
92.
93.
4.
95.
96.
97.
38.
99,
100.

ct:

c7:
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trfl(mo)=.052flasgrndt(mo);

ttrfl=ttrflietrfi(mo);

trimo)=trwl (mo)+trgl{mol+trdr(mol)+trrf{mol+trbwimol+trfli{mo);
ttr=ttr+trimo);

END

4
’

cfm=ocecno®vent;

DO mo=1 TO 12;
ventld{mo)=l,08*cfmedelt(mo);
tvent=tvent+ventid({mo);

END

[3
¢

DO mo=1 TO 12;
liteld(mo)=1lterflat;
tilte=tilte+liteld{mo);

END

.
’

shp=25(;

thp=200;

DO mo=1 TO 12;
occlds(mo)=occno*shp;

oceldl (mo)=occnoxthp;
oceld(mod=ocelds(mo)+occtdl (mo);
tocc=tocctroccld(mo);

END

4
.4

DO mo=1 TO 12;

$1{mo)=1000;

ts1gl(mo)=1000;
load{mo)=tr{mol+si{mo)eventld{mol+liteld(mo)+occidimo);
IF load(mol)d>=heat THEN GO T0 c6;
heat=load(mo)};

heatmo=mo;

G0 TO c7;

IF load(mo)<cooi THMEN GO TO c¢7:
cool=load{mo);

coolmo=mo;

tload=tload+load(mo);

END

]
’

ebc=flats*bldcst;
emec=flatemecst;
Pmesaf1at*mespa'

PUT
PUT
PUT
PUT
PUT
PUT

]

PUT
PUT
PUT
PUT
PuT

EDIT(? serdnrxnavnwern’ ) (SKIP(Y), FGLUMN(ZO) AC15));
EDIT( » RESULTS ')(COLUMN(ZO) AC1I5));
ED!T('***************‘)(COLUMM(ZO) A(15)),

'EDiT(‘MAX:%U% HEATING', "MAX IMUM COOLING' Y(SKIP(2),COLUMN(30),A(12),X(6), A(12)):

EDIT("MONTH! heatmo,coo!mo)(SKlP(l) A(5), X(ZS),F(12) X(6), F(IZ));
EDIT(? TRAN%H!SS!GN LOAD: ') (SKIP(1), A(18))r

EDIT{'WALLS', trwl(heatmo),trwl(coolmo) ) (X(4),A(5),X(21),F(12),%X(6),F(12));
EDIT('GLASS', trgl(heatme), trgl (coolmo) Y (X(4),A(8),X(21),F(12),X(8),F(12));
EDITC'DOORS® , trdr(heatmo), trdr(coolmo) ) (X(4), A(B) X(21),FC12),X%X(6),F(12));
EDITC'ROOF? ,trrf(heatmo), trrf{cooimo))(X(4), A(h) x(22) F(12) X(G) F(lZ)),
EDIT('FLQGR',trfl(beatmo) trfl(con?mo))(xth) A(5) X(21) F(12) X(S) F(12));



101,

102,
1030

104,
105,
106.
107.
108,
109,
1190,
111.
112,

113 .
118,

115.

PUT

PUT
PUT
PUT
PUT
PUT
PUT
PUT
PUT
PUT
PUT
PUT
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EDITC'BSMT, WALLS',trbw(heatmo), trbw(coo1mo))(x(ﬂ) A(11),X(15),F(12),X%X(6), F(lﬁ)): '
EQIT('QQLAR LOAO/GLASS',tsIgY(heatmo) tsIgl(coa?mo))(SKl?(l) A(ls) X(lh) F(IZ}, (6),F(12));
EDIT('VENTILATION LQAD',ventld(heatmo) ventld(coo!mo))(SKlP(l) A(IS) X(Ih) F(12),%x(6),F(12)); -
EDIT('LIGHTING LOAD' 1Iteld(heatmo),1iteld(cooimo)) (SKIP,A(1S), X(17),F(12) ,X(6),F(12)); ‘
EDIT('OCCUPANCY LOAD ,occld(heatmo) occld(coolmo)) (SKIP,A(1S), X(Iﬁ) F(12) X(G),F(l!)):
EDIT(! ')(X(SO) AC(12),%(6),A(12));

