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INTRODUCTION

What Is DOE-2°?7

DOE-2 provides the building design and research communities

with an up-to-date, unbiased, weil-documented public-domain
computer program for building energy anziysis. DOE-2 predicts

the hourly energy use and energy cost of a building given

hourly weather information and a description of the building

and its HVAC equipment and utility rate structure.

DOE-2 is a portable FORTRAN program that can be used on a large
variety of computers, including PC’s. Using DOE-2, designers

can determine the choice of building parameters that improve energy
efficiency while maintaining thermal! comfort. The purpose of DOE-2
is to g1d in the analysis of energy usage in buildings; it is not
intended to be the sole source of information relied upon for the design
of buildings. The judgment and experience of the architect/engineer

still remain the most important elements of buiiding design.

The DOE-2 program was developed by the Simulation Research Group at
Lawrence Berkeley Laboratory, with major funding provided by the

U.S. Department of Energy.
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About This Manual

During the 12 years that DOE-2 has been In existence, it has grown to three times its original
size due to the addition of new capabilities. As a result, using the program can be difficult not
only for the novice but aiso for the experienced user.

The enormous number of variables from which the user can choose is only part of the problem.
Up until now there has been no attempt to give program users direction as to what is considered
“basic” and what might be termed “finesse”. Learning to use DOE-2 is anaiogous to learning a
card game: first you learn how to bid, then to follow suit, then to trump. It is only after these
“basic” rules have been mastered that the idea of a “finesse” can enter the game. This manual
1s aimed at introducing users to the basics of DOE-2.

DOE-2 Basics covers approximately 80% of normal simulation applications, yet requires the user
to be familiar with only 25% of the input variables available in the program. The variables
have been chosen from our long experience of assisting the most experienced users prepare their
Inputs.

There is a real danger in preparing a manual with a limited set of variables because so many
useful features of the program are left out. To compensate for this, we have tried to direct the
user to other program documentation that discusses the more complex features.



Other Documentation
Ir addition to this DOE-2 Basics, there are six other pieces of documentation:

*  Reference Manual (2.14) :
- detailed instructions on how to use all features of the program

° Supplement (2.1E)
- a companion volume to the Reference Afanual (2.14), it contains
detailed discussions and instructions for using the enhancements
mtroduced into subsequent versions of the program

*  BDL Summary (2.1E)
- summarizes all input commands and keywords
- lists defaults, limits, abbreviations

¢  Sample Run Book (2.1E)
- shows input and output for simple and complex buildings and systems
- lllustrates most program features
- a complete set of sample inputs and outputs is available on the mainframe
DOE-2 tape for users to examine, ruz, and/or edit; a reduced set of samples
is distributed on diskette with the PC versions of DOE-2.

¢  Engineers Manual (2.14)
- describes engineering and mathematical basis of program calculations
- lists sources of algorithms

e DOE-2 USER NEWS
- published quarterly
- distributed free of charge
- Teatures articles on the effective use of DOE-?
- lists program problems and bug fixes
- provides a directory of DOE-2 related software products

Any user may receive the USER NEWS free of charge. To be put on the distribution list, please
write the Simulation Research Group, Bldg. 96 - Room 3147, Lawrence Berkeley Laboratory,
One Cyclotron Road, Berkeley, CA 94720.

DOE-2 manuals are available from the National Technical Information Service, 5285 Port Royal
Road, Springfield, VA 22161; tel. (703) 487-4650, Fax (703} 321-8547. Contact NTIS for price
and delivery information.

Title of Document

(version of DOE-2) NTIS Order Number
Reference Manual {2.1A) LBL-8708, Rev.2
Supplement (2.1E) DE-890-17728

BDL Summary (2.1E) DE-890-17726
Sample Run Book (2.1E) DE-890-17727
Engineers Manual {2.14) DE-830-04575
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What dces a DOE-2 run look like?

Following are the input (complete with a system, piant, and energy rate) and selected output
reports for the single zone building shown below. {A more detailed version of this building, with
five zones and a plenum, is shown in Appendix B.}

e la—

Y -
BACK-] TOP-1 RIGHT-1 Tp el 1l :
7 FRONT-1
25— 25—
A T
¥ 3 A -\ B3 Y
L | , b
LEFTA RIGHT-1
[ 25—
e :
T -+
BACK-1
Figure 1.1: Simple Structure — Single Zone Building. LEFT-1, FRONT-1, etc. are user-

defined names.

Sample Input

INPUT LOADS
TITLE LINE-1 *SIMPLE EXAMPLE FOR DOE-2 BASICS *

RUN-PERTOD JAN 1 1974 THRU DEC 31 1974

ABORT ERRORS

DIAGNOSTIC WARNINGS .,

BUILDING-LOCATION LATITUDE = 42.0 LONGITUDE = 88.0
ALTITUDE = 610 TIME-ZONE = 6
AZIMUTH = 0 HCLIDAY = YES

$§ CONSTRUCTION AND GLASS TYPES

WA-1-2 = LAYERS MATERIAL = (WDGI,PWDS,INO:’,GPOI)
RB-1-1 = LAYERS MATERIAL = (RGO],BROl,INQ’.’,‘V\’DOI)

INSIDE-FIIM-RES = .75
ROOF -1 = CONSTRUCTION LAYERS = RB-1-1

WALL-1 CONSTRUCTION LAYERS = WA-1-2
FLOOR-1 = CONSTRUCTION U-VALUE == .05

I

D1 = CONSTRUCTION U-VALUE = .5 ..
WINDOW-1 = GLASS-TYPE SHADING-COEF = .9 PANES = 2
G-DOCOR = GLASS-TYPE SHADING-COEF = .8 PANES = 1
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3 OCCUPANCY SCHEDULE

OCCUPY-1 == SCHEDULE THRU DEC 31
’ (MON,FRI) (1,8)(0) (9,11){1)
' (12,14)(.8,.4,.8) {(15,18)(1)
(19,21)(.5,.1,.1) (22 243(0)
(SAT HOL) (1,24)(0)
$ LIGHTING SCHEDULE
LIGHTS-1 = SCHEDULE THRU DEC 31
WMD) (1,8){.05) (9,14)(.9,.95,1,.95, .8
{15,18)(1) (19,21)(.8,.2,.2)
(22,24)(.05)
(WEH) (1,24)(.05)

$ OFFICE EQUIPMENT SCHEDULE

EQUIP-1 = SCHEDULE THRU DEC 31
(WD) (1,8){.2) {9,14)(.8)
(15,20)(.8,.7,.5,.5,.3,.3)
{21,24)(.02)
(WEH) (1,24)(.02)
$ INFILTRATION SCHEDULE
INFIL-1 = SCHEDULE THRU MAR 31 {ALL) (1,24) (1)

THRU OCT 31 (ALL) {1,24) (0)
THRU DEC 31 (ALL) (1,24) (1)

$§ GENERAL SPACE DEFINITION

OFFICE-ENV = SPACE-CONDITIONS  PEOPLE-SCHEDULE == OCCUPY- !
LICHTING- SCHEDULE = LIGHTS- 1
EQUIP- SCHEDULE = EQUIP-1
LIGHTING- TYPE = REC-FLUOR-NV
LIGHTING-W/SQFT = 1.5
EQUIPMENT-W/SQFT = 1
AREA /PERSON = 110
FLOOR-WE I GHT =70
INF -METHCD = AIR- CHANGE
INF - SCEEDULE = INFIL-1
AIR-CHANGES /HR = 0.6

PEOPLE-HEAT-GAIN = 450

QOFFICE = SPACE SPACE-CONDITIONS = OFFICE-ENV
AREA == 5000 VOLIME = 40000



FRONT- 1 = EXTERIOR-WALL HEIGHT = 8 WIDTH = 100 AZIMUTH=180
CONSTRUCTION = WALL- |

WF-1 = WINDOV WIDTH = 45 HEIGHT = 4
GLASS-TYPE = WINDOW- |

WINDOW WIDTH = 3 HEIGHT = 7
GLASS-TYPE = G-DOOR .. $ A GLASS DOOR

RIGHT-1 = EXTERIOR-WALL HEIGHT = 8 WIDTH = 50 AZIMUTH = g0
CONSTRUCTION = WALL-1

WINDOW LIKE Wr-1 WIDTH = 25

BACK-1 = EXTERIOR-WALL HEIGHT = 8 WIDTH = 100 AZIMUTH — ¢
CONSTRUCTION = WALL-1 .

W] NDOW LIKE Wr-1 WIDTH = 45
DOCR HEIGHT = 7 WIDTH = 3
CONSTRUCTION = DI .. § A WOOD DOOR
LEFT-1 = EXTERIOR-WALL HEIGHT = 8 WIDTH = 50 AZIMUTH = 270
' CONSTRUCTION = WALL-1
WINDOW . LIKE WF-1 WIDTH = 25
TCP- 1 = ROOF HEIGHT = 50 WIDTH = 100 AZIMUTH — 180

TILT =0 GND-REFLECTANCE = 0
CONSTRUCTION = RCCF -1

BOTTQM-1 = UNDERGROUND-FLOOR ARFA — 5000 CONSTRUCTICN = FLOCR-1
BUILDING-RESCURCE RWV- SCHEDULE = OCCUPY-1 HOT-WATER = 10000
LOADS-REPORT SIMMARY = (LS-C)

END ..
CAMPUTE LCADS

INPUT SYSTEMS
$ SYSTEMS SCHEDULES

FANS-ON =  SCHEDULE THRU DEC 31 (WD) (1,7)(0) (8.18)(1) (19,24)(0)
(WEH)} {1,24)(0)

COOLSETPT = SCHEDULE THRU DEC 31 (WD) (1,7)(89) (8,18)(78) (19,24)(99)



(WEH) (1,24)(99) ..
HEATSETPT = SCHEDULE THRU DEC 81 (WD) (1,7)(55) (8,18)(72) (19,24)(55)
(WEH) (1,24)(53)
OFF ICE == ZONE _DESIGN-HEAT-T = 72
DESIGN-COOL-T = 74
HEAT- TEMP- SCH = HEATSETPT
COOL- TEMP- SCH = COOLSETPT
OA-CFM/PER = 15
AC-SYST = SYSTEM SYSTEM- TYPE — S2RH
: MAX- SUPPLY-T = 110
MIN- SUPPLY-T = 55
NIGHT-CYCLE-CTRL = CYCLE-ON-FIRST
FAN- SCHEDULE = FANS-ON
ECONO-LIMIT-T  — 68
OA- CONTROL = TEMP
ZONE.- NAMES = (OFFICE)

SYSTEMS-REPCRT SUMMARY = {S5-4)

CVPUTE SYSTEMS

INFUT PLANT
SEW = PLANT-EQUIPMENT TYPE — DEW-HEATER SIZE =-%9¢
MG = PLANT-EQUIPMENT TYPE = BW-BOILER SIZE =-999

CHR = PLANT-EQUIPMENT TYPE

HERM-REC-CHLR $iZE ==-994g

PLANT-PARAMETERS BOILER-FUEL = NATURAL- GAS
HERM-REC-COND-TYPE = AIR

PLANT-REPORT SUMMARY — {BEPS)

COMPUTE PLANT
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INPUT ECONCMICS
ENERGY-COST RESOURCE = ELECTRICITY ASSIGN-CHARGE == {(ELCOST)

ELCOST = CHARGE-ASSIGNMENT RESOURCE == ELECTRICITY TYPE = ENERGY
BLOCK-RANGE = (800,1200, 10000)
BLOCK-CHARGE = (.075,.090,.10)

ENERGY-COST RESOURCE = NATURAL-GAS UNIT = 1000060 UNIFORM-COST =.62
ECONQMITS-REPORT  SUMMARY = {ES-D)

END ..
COMPUTE  ECONCMICS
STOP

Sample Qutput

The following pages show the output reports generated by the sample input for Chicagzo
weather.
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Structure of DOE-2

DOE-2 has five parts, as shown in Fig. 1.2: one program for translation of the input, and four
simulation subprograms. The four simulation subprograms are executed in sequence, with the
output of one becoming the input to the next. Each of the four simulation subprograms also
produces printed reports of the results of its calculations. The subprograms are summarized
below: ‘

1)

2)

3)

4)

5)

BDL - The Building Description Language processor

reads the flexibly formatted data supplied by the user and translates it Into computer
recognizable form. It also calculates response factors for the transient heat flow in walls
and weighting factors for the thermal response of building spaces.

LOADS - the loads simulation subprogram '

calculates the sensible and latent components of the hourly heating or cooling load for each
user-designated space in the building, assuming that each space is kept at a constant tem-
perature selected by the user. LOADS is responsive to weather and solar conditions, to
schedules of people, lighting and equipment, to infiltration, to the time delay of heat
transfer through walls and roofs and to the effect of building shades on solar radiztion.

SYSTEMS - the secondary. HVAC system simulation subprogram

LOADS produces =z first approximation of the energy demands of a building. SYSTEMS

corrects this approximation by taking into account outside air requirements, hours of
equipment operation, HVAC equipment controi strategies, and the transient response of the
building when neither heating nor cooling is required’ to maintain the temperature and
humidity setpoints. The output of SYSTEMS is a list of the actual heating and cooling
coil loads at the zone and system levels.

PLANT - the primary‘ HVAC system simulation subprogram

simulates the behavior of boilers, turbines, chillers, cooling towers, storage tanks, etc., in
satisfying the secondary systems heating and cooling coil loads. PLANT takes into account
the part-load characteristics of the primary equipment in order to calculate the fuel and
electrical demands of the building.

ECONOMICS - the economic analysis subprogram
calculates the cost of energy. It can be used to compare the costs of different building
designs or to calculate savings {or retrofits to an existing building.

The words gecondary and primary are historical terminology in the US. building industry. The “air side” equipmen: {fans,
ducts and coils) is referred to as the “secondary” system; whereas the boilers, chillers and other energy conversion equipment
are called “'primary”.
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Uses for DOE-2

Because of the scope and flexibility of its input, DOE-2 ¢an be used in many applications, espe-
cially those involving design of building envelope and systems, and selection of energy conserving
or peak demand reduction alternatives. For example:

Energy Conservation Studies

)

Effect of the thickness, order, type of materials, and orientation of
exterior walls and roofs;

Effect of thermal storage in walls and floors, and in energy storage tanks coupled
to HVAC systems;

Effect of occupant, lighting, and equipment schedules;

Effect of intermittent operation, such as the shutdown of HVAC systemé
during the night, on weekends, holidays, or for any hour;

Effect of reduction in minimum outside air requirements and
the scheduled use of outside air for cooling;

Effect of internal and external shading, tinted and reflective glass, use of daylighting.

Building Design Studies

a)
b)
¢)

d)

¢)

Initial design selection of the basic elements of the building, primary
and secondary HVAC systems, and energy source; ’

During the design stage, evaluating specific design concepts such as
system zoning, control strategies, and systems selection;

During construction, evaluating contractor proposals for deviations from
the construction plans and specifications;

A base of comparison for monitoring the operation and maintenance of
the finished building and systems;

Analysis of existing buildings for cost-effective retrofits.

How valid is DOE-2°?

DOE-2 has been verified against manual calculations and against field measurements on existing
buildings in 2 DOE-sponsored project conducted by Los Alamos National Laberatory. For more
information on program validation, please refer to the following:

. DOE-2 Vertfication Project, Phase 1, Interim Report, Los Alamos National Laboratory,
Report No. LA-8285-MS, 1981

* DOE-2 Verification Project, Phase 1, Final Report, Los Alamos National Laboratory,
Report No. LA-10649-MS, 1986.

These reports are available from the National Technical Information Service, 5285 Port Royal
Road, Springfield, VA 22161.



Weather Files

The DOE-2 mainframe tape comes with Chicago weather; it alsc comes with a weather DTOCEessor
program for converting weather tapes into DOE-2 compatible weather files. Users of the PC
versions of DOE-2 should contact their vendor for information on weather files. Weather files
can be obtained from the following organizations: '

TMY or TRY weather tapes National Climatic Data Center
Federal Building
Asheville, North Carclina 28801
(704} 255-0871 Climate Data
(704) 259-0682 Main Number

CTZ weather tapes California Energy Commission
Attn: Bruce Maeda, MS-25
1516-9th Street
Sacramento, CA 95814-5512

1-800-772-3300 Energy Hotline

WYEC weather tapes ASHRAE
' 1791 Tuliie Circle N.E.
Atlanta, GA 30329

(404) 636-8400

Program-Related Software and Services
Each issue of the USER NEWS contains a directory of software and services pertaining to
DOE-2. This listing includes names and addresses of consultants, information on training,

where to purchase the PC versions of DOE-2, how to obtain pre- and post-processor software,
ete.

To get current information, please contact the

Simulation Research Group
Bldg. 90 - Room 3147
Lawrence Berkeley Laboratory
One Cyclotron Road
Berkeley, CA 94720
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BUILDING DESCRIPTION LANGUAGE (BDL)

BDL Inostructions

In this manual, the acronym BDL will be used both as the name of the DOE-2 input language
and as the name of the DOE-2 subprogram that translates DOE-2 input instructions into a
machine readable format. For a list of basic BDL input commands and keywords, see Appendix
F of this manual. A complete list of commands and Keywords can be found in the BDL Sum-
mary (2.1E).

To aid in understanding the following sections, we recommend that the reader refer to the
“Sample Input”, starting on p.1.9. The basic element of BDL is the instruction. An instruction
corresponds roughly to an English sentence and always includes a command, which specifies the
subject matter, and a ferminafor, which ends the command. An example is the BDL instruction
that defines the run period for the simulation (see “Sample Input™):

RUN-PERIOD JAN 1 1974 THRU DEC 31 1974 ..

Each instruction is assumed by BDL to stay in effeet until it sees a terminator. If there is more
data, it assumes a new instruction is coming and seeks out the controiling command word of
that instruction. This process continues until BDL reads the command STOP. Note that no
reference is made here to coming to the end of a line. An instruction may stretch over many
lines without the user needing to indicate that the second and following lines are continuations
of the first. BDL assumes that they are continuations as long as it has not discovered a termi-
nator, and thus allows the user to arrange the input in any fashion that is easily readable. -

Terminator

The symbol for the terminator is .. (two periods with no space between them and one or more
blank spaces preceding them. Don’t forget to end each instruction with a terminator, otherwise,
pages of error messages may result.

Comments
Any line of input may contain a comment; comment lines start and end with a dollar sign (§).
Be sure to put at least one space between the terminator (..) and the start of the comment line.

INPUT Command
Before inputting data for a subprogram, the user must use the INPUT command to tell BDL
which program data are being presented next; for example:

INPUT LOADS ..
END Command
END tells BDL that the program data started by INPUT command is complete. The lines

between INPUT and END must contain all data needed to perform the simulation for the sub-
program indicated. :
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COMPUTE Command

. COMPUTE requests that a simulation be performed using input data between the previous
INPUT and END commands. In the sample, COMPUTE LOADS requests a LOADS simulation

and the LOADS data between INPUT LOADS and END will be used. The sequence continues -

by telling BDL to accept SYSTEMS data input (INPUT SYSTEMS).

Keywords* )

The description of a building is entered between INPUT and END with a series of commands,
each of which accepts additional pieces of information that describe the content of the com-
mand. The identification of the specific content is through keywords.

Keywords always appear in the form keyword==value, or keyword=(a list of values), where
“value” or “list of values” is specified by the user. As an example, the command
BUILDING-LOCATION tells BDL that the data to follow give the building’s location and time
zone.

BUILDING-LOCATION LATITUDE=42 LONGITUDE=88
ALTITUDE=610 TIME-ZONE=5
AZIMUTH=0 HOLIDAY=NO ..

In this example there are six keyword==value pairs { LATITUDE=42, LONGITUDE=58,
ALTITUDE=610, TIME-ZONE=6, AZIMUTH=0, and HOLIDAY=NO ).

Spacing between lines, commands, keywords, etc., is arbitrary except that a blank indicates the
end of a keyword=value pair. For this reason blank spaces may not be embedded within a sin-
gle keyword.. For example, the keyword TIME-ZONE is recognized as one word: if the dash is
omitted (TIME ZONE]}, then two words are produced and BDL won't recognize either one as a
keyword. Because spaces, commas, and equal signs may be used interchangeably as separators,
BDL interprets

LATITUDE 42
LATITUDE 42
LATITUDE=42
all in the same way. However, equal signs between keywords and their values do make the input

more readable. Note that for the keyword, HOLIDAY, the value assigned (NO) is a code-word
rather than a number.

u-names and Referenced Commands

Some keywords take values that are user-defined names, called “u-names”. With u-naines,
previously-defined commands can be referenced, allowing data {rom one instruction to be used in
one or more subsequent instructions.

To ilustrate the use of referenced commands and u-names, we specify the construction of a wall.
The first step is to indicate the different layers of the wall starting from the cutside surface.
This is given by an instruction whose command is LAYERS, which must be given a u-name, in
this case WA-1-2,

WA-1-2 =LAYERS MATERIAL=(WDO01,PW03 IH02,GP01) ..

* Please refer to Appendix F for a list of ““basic’’ commands, keywords, and abbreviations.

Lo
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Note that, in general. 2 command must be the first word in an instruction unless it is preceded
by a u-name (preferably with an intervening equal sign}].* There are two other points to note in
this example. First: when a list of values is assigned to a keyword, the list must be enclosed in
parentheses (). Second: the values of some keywords are code-words: in this example they were

taken {rom the list of materials deseribed in Appendix D, the Materials Library. ‘

Since the LAYERS command has a u-name, it can be referenced in a subsequent instruction that
describes the unique constructior of 2 wall. Its value is the u-name the user has given to the set
of materials above. Thus

WALL-1 ==CONSTRUCTION LAYERS=WA-1-2 .

Here, the CONSTRUCTION command has been given the u-name WALL-1 to remind the user
that it describes the construction type of the exterior wall, and so that it can be referenced later.

To complete the chain of referenced commands, the south-facing wall of the building has an
exterior wall with construction WALL—1:

FRONT-1 =EXTERIOR-WALL HEIGHT=S
WIDTH=100
AZIMUTH=180
CONSTRUCTION=WALL-1

Choosing u-names

In the example above, the command EXTERIOR-WALL has also been glven a .u-name,
FRONT-1. This is optional and is not required. However, there are reasons for u-naming
specific walls, windows and the like. The first is that several of the optional reperts in the
LOADS subprogram are verifications of input organized in an informative manner. Unless the
various components are u-named, it is difficult to tell which wall, for example, is being described.
Another reason is to make use of the labor-saving keyword LIKE, which is described below. The
rule for choosing u-names is this: a u-name is any alpha-numeric string of 16 or fewer symbols
which have no embedded spaces and that are different from all commands, kevwords and code-
words or their corresponding abbreviations or reserved words. “Reserved” means that the word
is recognized by the program as a command or keyword or value.

LIKE Keyword

Many commands allow the LIKE keyword. When used, LIKE must be the first keyword fellow-
ing the command and its symbolic value must be the u-name of a previously defined command
of the same type. This keyword instructs BDL to assign to this command the same values of all
the keywords in the referenced command. For example,

WF-1=WINDOW  HEIGHT=4
WIDTH=45
GLASS-TYPE=WINDOW-1

allows us to reference this window and change its width, creating a new window, WR-1:
WR-1=WINDOW LIKE=WF-1 WIDTH=25 .

* There are some commands, like BULDING-LOCATION. which cannot have u-names. The complete list of commands, key-
words, their abbreviations, and summary rules is given in the BDL Susnmary {2.1E],
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Subcommands

A subcommand is similar to a command except that it can be referred to by a subsequent com-
mand through the use of a u-name. Unlike a command, however, the keywords of a subcom-
mand can be included within its associated command. Ip the example, SPACE-CONDITIONS
keywords are referenced in the SPACE command by specifying
SPACE-CONDITIONS=OFFICE-ENV. In a multi-space building, this would allow the same
SPACE-CONDITIONS to be assigned to several spaces, thus saving input effort.

Building Description .

One of the first steps in energy analysis is to obtain the architectural and mechanical drawings
for the building to be simulated. Keep in mind that the goal Is to create a mode! of the building
in order to analyze thermal energy flows and not to describe in minute detail what the building
looks like architecturally. The user can save input time and computer time by describing the
building from an energy perspective rather than from an architectural perspective.

To understand this more fully, it is necessary to know how DOE-2 treats the boundaries of
spaces. DOE-2 does not attempt to reconstruct the space geometrically from the user’s descrip-
tion of the bounding surfaces. Rather, the program calculates the flow of energy only through
the surfaces that the user describes. It does not test whether walls meet or even whether the sur-
faces describe an enclosed three-dimensional space. It is possible, for example, to define a space
with a floor area and a volume and then to describe only one exterior south-facing wall. DOE-2
accepts the user’s word that all that is wanted is to examine the energy flow in the space
through that one surface. Or the user may have decided that the energy flow through the other
surfaces (perhaps interior walls) was negligible.

Internal Zoning

The first decision to make is how to divide the inside of the building into discrete spaces or
zones. In LOADS these regions are referred to as “spaces” and in SYSTEMS these identical
regions are called ‘“‘zones”. When considering the structure and use of a building the word
“‘space’” seems appropriate; however, when designing an HVAC system the central concern
relates to spaces that are under the same thermostatic control, i.e., zones.

In practical terms this means that the user need not be constrained by the details of the archi-
tectural plan. Contiguous rooms, that can be expected to behave similarly from a thermo-
dynamic perspective, can be described as a single SPACE in the LOADS input and as a single
ZONE (with the same u-name) in the SYSTEMS input. The objective from the perspective of
reducing input preparation time and computer run time is to have as few zones as possible con-
sistent with making an adequate model of the thermedynamic behavior of the building.

It is not even necessary to have zones separated by real partitions or interior walls. However. it
is common in building energy analysis to create one internal zone and four external zones (one
for each exposure — see p.B.3).

In the Example, we have chosen to input the building as one SPACE in LOADS and one ZONE
in SYSTEMS. Note that if the dynamics of a building system require transfer of heat {rom one
zone to another, such as a water source heat pump system, it is imperative to input muitiple
zones so that the transfer can be simulated.
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Use of Comments

BDL allows the user to introduce comments into the body of the input without aflecting the
translation of the data. Comments help a user who returns to DOE-2 input after an absence
and may have difficulty reconstructing the original intent. Comments are also helpful if some-
one else wants to use the input.

BDL recognizes the dollar sign, $, as the beginning and end of a comment. Ary string of charac-
ters between dollar signs is ignored by BDL in translation but is echoed back in the cutput. For
example, $BUILT-UP ROOF$ is a comment in the following instruction:

ROOF-1 =CONSTRUCTION LAYERS=RB-1-1 $BUILT-UP ROOF$ ..

Note that a comment that spans several lines must have $ at the beginning of each line of com-
ment.

Alternative Runs

DOE-2 aliows the user to make a series of alternative runs in a single input file.* Any number
or series of alternative runs is allowed in DOE-2 and in any combination. For example, the
input of a base LOADS run with two SYSTEMS alternatives, followed by a single PLANT, is as
follows:

INPUT LCADS ..

.

END .
COMPUTE LOADS
INPUT SYSTEMS .. $ FIRST SYSTEM §

END .-
COMPUTE SYSTEMS .
INPUT PLANT

-

END -
COMPUTE PLANT ..
INPUT SYSTEMS .. $§ SECOND SYSTEM §

END .-

COMPUTE SYSTEMS ..

COMPUTE PLANT

5TOP .-
[t is not necessary to re-input the LOADS input after the first SYSTEM, nor is it necessary to
re-input the PLANT input after the last SYSTEM; the command, COMPUTE PLANT, is
sufficient to re-call the previous PLANT input and thus recompute the effect of the second SYS-
TEM on it.

* DOE-2 also zllows the user to make parametric runs, ie, those that involve changing one parameter {or a number of related
parameters} to analyze the effect on energy use. The user is referred to the Reference Afsnual {2.1A) lor a description of how to
prepare the input for parametric runs.
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Schedules

Hourly profiles of such quantities as lighting power, occupancy, and thermossat setpoint are
known as “schedules” in DOE-2. There are three basic types of schedules used in BDL for the
entire program.

1) DAY-SCHEDULE .
Defines the day’s hourly profile; therefore, a separate DAY-SCHEDULE is required for each
type of day that needs to be defined.

[ 8]
St

WEEK-SCHEDULE
Defines each type of day in the week [week-day, holidays, half-workdays, etc.].

3) SCHEDULE
Defines the type of week in the year, thereby allowing for the definition of calendar periods,
such as summer vacations, etc.

DAY-SCHEDULE
In its simplest form, the input for DAY-SCHEDULES is:

U-NAME == DAY-SCHEDULE {hours covered) (values for each hour) ..

For example:

LTG-1 = DAY-SCHEDULE (1,24) (0,0,0,0,0,0,0.0,0.3,0.6,0.8,1,1,1,1,1,1,1,0,0,0,0,0.0) .

Optionally, this can be shortened by writing
LTG-1 = DAY-SCHEDULE (1,8)(0) (9,11) (0.3.0.6,0.8) (12,18) (1) {19,24) (0) ..

which is representative of a week-day dally profile. Note that hour 1 is midnight to 1am, kour 2
is lam to 2am, etc. For example, (12,18)(1)(19,24) (0), above, means that the lights are fully on
from llam to 6pm and fully off from 6pm to midnight.

For week-ends and holidays, let’s assume that:

LTG-2 = DAY-SCHEDULE (1,24)(0) ..

WEEK-SCHEDULE

The purpose of the WEEK-SCHEDULE should now be apparent;

we have two day types — LTG-1 represents week-days, and LTG-2 represents week-ends and
holidays. The form of the WEEK-SCHEDULE is: :

U-NAME = WEEK-SCHEDULE (%) (U-NAME of DAY-SCHEDULE referenced) .

T days of week covered

Using the previously defined DAY-SCHEDULES, the example can be carried forward with:

NORMAL = WEEK-SCHEDULE (MON,FRI} LTG-1
(SAT,HOL) LTG-2 .
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where (MON,FRI) includes MON TUE,WED,THU FRI and (SAT,HOL) includes SAT,SUN HOL.

Optionally, this can be shortened to:

NORMAL = WEEK-SCHEDULE (WD) LTG-1 (WEH) LTG-2 ..

where (WD) stands for week-days and (WEH) for week-ends and holidays. If Saturday is con-
sidered part of the normal week, you have to write (MON,SAT) LTG-1 and (SUN,HOL) LTG-2,

SCHEDULE
To illustrate the purpose of SCHEDULE, assume we have a school that is closed in the summer
and on week-ends and holidays. Therefore, we need another week type:

VACATION = WEEK-SCHEDULE (ALL) LTG-2 ..

where (ALL) stands for all days of the week, including holidays, and LTG-2 was the
DAY-SCHEDULE representing lights as being “off” for 24 hours. .

In its simplest form, SCHEDULE takes the form of:

U-NAME =SCHEDULE(THRU #)(U-NAME of WEEK-SCHEDULE referenced) ..

+ calendar period covered

To finalize the example:

LIGHTS = SCHEDULE THRU JUN 10 NORMAL
THRU SEP 5 VACATION
THRU DEC 31 NORMAL ..

Another option, “nesting of schedules”, can be very useful in lessening the chore of preparing
schedules. In the above example we could have bypassed the WEEK-SCHEDULEs by “nesting”
the DAY-SCHEDULEs in the SCHEDULE itself. For example:

LIGHTS = SCHEDULE THRU JUN 10 (WD) LTG-1 (WEH) LTG-2
THRU SEP 5 (ALL) LTG-2
THRU DEC 31 (WD) LTG-1 (WEH) LTG-2 .

Further, if there had been no vacation period, the DAY-SCHEDULE as well as the
WEEK-SCHEDULE could have been bypassed by “nesting” as follows:

LIGHTS = SCHEDULE THRU DEC 31 (WD) (1,8)(0) (5,11)(0.3,0.8,0.8)
(12,18)(1) (19,24)(0)
(WEH) (1,24)(0) .

In the BDL for SYSTEMS, there are special requirements for DAY-RESET schedules, in
PLANT there are DAY-ASSIGN schedules, and in ECONOMICS there are DAY-CHARGE
schedules, but they all follow the same pattern described above.

L2
|
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Flexibility of Input Format

Most users will soon develop a format that suits them and after a few inputs have been prepared
they will use their editor to patch sections of old IRnputs into new ones, and thus reduce time of
preparation. For example, starting on p.1.9, the entire sample input down to the first SPACE is
probably worth saving as representative of office buildings. And as you will see in the SYS-
TEMS section of this manual, we have prepared alternative system inputs, any one of which
could be merged into the file to replace the one in this sample.

The following 16 lines of input are identical in content to the plant and economics input on
p.1.12. The purpose of this example is to display the free formatting available to the user, and
at the same time display the use of abbreviations and lower case lettering. This also shows how
confusing a jumble of input styles can be and the importance of annotating your inputs as vou
go along.

Organizing the input so that the most important items appear in the left column, plus indenting
the information that is less pertinent, will make the original intent more readily apparent if you
have to review it six months or more from now. To prove the point, compare the input in the
sample run to the input below prepared with no recognizable format. '

INPUT PLANT ..

SHW = P-E TYPE = DHW-HEATER size =-869 _.
HWG = PLANT-EQUIPMENT TYPE = HW-BOILER
SIZE =-999 .,

CHR = PLANT-EQUIPMENT TYPE = HERM-REC-CHLR SIZE —-G9g _

. P-P BOILER-FUEL = NATURAL-GAS HERM-REC-COND-TYPE = AIR _
PLANT-REPORT S = (BEPS): .. END .. COMPUTE PLANT ..

INPUT ECONOMICS ..

ENERGY-COST R = ELECTRICITY A-C = (ELCOST)

ELCOST = C-A R = ELECTRICITY TYPE — ENERGQY

B-R = (800,1200,10000) B-C = (.075,.090,.10) ..
ENERGY-COST RESOURCE NATURAL-GAS UNIT 100000 UNIFORM-COST 62 ..
ECONOMICS-REPORT S = (ES-D) ..
end ..
compute economics ..
stop ..
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LOADS

Introduction

The LOADS section of DOE-2 caleulates the heating 2and cooling loads of a building, assuming a
fixed indoor air temperature.* The loads components can be divided into two classes, external
and internal. ) :

Ezternal  components are the loads due to heat conduction through walls,
heat conduction through wiadows, infiltration through windows
and walls, and solar gain through windows.

Internal  components are the loads due to people, lights, and equipment inside
the building.

The program first calculates the external load components for all the windows and doors on a
wall, then for all the walls in a space. The wall loads are then combined into the total external
load for the space. Next, the program calculates the internal load components for the space and
combines them, giving the total internal load for the space. The external and internza! loads are
combined to give the total load for the space. Finally, the space loads are summed, giving the
total building load for the hour. '

LOADS calculates the heating and cooling loads using ASHRAE algorithms. For the load caleu-
lations it is assumed that no HVAC equipment is operating and that each space remains at a
user-specified constant temperature. Therefore, the hourly load calculated by LOADS is the
energy required to maintain a constant Space temperature without the effects of ventilation air.

The building hourly loads are 2 function of many parameters, including

building latitude

building longitude

building altitude

building location—time-zone

building orientation

hourly ambient dry-buib temperature

hourly ambient wet-bulb temperature

hourly atmospheric pressure

kourly windspeed

hourly wind direction

houriy insolation

schedules for occupants

schedules for lighting

schedules for equipment

hourly infiltration rate

size of exterior, interior, and underground surfaces
construction of exterior, interior, and underground surfaces
positicn of exterior, interior, and underground surfaces.

* In this Section it is assurmned that precaleulated weighting facters will be used. For a discussion of alternatives see p.HL143 of the
DOE-2 Reference Manual (2.14).
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LDL Input Instructions

Limitation on Number of Commands

The maximum aumber of Loads Description Language {LDL) commands that the Program can
accept In & single run is as follows:

Maximum
Command Number
BUILDING-LOCATION 1
BUILDING-RESOURCE 1
CONSTRUCTION 32
DAY-SCHEDULE 80
DOCR 54
EXTERIOR-WALL/ROOF 128
GLASS-TYPE 32
INTERIOR-WALL no limit
LAYERS 16
LCADS-REPORT 1
RUN-PERIOD 1 *
SCHEDULE 60
SPACE 64
SPACE-CONDITIONS 32
TITLE 5 k%
u-names 352 *=*x

UNDERGROUND-FLOOR 64
UNDERGROUND-WALL 64
WEEK-SCHEDULE 80
WINDOW 200

Description of LDL Input Instructions

The following section describes all LDL input instructions that are required to run the LOADS
program.

INPUT
The input data for the LOADS program begins with the instruction:

INPUT LOADS ..

1 command specifying up to 15 periods

b This maximum number refers to the number of keyword values, not the number of instructions.

xxx

The use of the nested scheduling technique, described in the BDL section of this manual, will result in the use of at least three
of these u-names for each SCHEDULE specified. One u-name is specified by the user for the SCHEDULE and the balance of
the u-names are internally specified by the LDL program. Also, specilying a code-word for 2 MATERIAL, 2 LAYERS. or a
CONSTRUCTION in the DOE-2 Preassembled Library results in the use of one y-name, tnternally specified by the LDL pre-
gram. The same is trus when specifying output reports by code-word (LV-A, LS-A, ete.)
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RUN-PERIOD
The RUN-PERIOD instruction is used to speci{y the initial and final dates of the desired simu-
lation period.

u-name is not allowed
RUN-PERICD tells LOADS that the data to follow specify initial and final
: dates of a desired simulation period.

The initial date is the first date of the simulation, given in the
form: month day year. The LDL code-words to specify the
names of the months are given below. The day and year are
specified as numbers with a separator (blank or comma) on
each side.
The final date is the last simulation date, specified in the same
manner as the initial date,
The code-words for the months are:
JAN FEB MAR APR MAY JUN
JUL  AUG SEP OCT NOV DEC

Rules: .

1. A RUN-PERIOD instruction must be entered for a LOADS program run.

2. Only cne RUN-PERIOD instruction is permitted with up to 15 THRUs.

3. The initial and final dates specified in any one computer run must all be in the same
year. The final date must be equal to or later than the initial date.

4. The day number cannot be greater than the number of days in the month associated
with that date (in other words, SEP 31 1978 is not valid}.

Note: The year of the RUN-PERIOD should ordinarily be the year of the data on the
weather tape being used. The program and the weather tapes assume a 385 day year,
even for leap years. For more information on this, see HOURLY-REPORT instruc-
tion, pp.I1.32-33 of the Reference Manuval (2.14).

Example:

1. This instruction would run the LOADS program for one year:

RUN-PERIOD JAN 11979 THRU DEC 31 1979 ..

2. To run the LOADS program for January and February to study the winter heating
peak, and for Jume and July to study the summer cooling peak, the LDL input
instruction would be:

RUN-PERIOD JAN 11979 THRU FEB 28 1379
JUN 11979 THRU JUL 31 1979 ..
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BUILDING-LOCATION

The BUILDING-LOCATION instruction is used to speclfy the location and orientation of the
building and other miscellaneous information about it.

u-name

BUILDING-LOCATION

LATITUDE

LONGITUDE

ALTITUDE

TIME-ZONE

DAYLIGHT-SAVINGS

LOADS

1s not allowed.

teHs LOADS that the data to follow are the location and orien-
tation specifications for the building.

is the angular distance from the plane of the equator to the
origin of the building cocrdinate system. It is specified in posi-
tive degrees for the northern hemisphere and negative degrees
for the southern hemisphere. The aliowable range is —86.3 to
66.5 degrees. If not entered here, the value will be taken from
the weather tape.

is the angular distance from the prime meridian to the origin
of the building coordinate system. It is specified in either posi-
tive degrees (west) or negative degrees (east) from —180.0 to
+180.0. If not entered here, the value will be taken from the
weather tape.

is the distance of the origin of the building coordinate system
above (positive) or below (negative) mean sea level. The
default s 0.0, and the allowable range is —1000.0 to 20000.0
feet. Note: if the user wishes to mput air flow rates and not
have the program adjust them for altitude, ALTITUDE should
be set to zero.

for a building location is specified by the number of time Zones,
each 1 hour from the next, from the prime meridian. The
values range from —1 to —12 for zones east of the prime meri-
dian and from 1 to 12 for zones west of the prime meridian. If
aot entered here, the value will be taken from the weather
tape. The following table identifies the TIME-ZONE valyes
within the United States by common time zone names.

TINE-ZONE TIME-ZONE
Time Zone Value Time Zone Value
Atlantic 4 Mecuntain 7
Eastern 5 Pacific 8
Central 5 Yukon g
Hawalii 10

means that one 23-hour day occurs in the spring and one 25-
hour day occurs in the fall. The building schedules are
adjusted accordingly with respect to solar noon. The entry is
a code-word, either YES (the default) or NO, that communi-
cates the user’s desire for daylight saving time.
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HOLIDAY

AZIMUTH

LOADS

The LOADS program can ecalculate holiday loads using
different schedules than for normal weekdays. The code-word
YES (the default) gives the holidays; NO gives no holidavs.
The following table identifies the holiday list. It is not possible
Jor the user to change the holiday list without modifying the
FORTRAN code.

National Holidays of the United States

New Years Day
JAN'1 {unless on Saturday or Sunday)
JAN 2 if a Monday

Martin Luther King’s Birthday
Third Monday in JAN

Washington’s Birthday
Third Monday in FEB
Memorial Day
Last Monday in MAY

Fourth of July
JUL 3 if a Friday
JUL 4 (unless on Saturday or Sunday)
JUL 5 if a Monday

Laber Day
First Monday in SEP

Columbus Day
Second Monday in OCT

Veterans Day
NOV 10 if a Friday
NOV 11 (unless on Saturday or Sunday)
NOV 12 if a Monday
Thanksgiving
Fourth Thursday in NOV

Christmas
DEC 24 if a Friday
DEC 25 (unless on Saturday or Sunday)
DEC 26 if a Monday
New Years Day (con’d)
DEC 31 if a Friday

orients the building relative to the direction of true north.
This entry is the angle between true north and the Y-avis of
the building. The azimuth is expressed in degrees from 0 to
360° (clockwise as seen from above) or 0 to —360° (counter-
clockwise as seen from above). The default is 0.0. Changing
this angle has the eflect of rotating the building about its z-
axis {vertical axis).
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GROUND-T

CLEARNESS-NUMBER

GROSS-AREA

Rules:

is 2 list of the local mean ground temperatures for each month.
The values should be in degrees Fahrenheit, and in a twelve
element list format. If not entered here, these data will be
taken from the weather tape. The range is from -100.0 to
150.0°F. :

is a list of the local monthly clearness numbers for each month
of the year. This is applicable when the clearness numbers on
the weather file being used are not appropriate. The allowable
range is from 0.5 to 1.2. Table below is reprinted from
ASHRAE Trans., Vol. 64, p. 67.
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is the gross floor area (outside dimensions) of the conditioned
space of the building. The range is from 0.0 to 1071t>. Its
default is the sum of the fioor areas of all conditioned spaces.
This keyword is used only for the BEPS (Estimated Building
Energy Performance} Report in PLANT, which gives building
energy use in KBtu/sqft-gross area/year.

1. One and only one BUILDING-LOCATION instruction must be entered for each separate
LOADS program run. It should be input before any commands that describe the buiiding
or anything associated with it (e.g., SPACE or CONSTRUCTION).

Lo

the weather file.

If GROUND-T and CLEARNESS-NUMBER are not input, the values will be taken from

3. I LONGITUDE, LATITUDE, or TIME-ZONE are not specified, the values will he taken

from the weather file.

Example:

BUILDING-LOCATION

LOADS

LATITUDE = 42.0 LONGITUDE = 88.0
ALTITUDE = 610  TIME-ZONE = 6
AZIMUTH =0 HOLIDAY = YES ..
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LAYERS

The LAYERS instruction is used to specily the sequence of material layers of the cross section of

a wall, roof, etc.

d-name

LAYERS

INSIDE-FILM-RES

MATERIAL

LOADS

is required for this instruction. It is referenced in a CON- -
STRUCTION instruction.

tells LOADS that the data to follow identify the layers of
material that are in a construction, the order of the layers, and
the layer thicknesses. It tells the LDL Processor to calculate
the response factors for the wall.

specifies the combined convective and radiative air 8lm resis-
tance for the inside wall surface. The default of .68 hr-ft>
°F/Btu is an appropriate value for vertical walls. For horizon-
tal surfaces, such as ceilings and floors, the suggested inside-
film-resistance can be found in the following table. Because
only ome value is allowed for each surface, the user should
decide which is more important, cooling or heating. The ailow-
able range is from 0.0 to 40.0 hr-ft*-°F /Btu.

Cooling Heating
Ceilings  Heat Flowing  Heat Flowing
Downward Upward
.82 .61
Floors Heat Flowing  Heat Flowing
Upward Downward
61 .92

If the user cannot decide which is more important, cooling or
heating, the default value of .68 can be used. For exterior
walls and roofs, the outside-film-resistance is calculated by the
program depending on windspeed. For interior walls, the air
film described in INSIDE-FILM-RES is the flm on the side of
the wall that is in the SPACE where the wall is specified. For
the calculation of the U-value for an INTERIOR-WALL, the
INSIDE-FILM-RES is duplicated on the other surface (oppo-
site side).

identifies a list of DOE-2 pre-specified material code-words [see
Appendix D). The number of elements in the list is the
aumber of layers in the construction. For an erterior wall, the
sequence of elements in the list is the sequence of the material
layers in the exterior wall, starting with the exterior layer and
ending with the interior layer. Reversing this sequence can
notably affect the thermal performance of 2 wall
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THICKNESS ‘ identifies a list that gives the thickness, in feet, for each

Rules:

o

Example:

LOADS

material in the conrstruction and overrides the thickness in the
tmmediately preceding MATERIAL instruction. The allowable
range Is from 0.0+ (a value greater than 0.0) to 10.0 ft.

The outside air film coeflicient of an exterior wall or roof should not be specified as a
layer because it is calculated by the LOADS program as a function of surface rough-
ness and windspeed.

The list identified by MATERIAL and THICKNESS must have a one-to-one
correspondence. For example, the first material listed in MATERIAL has a thickness
equal to the first value listed in THICKNESS.

Both lists (MATERIAL and THICKNESS) must have the same number of elements.

A list element must be included in THICKNESS for layers specified by a RESIS-
TANCE, but it is 2 dummy variable, used only to make the list length match with
the MATERIAL list length.

For an exterior wall or roof, both lists start with the outside layer.
Maximum list length for MATERIAL and THICKNESS is 9 elements each.
Not all LAYERS can be specified by RESISTANCE (for ’VIATERIAL} only. At least

ore must be specified as a transient type layer.

WA-i-2=LAYERS MATERIAL=(WD01,PWO03,IN02,GP01) ..
RB-1-1=LAYERS MATERIAL=(RG01,BRO01,IN22,WD01) I-F-R .76 ..

3.8 "LOADS



CONSTRUCTION

This instruction is used to specify the construction characteristics and properties of an exterior
wall, exterior floor, roof, interior wall, interior foor, ceiling, underground wall, underground
floor, or nor-glass door.

u-name — must be specified for this instruction in order to reference this
CONSTRUCTION in a subsequent EXTERIOR-WALL,
ROOF, INTERIOR-WALL, UNDERGROUND-WALL,
UNDERGROUND-FLOOR, or DOOR instruction.

CONSTRUCTION tells LOADS that the data to follow specify the construction

characteristics and properties of an exterior wall, roof, ete.

LIKE may be used to copy data from a previously u-named CON-
STRUCTION instruction.