EDIT('TOTAL LOAD',load(heatmo) laad(coo!mo))f$KlP,A(lﬂ) X(20),F(12),Xx(6), F(IZ));
EDIT('EXPECTED COST AND SPACE REQU!REMENTS: y{sxipr(2), A(37));

EO!T('TDTAL COST OF BUILDING = $' ebc)(SKiP, A(26), F(12 2)); :

EDIT('COST OF MECHANICAL AND ELECTRICAL °QUIPM£NT = S',emec)(SKlP,A(k?) FCIZ,Z))S
EDITCYCINCLUDED IN TOTAL COSTI')(A(28));

EDIT("MECHANICAL EQUIPMENT SPACE REQUIRED = ',emes,' $Q. FT.'){SKIP,A(38), F(lz,z) A(?)):

CLOSE. FILE(text) ;

PUT
END

LIST(YEND OF SUBROUTINE "CALC"'):
cale;
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update: PROCEDURE (opt);

r3:

ré:

DECLARE text FILE ENV( REGIONAL(1) F(80) OLD ) ;

OPEN FILE{text) DIRECT UPDATE TITLE('Harry.moate.a30722')

DECLARE 1lne CHAR(80), 1in CHAR(10);
IF opt™=7 THEN GO T0 qgl:

minlin=1;

minl In=250;

GO TO r2;

DO 1=248 TO 250;

READ FILE(text) INTO(1Ine) KEY(1) ;
PUT LIST(1ine);

END ;

GET LIST(edit);

IF edit>=18edlt{=2 THEN GO TO rl;

PUT LIST('INMCORRECT INPUT., Reenter either 1 or 2');

GO TO al;

GET LIST(minlin,maxtin);

IF edit™=1 THEN GO TO r3;

DO l=minlin TO maxling

READ FILE(text) INTO(llne) KEY(1) ;
PUT EDIT(1,1ine)(F(3),COLUMN(5),A(80));
END ;

GO TO ré6;

IF edit™=2 THEN GC TO rk;

DO 1=minlin TO maxlin;

GET LIST(1ine);

REWRITE FILE(text) FROM(1line) XKEY(1) ;
END

CLOSE FILE(text) ;

PUT LIST('END OF UPDATE SUBROUTINE');
END update:

[3
’
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ENERPAC: AN INTERACTIVE PROGRAM, IN THE CONVERSATIONAL
MODE, FOR BUILDING ENERGY DESIGN

by
Harry Frank Moate, III

(ABSTRACT)

Energy shortages in urban areas and rapidly rising energy costs
will soon make building energy consumption an important element in
architectural design. Previously, this factor had been given
consideration only in the latter stages of design, and then by the
consulting engineer. Now, the architect will have to use it as one
of the criteria in evaluating alternative solutions.

To aid the architect in this analysis, ENERPAC has been developed.
ENERPAC is a computer program for building energy design. It is
designed especially for the architect to use in the early stages of
a project by using variables of the type and scale appropriate to
this level of design. The program is written in conversation lan-
guage, mainly in the form of questions directed to the user. After
interrogating the user to obtain the necessary data, calculations
are made to determine the building energy load. The user may then
change the variables, as desired, to evaluate their effect on the
load.

In addition to its use in new building design, the program has

also proven useful for obtaining a quick determination of building



Toads for cost estimates, such as adding air conditioning (cooling)
to existing buildings.

The five areas of investigation and documentation covered by
this thesis were (1) existing programs, (2) program requirements,
(3) methodology, (4) results, and (5) conclusions. A listing of

the program and a User's Manual are included in the Appendix.
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