LAYERS entry for this keyword is the u-name of a previously defined
(and entered} LAYERS instruction. This identifies the charac-
teristics of the CONSTRUCTION and specifies heat transfer
calculation by the dynamic, or delayed technique.

U=VALUE may be used as a less accurate alternative to LAYERS when
the comstruction has little heat capacitance, and the heat Sow
15 not delayed. A steady-state, or “quick’ calculation tech-
nique is used. For interior surfaces the U.VALUE should
include both film coefficients. For exterior surfaces only the
inside film coeflicient should be inciuded since the cutside &lm
coefficient is calculated hourly as a function of surface rough-
ness and windspeed. The range is from 0.0 to 20.0 Btu/hr-t*-
°F. Table 3.1 shows typical U-values for some low-heat capa-

city walls.
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TABLE 3.1

Example U-valyes for Constructions
With Low Heat Capacity

Exterior W'a,lis* : : U-value
1/2" Wood sheathing, studs, 1/2" gypsum board 0.35
Metal siding on 1/2" plywood, studs, 1/2" gypsum board 0.38
Stucco on 3/4" pine, studs, 1/2" gypsum board 0.34

ch;i's:k
Wood shingles on 1/2" plywood, 2 x 8 studs, 1/2" gypsum board 0.28
Built-up roof on plywood deck, 2 x 8 studs, 1/2" gypsum board w/acoustical tile 0.27

Interior Walls and Floors "

Gypsum board, 1/2", on either side of metal studs 0.32
Hardwood flooring on 1/2" deck, 2 x 8 floor joists,
subfloor, tile (ceiling to space below) 0.20 |

* Includes inside surface air Alm.
** Includes inside surfzce air §lm on both sides.

Slab doors are also defined as a U-value CONSTRUCTION. The table below gives some typical
U-values for doors.

TABLE 3.2
Coeflicients of Transmission (U-values) for Slab Doors (Btu/hr-ftz-oF)
No Storm Door  Storm Door
Door Type Thickness  Storm Door w/Wood w /Metal
Solid Wood 1 in. 0.64 0.30 0.39
1.25 in. 0.535 0.2% 0.34
1.5 in. 0.49 0.27 0.33
2 in. 0.43 0.24 0.29
Steel 1.75 in.
A 0.59 — —_
B 0.19 — —_
C 0.47 — —_
A = Mineral fiber core (2 Ib/ft?).
B = Solid urethane core with thermal break.
C = Solid polystyrene core with thermal break.

For additional information on U-values, please see pp.I1[.80-85 of the Reference Manual (2.14)

LOADS 3.10 LOADS



ABSORPTANCE specifies, as a decimal fraction, the solar radiation absorptance
of an exterior surface of an EXTERIOR-WALL or ROQF; this
keyword is not appropriate to INTERIOR-WALL.
UNDERGROUND-WALL, or UNDERGROUND-FLOOR.
The default is 0.70. The following table provides typical
values for various exterior surfaces.

TABLE 3.3
Solar ABSORPTANCE for Varicus Exterior Surfaces (Clean)
ABSORP- ABSORP-
Material TANCE Paint . TANCE
Aluminum, polished reflector sheet 0.12 Aluminum paint 0.40
Asphalt pavement, weathered 0.82 Black, flat 0.95
Brick, buff, light 0.35 Black, lacquer 0.92
Brick, red 0.88 Biack, oil 0.90
Brick, Stafiord blue 0.59 Black, opticai flat 0.9%
Brick, white glazed 0.25 Blue, azure lacquer 0.88
- Cement, uncolored asbestos 0.75 Blue, dark 0.91
Cement, white asbestos 0.61 Blue, medium 0.51
Concrete, black 0.91 Blue-gray, dark 0.88
Concrete, brown 0.85 Brown, dark brown 0.88
Concrete, uncolored _ 0.65 Brown lacquer 0.79
Film, Mylar aluminized 0.10 Brown, medium 0.84
Feit, bituminous 0.88 Brown, medium light 0.80
Felt, bituminous, aluminized 0.40 Gray, dark 0.91
Gravel 0.29 Gray, light oil 0.75
Iron, white-on-galvanized 0.26 Green, lacquer 0.79
Lab vapor deposited coatings 0.02 Green, lacquer, dark 0.88
Marble, white 0.38 Green, light 0.47
Roof, white built-up 0.50 Green, medium dull 0.59
Roofing, green 0.86 Green, medium Kelly 0.51
Slate, blue-gray 0.87 Olive, dark drab 0.89
Tin surface 0.05 Orange, medium 0.58
Wood, smooth 0.78 Red, cil 0.74
Rust, medium 0.78
Silver 0.25
White, gloss 0.25
White, lacquer 0.21
White, semi-gloss 0.30
Yellow G.57

The table above is a compilation of data from several sources including Passive Solar Design
Analysis by J.D. Balcomb (DOE, Office of the Assistant Secretary for Conservation and Solar
Energy, December 1979).
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ROUGHNESS is specified as a code-number that indicates the relative rough-
ness of the exterior surface finish of an EXTERIOR-WALL or
ROOF. This  keyword is not appropriate  to
INTERIOR-WALL, UNDERGROUND-WALL, and
UNDERGROUND-FLOOR. The code-numbers are given in-
the table -below; defauit is 3.
TABLE 3.4
ROUGHNESS Code for Exterior Surface Finish
Surface Code—
Finish Wall Roof number
Rough Stucco Wood shingles or 1
Built-up roof w/stones
Brick or Plaster 2
Concrete (poured)  Asphalt shingles ' 3*
Clear pine 4
Smooth plaster Metal 5
Smooth  Glass ]
Paint on pine
* 3 is the default value

Rules:

Example:

Either LAYERS or U-VALUE should be entered, but entering both, or neither, will
generate an error message.

If LAYERS is specified, a transient heat transfer calculation is performed. It is recom-
mended for all constructions except very lightweight ones.

If U-VALUE is specified, a steady-state heat transfer calculation is performed. It is
recommended for very lightweight constructions.

The U-VALUE is used to calculate heat transfer through interior walls, floors, under-
ground walls, and underground floors. :

ROOF-1=CONSTRUCTION LAYERS=RB-1-1 ..
WALL-1=CONSTRUCTION LAYERS=WA-1-2 .,
FLOOR-1=CONSTRUCTION U == 0.05

LOADS
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GLASS-TYPE

This instruction is used to specify the type of glass used in a window.

u-name
GLASS-TYPE
LIKE

PANES

SHADING-COEF

GLASS-CONDUCTANCE

LOADS

is a mandatory entry for this command in order to reference
the GLASS-TYPE in a WINDOW instruction.

tells LOADS that the data to follow specify the characteristics
of the glass used in a window.

may be used to copy data from a previously u-named
GLASS-TYPE instruction.

Number of panes of glass; the code numbers are 1,2 or 3 for
single-, double-, or triple-pane, respectively. The default is
single-pane.

is the ASHRAE shading coefficient of the glass. This keyword
value 1s 2 number betweer 0.0 and 1.0, and there is no default.
When SHADING-COEF is entered, the program will first cal-
culate the solar heat gain using transmission and absorption
coefficients for clear, 1/8" thick, single-pane, double-strength
sheet glass. This solar heat gain is then multiplied by the

| vaiue of SHADING-COEF to determine the resultant solar

heat gain. Thus, resultant solar heat gain = SHADING-COEF
x (solar heat gain for standard glass).

“The shading coefficient depends in general not only on the type

of glass, but also on whether blinds, shades, draperies. etc., are
used with the window. To simulate operable shading devices.
the user may assign 2 SHADING-SCHEDULE to z window
(see WINDOW command). The resuitant solar heas gain each
hour will then be multiplied by the schedule value. For shad-
ing coefficient values of different glazing types, see manufactur-
ers’ data sheets.

is the conductance of the total window except for the outside
flm coefficient.

The conductance given in glass manufacturers’ data sheets
usually includes the outside air film resistance for a windspeed
of 7.5 mph (summer) or 15 mph (winter). The following table
can be wused to obtain the corresponding  value of
GLASS-CONDUCTANCE. For example,
if

U (7.5 mph) = 0.64 Btu/ft>hr-°F,
then

GLASS-CONDUCTANCE = 0.79 by interpolation).
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Example:

Note: If GLASS-CONDUCTANCE is not specified. it will
default to 1.470 for PANES=1, 0.574 for PANES=7,

0.304 {for PANES=3.

For U-values of different glazing types, see manufacturers’ pro-
duct data sheets, or the ASHRAE 1589 Handbook of Funda-

mentals, pp.27.16-17.

IG-1 =GLASS-TYPE PANES=2 SHADING-COEF= .45

TABLE 3.5

(including outside air flm)
and

All values are in Btu/ft™hr-°F.

Correspondence between glass manufacturers U-value

DOE-2 GLASS-CONDUCTANCE value (excluding outside air film)

Summer U-value GLASS- Winter U-value GLASS-
(7.5 mph windspeed) CONDUCTANCE (15 mph windspeed) CONDUCTANCE
0.1 0.10 0.1 0.10
0.2 0.21 - 0.2 0.21
0.3 0.33 0.3 0.32
0.4 0.45 0.4 0.43
0.5 0.59 0.5 0.53
0.6 073 0.6 0.6%
0.7 0.89 0.7 G.81
0.8 1.35 0.8 0.95
0.9 1.23 0.9 1.09
1.0 1.43 1.0 1.24
1.1 1.64 1.1 1.40
1.2 1.87 1.2 1.37
1.3 2.13 1.3 1.74
LOADS
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SPACE-CONDITIONS

The primary use of this subcommand is to define the internal loads in the space. The subcom-
mand, and its associated keywords and code-words, specify the conditions that are appropriate 7
to a space (or to groups of spaces} in the building {any value listed here may be overridden in a
SPACE instruction by re-entry of the keyword with a different value). The conditions refer to
people, lighting, process equipment, and infiltration. The conditions are primarily specified as a
function of their maximum values and their schedules. The conditions can be varied in time and
amount via the use of schedules that contain fractional value inputs.

Before specifying the input data for SPACE-CONDITIONS, the user should understand some of
the logic built into the DOE-2 Program. All of the energy sources assoclated with a particular
space do not necessarily affect the heating and cooling loads of that SPACE. Some energy
sources contribute all of their energy to the space and other energy sources contribute from 0 to
100% of their energy to the space.

1. All of the energy associated with people, task lighting, and infiltration is assumed to enter
the space.

o

Only part of the energy associated with the other heat sources in the SPACE {overhead
lighting, process equipment, and process utilities) enters the SPACE. The energy that does
not enter the space is consumed by a product or process, is added to the return ajr duct or
plenum, or is exhausted from the space. The portion of energy that enters the space,
versus the portion that does not enter the space, can be controlled by the user through the
use of the LIGHT-TO-SPACE keyword and the "sensible and latent” keywords.

That portion of the energy that does not enter the space has no effect upon the subsequent
sizing of HVAC equipment in the SYSTEMS simulator. That energy demand is, however,
added to the demands made on the equipment, or purchased utilities, in the PLANT simu-
lator. It is not chargeable to the secondary HVAC system.

When the program attempts to automatically size equipment in the PLANT simulator, it
adds all of the space heating/cooling loads, all of the space process loads, and the building-
level utility loads (elevators, exterior lighting, and domestic hot water) and then sizes the
equipment accordingly to meet the total. This way, the total utility demands for the build-
ing will be correct and the secondary HVAC system will not be charged with energy that
rightfully belongs to the process in the building. Only that portion of the process load that
enters the spaces as a heating/cooling Joad will show up 1 the secondary HVAC system.

It is important that all of the lighting, equipment, and utilities supplied to a space, for
whatever reason, be included in the SPACE-CONDITIONS or SPACE instruction. This
mmcludes process equipment and process utilities. If any loads are omitted, the HVAC
equipment may be properly sized but the PLANT equipment will probably be undersized.
Do not, however, inciude the HVAC equipment items (fans, coils, etc.) because they are
addressed separately by the program. Also, do not inelude building level loads such as
domestic hot water, elevators, etc. because these loads are not associated with any particu-
lar space but rather are associated with the entire building — see instead the
BUILDING-RESOURCE instruction.

The user should pay close attention when specifying SCHEDULEs. It cannot be over
emphasized how important this is. All the SCHEDULEs associated with
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SPACE-CONDITIONS, except INF-SCHEDULE, default to the of mode of operation.
This means that even though the maximum output of the equipment, lights, etc. has been
specified, the equipment and lights will not be turned on, unless the user specifies this mode
of operation in the SCHEDULEs. Naturally, if the user fails to turn the equipment and
JMights on, the simulation will be faulty.

u-name

SPACE-CONDITIONS

LIKE

TEMPERATURE

PEOPLE-SCHEDULE

AREA/PERSON

NUMBER-OF-PEOPLE

PEOPLE-HEAT-GAIN

LOADS

must be specified for this instruction in order for it to be refer-
enced in the SPACE command.

tells LOADS that the data to follow specify the temperature,
floor weight, zone type, infiltration, and internal loads of a
space.

may be used to copy data from a previously u-named

SPACE-CONDITIONS instruction.

is the space air temperature that will be used in the LOADS
simulation. This s a list with only one value midway between
the heating and cooling setpoints (DESIGN-HEAT-T and
DESIGN-COOL-T, respectively) in SYSTEMS. If a zone is
unconditioned, TEMPERATURE should be an estimated aver-
age temperature for the zone. The default is 70°F, and the
range is from 0.0 to 120.0°F.

Example: TEMPERATURE = {73)

(If the parentheses are omitted, e.g. TEMPERATURE =

an error message results.)

is the u-name of the schedule for space occupancy as a function
of time. Schedule inputs are fractions of the maximum
NUMBER-OF-PEOPLE. If PEOPLE-SCHEDULE is not
entered, the schedule value will defauit to zero, and will there-
fore simulate the space with no people.

is an alternative keyword to NUMBER-OF-PEOPLE; how-
ever, AREA/PERSON is the preferred keyword to use.
AREA/PERSON defaults to 100 sqft per person.

is the maximum number of pecple occupving a space during
the simulation. The actual number of people present in the
space during any giver hour is the value assigned to this key-
word multiplied by the fractional value assigned for that hour
(see PEOPLE-SCHEDULE). The default is 0 and the range is
{from O to 10000.

s the combined maximum latent and sensible heat gain per
person to the space. The balance between latent and sensible
heat is calculated by the program. The keyword value is
varled with respect to time and quantity of people by the
PEOPLE-SCHEDULE and NUMBER-OF-PEOPLE  or
AREA/PERSON. The range is from 350.0 to 2000.0 Btu/hr-
person. The default is zero; therefore, a value must be input
or the alternative method of specifving people heat gain, by
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PEOPLE-HG-LAT
PEOPLE-HG-SENS

LIGHTING-SCHEDULE

LIGHTING-TYPE

LIGHTING-KW

LOADS

inputting PEOPLE-HG-LAT and PEOPLE-HG-SENS, should
be used. For typical values for different degrees of activity, see
the ASHRAE 1989 Handbook of Fundamenials, Table 3, p.26.7.

is the maximum latent heat gain per person to the space by
the occupants. The default is 0.0, and the range is from 0.0 to
2000.0 Btu/hr-person.

15 the maximum sensible heat gain per person to the space by
the occupants. The default is 0.0, and the range is from 0.0 to
2000.0 Btu/hr-person. '

is the u-name of the schedule for space overhead lighting.
Schedule inputs are fractions of maximum lighting energy
input (see LIGHTING-KW or LIGHTING-W/SQFT; see also
LIGHTING-TYPE and LIGHT-TO-SPACE). If not specified,
the LIGHTING-SCHEDULE value will default to zero. This
will result in simulation with no lighting, even if lighting is
specified by keywords LIGHTING-KW or
LIGHTING-W/SQFT, etc.

takes a code-word that specifies the tvpe of overhead lighting
used in the space. The following table shows the code-words

. that can be used. The default is SUS-FLUOR.

Code-word LIGHTING-TYPE

SUS-FLUOR Suspended fuorescent
REC-FLUOR-NV Recessed fluorescent — not vented
REC-FLUCR-RV Recessed fluorescent vent to return air
REC-FLUOR-RSV  Recessed fluorescent vent to supply

: and return air
INCAND Incandescent
SUSPENDED Incandescent

For mixed types of lighting within the same space, the recom-
mended procedure is to select the dominant type and ad}ust
the percentage of heat produced by the lighting., using the
LIGHT-TO-SPACE keyword below.

is the maximum amount of electrical energy required to operate
the main or overhead lights within the space. It is not neces-
sarily the sensible heat added by the lights to the space {see
LIGHT-TO-SPACE). The actual space lighting energy
required by the space during any given hour is the value
assigned to this keyword multiplied by the fractional value
assigned for that hour (see LIGHTING-SCHEDULE). The
default is 0.0, and values can range from 0.0 to 200 k\V.

If both LIGHTING-KW and LIGHTING-W 'SQFT are

specified, the program adds the values,
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LIGHTING-W/SQFT

LIGHT-TO-SPACE

TASK-LIGHT-SCH

LOADS

Note  that  the values for LIGHTING-KW  and
LIGHTING-W/SQFT are amounts of electricity consumed by
lamps and ballasts.

15 an alternative method (to LIGHTING-KW) for specifying
the maximum overhead, or general, lighting energy use. The
dimensions are watts of lighting energy use per square foot of
space floor area. The default is 0.0, and values can range from
0.0 to 10 \-V/ftg. The actual overhead lighting energy required
by the SPACE during any given hour is the value assigned to
this keyword multiplied by the square feet in the space multi-

plied by the f{ractional value assigned for that hour {see
LIGHTING-SCHEDULE).

Note that there is a distinction between the amount of illumi-
nation produced and the power consumed {or incandescent and
fluorescent lighting (the keywords describe the power con-
sumed). Thus, if the same values of LIGHTING-KW or
LIGETING-W/SQFT are specified for an incandescent light
and for a fluorescent light, the amount of illumination from
the Huorescent light will be approximately twice that from the
incandescent light. The distribution of the energy for these

© two is approximately given by the following table.

Type of Flucorescent  Incandescent
Energy _ percent percent
Visible light 19 10
Infrared 31 72
Convection-conduction 35 18
Ballast 14 0

is the fraction, if any, of the lighting energy that is added to
the space energy balance as a sensible heat gain. The remain-
ing energy is added (in SYSTEMS) to the ductwork if
RETURN-AIR-PATH = DUCT. The defauit s 1.0 for
SUS-FLUOR, REC-FLUOR-NV, and INCAND; 0.8 for
REC-FLUOR-RYV and REC-FLUOR-RSV.

Note: When specifying any zonal system (that is, if
SYSTEM-TYPE in SYSTEMS equals UHT, UVT, HP, TPFC,
FPFC, TPIU, FPIU, or PTAC) the value of
LIGHT-TO-SPACE is automatically set equal to 1.0

is the v-name of the schedule for task lighting in the space. A
task light is any small lamp, such as a desk lamp, that would
have a different schedule of use than the main space overhead
lighting. Schedule inputs are fractions of maximum task light-
ing  energy input  {see TASK-LIGHTING-KW  or
TASK-LT-W/SQFT). If the TASK-LIGHT-SCH is nét
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TASK-LIGHTING-KW

TASK-LT-W/SQF T

EQUIP-SCHEDULE

EQUIPMENT-KW

EQUIPMENT-W/SQF T

EQUIP-SENSIBLE

LOADsS

input, the schedule value will default to zero and no task lights
will be simulated.

specifies the maximum electrical energy required for task light- .
ing. All of this energy is added to the space. The default is
0.0, and the range is from 0.0 to 200.0 kW. The actual task
lighting energy required in the SPACE during any given hour
is the value assigned to this keyword multiplied by the frac-
tional value assigned for that hour (see TASK-LIGHT-SCH).
If both TASK-LIGHTING-KW and TASK-LT-W/SQFT are
specified, the program adds the values. LIGHT-TO-SPACE is
not appropriate to this keyword because 100% of task lighting
energy goes to the space.

1s an alternative keyword for TASK-LIGHTING-KW and is
based on watts of task lighting per square foot of floor area of
the space. The default is 0.0, and ranges from 0.0 to 10.0
W/ft". LIGHT-TO-SPACE is not appropriate to this key-
word because 100% of task lighting energy goes to the space.

is the u-name of the schedule for space equipment operating
schedule. Schedule inputs are fractions of maximum equip-
ment energy input (see EQUIPMENT-KW . or
EQUIPMENT-W/SQFT). If the EQUIP-SCHEDULE is not
mput, the schedule value will default to zero and no space
equipment loads will be simulated.

is the maximum amount of erergy required to operate electrical
equipment within the space and is not necessarily the sensible
and/or latent heat added by the equipment to the space (see
EQUIP-SENSIBLE and EQUIP-LATENT). The defauls is 0.0
and the range is from 0.0 to 200.0 kW. The actual equipment
energy required by the space during any given hour is the
value assigned to this keyword multiplied by the fractional
value assigned to that hour {see EQUIP-SCHEDULE). The
amount of equipment energy added to the space, if any, may
be specified by its components (see EQUIP-LATENT and
EQUIP-SENSIBLE). If both EQUIPMENT-KW  and
EQUIPMENT~W/SQFT are specified, the program adds the
values.

Is an alternative keyword for EQUIPMENT-KW and is based
on watts of equipment energy per square foot of floor area of

the space. OThe default is 0.0 and the range is from 0.0 to
100.0 W/Tt”,

1s the fraction of EQUIPMENT-KW, if any, that is added to
the space energy balance in the form of sensible heat. The sum
of EQUIP-SENSIBLE and EQUIP-LATENT must not exceed
1.0; range 1s 0.0 to 1.0.
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EQUIP-LATENT

is the fraction of EQUIPMENT-KW that is added to the space
energy balance in the form of latent heat. The sum of
EQUIP-LATENT and EQUIP-SENSIBLE must not exceed
1.00. The default is 0.0. If neither EQUIP-SENSIBLE nor
EQUIP-LATENT is specified, 2l heat from equipment will be
considered. sensible.

The keywords SOURCE-TYPE, SOURCE-BTU/HR, SOURCE-SCHEDULE,

SOURCE-SENSIBLE, and SOURCE~LATENT, described below, must be considered as a group.
SOURCE, in this context, implies a utility demand, not equipment. Depending upon how the
source is specified, it may or may not result in a space heating/cooling load. Also, a source mav
or may not result In a utility load on PLANT. It is possible to specify only one source per

space.

SOURCE-TYPE

GAS
ELECTRIC

HOT-WATER

PROCESS

is used when there are internal heating or cooling loads caused
by a source other than people, lights, or equipment. The possi-
ble code-words for this keyword are:

The load will contribute to the natural gas use budget in
PLANT. Examples include natural gas for ovens, kilns, dryers,
etc. GAS is the default.

The load will contribute to electricity use budget in PLANT.
Examples include electricity for cooking, electropiating, battery
charging, etc.

The load will contribute to the hot-water budget (natural gas

or fuel oii) in PLANT. This load will be reported as a domes-
tic or service hot water load as will any hot water defined in
the BUILDING-RESOURCE command. {The difference
between these two types of hot water is that a portion of this
HOT-WATER load can be added to the space heating and
cooling by using the SOURCE-SENSIBLE and
SOURCE-LATENT keywords. The HOT-WATER load
specified in the BUILDING-RESQURCE command will be
passed totally and directiy to PLANT without contributing to
any space load.)

Both HOT-WATER loads will be passed to anv demestic hot
water heater defined in the PLANT-EQUIPMENT command.

Load will not contribute a utility load or PLANT (e.g., cooling
load caused by a self-contained, portable energy scurce or other
industrial processes). Examples of this type of load are gasoline
powered fork trucks, oxyacetylene welders, wood stoves, bot-
tled gas equipment, etc. The user should sum up all the PRO-
CESS loads in the zone, be they electrical, gas, hot water,
solar, nuclear, etc. and express the total in Btu/hr. This total

Note that the italicized words in the left column are code-words, not keywords.

LOADS
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SOURCE-BTU/HR

SOURCE-SCHEDULE

SOURCE-SENSIBLE

LOADS

value  should be expressed with the keyword
SOURCE-BTU/HR. The portion of the total PROCESS load
that enters the zone as a heating or cooling load is then
specified by using  the  SOQURCE-LATENT and
SOURCE-SENSIBLE keywords. '

This keyword is not operative unless SOURCE-SCHEDULE is
defined.

Note: Do mot use the code-word ELECTRIC for specifying
electrically heated hot water. Also, do not use the code-word
GAS to specifly gas heated hot water. In both cases, specify
SOURCE-TYPE = HOT-WATER. This will pass a demand
for hot water to PLANT, where the hot water heater is
specified along with its fuel type. The first approach will pass
the wrong type of demand to PLANT.

15 the maximum amount of energy supplied by the source
defined by SOURCE-TYPE. This is the maximum amount of
energy required to operate devices, other than lighting and
equipment, within the space and is not necessarily the sensible
and/or latent heat added by the source(s) to the load on the

~ space (see SOURCE-SENSIBLE and SOURCE-LATENT).

The default is 0.0, and the allowable range is from
—100000060.0 to 1600000.0 Btu/hr. A negative value represents

‘heat removed from the space.

The actual source energy required by the space, during any
given hour, is the value assigned to this keyword muitiplied by
the fractional value assigned to that hour ({see
SOURCE-SCHEDULE). This amount of SOURCE-BTU/HR
energy added to the load of the space, if any, may be specified
by SOURCE-LATENT and SOURCE-SENSIBLE.

15 the u-name of the schedule for any source of internal energy
(such as process equipmen$ within a space) other than people,
lights, or electrical equipment. Schedule inputs are fractions of
SOURCE-BTU/HR. If the SOURCE-SCHEDULE is not
entered, the schedule value will default to zero and no
SOURCE loads will be simulated.

1s the fraction of SOURCE-BTU/HR (after being multiplied
by the hourly fractional value in SOURCE-SCHEDULE) that
15 added to the space energy balance in the form of sensible
heat. The sum of SOURCE-SENSIBLE and
SOURCE-LATENT must not exceed 1.0 and is likely tc be
less than 1.0 since all such energy is not necessarily added to
the space load. The default is 1.0, and it can range from -1.0
to 1.0.
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SOURCE-LATENT

INF-METHOD

NONE
AIR-CHANGE

RESIDENTIAL

RES-INF-COEF

AIR-CHANGES/HR ™

is the fraction of SOURCE-BTU/HR (after being multiplied
by the hourly fractionzl values in SOURCE-SCHEDULE), if
any, that is added to the space energy balance in the form of
latent  heat. The sum of SOURCE-LATENT and
SOURCE-SENSIBLE must not exceed 1.0 and is likely to be
less than 1.0 since all such energy is not necessarily added to
the space load. The default is 0.0.

equals a code-word that identifies the method used to caleculate
infiltration for the space. The possible code-words (italicized)
are as follows (the default is NONE).

No infiltration is calculated.

The infiltration rate 1s calculated using the air-change method
as described below for keywords AIR-CHANGES/HR and
INF-CFM/SQFT. One of these keywords should be specified
if INF-METHOD=AIR-CHANGE. AIR-CHANGES/HR will
give a windspeed-dependent infiltration rate. INF-CFM/SQFT
will give a windspeed-independent infiltration rate.

The infiltration rate will depend on both windspeed and
inside-outside temperature differences as described below for

- keyword RES-INF-COEF.

15 a list of 3 values which are coefficients in the following for-

maula:

Infiltration = valuel + (value2 x windspeed) + (valued x AT)

where infiltration is measured in air changes/hr, windspeed is
in knots (taken from the weather tape) and AT [absolute value
of outdoor-indoor temperature differential} is in °F. The key-
word RES-INF-COEF is appropriate only if INF-METHOD
= RESIDENTIAL. The default coefficients are 0.252, 0.0251,
and 0.0084. The range is {from 0.0 to 20.0 for each coeflicient.

is the number of infiltration-caused air changes per hour at a
windspeed of 10 mph for a space with
INF-METHOD=AIR-CHANGE. The default is 0.0 and range
is from 0.0 to 30.0. If this keyword is specified, the program
will make a windspeed correction each hour to the infiltration
rate, so that:

Actual air changes per hour =

(AIR-CHANGES/HR) x (windspeed)/(10 mph)

{This keyword should not to be confused with a keyword of
the same name in SYSTEMS.)

* One or both of these keywords should be entered. If both are entered their efects are summed.
Chotce should be based on whether or not a windspeed correction is desired.

LOADS
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INF—CFM/’SQFT* is the amount of infiltration into a space with
INF-METHOD==AIR-CHANGE. It is expressed as the ratio

(infiltration cfm)/{fioor area).

There is no correction for windspegd. The default is 0.0-and .
the range is from 0.0 to 20.0 cfm/ft".

INF-SCHEDULE is the u-name of a schedule that specifies a multiplier on the
' amount of air infiltration Into a space as a function of time.
The schedule should contain values that modify the calculated
infiltration values. A value of 1.0 would leave the infiltration
values uamodified night and day, year round. Any value
below 1.0 would represent reduction of infiltration such as that
caused by pressurization from a supply fan. Any value above
1.0 would represent an increase in infiliration such as that
caused by an exhaust fan, open window, or open door. If
INF-SCHEDULE is not input the schedule will default to one
for all hours.

Ordinarily, INF-SCHEDULE should not be used with
INF-METHOD=RESIDENTIAL method of infiltration
because the schedule will distort wind information from the
weather tape.

FLOOR-WEIGHT is used to specify the composite weight of the fioor, furnish-
ings, and interior walls of a space divided by the flocr area of
the space. The value input by the user will determine the
weighting factors associated with the space. Higher values give
a longer time lag between heat gains and resultant cooling
ioads, and greater damping of peak loads. The default is 70.0,
and the range is from 0.0 to 200.0 1b/7t°,

Example:

OFFICE-ENV ~ —=SPACE-CONDITIONS PEOPLE-SCHEDULE = OCGCUPY-]
LIGHTING-SCHEDULE = LICHTS-1
EQUIP-SCHEDULE = EQUIP-1
LIGHTING-TYPE = REG-FLUOR-NV
LIGHTING-W/SQFT = 1.5
EQUIPMENT-W/SQFT = 1
AREA/PERSON = 110
INF-METHOD = AIR-CHANGE
INF-SCHEDULE = INFIL-1
AIR-CHANGES/HR = 0.6
PEOPLE-HEAT-GAIN = 450 ..

* Oneor both of these keywords should be entered. If both are entered Lheir effects are sunl}ned.
Choice shouid be based on whether or not a windspeed correction is desired.
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SPACE
The SPACE instruction is used to specify all the information that is associated with a space.

u-name must be specified for this instruction as the u-name is refer-
enced in SYSTEMS. '

SPACE tells LOADS that the data to follow specify the characteristics
: of a space.
LIKE may be used to copy data {rom a previously u-named SPACE

instruction. This does not include walls and windows belong-
ing to that SPACE.

FLOOR-MULTIPLIER is used to sumplify the input for a multistory building. This
keyword equals the number of the floors that are thermo-
dynamically identical and where there is negligible heat
transfer from foor-to-fioor. The default is 1.0 and the range is
from 1.0 to 200.0.

AREA is the floor area of the space. Thls keyword is required and its
range is from 0.0+ to 10000C.0 ft=.

VOLUME is the space air volume, used to calculate the infiltration rate
by the air-change method This keyword is required and its
range is from 0.0+ to 10°7t°.

SPACE-CONDITIONS identifies a previously u-named SPACE-CONDITIONS
instruction and associates all of the data in it with the space.
Any or all of the keywords associated with a
SPACE-GCONDITION instruction may also be directly input in
a SPACE instruction.

Rules:

1. The SPACE-CONDITIONS default values are assumed if the SPACE-CONDITIONS
keyword is not given an entry.

)

The u-name of a SPACE in the LOADS program must be identical to the u-rame of a
ZONE in the SYSTEMS input.

3. Only SPACE and SPACE-CONDITIONS keywords data are transferred by the LIKE
keyword used in SPACE. The keyword data for EXTERIOR-WALL, WINDOW, etc.
are not transferred.

Example:

OFFICE==SPACE SPACE-CONDITIONS = OFFICE-ENV
AREA = 5000
VOLUME == 40000 ..
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EXTERIOR-WALL (or ROOF)

This instruction is used to specify the size, construction, and position of an exterior surface of a
space such as an exterior wall, roof, or exterior floor (such as above a breezeway or carport).
EXTERIOR-WALL and ROOF are synonymous within the program. Each EXTERIOR-WALL
instruction is assigned to the SPACE instruction immediately preceding it and describes one of
the exterior walls of that space. -

U-name may be used to identify a wall surface.

EXTERIOCR-WALL (or ROOF) This command tells LOADS that the data to fol-
- low specify an exterior wall, roof, or exterior focor.

LIKE may be used to copy data from a previously u-named
EXTERIOR-WALL instruction.

GND-REFLECTANCE is the solar reflectance of the ground; ie., the fraction of sun-
light incident on the ground that is reflected. The following
table provides typical values for various surfaces. The default

1s 0.2,

Surface GND-REFLECTANCE
Asphalt, paved 0.18 ~°
Conerete, bituminous 0.10
Concrete, light colored 0.32
Concrete, old 0.22

Field, green 0.12-0.25

Fieid, wheat 0.07

Grass, dry 0.24

Qcean 0.05

Rock, crushed surface 0.20

Sail, dark 0.08

MULTIPLIER 1s used to specifly the total number of identical {except for posi-

tion} exterior wall panels located in the same plane. This
reduces the amount of data input. It multiplies the net area of
the exterior wall (exterior wall area minus window arez minus
door area). It also multiplies any WINDOW area and DOOR
area assoclated with this exterior wall panel. The range is
from 0.0 to 99.0, and defauit is 1.0.

AZIMUTH is the azimuth of the exterior wall. The default is 0° (north-
facing wall), and the range is from 0° to 360°; east-facing is
90°: south-facing is 180°% west-facing is 270°. Intermediate
angles are acceptable.

HEIGHT is the dimension of the exterior wall parallel to the Y axis.
This is a required keyword, and the range s from 0.0 to 2000.0
feet.
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WIDTH

TILT

Rules:

o

Example:

is the dimension of the exterior wall parallel to the X axis.
This is a required keyword, and the range is from 0.0 to 2000.0
feet.

is the inclination of the exterior wall from the horizontal plane.
The default is 90.0°, which corresponds to a vertical surface.
An upward facing horizontal surface has TILT = 0; a down-
ward facing horizontal surface has TILT = 180. Note that if
the command ROOF is used, then TILT will still default to 90°
{vertical surface). Thus, for a horizental ROOF, the user
would have to explicitly specify TILT = 0.

The range of TILT is 0 to 180°.

A SPACE instruction must precede any EXTERIOR-WALL or ROOF instructions.

An EXTERIOR—WALL or ROOF instruction must immediately precede the WIN-
DOW and DOOR instructions that describe the windows and doors in the wall.

The area (HEIGHT times WIDTH) of the EXTERIOR-WALL or RCOF must be
equal to or greater than the area entered for the WINDOW and DOOR instructions
associated with the EXTERIOR-WALL or ROOF.

FRONT-1 =EXTERIOR-WALL HEIGHT = 8

LOADS

WIDTH = 100
AZIMUTH=180
CONSTRUCTION = WALL-1
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WINDOW

This instruction is used to specify the size, position, and number of windows and the properties
of the glass. Each WINDOW instruction applies to the EXNTERIOR-WALL instruction preced-
ing 1t and describes the windows on that exterior wall. Note: Glass doors in exterior walls .
should be treated as windows, rather than doors.

u-name

WINDOW
LIKE
GLASS-TYPE
HEIGHT

WIDTH

SETBACK

SHADING-SCHEDULE

MAX-SOLAR-SCH

LOADS

may be specified.

This command tells LOADS that the data to follow specify a
window or set of windows.

may be used to copy data from a previously entered and u-
named WINDOW instruction.

wdentifies the u-name of the GLASS-TYPE instruction that
describes the glass in this window. This is a required keyword.

is the height of the glazed part of the window. This kevword
is required, and the range is from 0.0+ to 40.0 feet.

1s the width of the glazed part of the window. This keyword is
required, and the range is from 0.0+ to 1000.0 feet.

Note: The window area (HEIGHT times WIDTH) is automati-
cally removed {rom the associated wall area.

is the distance that the window is recessed into the wall. The
range is from 0.0+ to 10 feet. It defaults to 0.0, that is, no
setback.

accepts as input the u-name of a schedule that defines hourly
values of a multiplier on the glass shading coefficient (see
SHADING-COEF keyword in GLASS-TYPE command)}. This
represents the shading effect of movable devices such as blinds,
or drapes. Note that items that change light transmission may
also affect conductance. If so, a matching
CONDUCT-SCHEDULE should be used.

Note: If the SHADING-SCHEDULE is not input, ihe schedule
will defauit to 1 for all 24 hours.

is the u-name of a schedule of direct solar gain values in
Btu/ft*hr. The program will automaticaily deploy a shading -
device if the heat gain per ft° from direct {(beam) solar radia-
tion transmitted through the window exceeds the specified
value. If MAX-SOLAR-SCH is specified, 2 corresponding
SHADING-SCHEDULE (and CONDUCT-SCHEDU LE, «
desired) should be assigned to the window. The
SHADING-SCHEDULE and CONDUCT-SCHEDULE values
will only take effect during hours when the shading device is
deployed.
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CONDUCT-SCHEDULE

CONDUCT-TMIN-SCH

identifies the u-name of the schedule that describes any change
in the heat conductance of the window relative to the
GLASS-CONDUCTANCE. The factor in the schedule may be
less than, equal to, or greater than 1.0. The factor is used as a
multiplier against GLASS-CONDUCTANCE. This represents
the change of conductance associated with storm windows,
insuiated shutters, etc.

Any accessories that are added to the window (such as a storm
window) that change the conductance may also significantly
change the light transmission properties of the window. If so,
a matching SHADING-SCHEDULE should be used.

Note: If the CONDUCT-SCHEDULE s not input, the
schedule value will default to 1 for all 24 Rours.

is a schedule of values of outside dry-bulb temperature below
which movable insulation will be deployed on a window. If
this keyword is specified, a corresponding '
SHADING-SCHEDULE and CONDUCT-SCHEDULE shouid
be assigned to the window.

Window overhangs and fins may be specified with the following keywords:

OVERHANG-A

OVERHANG-B

OVERHANG-W

OVERHANG-D

OVERHANG-ANGLE

LOADS

Units are feet, 0.0 is the default, and there are no limits.

See Fig. 3.1.

Units are feet, 0.0 is the default, and there are no limits.
See Fig. 3.1,

Units are feet, 0.0 is the default, and the range is 0.0 to no lim-
its.
See Fig. 3.1.

Units are feet, 0.0 is the default, and the range is 0.0 to no lim-
its.
See Fig. 3.1.

is the angle between the overhang and the window. When set
at 90°, the overhang is perpendicular to the window (the
default); if < 90° it is tilted down; if > 90° it is tiited up.
The range is 0.0 to 180.0°.

Note: For overhang shading calculations to be performed,
both OVERHANG-W and OVERHANG-D must be specified.
If either of them is specified, but not both, 2 WARNING mes-
sage is printed and overhang shading is not performed.
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Figure 3.1:
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Positioning of overhang and fins with respect to a window. The values in this
figure are ail positive. If the value for L-F-B is input as negative, then the
left fin will originate at a point above the top edge of the window, and simi
larly for R-F-B.

Units are feet, 0.0 is the defauit, and there are no limits.

See Fig. 3.1.
Units are feet, 0.0 is the default, ard there are no limits.
See Fig. 3.1.
Units are feet, 0.0 is the default, and the range is 0.0 to no lim- .
its.
See Fig. 3.1.
Units are feet, 0.0 is the default, and the range is 0.0 to no hm-
its.
See Fig. 3.1.
Units are feet, 0.0 is the default, and there are no limits.
See Fig. 3.1
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RIGHT-FIN-B . Usits are feet, 0.0 is the default, and there are no limits.
See Fig. 3.1.

RIGHT-FIN-H Units are feet, 0.0 is the default, and the range is 0.0 to no lim- -
1ts. .
See Fig. 3.1.

RIGHT-FIN-D Units are feet, 0.0 is the default, and the range is 0.0 to no lim-
1ts.
See Fig. 3.1.

For fin shading calculations to be performed, both of the pair, —FIN-H and —FIN-D, must be
specified. If either one of the pair is specified, but not both, a warning message is printed and
fin shading is not performed.

Note: Even though overhangs and/or fins are specified under the WINDOW command, these
shading surfaces are attached to the wall where the window is located and thus shade both the
window and the wall. Also, if this WINDOW is referred to in another WINDOW command with
the LIKE keyword, the attached shades are also copied.

Rules:
1. An EXTERIOR-WALL or ROOF instruction must precede 2 WINDOW instruction.

2. A GLASS-TYPE instruction must precede a WINDOW instruction. .

Example:

WF-1 = WINDOW  WIDTH = 45
HEIGHT = 4
GLASS-TYPE = WINDOW-1 ..
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DOOR

This instruction is used to specify the size, position, and number of doors and their heat-transfer
characteristics. Each DOOR instruction applies to the EXTERIOR-WALL instruction preceding
it and describes a door on that exterior wall. NOTE: Glass doors should be treated as windows,

rather than doors.

u-name

DOOR

LIKE

HEIGHT

WIDTH

CONSTRUCTION

SETBACK

may be specified.

This command tells LOADS that the data to follow specify a
door.

may be used to copy data from a previously entered and u-
named DOOR instruction.

15 the height of the door. This keyworci is mandatory. The
range I1s from 0.0+ to 40 feet.

is the width of the door. This keyword is mandatory. The
range is from 0.0+ to 100G feet.

identifies the u-name of a previously defined CONSTRUC-
TION instruction that describes the effective U-value of this
door. This keyword is mandatory.

is the distance that the door is recessed into the wall, measured
parallel to the Z axis of the surface coordinate system. The

_range is from 0.0+ to 10 feet, and defaults to 0.G, that is, no

setback.

Note: The overhang can be applied the same as for WINDOW command.

Example for a sclid wood door:

D1 = CONSTRUCTION
DOOR1 = DOOR

LOADS

U-VALUE = 5 .

HEIGHT =7
WEIGHT =3
CONSTRUCTION = D1 ..
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INTERIOR-WAILL

The INTERIOR-WALL instruction is used to specify the size, construction, and adjacent space
for an interior wall, ceiling, or interior fioor. The INTERIOR-WALL will be considered as a
beat transfer surface by the LOADS and SYSTEMS programs. Each INTERIOR-—WALL_

instruction appties to the SPACE instruction preceding it and describes one of the interior walls

7

ceilings, or interior floors of that space.

u-name

INTERIOR-WALL
LIKE
AREA

NEXT-TO

CONSTRUCTION

may be specified.

This command tells LOADS that the data to follow specify an
interior wall, ceiling, or interior flcor.

may be used to copy data from a previously u-named
INTERIOR-WALL instruction.

is the surface area of the interior wall, ceiling, or interior floor.
The range is from 0.0+ to 100000.0 ft~, and there is no default.

is the u-name of the space that shares this interior wall, ceil-
ing, or interior floor as a boundary with the space under con-
sideration. This keyword is required if INT-WALL-TYPE =
STANDARD or AIR; otherwise, it is unused. .

is used to identify, by u-name, the previously entered CON-
STRUCTION instruction that defines the type of construction
used in this wall. This is a mandatory entry.

Example for a case where there is an adjacent space:

P1 = CONSTRUCTION U-VALUE = 2 ..
PARTITION = INTERIOR-WALL AREA = 320

LOADS

CONSTRUCTION = P1
NEXT-TO = SPACE-2 ..
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UNDERGROUND-WALL or UNDERGROUND-FLOOR

This instruction is used to specify the size and construction of an underground wall, under-
ground floor, or a floor on the ground {slab-on-grade). Eack UNDERGROUND-WALL or
UNDERGROUND-FLOOR instruction applies to the SPACE instruction preceding it and -

describes one of the underground walls or underground floors of that SPACE.

Specifying the U-value and the area of a floor in contact with the soil calls for some engineering
judgment. Using the total area of the floor will drastically overestimate the heat loss through
the floor, because the floor will tend to raise the temperature of the surrounding soil. Therefore,
the user should specify an effective (lower) area. For slab-on-grade, the effective area is that of a
one-foot-wide band around the perimeter of the surface. For below-grade walls, the effective
area 1s that of a one-foot-high band at the top of the wall.

u-name may be specified.

UNDERGROUND-WALL (or UNDERGROUND-FLOOR). This command tells
LOADS that the data to follow specify an urderground wall or
underground floor.

LIKE is analogous to LIKE for INTERIOR-WALL.

AREA is the effective area of the UNDERGROUND-WALL or
UNDERGROUND-FLOOR. The range is from 0.0+ to
100000.0 ft°, and there is no default.

CONSTRUCTION is the u-name of a previously defined CONSTRUCTION
instruction that describes the LAYERS (response factors) or
the effective U-value of this UNDERGROUND-WALL or
UNDERGROUND~FLOOR. This keyword is required if
UNDERGROUND-WALL (or -FLOOR) is specified.

Rules:

1. The associated SPACE instruction must precede an UNDERGROUND-WALL or
UNDERGROUND-FLOOR instruction.

ro

Before an UNDERGROUND-WALL or UNDERGROUND-FLOOR instruction is
specified, the user must specifly a CONSTRUCTION instruction having a U-VALUE
or LAYERS keyword.

Example:

BOTTOM-1 =UNDERGROUND-FLOOR ARFEA = 5000
CONSTRUCTION = FLOOR-1

LOADS 3.33 LOADS



BUILDING-RESOURCE

The BUILDING-RESOURCE instruction is used to specify and schedule the building-level use of
gas, electricity, and hot water. In this context, “building level” means not in any specified
space. As such, these loads do not contribute heating or cooling demands on any space but
rather they create demands on the plant for utilities. These loads are passed directly to
PLANT, bypassing SYSTEMS. The user may use this command to specify electricity, gas, hot
water, or elevators not in any particular space, and outside lighting, exterior electrical outlets,
sidewalk defrosters, etc. Note that no BUILDING-RESOURCE keyword will work unless the
referenced schedule is explicitly defined.

u-name

BUILDING-RESOURCE

GAS-SCHEDULE

GAS-THERMS

HW-SCHEDULE

HOT-WATER

LOADS

is not permitted

This command tells LOADS that the data to follow specify
butlding level (as opposed to space level) use of gas, electricity,
and hot water.

identifies the previously entered schedule that is used to specify
the building-level gas use as a function of time. Schedule
inputs are fractions of the quantity given by the
GAS-THERMS kevword. If GAS-SCHEDULE is not input,
no gas usage will occur, regardless of the value specified for

GAS-THERMS.

is the maximum gas use at the building level in therms/hr. It
is multiplied by the hourly schedule values defined through the
GAS-SCHEDULE keyword. This gas use is in addition to any
gas use specified in the SPACE or SPACE-CONDITIONS
commands with the SOURCE-TYPE, SOURCE-BTU/HER,
and SOURCE-SCHEDULE keywords. The allowable range is
from 0.0 to 10.0 therms/hr and it defaults to 0.0.

identifies a previously entered schedule that is used to specify
the building level hot water use as a function of tirme.
Schedule inputs are fractions of the quantity given by the
HOT-WATER keyword. If HW-SCHEDULE is not input, ro
hot water (or steam) usage will occur, regardless of the value
specified for HOT-WATER.

Is the maximum building level hot water (or steam) use. The
allowable range is from 0.0 to 107 Btu/kr and it defaults to
0.0. (in Btu/hr). It is adjusted by the schedule named in
HW-SCHEDULE. This hot water use is in addition to any
hot water use specified in the SPACE or
SPACE-CONDITIONS instructions. The HOT-WATER load
entered here is passed directly to the PLANT. A portion of
the HOT-WATER load that is entered under the
SPACE-CONDITIONS command, however, can be added to
the space by the wuse of SOURCE-LATENT or
SOURCE-SENSIBLE kevwords. This may be desired when
simulating a shower room, laundry, etc. Both tvpes of
HOT-WATER loads are passed to the same domestic hot
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ELEC-SCHEDULE

ELEC-KW

VERT-TRANS-SCH

VERT-TRANS-IKW

Example:

BUILDING-RESOURCE

LOADS

water heater in the PLANT program.

identifies a previously entered schedule that is used to specify
the building level electricity use as a function of time.
Schedule inputs are fractions of the quantity specified by the
ELEC-KW keyword. If ELEC-SCHEDULE is not input, no
electrical usage will occur, regardless of the value specified for

ELEC-KW.

is the maximum building level electricity use. The allowable
range is from 0.0 to 1000.0 kW and it defaults to 0.0. It is
adjusted by the schedule named in ELEC-SCHEDULE. This
electricity use is in addition to any electric use specified in the
SPACE and SPACE-CONDITIONS instructions.

identifies a schedule that is used to specily usage of vertical
transportation devices, i.e., elevators and escalators. Schedule
inputs are fractions of the quantity specified by the
VERT-TRANS-KW keyword. If VERT-TRANS-SCH is not
input, no power usage for elevators and escalators will occur,
regardless of the value specified for VERT-TRANS-KW.

is the maximum building level demand kW for operating eleva-

tors and escalators. The allowable range is from 0.0 to 1000.0

kW and 1t defaults to 0.0. This electricity use is in addition to

any  electric  use specified in  the SPACE  and
. SPACE-CONDITIONS instructions.

HW-SCHEDULE = OCCUPY-1
HOT-WATER = 10000
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LOADS-REPORT

This instruction defines which LOADS reports will be output. Users can select from verification
reports and summary reports. Verification reports echo user input; summary reports show calcu-
iation results, usually monthly and annually.

Format:

LOADS-REPORT  VERIFICATION = (code-word list)
SUMMARY = (code-word list) ..

Example:

LOADS-REPORT  VERIFICATION = (LV=-D)
SUMMARY = (LS-B, LS-D) ..

will print verification report LV-D, “Details of Exterior Surfaces in the Project’”, and summary
reports LS-B “Space Peak Load Components”, and LS-D “Building Monthly Loads Summary’™.
A definition of all reports, with corresponding code-words is given in Appendix D.

LOADS 3.;’)6 LOADS



SYSTEMS

Introduction .

DOE-2 requires a fair amount of understanding by the user of how systems operate. A
general description of types of systems is given in this manual. Once the new user has
ucderstood the structure used for the LOADS input, there should be little difficulty in
learning the procedure for assembling a SYSTEMS input. The major problem most
users have is that DOE-2 offers a high degree of flexibility and a large choice of options
for SYSTEMS input. To use this flexibility wisely the user is required to know more
about HVAC systems than was required by previous emergy analysis programs. In the
earlier programs, the user could stmply assign the name of the desired systemn and the
program would pull from its file all of the necessary mput. To a degree this can be done
with DOE-2 by relying on default values and prestored control methods. However, this
is not the recommended procedure and is an option to be used only until the user feels
comfortable with explicitly specifying the many commands and keywords in DOE-2.

General Discussion of Systems

In this subsection we describe the general properties of HVAC systems for users whose
knowledge in this area is limited. J¢ is important to know what various systems do and
not simply know their names. We will stress the common features and heritage of various
systems rather than concentrating on their differences. )

Generally, air systems can be split into five distinet categories:
1.” Variable Air Temperature Systems {(Constant Volume)
2. Reheat Systems (Constant Volume)
3. Air Mixing Systems (Constant Volume)
4. Variable Air Volume Systems (Counstant Temperature)

5. Hybrid Systems - A mixture of Systems 1 through 4
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Variable Air Temperature Systems (Constant Volume) (SZRH, PSZ)*

Variable air temperature systems are totally responsive to the master control zone’s sen-
sible heat gains and losses. As heat gains decrease, the temperature of the supply air
Increases proportionately, and vice-versa. Usually the heating coil is placed in front of
the cooling coil for {reeze protection and the two coils are controlled in sequence by the
space thermostat. The single zone system is representative of this type of system, with
the added feature that subzone reheat coils can be used to adjust for the heating require-

ments of the subzones that differ from that of the first named zone (in the list of zones
assigned to the system).
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Reheat Systems (Constant Volume) (RHFS)

Reheat Systems were a natural outgrowth of the single zone variable air temperature sys-
tem; the reheating coil is located downstream of the cooling coil so that all supply air is
cooled as well as dehumidified (the supply air is maintained at a constant temperature).
This makes the cooling énergy use unresponsive to space loads, whereas the reheat is
responsive to space loads, but inversely so. For example, when space heat gains are at
their maximum, reheating is not required to hold space temperatures. However, as space
heat gains decrease, reheating must increase to compensate {or the disappearing space
heat gains. Under all conditions the cooling coil cools the air to a constant temperature
fixed for the maximum anticipated loading. This is, therefore, an energy intensive sys-
tem. -

Return
s air fan
> Relief . ,
= i
RA.
\/\/ T Conditioned
space
Dampers Y Cooling

coil Supply Rehegat coil It

;\i air fan _
0

A AN " To other
f p——

Zones

Figure 4.2: Reheat System

SYSTEMS 4.3 SYSTEMS



Air Mixing Systems (Constant Volume) (DDS, MZS, PMZS)

These systems are commonly referred to as Dual Duct and Multi-Zone Systems. They
control space temperatures by the mixing of two air streams, one of which is normally
above the space temperature and the other normally below the space temperature. In
this constant volume configurasion they are also energy intensive.

To understand why air mixing systems can be large energy users, it is necessary to
understand the effect the hot deck temperature has on the systems energy consumption
during cooling periods. Given a space that requires partial cooling, a given gquantity of
cold air is needed to satisfy the load; however, the excess air that is not used to satis{y
the load must still go to the space because the system is constant volume.

It follows that, of the total supply air that remains in excess of that required to satisfy
the space load, the hot stream and the cold stream must mix thermally to cancel each
other. If the cold deck is 53°F, the space temperature 75°F, and the hot deck 95°F, the
two air streams will mix in equal parts to cancel each other.

However, if the hot deck is 155°F and all other criteria remain unchanged, then the cold

deck will pass 4 parts, and the hot deck 1 part, to cancel each other. The cooling and
heating energy expended on the excess air for these two hypothetical cases is 1.6 times as
much for the second case as for the first. Reset of hot and cold deck temperatures to
minimize temperature difference between the hot and cold decks will minimize energy
consumption on these systems.
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Variable Air Volume {Constant Temperature) Systems (VAVS, PVAVS)
Variable Air Volume systems are the easiest to understand. With a decreasing heat gain
in the space, the system responds directly with a corresponding decrease in {cold} air sup-
‘ply to the space. Most systems have a minimum stop beyond which the air supply is no
longer decreased. The ratio of this minimum air-flow-rate to the design air-flow-rate is
referred to as MIN-CFM-RATIO. If an interior space is occupied, the heat gain from
lights and people will require sufficient air flow to remove the load; however, in perimeter
spaces the heat losses may offset the heat gains from lights and people, resulting in a
load that is close to zero. Then it is necessary to set the MIN-CFM-RATIO to provide
sufiicient ventilation air; either reheat or baseboard radiation is used to offset the cooling
effect of the minimum allowable air supply and to supply heat to offset the heat losses.
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Hybrid Systems

a.

Hybrid Systems are defined here as a combination of any of the first four SYsStems
described. For example, we have VAV-Reheat Systems with a minimum stop on
the supply box specified by MIN-CFM-RATIO. Typically, this system acts as a
VAV system if the total air supply is above the MIN-CFM-RATIO setting. When-
ever the system supply air needed is less than that allowed by the
MIN-CFM-RATIO, the system conforms to a standard reheat system.

Another form of Hybrid System is the VAV~Dual Duct System. Again, only when
the total supply air requirement is less than that allowed by the

- MIN-CFM-RATIO, does the system act as a typical dual duct system which mixes

two alr streams to satisfy the space thermostat.

Powered Induction Units (PIU) are a variation of the VAV system with the addition
of a small fan to pull air from the ceiling plenum and mix it with air supplied from
the central system.

Other System Types in DOE-2

a.

"Fan Coil (TPFC and FPFC). Fan Coil Units are either 4-pipe or 2-pipe. The 4-

pipe units usually have two coils {one heating and one cooling), but may have cne.
dual purpose coil. The units modulate the flow of waster to the coil(s); this con-
forms to a variable air temperature system. Outside air for fan coil systems is usu-
ally imtroduced by a separate ventilation system; however, outside air may be intro-
duced directly into the fan coil unit.

Packaged Units (PSZ, PMZS, PVAVS, and PTAC). These systems are similar,
schematically, to the systems already described except that they are usually unitary
(fans, compressors and condensers are physically cased in a single unit). In DOE-2
they perform cooling with direct expansion coils, which require data about ambient
wet and dry bulb temperatures. As a result, the entire cooling calculation is done
in SYSTEMS and only the resulting electrical load is passed to PLANT.

Incremental Heat Pump (HP). Also referred to as the Water Source Heat Pump,
Water Loop Heat Pump, or Water/Air Heat Pump. These systems are composed of
small self-contained cooling/heating units connected to a common water loop.
Units on cooling reject heat to the circuit; units on heating draw heat from this
source and pump it up to a higher level. A hot water generator is a supplemental
heat source when the majority of units are heating. An evaporative cooler (closed
circuit cooling tower) is used to reject heat to the atmosphere when the majority of
units are cooling. These latter must be input in PLANT.

SYSTEMS 4.6 SYSTEMS



d.  Residential System (RESYS). It is possible to simulate the following combinations
of systems, appropriate.to a residential building modeled as a single zone. Cooling
may be accomplished with an air-cooled electric-driven air conditioner; heating may
be provided by a forced-air furnace, electric resistance air coll, or hot water base
boards. Alternatively, both heating and cooling can be supplied by an air-to-air
heat pump with supplemental electric resistance heating.

e. Heatihg Only Systems. DOE-2 can simulate a number of heating-oniy systems.
They are:

1. Unit Heaters {UHT)
. Unit Ventilators (UVT)
Hi. Baseboard Radiators

UHT and UVT heating-only units are described later in detail. They are especially
useful in analyzing buildings constructed before air conditioning became popular.

Baseboard radiators can only be simulated in combination with the air systerns.
The user must specify a value for the keyword BASEBOARD-RATING (the heat-
ing capacity of the baseboards in Btu/hkr). In addition, the user must specify the
kind of BASEBOARD-CONTROL, either QUTDOOR-RESET (the default) or
THERMOSTATIC.

f.  Recovery Systems. The DOE-2 program allows the user to simulate either a coil
“run-around” heat recovery cycle or a “heat wheel”. The heating eflect due to heat
exchange between return air and colder outside air is the only configuration avail-
able. (The cooling effect due to heat exchange between return air and warmer
outside air cannot be simulated.)

~1
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Specific HVAC Distribution Systems

The SYSTEMS program simulates the heat and moisture exchange processes that oceur
in secondary HVAC distribution systems. Likewise, it simulates the performance of air
circulating fans used in these systems. The user selects appropriate systems (plus
options} from a list of 17 different “standard” or familiar types of systems. There are an
additional § system types that are used less commoenly; see the Reference Manual (2.14).
However, the SYSTEMS subprogram cannot simulate two different types of air systems
in one zone at the same time. For example, it is not possible to simulate the cooling of a
zone by both a Single Zone Fan System {SZRH) and a Two Pipe Fan Coil System
(TPFC).

System types in DOE-2 have been categorized into different generic types, built-up sys-
tems vs. packaged systems and central systems vs. zonal systems.

Buili-Up Systems Depending upon the system types chosen, built-up sys-
tems contain preheat coils, main heating coils, cooling
coils, zone (reheat) coils, baseboard heaters, fans (sup-
ply, return, and exhaust), thermostats, humidifiers,
dehumidifiers, economizers, outside air dampers, mixing
dampers, throttling dampers, and air ducting. How-
ever, built-up systems are not usually self-contained;
the central equipment (i.e., boilers, chiilers, cooling
towers, pumps, etc.) that produces hot or chilled water
and electrical energy is separated from the distribution
system. That equipment is simulated in DOE-2’s
PLANT subprogram. Built-up system simulations
result in demands that are passed to PLANT, for hot
water, chilled water, electricity, gas, and/or oil. These
demands may be met in PLANT by purchased utilities
or energy conversion equipment.

Packaged Systems Packaged systems are usually self-contained units.
These units are usually produced as one or more modu-
lar pieces of prematched equipment that only require
installation. They possess all the necessary equipment
for energy conversion and distribution and they, too,
produce a utility demand for electricity, gas, and/or oil.

Zonal vs. Central Systems Reference is sometimes made to a zonal sysiem,
defined herein to mean any system with an air-handling
unit in each zone and contrelled by a thermostat in
that zone. It may be a packaged self-contained system
(fueled only by a utility) or it may be supported by a
ceniral system (supplying hot water, chilled water,
warm air, or cool air). Zonal systems are UHT, UVT,

TPFC, FPFC, HP, and PTAC.
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The available systems in DOE-2 are listed below and described in the foll

this section.

owing pages of

SZRH
RHFS
MZS
DDS
VAVS
PIU
TPFC
FPFC
HP
RESYS
PSZ
PNZS
PVAVS
PTAC
PTGSD
UHT
UvT

Variable temperature constant volume air-handling unit
Reheat constant volume air-handiing unit

Multizone constant volume air-kandling unit

Dual duct constant volume or variable volume air-handling unit
Variable volume air-handling urit

Powered Induction unit variable air volume air-handling unit
Two pipe fan coil

Four pipe fan coil

Water source heat pumps connected to a common water loop
Residential furnace and packaged condensing unit/heat pump
Packaged single zone variable temperature DX unis

Packaged multizone DX unit

Packaged variable volume DX unit

Packaged terminal air conditioner/heat pump

Packaged total gas sclid desiccant

Unit heater

Unit ventilator (heat only)

In the material that follows, the user will find

1) A full description of each system type, including a schematic of the

showing the location of fans, heating and cooling coils,
devices.

L8]
e

For each system type, a suggested input that provides a “‘no-frills”

of that system. Circled numbers in this input are keyed to the

schematic. A compatible PLANT input is also
with the example on p.1.9 and therefore couj

SYSTEMS and PLANT input and thus build a new input £le.

system

ductwork and control

simulation

system

given. This input is compatible
d be used to replace the example’s

3) For each system type, a list of other capabilities that can be simulated, with

pointers showing where the user can find an exam

description.

SYSTEMS

ple or a more complete
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Single-Zone Fan System with Optional Subzone Reheat (SZRH)
In its most basic configuration SZRH provides constant volume, forced-zir heating and
cooling for a single zone (plus subzones) from an air-handling unit containing a heating
coll, cooling coil, filters (not shown), and supply fan. Exhaust fans are optional for any
or all zones. The temperature of discharge air is controlled from a thermostat that
senses space conditions im the control zone. This zone is specified as the first zone
entered under the keyword ZONE-NAMES. The system may be small and located
within the space to be conditioned, or may be remotely jocated with ducted air distribu-
tion. It may provide outside air ventilation, or merely recirculate conditioned air.
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Suggested minimal input for SZRH system with an economizer:

INPUT SYSTEMS ..

SYSTEMS-REPORT SUMMARY=—(SS-A,$S-0) ..

FANS-ON = SCHEDULE THRU DEC 31

COOLSETPT = SCHEDULE THRU DEC 31

HEATSETPT = SCHEDULE THRU DEC 31

OFFICE = ZONE

AC-8YST = SYSTEM

END ..

COMPUTE SYSTEMS ..

INPUT PLANT ..

PLANT-REPORT SUMMARY =

SHW = PLANT-EQUIPMENT  TYPE = DHW-HEATER
HWG = PLANT-EQUIPMENT TYPE = HW-BOILER
CHR = PLANT-EQUIPMENT

PLANT-PARAMETERS

END .

COMPUTE PLANT ..

SYSTEMS

$ SYSTEMS SCHEDULES

(WD)

(WEH)

(WD)

(WEH)

(WD)

(WEH)

DESIGN-HEAT-T
DESIGN-COOL-T
HEAT-TEMP-SCH

COOL-TEMP-SCH

OA-CFM/PER

SYSTEM-TYPE
MAX-SUPPLY-T
MIN-SUPPLY-T
NIGHT-CYCLE-CTRL
FAN-SCHEDULE
ECONO-LIMIT-T
OA-CONTROL
ZONE-NAMES

(BEPS) .

It

[ I T

TYPE = HERM-REC-CHLR

HEATSETPT
COOLSETPT
15 ..

SZR

110

55
CYCLE-ON-FIRST
FA\S ON .

TE’\IP
(OFFIC .

SIZE = -999 ..
SIZE = -999 ..
SIZE = -663 .

BOILER-FUEL = NATURAL-GAS
HERM-REC-COND-TYPE = AIR .

4.11
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Additional capabilities for this system:

1)

To enable an exhaust fan add the keywords EXHAUST-CFM = Value (CFM) and
EXHAUST-KW = Value (L0001 is typical) to the ZONE keyword list.

To enazble a humidifier which requires heat to evaporate water into the air add
MIN-HUMIDITY = Value {25% is typical) to the SYSTEM keyword list.

To enable heat recovery to exchange reiief air heat with outside air heat add
RECOVERY-EFF = Value (0.5 is typical) and RETURN-KW= Value {0003 is
typical) to the SYSTEM keyword list.

To disable the economizer change OA-CONTROL = TEMP to @
OA-CONTROL = FIXED.

To enable reheat coils at subzones add REHEAT-DELTA-T = Value (°F) to the -

SYSTEM keyword list.

To disable the mechanical cooling year-round, so that the system operates as a
Heating and Ventilating Unit, insert a schedule like this:

COOL-OFF = SCHEDULE THRU DEC 31 {ALL) {1,24) (0) ..
and add
COOLING-SCHEDULE = COOL-OFF

to the SYSTEM keyword list.
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Constant-Volume Reheat Fan System (RHFS)
In its most basic configuration, RHFS provides constant volume forced-flow heating and
cooling to a number of individually controlled zones from an air-handling unit consisting

of a fiter (

not shown), heating and cooling coils, and a draw-through supply fan.

Lxhaust fans are optional for any or all zones. A reheat coil is installed in the supply air
distribution duct serving each individual zone. Space temperature is controlled by throt-
tling heating fuid flow to these reheat coils. The Biu equivalent of moisture added to
the air stream to maintain a minimum humidity is passed to the PLANT program as a

heating load.
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Suggested minimal input for RHFS system with an economizer:

INPUT SYSTEMS ..

SYSTEMS-REPORT SUMMARY=(SS-A,85-0) ..

FANS-ON =

$ SYSTEMS SCHEDULES

SCHEDULE THRUDEC 31 (WD)
(WEH)

COOLSETPT = SCHEDULE THRU DEC 31 (WD)
(WEH)

HEATSETPT = SCHEDULE THRU DEC 31 (WD)
(WEH)

OFFICE = ZONE

AC-SYST = SYSTEM

DESIGN-HEAT-T
DESIGN-COOL-T
HEAT-TEMP-SCH
COOL-TEMP-SCH
OA-CFM/PER

SYSTEM-TYPE
MAX-SUPPLY-T
MIN-SUPPLY-T
NIGHT-CYCLE-CTRL
FAN-SCHEDULE

I

I T TR

1,7)(0) (
(19,24 )0
(1,24)(0) .

(1,7)(99) (S.18)(75)

8,18)(1)
)

72
74
HEATSETPT
COOLSETPT

15 @

RHFS

110

59
CYCLE-ON-FIRST(3)
FANS-ON

S

OA-CONTROL TEMP
ECONO-LIMIT-T 68 7
REHEAT-DELTA-T 55 (8)
ZONE-NAMES (OFFICE) .. (9)
END ..
COMPUTE SYSTEMS ..
INPUT PLANT .
PLANT-REPORT SUMMARY — (BEPS) ..
SHW = PLANT-EQUIPMENT TYPE = DHW-HEATER SIZE = -999 ..
HWG = PLANT-EQUIPMENT TYPE — HW-BOILER SIZE = -999 ..
CHR = PLANT-EQUIPMENT  TYPE = HERM-REC-CHLR  SIZE — -99g ..

PLANT-PARAMETERS BOILER-FUEL = NATURAL-GAS

HERM-REC-COND-TYPE = AIR .
END ..
COMPUTE PLANT ..
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Additional capabilities for this system:

1)

2)

To enable an exhaust fan add the keywords EXHAUST-CFM — Value (CFM) and
EXHAUST-KW = Value (.0001 is typical) to the ZONE keyword list.

To enable a humidifier which requires heat to evaporate water into the air add
MIN-HUMIDITY = Value {25% is typical) to the SYSTEM keyword list.

To enable heat recovery to exchange relief air heat with outside air heat add
RECOVERY-EFF = Value (0.6 is typical) and RETURN-KW== Value (.0003 is
typical) to the SYSTEM keyword list.

To disable the economizer change the OA-CONTROL = TEMP to
OA-CONTROL = FIXED.

To enable supply air temperature reset using a discriminator control imsert
COOL-CONTROL = WARMEST in the SYSTEM kevyword list.

An alternative method to item 5 above is to reset the supply air as a function of
outside air temperature. An example of this control is covered in the Sample Run

- Book (2.1E), 31-Story Office Building, Run 1.

To enable control of maximum humidity whenever the supply air temperature is
reset, insert MAXIMUM-HUMIDITY = Value (60% is allowed in the new ASHRAE
90.1P Standard) in the SYSTEM kevword list.
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Multizone Fan System (MZS)

In its most basic configuration MZS provides constant flow, forced-air heating and cooling
tc muitiple, individually controlled zones from an air-handling unit containing a filter
(not shown), blow-through type supply fan, heating and cooling coil (each located in a
separate casing on the discharge side of the-fan), and one set of mixing dampers per zone
served. Exhaust fans are optional for any or all zones. The program assumes there is a
preheat coil and calculates a preheat load, if and when the mixed air temperature {alls
below the required PREHEAT-T. To control the temperature in each zone, two air
streams at different temperatures (hot deck and cold deck) are mixed by dampers located
in the air-handling unit and ducted separately from the discharge of the air-handling
unit to each zone.
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Suggested minimal input for MZS system:
INPUT SYSTEMS ..

SYSTEMS-REPORT SUMMARY=(SS-A,SS-0) .
$ SYSTEMS SCHEDULES

FANS-ON = SCHEDULE THRUDEC 31 (WD}  (1,7)(0) (8,18)(1)
(19,24)(0)
(WEH) (1,24)()(%) .

COOLSETPT = SCHEDULE THRU DEC 31 (WD) {1,7)(89) (8,18)(785)

(19,24)(99)

(WEH) (1,24)(99) ..

HEATSETPT — SCHEDULE THRU DEC 31 (WD) (1,7)(55) (8.18)(72)
(1@ 24)(53}

(WEH) (1 ,-4)(55)

OFFICE = ZONE DESIGN-HEAT-T
DESIGN-COOQOL-T
HEAT-TEMP-SCH
COOL-TEMP-SCH

~1 =)
R ]

HEATSETPT
COOLSETPT

I T T

‘OA-CFM/PER 15 . ()
AC-SYST = SYSTEM  SYSTEM-TYPE . = MZS
MAX-SUPPLY-T = 110
MIN-SUPPLY-T = 55 &
NIGHT-CYCLE-CTRL =  CYCLE-ON-FIRST (5)
FAN-SCHEDULE =  FANS-ON
OA-CONTROL = FIXED
ZONE-NAMES =  (OFFICE) ..
END ..
COMPUTE SYSTEMS ..
INPUT PLANT ..
PLANT-REPORT SUMMARY = (BEPS) ..
SHW = PLANT-EQUIPMENT  TYPE = DHW-HEATER SIZE = -999 ..
HWG = PLANT-EQUIPMENT  TYPE = HW-BOILER SIZE = -999 ..

CHR = PLANT-EQUIPMENT  TYPE = HERM-REC-CHLR  SIZE == -999 ..

PLANT-PARAMETERS BOILER-FUEL = NATURAL-GAS
HERM-REC-COND-TYPE = AIR ..

END .
COMPUTE PLANT ..
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Additional capabilities for this system:

1)

o
—

=1
o’

g)

To enable an &CONOMIzZer, add OA-CONTROL == TEMP and
ECONO-LIMIT-T = 60 to the SYSTEM keyword list.

To simulate a discriminator control of the cold deck supply air temperature add
COOL-CONTROL = WARMEST to the SYSTEM keyword list.

To simulate a discriminator control of the hot deck supply air temperature add
HEAT-CONTROL = COLDEST to the SYSTEM keyword list.

Alternatives to items 3 and 4 above are reset of cold and hot deck supply air tem-
perature. An example of this control is is covered in the Sample Run Book (2.1F),
31-Story Office Building, Run 1.

To simulate turning “off”’ the hot deck whenever the outside temperature is above
65°F, insert a new schedule like this:

HEAT-OFF = SCHEDULE THRU DEC 31 {(ALL) (i,24) (83) ..
and add )

HEATING-SCHEDULE = HEAT-OFF
to the SYSTEM keyword list.

To enable an exhaust fan add the keywords EXHAUST-CFM = Value (CFM) and
EXHAUST-KW = Value (.0001 is typical) to the ZONE keyword list.

To enable a humidifier which requires heat to evaporate water into the air add
MIN-HUMIDITY = Value (25% is typical) to the SYSTEM keyword list.

To enable heat recovery to exchange relief air heat with outside air heat add
RECOVERY-EFF = Value {0.6 is typical) and RETURN-KW= Value (.0003 is
typical) to the SYSTEM keyword list.
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Dual-Duct Fan System (DDS)
DDS can be either constant volume or variable volume.

Constani-volume is identical to the multizone type of system (see the description for
MZS), except that the hot and cold air streams (from the warm air duct and cold air
duct) are extended to individual mixing boxes, located in the zone being served, where
the two air streams are mived.

The varieble volume dual duct system is similar to the constant-volume except that the
type of mixing box used in this system is capable of reducing flow in respornse to a
decrease in cooling demand. Mixing of the cold and hot air streams occurs only after
flow has been reduced to a prescribed minimum; thus, total energy usage is reduced.

Exhaust fans are optional for any or all zones. DOE-2 assumes there is 2 preheat coil
and calculates the preheat load, if and when the mixed air temperature falls below the
required PREHEAT-T.~
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Figure 4.8: Dual-Duct Fan System (DDS)
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Suggested minimel input Jor DDS system:

INPUT SYSTEMS ..

SYSTEMS-REPORT SUMMARY=(SS-A,58-0) ..

FANS-ON =

$ SYSTEMS SCHEDULES

SCHEDULE THRU DEC 31 (WD)
(WEH)

COOLSETPT = SCHEDULE THRU DEC 31 (WD)
- (WEH)

HEATSETPT = SCHEDULE THRU DEC 31 (WD)
(WEH)

OFFICE = ZONE

AC-SYST = SYSTEM

END ..

COMPUTE SYSTEMS ..

INPUT PLANT ..

DESIGN-HEAT-T
DESIGN-COOL-~T
HEAT-TEMP-SCH
COOL-TEMP-SCH
OA-CFM/PER

SYSTEM-TYPE
MAX-SUPPLY-T
MIN-SUPPLY-T
NIGHT-CYCLE-CTRL
FAN-SCHEDULE
OA-CONTROL
RETURN-STATIC
RETURN-EFF
ZONE-NAMES

PLANT-REPORT SUMMARY = (BEPS) ..

SHW = PLANT-EQUIPMENT
HWG == PLANT-EQUIPMENT TYPE = HW_BOILER
CHR = PLANT-EQUIPMENT

PLANT-PARAMETERS

END ..
COMPUTE PLANT ..

SYSTEMS

I

I T T

TYPE = DHW-HEATER

TYPE = HERM-REC-CHLR

(19,24)(99)
(1,24)(99) .

74
HEATSETPT
COOLSETPT

15 @

DDS

110

35
CYCLE-ON-FIRST(S)
FANS-ON

FINED (7)

1.0(8)

55 (8

(OFFICE) .. ®

SIZE = -99% ..
SIZE =-999 ..
SIZE =-999 ..

BOILER-FUEL = NATURAL-GAS
HERM-REC-COND-TYPE = AIR ..

4.20
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Additional capabilities for this system:

1)

2)

4)

10)

11)

To simulate a variable volume dual duct air system add MIN-CFM-RATIO = .5
(i.e., a minimum stop of 50%) to the SYSTEM keyword list.

To simulate variable speed control of the fan motos add )
FAN-CONTROL = SPEED to the SYSTEM keyword list; this will override the
default of INLET control.

To enable the economizer add OA-CONTROL = TEMP and

ECONO-LIMIT-T = 60 to the SYSTEM keyword list. A second alternative is to

simulate an enthalpy controlled economizer by changing OA—-CONTROL = TEMP
to CA-CONTROL = ENTHALPY and raise ECONO-LIMIT-T = 70

To simulate turning “off” the hot deck whenever the outside temperature is above
65°F and always during the summer months of JULY 1 through AUGUST 30,
insert a new schedule like this:

HEAT-OFF-SCHEDULE ~THRU JUN 30 {ALL)(1,24) (65)
THRU AUG 30 (ALL) (1,24) (0)
THRU DEC 31 (ALL) (1,24 (65) ..

and add HEATING-SCHEDULE = HEAT-OFF to the SYSTEM keyword list.

To enable an exhaust far add the keywords EXHAUST-CFM = Value (CFM) and
EXHAUST-KW = Value (.0001 is typical) to the ZONE keyword list.

To enable a humidifier which requires heat to evaporate water into the air add
MIN-HUMIDITY = Value (25% is typical) to the SYSTEM keyword list.

To enable heat recovery to exchange relief air heat with outside air heat add
RECOVERY-EFF = Value {0.6 is typical) and RETURN-KW= Value {0003 is
typical) to the SYSTEM keyword list.

To simulate a discriminator control of the cold deck supply air temperature add
COOL-CONTROL = WARMEST to the SYSTEM keyword list.

To simulate a discriminator control of the hot deck supply air temperature add
HEAT-CONTROL = COLDEST to the SYSTEM keyword list.

Alternatives to items 8 and 9 above are reset of cold and hot deck supply air tem-
perature. An example of this control is is covered in the Sample Run Book {2.1E),
31-Story Office Building, Run 1.

To simulate turning “off”” the hot deck whenever the outside temperature is above
65°F, insert a new schedule like this:

HEAT-OFF = SCHEDULE THRU DEC 31 (ALL) (1,24) (63) .
and add HEATING-SCHEDULE = HEAT-OFF to the SYSTEM keyword list,
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Variable-Volume Fan System with Optional Reheat (VAVS)

In its most basic configuration VAVS consists of a central air-handling unit with filter
(not shown), cooling and optional heating coils, and a draw-through type supply air fan.
Exhaust fans are opticnal for any or all zones. A duct system distributes supply air {at a

temperature determined by the user} to variable-air volume (VAV) terminal units,
located in the zones being served.

The VAV boxes {controlled by a room thermostat) vary the amount of primary air to
the space to control temperature. When the space demands peak cooling, the VAV box
allows maximum air flow. As space cooling requirements diminish, the primary air flow
to the space is reduced proportionately to a specified minimum How rate. If less cooling
is Tequired than that given at minimum air flow, the reheat coil is activated (if specified).
When in the heating mode, the supply air low rate is held at a constant value equal to
MIN-CFM-RATIO. The supply air low rate will rise above the MIN-CFM-RATIO
only ¢f the user has set THERMOSTAT-TYPE = REVERSE-ACTION.

The Btu equivalent of the moisture that is added to the air stream, to maintain a
minimum humidity, is passed to the PLANT program as a heating load.
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Figure 4.9: Variable-Volume Fan System with Opsional Reheat (VAVS)
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Suggested minimal input for VAVS system:

INPUT SYSTEMS ..
SYSTEMS-REPORT. SUMMARY=($$-A,S5-0) ..
$ SYSTEMS SCHEDULES

FANS-ON = SCHEDULE THRU DEC 31 (WD)

. (WEH)
COOLSETPT = SCHEDULE THRU DEC 31 (WD)

(WEH)

HEATSETPT = SCHEDULE THRU DEC 31 (WD)

(WEH)

OFFICE = ZONE DESIGN-HEAT-T
DESIGN-COOL-T
HEAT-TEMP-SCH
COOL-TEMP-SCH
THERMOSTAT-TYPE
OA~CFM/PER

I T 1 T

AC-SYST = SYSTEM SYSTEM-TYPE
MAX-SUPPLY-T
HEAT-SET-T
MIN-SUPPLY-T
NIGHT-CYCLE-CTRL
FAN-SCHEDULE
RETURN-STATIC
RETURN-EFF
OA-CONTROL
ECONO-LIMIT-T
MIN-CFM-RATIO
REHEAT-DELTA-T
ZONE-NAMES

T

END ..

COMPUTE SYSTEMS ..

INPUT PLANT ..

PLANT-REPORT SUMMARY = (BEPS) ..

SYSTEMS 4.23

(1,7)(0j (8,18)(1)

{19,24)(0)
(1,24)(0) ..

74

HEATSETPT
COOLSETPT
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110 (4)

15
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35

2
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FANS-ON
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SHW = PLANT-EQUIPMENT  TYPE = DHW-HEATER SIZE = -999 ..
HWG = PLANT-EQUIPMENT TYPE = HW-BOILER SIZE = -8%9 ..
CHR = PLANT-EQUIPMENT TYPE = HERM-REC-CHLR  SIZE = -999 .

PLANT-PARAMETERS BOILER-FUEL = NATURAL-GAS
HERM-REC-COND-TYPE = AIR ..

END ..
COMPUTE PLANT .

Additional capabilities for this system:

1) To enable an exhaust fan add the keywords EXHAUST-CFM = Value (CFM) and
EXHAUST-KW = Value (L0001 is typical) to the ZONE keyword list.

| ]
—r

To enable a humidifier which requires heat to evaporate water into the air add
MIN-HUMIDITY = Value (25% is typical) to the SYSTEM keyword list.

3) "To enable heat recovery to exchange relief air heat with outside air heat add
RECOVERY-EFF = Value (0.6 is typical) to the SYSTEM keyword list.

. 4) To disable the economizer change the OA~-CONTROL = TEMP to
OA-CONTROL = FIXED

5)  To reset the supply air as a function of outside air temperature see example of this
control as shown in the Sample Run Book (2.1F), 31-Story Office Building, Run 1.

8) To enable control of maximum humidity whenever the supply air temperature is
reset, insert MAXIMUNM-HUMIDITY = Value (680% is allowed in the new ASHRAE
90.1P Standard) in the SYSTEM keyword list.

7)  Simulating baseboard heat in lieu or in addition to reheat coils is demonstrated in
the Sample Run Book (2.1E), 31-Story Office Building, Run 1.

8) To enabie variable  speed control  of the  fan motar, insert
FAN-CONTROL = SPEED in the SYSTEM keyword list.
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Powered Induction Unit (PIU)

The basi¢ PIU consists of a central air-handling unit with filter (not shown}, cocling and
optional heating coils, and a draw-through type supply air fan. A return air fan is also
usually used. Exhaust fans are optional for any or all zones.

- The powered induction boxes are available in two configurations: series and parallel.
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Figure 4.10: Powered Induction Unit System with Optional Reheat
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Following is suggested minimal input for PIU system with economizer is shown for series

type units configured like the sketch below. There must be more than one zone.

Heal

Figure 4.11:

INPUT SYSTEMS ..

X Primary

Series PIU

SYSTEMS-REPORT SUMMARY=(SS-A,SS-0) ..

$ SYSTEMS SCHEDULES

FANS-ON = SCHEDULE THRU DEC 31

COOLSETPT = SCHEDULE THRU DEC 31

HEATSETPT == SCHEDULE THRU DEC 31

CORE = ZONE

©

OFFICE = ZONE

@

DESIGN-HEAT-T
DESIGN-COOL-T
HEAT-TEMP-SCH
COOL-TEMP-SCH
TERMINAL-TYPE
CFM/SQFT
OA-CFM/PER

LIKE CORE
TERMINAL-TYPE
ZONE-FAN-RATIO
ZONE-FAN-KW
INDUCED-AIR-ZONE
REHEAT-DELTA-T

(WD) (1,7)(0) (8,18)(1)
' (19,24)(C)

(WEH)  (1,24}{0) ..

(WD) (1,7)(99) (8,18)(78)
19,24)(99)

(WEH)  (1,24)(99) ..

(WD) (1,7)(53) (8,18)(72)
(19,24)(35)

(WEH)  (1,24)(53) ..

-

=  HEATSETPT

=  COOLSETPT %

= SVAV(Y)

- 5. ®

[ I

SERIES-PIU

1
.0@3 (&)

CORE (1

33 .. @

MSecondary
]



Following is suggested minimal input for parallel type PIU units like the sketch below:

-

Secondary
|

®  Primary 4

{
Heat

Figure 4.12: Paralilel PIU

INPUT SYSTEALS ..
SYSTEMS-REPORT SUMMARY=(SS-A,S5-0) ..

$ SYSTEMS SCHEDULES

FANS-ON = SCHEDULE THRU DEC 31 (WD) (1,7)(0) (8,18)(1)
19,24)(0)
(WEH)  (1,24)(0)
COOLSETPT = SCHEDULE THRU DEC 31 (WD) (1,7)(99) (8,18)(76)
(19,24)(99)
(WEH}  (1,24){99)
HEATSETPT = SCHEDULE THRUDEC 31 (WD)  (1,7)(55) (8,18)(72)
(19,24)(55)
(WEH) (1,24)(33) ..

START-Z=FAN = SCHEDULE THRU DEC 31 (WD} (1.7) (55} (8,18} (73) (19,24) (33)

CORE = ZONE

DESIGN-HEAT-T
DESIGN-COOL-T
HEAT-TEMP-SCH
COOL-TEMP-SCH
TERMINAL-TYPE
OA-CFM/PER

e

HEATSETPT
COOLSETPT

SVAV
15 .
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OFFICE = ZONE

AC-SYST = SYSTEM

END ..

COMPUTE SYSTEMS ..

INPUT PLANT ..

LIKE CORE
TERMINAL-TYPE
ZONE-FAN-RATIO
ZONE-FAN-KW
ZONE-FAN-T-SCH
INDUCED--AIR-ZONE
REHEAT-DELTA-T

SYSTEM-TYPE
MAX-SUPPLY-T
HEAT-SET-T
MIN-SUPPLY-T
NIGHT-CYCLE-CTRL
FAN-SCHEDULE
RETURN-STATIC
RETURN-EFF
OA-CONTROL
ECONO-LIMIT-T
MIN-CFM-RATIO
ZONE~-NAMES

PLANT-REPORT SUMMARY = (BEPS) ..

SHW = PLANT-EQUIPMENT
HWG = PLANT-EQUIPMENT TYPE = HW-BOILER
CHR = PLANT-EQUIPMENT

PLANT-PARAMETERS

END ..
COMPUTE PLANT .

(I

(I T T

TYPE = DHW-HEATER

TYPE = HERM-REC-CHLR

PARALLEL-PIU

8

00033 @2
START-Z-FAN (3)

CORE

FANS.ON

10 (12

55 (12

TEMP

63

3 (&)
(OFFICE) .. (2)

—FAS@;ONLY

SIZE = -999 ..
SIZE =-999 ..
SIZE =-8¢9 ..

BOILER-FUEL = NATURAL-GAS
HERM-REC-COND-TYPE = AIR ..

Additional capabilities for this system:

1) To enzble an exhaust fan add the keywords EXHAUST-CFM = Value

EXHAUST-KW = Value (.0001 is typical} to the ZONE keyword liss.

o
—r

To enable a humidifier which requires heat to evaporate water into the air add

MIN-HUMIDITY. = Value (25% is typical) to the SYSTEM keyword list.

3} To enable heat recovery to exchange relief air heat with outside air heat add

RECOVERY-EFF = Value (0.6 is typical) to the SYSTEM keyword list.

4} To

disable the

economizer

OA-CONTROL == FIXED.

SYSTEALS

change

OA-CONTROL = TEMP

SYSTEMS

(CFM) and

to
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To reset the supply air as a function of outside air temperature see an example of
this control in the Sample Run Book (2.1E), 31-Story Office Building, Run 1.

To enable control of maximum humidity whenever the supply air temperature is
reset, insert MANINMUN-HUMIDITY = Value (60% is allowed in the new ASHRAE

90.1P Standard) in the SYSTEM keyword list.

Simulating baseboard heat in lieu of or in addition to reheat coils is demonstrated
in the Sample Run Book (2.1E), 31-Story Office Building, Runs 2 and 3.

~To  enable  wvariable speed control of the fan motor, insert

FAN-CONTROL = SPEED in the SYSTEM keyword list.
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Two-Pipe Fan Coil System (TPFC)

The TPFC system provides both heating and cooling to individually controlled zones.
However, all zones served by the TPFC must be operating in the same mode (i.e., either
heating or cooling) at any given time.

TPFC consists of a filter (not shown), combination heating/cooling coil, and fan. The
coll is connected to a piping system that provides either hot or cold water, according to
the prevailing mode of operation as defined by the HEATING-SCHEDULE and

COOQLING-SCHEDULE. The unit provides a fixed quantity of outside air ventilation or
merely recirculates conditioned air. Exhaust fans are optional for any or ail zones.

‘Temperature control is achleved by throttling the flow of water through the
heating/cooling coil. The control thermostat commonly used for this type of system has
separate heating and cooling setpoints.

The pumping energy associated with this system is accounted for in the PLANT pro-
gram, rather than in the SYSTEMS program.

The fan cotl units, particularly the smaller direct-drive units, mayv not be available with a
fan capacity that matches the calculated vaiue. Therefore, assignment of the fan capa-
cty for a specific, commercially available unit is recommended for improved simulation
ACCUTACY.
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Figure 4.13: Two-Pipe Fan Coil System (TPFC)
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Suggested minimal input for TPFC system:

INPUT SYSTEMS ..

SYSTEMS-REPORT SUMMARY—

FANS-ON =

HEAT-ON = SCHEDULE

©

COOL-ON = SCHEDULE

®

$ SYSTEMS SCEEDULES

(SS-A,S8-0) ..

SCHEDULE THRU DEC 31 (WD)
| (WEH)
COOLSETPT = SCHEDULE THRU DEC 31 (WD)
(WEH)
HEATSETPT = SCHEDULE THRU DEC 31 (WD)
(WEH)
THRU MAY 15 (ALL)
THRU SEP15  (ALL)
THRU DEC31 (ALL)
THRU MAY 15 (ALL)
THRU SEP 15  (ALL)
THRU DEC31 (ALL)

OFFICE = ZONE

AC-SYST = SYSTEM

END .

COMPUTE SYSTEMS .

INPUT PLANT ..

PLANT-REPORT SUMMARY =

SYSTEMS

DESIGN-HEAT-T
DESIGN-COOL-T
HEAT-TEMP-SCH
COOL-TEMP-SCH
OA-CFM/PER

SYSTEM-TYPE
HEATING-SCHEDULE
COOQOLING-SCHEDULE
MAX-SUPPLY-T
MIN-SUPPLY-T
NIGHT-CYCLE-CTRL
FAN-SCHEDULE
ZONE-NAMES

(BEPS) .

4.31

W

(e 1

o

(1,7}(0) (8,18)(1)
(19,.ﬂ4}(0
(1,24)(0) .
(1,7)(99) (8,18)(”6)
(19,24}(99)
(1,24)(99) ..
1,7)(55) (8,18)(72)
(19 24)(53)
(1,24)(35) .
{1,24) (1)
(1,24)  (0)
(1,24) {1} ..
(1,24) (1)
(L,24)  (0)
(1,24) (1)
T3
HEATSETPT
COOLSETPT
15 ..
TPFC
HEAT-ON
COOL-ON
110
CYCLE-ON-ANY
FANS-ON (8) @
(OFFICE) ..

SYSTEMS



SHW = PLANT-EQUIPMENT TYPE = DHW-HEATER SIZE = -999 ..
HWG = PLANT-EQUIPMENT TYPE = HW-BOILER SIZE = -999 ..
" CHR == PLANT-EQUIPMENT TYPE = HERM-REC-CHLR SIZE = -999 ..

PLANT-PARAMETERS BOILER-FUEL = NATURAL-GAS
HERM-REC-COND-TYPE = AIR ..

END ..
COMPUTE PLANT .

Additional capability for this system:

1) To enable an exhaust fan add the keywords EXHAUST-CFM = Value (CFM) and
EXHAUST-KW = Value (.0001 is typical) to the ZONE keyword list. @
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Four-Pipe Fan Coil System (FPFC)

The FPFC system is identical to the TPFC with the following exceptions:

1} instead of an a combined heating/cooling coil, the fan coil units hav

heating and cooling coils;

2)

€ separate

each coil is connected to a separate piping system, one circulating cooled fluid

and one circulating heated fluid. Thus, the fan coil{s) in one zone can cool at
the same time that those in another zone are heating; changeover energy losses
are minimal. Exhaust fans are optional for any or all zones. Except as noted

above, the discussion of system desi

TPFC applies to FPFC.

gn features, options, and DOE-2 input for

\
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Suggested minimal input for FPFC system:

INPUT SYSTEMS ..
SYSTEMS-REPORT SUMMARY=(SS-A,S5-0) ..
$ SYSTEMS SCHEDULES

FANS-ON == SCHEDULE THRUDEC 31 (WD)
(WEH)

COOLSETPT = SCHEDULE THRU DEC 31 (WD)
(WEH)

HEATSETPT = SCHEDULE THRU DEC 31 (WD)
(WEH)

OFFICE — ZONE DESIGN-HEAT-T
DESIGN-COOL-T
HEAT-TEMP-SCH

COOL-TEMP-SCH
OA-CFM/PER

I

AC-SYST == SYSTEM SYSTEM-TYPE
MAX-SUPPLY-T
MIN-SUPPLY-T
NIGHT-CYCLE-CTRL
FAN-SCHEDULE

e nn

(1,7)(0)
(10,24)(
{1,24)(0

(8,18)(1)
O) :
) -

(1,7)(99) (8,18)(76)
(19,24)(99)
(1,24)(99) ..

HEATSETPT 1
COOLSETPT

15 .. @

FPFC

110 _
55
CYCLE-ON-ANY @

FANS-ON

ZONE-NAMES (OFFICE) ..~ (7)
END ..
COMPUTE SYSTEMS ..
INPUT PLANT .
PLANT-REPORT SUMMARY = (BEPS) ..
SHW = PLANT-EQUIPMENT  TYPE — DHW-HEATER SIZE = -999 .

HWG = PLANT-EQUIPMENT TYPE = HW-BOILER

CHR = PLANT-EQUIPMENT  TYPE == HERA{-REC-

PLANT-PARAMETERS BOILER-FUEL = NATURAL-

SIZE — -999 .. ()
®

CHLR  SIZE = -g99 ..

GAS

HERM-REC-COND-TYPE = AIR ..

END ..
COMPUTE PLANT ..
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Additional capabilities for this system:

1) To enable an exhaust fan add the keywords EXHAUST-CFM = Value {(CFM) and @
EXHAUST-KW = Value (.0001 is typical) to the ZONE keyword list. _ _

o
e

To disable the availability of either cooling or heating, insert schedules like that @
shown for TPFC; however, you may enter values representing outside air tempera- ,
tures above and below which the cooling and heating is on , as follows:

HEAT-ON = SCHEDULE ~ THRU MAY 15 (ALL) (1,24)(70)
THRU SEP 15 (ALL) (1,24)(0)
THRU DEC 31 (ALL) (1,24)(70) ..

COOL-ON = SCHEDULE ~ THRU DEC 31 (ALL) (1,24)(60)
THRU SEP 15 (ALL) (1,24)(1)
THRU DEC 31 (ALL) (1,24)(60) ..

3)  Most fan coil systems do not have outside air intakes and make-up air is supplied
to the corridor or to the back side of the fan coil unit. To simulate this
configuration there has to be a corridor zone to which air can be supplied, because
DOE-2 does not allow two air systems to be assigned to the same zone. See the @
example in the Sample Run Book (2.1E), 31-Story Office Building, Run 3.
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Unitary Hydronic Heat Pump System (HP)

The HP system provides heating and cooling for individually controlled zones through
heat pump units located in each space to be conditioned. Each heat pump unit may pro-
vide a fixed quantity of outside air ventilation, or merely recirculate conditioned air.
Each heat pump consists of a refrigerant compressor, room air-to-refrigerant heat
exchanger, working fluid-to-refrigerant heat exchanger (connected to the pipe loop}, con-
trols to switch .the evaporating and condensing functions from one heat exchanger to the
other, supply air fan, and two-setpoint ZONE thermostat. When the heat pump is in
the room heating mode of operation, the room air-to-refrigerant heat exchanger is used
for refrigerant condensing. In the room cooling mode, this same heat exchanger is used
for refrigerant evaporating. Each heat pump provides dehumidification in the cooling
mode but has no dehumidification control.

Temperature is controlled in each zone by on-off operation of the heat pump unit ({an
and compressor). The type of thermostat used for this system has two individual set-
points. The heat pump unit provides cooling when space temperature increases to the
upper setpoint, and heating when the space temperature falls to the lower setpoint; it
does not operate when space temperature is between setpoints. If cutside air is specified
the fan operates continuously; otherwise, the fan cycles on and of with the refrigeration
compressor. A piping system with circulating fluid is connected to the water-to-
refrigerant heat exchanger in the heat pump. The circulating fluid absorbs heat from
units operating in the cooling mode, and gives up heat to units operating in the heating
mode. Because some zone units may be cooling while others are heating, the temperature
of the circulating fluid will depend on the relative quantities of each. When cooling
demand exceeds heating demand, and the fluid temperature increases to the highest
allowable value (see keyword MAX-FLUID-T in the SYSTEM-FLUID command), heat is
dissipated to the atmosphere through an evaporative cooler or cooling tower. When
heating demand exceeds cooling demand, and the fluid temperature decreases to the
minimum allowable value (see keyword MIN-FLUID-T in the SYSTEM-FLUID instruc-
tion), heat is added from a boiler or other heat source. No heat is added or rejected
when heating and cooling requirements balance. The most common hydronic heat pump
systems maintain the water in the circulating loop between 60°F and 90°F. The heat
rejection umit (evaporative condenser or cooling tower), heating unit, and circulating
pump are simulated by PLANT.
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Suggested minimal input for HP system:

INPUT SYSTEMS ..

SYSTEMS-REPORT SUMMARY=(SS-A,5S-0) .
$ SYSTEMS SCHEDULES

FANS-ON =

SCHEDULE THRU DEC 31 (WD)
(WEH)

COOLSETPT = SCHEDULE THRU DEC 31 (WD)
(WEH)

HEATSETPT = SCHEDULE THRU DEC 31 (WD)
(WEH)

OFFICE = ZONE

AC-SYST = SYSTEM

END .

COMPUTE SYSTEMS ..

INPUT PLANT ..

PLANT-REPORT SUMMARY —

SHW = PLANT-EQUIPMENT
HWG = PLANT-EQUIPMENT TYPE — HW-BOILER
WCL = PLANT-EQUIPMENT TYPE — COOLING-TWR

PLANT-PARAMETERS

END ..
COMPUTE PLANT ..

DESIGN-HEAT-T
DESIGN-COOL-T
HEAT-TEMP-SCH
COOL-TEMP-SCH
OA-CFM/PER

SYSTEM-TYPE
MAX-SUPPLY-T
MIN-SUPPLY-T
NIGHT-CYCLE-CTRL
FAN-SCHEDULE
MIN-FLUID-T
MAX-FLUID-T
FLUID-HEAT-CAP*

FLUID-VOLUME=**
ZONE-NAMES

(BEPS) ..

i

1T O A

I

TYPE = DHW-HEATER

(1,7)(0) (
(19,24)(0
(1.24j{0) .
(1,7)(99)
(19,24)(9
(1,-4)( g

)

8.18)(1)
)
8,18)(76)
)

(
9
) -
(8 8)(72)
5)

3) -

COOLSETPT {1
15 .. (2)
HP

110
55
CYCLE-ON-ANY (3)

FANS-ON

60(7) ©

90(8)

(estimated Ibs of water in system
plus that in any storage tank) @

25.0 (gallons of water/ton)
(OFFICE) ..

HEATSETPT %

BOILER-FUEL = NATURAL-GAS .

* use for program versions to and including 2.1D

** use for program version 2.1E

SYSTEMS
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SIZE = -999 ..
SIZE = -999 .. (11)
SIZE = -998 .. (33
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Additional capabilities for this system: (2,71E)

1}  Outside air economizer and water side economizers.

2} Scheduled control of water loop temperatures.
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Residential System (RESYS)

RESYS models a split system with a direct expansion air-cooled condensing unit.
Residences that do not include unconditioned zones (craw! spaces and attics) can be
simulated as a single-zone residence served by one system.

This is the only system in DOE-2 that simulates openable windows for natural ventila-
tion and cooling. The ventilation is simulated through the keywords
NATURAL-VENT-SCH, VENT-TEMP-SCH, and NATURAL-VENT-AC. See
p.4.76 of this chapter, the SYSTEM-AIR section, for a discussion of simulation
theory.

RESYS can be run with a cooling-only condensing unit plus a heating coil or with a
cooling/heating heat pump condensing unit:

Residential System with DX Cooling and Heating Coil: This version of RESYS
provides heating through a hot water coil, electric heater, gas furnace or oil furnace. It
also includes a cooling coil connected to an air-cooled condensing unit, supply fan, and
openable windows to provide natural ventilation and cooling. Ordinarily, the electric
load for both the supply fan and compressor are inciuded in the cooling EIR.
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Figure 4.16: Residential System - DX with Heating Coil
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Residential System with Heat Pump: This version of the system, the Residential
Air-to-Air Heat Pump, is also for a single-zone constant-volume system intended for
homes or offices. The rules stated in the RESYS system description apply to this version
of the system. This unit provides forced-air heating and cooling. In its basic
configuration the it consists of a compressor, a four-way valve for reversing the refri-
gerant flow direction, air-cooled condenser with fan, evaporator with fan, filter (not
shown), and thermostat. The condenser also serves as an evaporator and the evaporator
as a condenser, depending on whether the unit is in the heating or cooling mode. The
supply (indoor air) fan and the outdoor fan operate in 2 cycling mode. The unit may be
specified with an auxiliary electrical heater. To use this type of RESYS specify
HEAT-SOURCE = HEAT-PUMP. For additional heat pump capabilities, see “Heat
Pump” p.A.5.
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Figure 4.17: Residential Air-to-Air Heat Pump
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Suggested minimal input for RESYS system:

INPUT SYSTEMS .

SYSTEMS-REPORT SUMMARY==(SS-4,83-0) ..

$ SYSTEMS SCHEDULES

COOLSETPT = SCHEDULE THRU DEC 31 (WD) {1,7)(99) {8,18)(76)
, (19,24)(99)
(WEH) (1,24)(99) .
HEATSETPT = SCHEDULE THRU DEC 31 (WD) (1,7)(55) (8,18)(72}
(19,24)(55)
(WEH) (1,24)(35) ..
WINDOWS-OPENABLE = SCHEDULE THRU APR 15 (ALL) (1,24) (1)
THRU OCT 15 (ALL) (1,24) (0)
THRU DEC31 (ALL) ({(1,24) (1) .
DESIGN-HEAT-T 72

OFFICE = ZONE

AC-8YST = SYSTEM

END

COMPUTE SYSTEMS ..

INPUT PLANT ..

DESIGN-COOL-T
HEAT-TEMP-SCH
COOL-TEMP-SCH

SYSTEM-TYPE
MAX-SUPPLY-T
MIN-SUPPLY-T
NATURAL-VENT-AC
NATURAL-VENT-SCH
HEAT-SOURCE

ZONE-NAMES

PLANT-REPORT SUMMARY = (BEPS) ..
SHW = PLANT-EQUIPMENT TYPE = DHW-HEATER SIZE — -099 .

END ..
COMPUTE PLANT ..

Additional capability for this system:

(I I

(T

I

74
HEATSETPT (1)
COOLSETPT ..(T)

RESYS
110(2
35 (3)
10 (4)
WINDOWS-OPENABLE
GAS-FURNACE @

$ or HEAT-PUN @

(OFFICE) ..

1) To disable the availability of either cooling or heating, insert schedules like that
shown for TPFC; however, you may enter values representing outside air tempera-

tures above and below which the cooling and heating is on

SYSTEMS
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SYSTEMS

EEAT-ON = SCHEDULE

COOL-ON = SCHEDULE

4)(70)

THRU MAY 15 (ALL) (1,24)(7
1,24)(0)

THRU SEP 15 (ALL) (
THRU DEC 31 (ALL) (1,
(1

24)
THRU DEC 31 (ALL) (1,24)(60)
THRU SEP 15 (ALL) (1,24)(1)

THRU DEC 31 (ALL) (1,24)(60) ..

4.42
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Packaged Single Zone Air Conditioner with Heating and Subzone Reheating
Options (PSZ)

This hybrid system/plant, usuaily larger than a PTAC, cools by the direct expansion of
a refrigerant and may optionally heat with gas, hot water, or an electric resistance
heater. This unit is usually considered a commercial unit; it provides constant volume
alr to a control zone and constant- or variable-air volume flow to optional subzones. If
the user wants variable volume air to all zones, that can be modeled by using the
PVAVS system. This foreed-air packaged unit may be either a unitary system (rooftop
unit or outside-the-wall unit) or it may be a split unit (partially inside and partially out-
side}. It may or may not require ducting. In its most basic configuration, PSZ consists
of a compressor, air-cooled condenser, evaporator with a fan supplying cooled air to the
indeors, filter {not shown), ard thermostat. PSZ can optionally be specified with a cen-
tral heating device, subzone reheating device(s}, outside ventilation air, and economizer
cocling. The supply fan may be either a blowthrough or a drawthrough type, with the
fan motor either inside or outside the air stream. The condenser fan operates automati-
cally on demand. An exhaust air fan and/or a return air fan may optionally be specified.
The thermostat may be specified with night setback and night cycle control.

Items shewn in dashed
boxes are opticonzl
components
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Figure 4.18: Packaged Single Zore Air Conditioner with Heating and Subzone
Reheating Options (PSZ)

SYSTEMS 4.43 SYSTEMS



Suggested minimal input for PSZ system:

INPUT SYSTEMS ..
SYSTEMS-REPORT SUMMARY=(SS-A,SS-H,S5-0) .
$ SYSTEMS SCHEDULES
FANS-ON = SCHEDULE THRU DEC 31 (WD)
(WEH)
COOLSETPT = SCHEDULE THRU DEC 31 (WD}  (1,7)(99) (8,18)(76)

(19
(WEH) (1,24

HEATSETPT = SCHEDULE THRU DEC 31 (WD)  (1,7)(53) (8,18)(72)
(19,24)(53)
(WEH)  (1,24)(35)

OFFICE = ZONE DESIGN-HEAT-T = 72
DESIGN-COOL-T - 74
HEAT-TEMP-SCH — HEATSETPT (1
COOL-TEMP-SCH = COOLSETPT (1
OA-CFM/PER = 15 .

AC-SYST = SYSTEM  SYSTEM-TYPE = PSZ
MAX-SUPPLY-T = 110
MIN-SUPPLY-T = 55 (&
NIGHT-CYCLE-CTRL — CYCLE-ON-FIRST (3)
FAN-SCHEDULE = FANS-ON (6
OA-CONTROL = TEMP (7)
ECONQ-LIMIT-T = 60

HEAT-SOURCE GASTFURNACE(9)
$ or HEAT-PUMP,
$ ELECTRIC, or

$ HOT-WATER

ZONE-NAMES {OFFICE) ..

I

END ..

COMPUTE SYSTEMS .

INPUT PLANT ..

PLANT-REPORT SUMMARY = (BEPS) ..

SHW = PLANT-EQUIPMENT TYPE = DHW-HEATER SIZE = -09¢ ..

END ..
COMPUTE PLANT ..
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Additional capabilities for this system:

1) To enable an exhaust fan add the keywords EXHAUST-CFM — Value {CFA]) and
ENHAUST-KW = Value {.0001 is typical) to the ZONE keyword list. ,

2)  To disable the economizer change OA-CONTROL = TEMP to
OA-CONTROL = FIXED. @

3) To enable control of maximum humidity and use compressor superheat for reheat,
insert MAXNIMUM-HUMIDITY = Value (60% is allowed under the new ASHRAE
90.1P Standard) and also MAX-COND-RCVRY = Value (.5 is typical) in the SYS-
TEM keyword list. Note that REHEAT-DELTA-T must also be specified.

4) If HOT-WATER is the type of HEAT-SOURCE selected, the user must also insert
a hot water generator in PLANT.

5)  For water cooled condenser and water side economizers, use DOE-2.1E.
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Packaged Multizone Fan System (PMZS)

PMZS is a multizone constant-volume forced-air system (actually a hybrid system /plant)
that cools by the direct expansion of a refrigerant and heats with gas, hot waler, or an
electric resistance heater. PMZS may have heat recovery from condenser coils. PMZS
usually consists of a manufacturer-matched set of components within a single enclosure
that Is rooftop mounted, but it may also be a split unit (partially inside and partially
outside). In its most basic configuration, PMZS consists of one or more refrigeration
COMPTessors, one or more air-cooled condensers with a fan discharging heat to the out-
doors, one or more evaporators with a fan supplying cooled air to the indoors, a heating
device, filter (not shown), and a thermostat in each zone. PMZS can optionaily be
specified with outside ventilation air, economizer cooling, an exhaust fap and a return
fan. It has a blowthrough fan, with the fan motor either inside or cutside the airstream.

The condenser fan operates automatically on demand. The thermostat may be specified
with might setback and night cycle control.

In the DOE-2 simulation of PMZS, there is individual control of temperature in the
different zones, with no preconditioning of outside ventilation air.
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Suggested minimal input for PAZS system:

INPUT SYSTEMS ..

SYSTEMS-REPORT SUI\L\-IARY=’(SS-A,SS—H;SS—O) o

$ SYSTEMS SCHEDULES
FANS-ON = SCHEDULE THRUDEC 31 (WD)
(WEH)
COOLSETPT = SCHEDULE THRU DEC 31 (WD)
(WEH)
HEATSETPT ~ SCHEDULE THRU DEC 31 (WD)

(WEH)

OFFICE = ZONE DESIGN-HEAT-T
DESIGN-COOL-T
HEAT-TEMP-SCH
COOL-TEMP-SCH
OA-CFM/PER

[

AC-SYST = SYSTEM  SYSTEM-TYPE
MAX-SUPPLY-T
MIN-SUPPLY-T
NIGHT-CYCLE-CTRL
FAN-SCHEDULE
OA-CONTROL
ECONO-LIMIT-T
HEAT-SOURCE
ZONE-NAMES

N T O

END ..

COMPUTE SYSTEMS ..

INPUT PLANT ..

PLANT-REPORT SUMMARY = (BEPS) ..

(1,7)(0) (8,18)(1)
(19,24)(0)
(1,24)(0) ..

(1,7)(99) (8,18)(76)
(19,21)(39)
(1,24)(89) .

COOLSETPT
15 .. @

PAMZS

110
35 (4
CYCLE-ON-ANY

FANS-ON
TEMP (7)
60

ELECTRIC (8)
(OFFICE) ..

HEATSETPT 8

SHW = PLANT-EQUIPMENT TYPE = DH\W-HEATER SIZE == -999 ..

END ..
COMPUTE PLANT ..
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Additional capabilities for this system:

1)

o
—

5)

To enable an exhaust fan add the keywords EXHAUST-CFM = Value (CFM) and
EXHAUST-KW = Value (.0001 is typical) to the ZONE keyword list.

To disable the economizer change the OA-CONTROL = TEMP to
OA-CONTROL = FINED.

To simulate a discriminator control of the cold deck supply air temperature add

COOL-CONTROL = WARMEST to the SYSTEM keyword list.

" To simulate a discriminator control of the hot deck supply alr temperature add@

HEAT-CONTROL = COLDEST to the SYSTEM keyword list.

Alternatives to items 3 and 4 above are reset of cold and hot deck supply air tem-
perature. An example of this control is is covered in the Sample Run Book (2.1E)
31-Story Office Building, Run 1.

To simulate turning off the hot deck whenever the outside temperature is above @
65°F, insert a new schedule like this:

HEAT-OFF = SCHEDULE THRU DEC 31 (ALL) (1,24) (85) ..
and add
HEATING-SCHEDULE = HEAT-OFF

to the SYSTEM keyword list.
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Packaged Variable-Air-Volume System (PVAVS)

PVAVS is a variable-volume system/plant that cools the zones by direct expansion of a
refrigerant and optionally heats the zones with gas, fuel oil, hot-water, or an electric
resistance heater. In the cooling mode the supply air temperature is usually constant and
the volume of air is varied from minimum to maximum to satisfly the zone requirements.
In the heating mode the supply air temperature is varied in response to the zone require-
ments and the votume of air is held at the minimum (constant). In its most basic
configuration, PVAVS consists of a compressor, air-cooled condenser with a fan discharg-
Ing heat to the outdoors, evaporator with a fan supplying cooled air to the indoors,
reheat coils at the zone level, filter (not shown), variable-volume control boxes, and ther-
mostats. PVAVS unit can be optionally specified with outside ventilating air, exhaust
fan, return air fan, and economizer control. The supply fan may be either a blowthrough
or drawthrough, with the fan motor either inside or outside the airstream. The thermos-
tat may be specified with night setback and night cycle control.

oUTSTOE |1 J
L. AIR _ s 1}i ri—i3
o) |

COOLING

Items shown in dashed
boxes are optionzl
components

Figure 4.20: Packaged Variable-Air-Volume System (PVAVS)
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Suggested minimal input for PVAVS system:

INPUT SYSTEMS ..

SYSTEMS-REPORT SUMMARY==(SS-A,S5-H,S5-0) ..

$ SYSTEMS SCHEDULES
PANS-ON — SCHEDULE THRU DEC 31 (WD)
(WEH)
COOLSETPT — SCHEDULE THRU DEC 31 (WD)
(WEH)
HEATSETPT = SCHEDULE THRU DEC 31 (WD)
(WEH)

OFFICE — ZONE DESIGN-HEAT-T
DESIGN-COOQL-T
HEAT-TEMP-SCH
COOL-TEMP-SCH
THERMOSTAT-TYPE
OA-CFM/PER

1 T T

AC-SYST = SYSTEM  SYSTEM-TYPE
MAX-SUPPLY-T
HEAT-SET-T
MIN-SUPPLY-T
NIGHT-CYCLE-CTRL
FAN-SCHEDULE
MIN-CFM-RATIO
REHEAT-DELTA-T
OA-CONTROL
ECONO-LIMIT-T
HEAT-SOURCE
ZONE-HEAT-SOURCE
ZONE-NAMES

1 O I O

END .

COMPUTE SYSTEMS ..

INPUT PLANT ..

PLANT-REPORT SUMMARY = (BEPS) ..

(19,24)(99)
(1,24)(99) ..

7-4

HEATSETPT
COOLSETPT
REVERSE-ACTION @

15 ..

PVA

110

70 (3)

55
CYCLE-ON-ANY
FANS-ON

3 (¢)
55

TEXTP @
&

60
ELECTRIC
ELECTRIC (3}

(OFFICE) ..

SHW = PLANT-EQUIPMENT  TYPE = DHW-HEATER  SIZE — -999 ..

END ..
COMPUTE PLANT ..
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Addilional capabilities for this system:

1) To enable an exhaust fan add the keywords EXHAUST-CFM = Value (CFM) and @
EXHAUST-KW = Value (.0001 is typical) to the ZONE keyword list.

2} To enable a humidifier which requires heat to evaporate water into the air add
MIN-HUMIDITY = Value (25% is typical} to the SYSTEM kevword list.

3) To enable heat recovery to exchange relief air heat with outside air heat add
RECOVERY-EFF = Value (0.6 is typical} to the SYSTEM keyword list.

4) To disable the economizer change OA-CONTROL = TEMP to
OA-CONTROL = FINED.

5}  To enable variable speed control of the fan motor, insert
FAN-CONTROL = SPEED to the SYSTEM keyword list.

8} To simulate riding the fan curve with neither inlet vanes nor speed control, insert
FAN-CONTROL = DISCHARGE to the keyword list.

7)  For water cooled condenser and water side economizers, use DOE-2.1E.

SYSTEMS 451 SYSTEMS



Packaged Terminal Air Conditioner (PTAC)

PTAC systems are designed primarily for commercial instaliations to provide total heat-
ing and cooling for a room or zone; they are specifically designed for through-the-wall
installation. These hybrid system/plant units are mostly used in hotel/motel guest
rooms, apartments, hospitals, nursing homes, and office buildings. All PTAC urits
discharge air directly into the space without ductwork.

PTAC with DX Cooling and Electric Resistance Heating

This particular PTAC provides cooling by the direct expansion of a refrigerant and heat-
ing by an electric resistance heater. In its most basic configuration it consists of a
compressor, air-cooled condenser with a fan discharging heat to the cutdoors, evaporator
usually with a two-speed fan supplying cooled air to the indoors, electric heater, filter
(not shown), and thermostat. The unit may be specified with outside ventilation air.
This PTAC unit has no return fan option and the supply fan is assumed to be a
blowthrough type with the fan motor located in the airstream. Optionally, the unit may
be specified with 2 thermostat with night setback.

SUPPLY
AIR %

ORI
1 | VWV HEATING

AN\

i

Items shown in dashed
boxes are optional
components

Figure 4.21: PTAC with DX Cooling
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PTAC with Air-to-Air Heat Pump

This type of PTAC provides year-round forced-zair heating and cooling. It consists of a
. single air-to-air heat pump. In its basic configuration the heat pump unit consists of a
compressor, four-way valve for reversing the refrigerant flow direction, condenser with
fan, evaporator usually with a two-speed fan, filter (not shown), and thermostat. The
condenser also serves as an evaporator and the evaporator as a condenser, depending
upon whether the unit is in the heating or cooling mode of operation. The unit may be
specified with outside ventilation air, in which case the supply f{an runs continuously
rather than cycling with the compressor. This PTAC has no return fan option; the sup-
ply fan is assumed to be a two-speed blowthrough type with the fan motor located in the
airstream. Optionally, the unit may be specified with a thermostat with night setback.
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Items shown in dashed
boxes are optional
components

Figure 4.22: PTAC with Air-to-Air Heat Pump
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Suggested minimal inpui for PTAC system:

INPUT SYSTEMS ..
SYSTEMS-REPORT SUAMMARY=($S-A,SS-H,35-0) ..

$ SYSTEMS SCHEDULES

END .

COMPUTE SYSTEMS ..

INPUT PLANT ..

PLANT-REPORT SUMMARY =

ZONE-NAMES

(BEPS) ..

FANS-ON = SCHEDULE THRUDEC 31 (WD)  (1,7)(0) (8,18){1)
(19 4)(0) |
(WEH)  (1,24)(0) -
COOLSETPT = SCHEDULE THRU DEC 31 (WD}  (1,7)(99) (8,18)(76)
(19,24)(99)
(WEH)  (1,24)(99) ..
HEATSETPT = SCHEDULE THRU DEC 31 (WD)  (1,7)(35) (8,18)(72)
(19,24)(55)
(WEH)  (1,24)(33) .
OFFICE = ZONE DESIGN-HEAT-T = 7
DESIGN-COOL-T = 74
HEAT-TEMP-SCH =  HEATSETPT
COOL-TEMP-SCH =  COOLSETPT(I
OA-CFM/PER = 15 .. @
' AC-SYST = SYSTEM  SYSTEM-TYPE = PTAQ
MAX-SUPPLY-T = 110 @3
MIN-SUPPLY-T — 55
NIGHT-CYCLE-CTRL =  CYCLE-ONANY (5)
FAN-SCHEDULE = FaNs-oN (&)
HEAT-SOURCE =  ELECTRIC(7)

$ alternatively
$ HEAT-PUMP
(OFFICE) ..

SHW = PLANT-EQUIPMENT TYPE — DHW-HEATER SIZE = -999 ..

END ..

COMPUTE PLANT ..

Additional capability for this system:

1)  To enable an exhaust fan add the keywords EXHAUST-CFM = Value (CFAL ando
ENXHAUST-KW = Value {.0001 is typical) to the ZONE keyword list.

SYSTEMS
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Packaged Total Gas Solid Desiccant System (PTGSD)*

This is a new system that has recently appeared on the market. It is a small (5 to 10
ton, 18C0 - 3600 cfm) packaged unit that uses a desiccant wheel in conjunction with
direct and indirect evaporative cooling, instead of the usual DX coils. It uses a gas-fired
hydronic heater to regenerate the desiccant and to provide heating. The result is a unit
that primarily consumes gas to provide heating and cooling.

The unit consists of supply and return air fans, 2 lithium chloride impregnated desiccant
wheel, an indirect evaporative cooler, a keating coil, a direct evaporative cooler, and a
reactivation air heater coil (see schematic). In the cooling mode, the supply fan blows
100% outside air onto the “dry” half of the desiceant wheel. Hot, dry air emerges {rom
the other side of the wheel. This air is then cooled by an air-to-air heat exchanger, the
other air stream being evaporatively cooled return air. Finally, the air is cooled even
further by a direct evaporative cooler. The resuiting supply air is then ducted to the
zones. Return air is drawn through a direct evaporative cooler and is then heated by
passing through the air-to-air heat exchanger (taking heat from the supply air emerging
from the desiccant wheel). More heat is added by the reactivation air heater coil. Then,
the return air passes through the other half of the wheel, regenerating the desiccant by
carrying off the moisture absorbed by the lithium chloride. Finally the return air is
exhausted to the outside.

The supply and return fans are assumed to be variable speed. The zone air temperature
is controlled by varying the flow of the supply air; the system is a variable air volume
system. The first named zone in the ZONE-NAMES list is the control zone.

In the heating mode, the {ans are assumed to be at minimum speed. The minimum
amount of outside air is brought in, mixed with return air, and heated by the heating
coil. The wheel motor, reactivation heater coil, and both humidifiers (direct evaporative
coolers) and their pumps are, of course, turned off.

The unit is simulated as operating in several intermediate modes. One such mode is to
operate the unit as an evaporative cooler. Only the supply air humidifier and the
indirect evaporative cooler (return air humidifier and air-to-air heat exchanger) are
operated, no dehumidifying is done, and no gas is consumed. Another mode is to cool
with outside air only, or with a mixture of outside and return air. The user has no con-
trol over which operating mode is selected for each hour time step. The simulation
determines which modes are capable of meeting the load and, of these, which is most
efficient. Thus, the unit is simulated to use the minimum possible energy.

The PTGSD system MUST be sized by the user. The DOE-2 design routine will
not estimate a size from the LOAD peaks as it does for other system types. The two
keywords required are SUPPLY-CFM (or SUPPLY-FLOW ) and HEATING-CAPACITY
in the SYSTEM command.

-
* The desiceant cooling system simulation in DOE-2.1D was developed with the support and collaboration of the Gas

Research Institute and the GARD Division of the Chamberlain Manufacturing Corporation.
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Figure 4.23: Packaged Total Gas Solid Desiccant System

Suggesied minimal input for PTGSD system with an economizer:

INPUT SYSTEMS ..

SYSTEMS-REPORT SUMMARY (88-A,88-H,85-0) ..

FANS-ON =

OFFICE = ZONE

$ SYSTEMS SCHEDULES

SCHEDULE THRU DEC 31 (WD) (1,730} (8,18)(1)
{19,24)(0}
(WEH) (1,24)(0) ..
COOLSETPT = SCHEDULE THRU DEC 31 (WD) (1,7)(99) {8,18)(76)
{19,24)(99)
(WEH)  (1,24)(99) ..
HEATSETPT = SCHEDULE THRU DEC 31 (WD) (1,7)(35) (8,18){72)
(19,24)(33)
(WEH)  (1,24)(55) .
DESIGN-HEAT-T =72
DESIGN-COOL-T = 74
HEAT-TEMP-SCH = HEATSETPT
COOL-TEMP-8CH = COOLSETPT
OA-CFM/PER = i5

SYSTEMS
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BASEBOARD-CTRL = THERMOSTATIC

BASEBOARD-RATING = -30000 ..
AC-SYST = SYSTEM  SYSTEM-TYPE = PTGSD
- FAN-SCHEDULE = FANS-ON (1)
SUPPLY-CFM = 5000
HEATING-CAPACITY = -100000 (2)
NIGHT-CYCLE-CTRL = STAY-OFF
ZONE-NAMES - =(OFFICE) ..

END ..
COMPUTE SYSTEMS ..

INPUT PLANT ..

PLANT-REPORT SUMMARY (BEPS)

SHW = PLANT-EQUIPMENT TYPE DHW-HEATER SIZE — -99g ..
END .. '
COMPUTE PLANT ..

Additional capabilities for this system:

1) To enable an exhaust fan, add the keywords EXHAUST-CFM = Value (CFAND) and
) EXHAUST-KW = Valye (.0001 is typical) to the SYSTEM keyword list.

[ 3]
—r

To limit the maximum humidity level insert MANX-HUMIDITY — 60 (typical) to
the SYSTEM keyword list.

3) A fixed outside air system without an economizer is not compatible because the sys-
tem uses 100% outside air on full cocling.

4) Baseboard heating is advisable because it car provide night heating without cycling
the fan on. However, the user can enable the unit fan to control the night setback
by changing the keyword
NIGHT~CYCLE-CTRL = STAY-OFF
to
NIGHT-CYCLE-CTRL = CYCLE-ON-ANY.

wt
|
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Unit Heater (UHT)
This sirmulation is for a unit ‘heater serving one zome. Multiple systems, that is, multiple
zones with one unit heater each, may be simulated. This unit is not capable of introduc-
ing outside air. Space temperature control is accomplished by on-off eycling control of
the fan. — —
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Figure 4.24: Urit Heater (UHT)
Suggested minimal input for UHT system:
INPUT SYSTEMS ..

SYSTEMS-REPORT SUMMARY=(SS-A,$5-0) ..
$ SYSTEMS SCHEDULES

FANS-ON = SCHEDULE THRU DEC 31 (WD) (1,7)(0) (8,18)(1)
(19,24)(0)
(WEH) (1,24)(0) ..
HEATSETPT = SCHEDULE THRU DEC 31 (WD) (1,7)(55) {8,18)(72)
(19,24)(35)
(WEH)  (1,24)(55) ..
OFFICE = ZONE DESIGN-HEAT-T = 79
HEAT-TEMP-SCH — HEATSETPT .. @
AC-SYST = SYSTEM SYSTEM-TYPE = UHT
MAX-SUPPLY-T = 110
FAN-SCHEDULE = FANS_ON @
HEAT-SOURCE = ELECTRIC
$ or GAS-FURNACE (&)
ZONE-NAMES = (OFFICE) ..

END .

COMPUTE SYSTEMS ..

INPUT PLANT ..

PLANT-REPORT SUMMARY = (BEPS) ..

SHW = PLANT-EQUIPMENT TYPE = DH\W-HEATER SIZE — -999 ..

an
[¥4]
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Unit Ventilator (UVT)

This simulation is the same as that deseribed for Unit

unit ventilator is

also capable of introducing a fixed amount of outside ai

and operating an outside air damper for cooling.

OUTSIDE ¢t ] H
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Figure 4.25:

Heater (UHT), except that the
r during heating
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Unit Ventilator (UVT)

Suggested minimal input for UVT system:

INPUT SYSTEMS ..

SYSTEMS-REPORT SUMMARY—=(SS-4,88-0) ..

HEATSETPT = SCHEDULE THRU DEC 31

OFFICE = ZONE

AC-8YST = SYSTEM

END

COMPUTE SYSTEMS ..

INPUT PLANT ..

$ SYSTEMS SCHEDULES
. FANS-ON = SCHEDULE THRU DEC 31

(WD)

(WEH)
(WD)

(WEH)

DESIGN-HEAT-T
HEAT-TEMP-SCH
OA-CFM/PER
SYSTEM-TYPE
MANX-SUPPLY-T
FAN-SCHEDULE
HEAT-SOURCE

(I

[

ZONE-NAMES

!

PLANT-REPORT SUMMARY = (BEPS) .. :

SHW = PLANT-EQUIPMENT TYPE = DHW-HEATER SIZE =

SYSTEMS

W
o
L}

(1,7)(0) (8,18)(1)
(19,24)(0)
(1,24)(0) ..
(1,7)(55) (8,18)(72)
(19,21)(53)
(1,24)(55) ...

72

HEATSETPT ..(1)

15 .

UVT

110

FANSZON

ELECTRIC

$ or GAS-FURNACE

$ or HOT-WATER with
$ 2 HWG in PLANT
(OFFICE) .

-999 ..
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SDL Input Instructions

Limitation on the Number of Commands

The maximum number of each SDL command that the program can accept in a single run is
shown below. A building that cannot be specified within these limits should be modeled as two
separate buildings.

Maximum
Command Number

DAY-RESET-SCH and/or DAY-SCHEDULE 60 combined

RESET-SCHEDULE and/or SCHEDULE 40 combined
SYSTEM 40
SYSTEM-AIR 20
SYSTEM-CONTROL 20
SYSTEM-EQUIPMENT 20
SYSTEM-FANS 20
SYSTEM-FLUID 20
SYSTEM-TERMINAL 20
SYSTEMS-REPORT 1 command (200 reports)
TITLE 5

u-names ‘ 180
WEEK-SCHEDULE 40

ZONE 64
ZONE-AIR _ 20
ZONE-CONTROL 20

Description of SDL Input Instructions

This section contains descriptions of all SDL Input instructions required to run the SYSTEMS
program at a basic level; additional commands and keywords are listed in the Reference Manual
(2.14) and the Supplement {2.1E). The order of presentation follows the hierarchy of the BDL
Summary (2.1EF).

in the previous description of DOE-2 system types, only two commands were used: ZONE and
SYSTEM. In the following material, SUBCOMMANDS are re-introduced; remember in the dis-
cussion of loads input (LDL) that SPACE-CONDITIONS was introduced as a sub-command of
the SPACE command. Sub-commands are used to “group” keywords of similar meaning and
use into a separate list that makes discussion of them a manageable task. The user has the
option of either separating the input into separate lists using sub-commands or combining them
all into one list under the command itself, as we did in the “suggested minimal inputs” for
different system types, p.4.10f.

The first instruction in the list of SDL input is
INPUT SYSTEMS

Because schedules in SDL follow the same pattern of those in LDL, their explanations will not be
repeated here. RESET schedules, however, have some unique rules that need to be covered and
the discussion will start with them.

SYSTEMS 4.60 SYSTEMIS



_ Reset Schedule Instructions

DAY-RESET-SCH and RESET-SCHEDULE

The function of the reset schedule instruction is to define the relationships between a system
control parameter and the outside air temperature for each hour of the RUN-PERIOD. The
instructions are applicable to controi of hot deck temperature, cold deck temperature, and base-

board heating.

RESET-SCHEDULE

DAY-RESET-SCH

SUPPLY-H!

SUPPLY-LO

OUTSIDE-HI

SYSTEALS

1s almost identical to SCHEDULE. The LIKE keyword is not
applicable to RESET-SCHEDULE, but it is applicable to
DAY-RESET-SCH. In the DAY-RESET-SCH instruction,
rather than entering 24 hourly values, as normally entered for
a DAY-SCHEDULE instruction, four kevwords and their asso-
ciated values are entered. All four keywords are reguired if
this command is specified.

defines how a system control parameter is to vary in response
to changes in outside air temperature. A u-name f{or each
DAY-RESET-5CH instruction is required in order to reference
it.

s the upper supply air setpoint temperature corresponding to
the user input value for OUTSIDE-LO. When this instruction
1s specified for the reset of cooling air or heating air tempera-
ture, the user input is a temperature. The range, in this case,
is from 0.0 to 120.0°F. (See keywords HEAT-RESET-SCH
and COOL-RESET-SCH in the SYSTEM-CONTROL sub-
command.] Fig. 4.26 illustrates this application.

When this instruction is specified {or baseboard heasing, the
user input is a heating output ratio. (See keyword
BASEBOARD-SCH in the SYSTEM-CONTROL subcom-
mand.) The heating output is expressed as a decimal fraction
of the maximum zone baseboard heating capacity (see keyword
BASEBOARD-RATING in the ZONE-CONTROL subcom-
mand). Fig. 4.27 illustrates this application.

is the lower supply air setpoint temperature (or output ratio)
corresponding to the input value for OUTSIDE-HI; see also the
discussion for SUPPLY-HI. The range, for temperature input,
is from 0.0 to 120.0°F.

1s the outside dry-buib air temperature which corresponds to
the input value for SUPPLY-LO (lower supply air setpoint
temperature). -
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OUTSIDE-LO . is the outside dry-bulb air temperature which corresponds to
the input value for SUPPLY-HI (upper supply air setpecint
temperature).

The value for OUTSIDE-LO must not be equal to or greater
than the value for QUTSIDE-HI {(the program will abort and
give an error message if this occurs).

Note: An example of a RESET-SCHEDULE is shown in the explanation for the keyword
BASEBOARD-SCH (under SYSTEM-CONTROL).

w 120 SUPPLY - Hi .
o n
® o
5 @ 65 SUPPLY -HI
o } .
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o
@ =
- &
S SUPPLY-LO
© 70— rs SUPPLY-LO
]
- & 55
=)
T ! | = | |
o 70 & 60 80
QUTSIDE-LO OUTSIDE -Hi OUTSIDE-LO QUTSIDE-HI
Outdoor Temperaturs (°F) Outdoor Temperature (°F)
Figure 4.28: Typical DAY-RESET-SCH when used for simulation of hot deck or cold

deck temperature control.
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FigtAlre 4.27: Typical DAY-RESET-SCH when used for simulation of baseboard heating
output. :

DAY-RESET-SCH cannot be nested; that is, the following s NOT permitted:

RS-1 = RESET-SCHEDULE THRU DEC 31 {ALL)
SUPPLY-HI = 120
SUPPLY-LO = 70
OUTSIDE-HI = 70
OUTSIDE-LO = 0 ..

The correct input is as follows:

DSR-1 = DAY-RESET-SCH
SUPPLY-HI = 120
SUPPLY-LO = 70
OUTSIDE-HI = 70
OUTSIDE-LO = 0 ..

RS1 = RESET-SCHEDULE THRU DEC 31 (ALL} DSR-1 ..
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ZONE-CONTROL

The function of the ZONE-CONTROL instruction is to provide information on zone tempera-
ture control characteristics such as setpoint, type of thermostat, and throttling range. A
number of ZONE-CONTROL instructions may be entered to account for zone-to-zone variations
in these characteristics and/or to permit comparison studies. '

ZONE-CONTROL

U-name

DESIGN-HEAT-T

HEAT-TEMP-SCH

DESIGN-COOL-T

COOL-TEMP-SCH

BASEBOARD-CTRL

THERMOSTATIC

OUTDOOR-RESET

Is a “subcommand” of ZONE and, as such, can be used to
input a subset of data to ZONE.

Is required.

specifies the space temperature that the program uses to calecu-
late the supply air flow rate required to meet peak {or design
day} heating loads for the zone.

is the u-name of the SCHEDULE instruction that specifies the
setpoint of the zone heating thermostat. If no data entry is
made, the program will assume that the zone has no zone
activated heating control.

specifies the space temperature used to calculate the supply air
flow rate required to meet peak {or design day) cooling loads
for the zéne.

'is the u-name of the SCHEDULE instruction that specifies the

setpoint of the zone cooling thermostat. If no data entry is
made, the program will assume that the zone has no zone
activated cooling control.

Input for this keyword is a code-word that specifies the
method used for controlling the output of the baseboard heat-
ing element in the zone. The applicable code-words are:

Temperature control of the baseboard element is by a thermos-
tat located within the zone.

Temperature control of the baseboard element is by a thermos-
tat located outside the building.

If code-word THERMOSTATIC is entered, the program will
assume that the baseboard element adds heat as reguired. up
to the maximum capacity of the element, to maintain zone
temperature within the heating throt:tling range. The base
boards are sequenced on prior to zone reheat coils (if any) in
response to a drop in space temperature.

Note that the italicized words in the left column are code-words, not kevwords.
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THERMOSTAT-TYPE

PROPORTIONAL

TWO-POSITION

REVERSE-ACTION

THROTTLING-RANGE

identifies the type of thermostat action to be simulated. Note
that the program will assume the same type of thermostat
action for both cooling and heating. The applicable code
words are:

(default) Thermostat throttles heat addition rate {or heat
extraction rate} in linear proportion to the difference between
zone setpoint temperature and actual zone temperature. The
proportional band is input by the user {see keyword

THROTTLING-RANGE).

Specifies an on-off type thermostat (which is simulated as a
very narrow fixed throttling range around each setpoint). This
code-word 1s only used for the Residential System (RESYS).

In variable air volume systems, this thermostat type allows the
air flow rate to go above the design minimum ¢fm for heating,
as defined by MIN-CFM-RATIO. Otherwise, the effect is the
same as for THERMOSTAT-TYPE=PROPORTIONAL. '

specifies the number of degrees that room temperature muss
change to go from full heating to zero heating and/or from full
cooiing to zero cooling. Zone temperature setpoint is assumed
to be at the midpoint of the throttling range. This keyword is
appropriate to PROPORTIONAL and REVERSE-ACTION

thermostats only.

Note that the italicized words in the lelt column are code-werds, not keywords.

SYSTEMS
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ZONE-AIR

All air quantities should be input at sea level (standard) values because the program makes a
correction for altitude. Input of air quantities corrected for altitude above sea level will result in
a double correction. '

ZONE-ATR is Va “subcommand” of ZONE and, as such, can be used to
: Input a subset of data to ZONE.

U-name is required.

ASSIGNED-CFM allows the user to set (in standard c¢fm) the design supply air
flow rate (sometimes referred to as the recirculated air rate} for
the zone. If data entry is omitted for ASSIGNED-CFM znd
for the following two keywords (AIR-CHANGES/HR and
CFM/SQFT), the program will calculate design flow rate based
on peak heating/cooling loads calculated by the LOADS pro-
gram and the temperature differential between design suppiy
and zone conditions. Note that if the user wishes to input
design air flow rates and not have the program convert them
to sea-level rates, the ALTITUDE keyword in the
BUILDING-LOCATION command in LOADS should be set to

ZETO.

AIR-CHANGES/HR sets the minimum design supply air fSow rate that is to be
given to the zone. It is expressed in terms of the number of
times per hour that this flow rate wouid replace the total
volume of air in the zone. ASSIGNED-CFM takes precedence
over this input.

CFM/SQFT sets the minimum design supply air flow rate that is to be
given to the zone. I: is expressed as the ratio of the design
supply air flow rate {in standard, or sea level, cfm) to the total
floor area of the zone. ASSIGNED-CFM takes precedence over
this input.

The following keywords are associated with outside ventilation air. Although the specified quan-
titles may be modified by the program for the sake of consistency, the flow of cutside ventilation
air is an uninterrupted flow as long as the fans are operating.

QUTSIDE-AIR-CFM sets or specifies the minimum flow rate of outside air (in stan-
dard, or sea level, cfm) for the zone.

OA-CHANGES 1s the minimum flow rate of outside air for the zone expressed
in terms of the number of times per hour that this flow rate
would replace the total volume of air in the Zone.
OUTSIDE-AIR-CFM takes precedence over this input.
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OA-CFM/PER

EXHAUST-CFM

EXHAUST-STATIC

EXHAUST-EFF

EXHAUST-KW

SYSTEMS

is the minimum flow rate of outside air (in standard, or sea
level, cfm) per =zone occupant at peak occupancy.

OUTSIDE-AIR-CFM takes precedence over this input.

is the flow rate (in standard, or sea level, efm) of direct exhaust
from the zone. This data entrv can be omisted if there is no
exhaust {rom the zone, or if there is only central exhaust by
way of the system return. DOE-2 wili not allow
MIN-QUTSIDE-AIR  to be less than the sum of
EXHAUST-CFMs for all zones divided by the sum of supply

cfm’s for all zones. That 15, MIN-OUTSIDE-AIR will not res-
trict the operation of exhaust fans.

is the total pressure {in inches of water]) produced by the
exhaust fan serving the zone. This data entry is applicable
only if a data entry is made for the keyword EXHAUST-CFM.

is the combined efficiency of the zone exhaust fan and motor at
design conditions. This data entry is applicable only if a data
entry is made for the keyword EXHAUST-CFM. The pro-
gram calculates exhaust fan horsepower on the basis of the
value of this data entry and the entries for the keywords
EXHAUST-CFM and EXHAUST-STATIC. The exhaust fan
is assumed to be constant flow (not greater than the supply air
flow rate} and to operate only when the system supply and
return fans operate (see the keyword FAN-SCHEDULE in the
SYSTEM-FANS instruction).

s an alternative to using EXHAUST-STATIC and

EXHAUST-EFF. It provides information about the electrical

energy consumption of the exhaust {an in this zone. It is
expressed in kW consumed by the {fan per ¢fm of exhaust.
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ZONE

The ZONE instruction is used to specify information on those secondary HVAC distribution svs-
temn characteristics specific to a thermal zone. This includes air flow rate (supply air, exhaust
air, and outside air), space temperature setpoint, thermostat characteristics, and maximum heat-
ing and/or cooling capacity. Eack zone to be simulated must also be listed in the
ZONE-NAMES keyvord of the SYSTEM command for the system serving the zone.

U-~name is required for ZONE; it must match u-name used for SPACE
m LDL

ZONE~CONTROL takes the u-name of a previously defined ZONE-CONTROL
subcommand.

ZONE-AIR takes the u-name of a previously defined’ ZONE_AIR subcom-
mard.

BASEBOARD-RATING s the baseboard heating element capacity for the zone. The

input for this keyword should be a negative number.

The following keywords apply only io PIU systems.

TERMINAL-TYPE * specifies the type of terminal serving the zone for a PIU SVs-
tem. The same type of termiral box does not have to be used
for the entire system. Typically, a PIU system will contain a
‘mixture of fan powered terminal boxes and regular VAV or
constant volume reheat units. The available codewords are:

SVAV (the default) stands for Standard Variable Air Volume; 1e.,
regular VAV or constant volume.

SERIES-PIU indicates that the fan draws air from both the secondary and
primary air streams, and that the blower runs all the time.

PARALLEL-PIU indicates that the fan draws air from the secondary air stream
(ceiling plenum) only, and that the blower runs intermittently.

INDUCED-AIR-ZONE (required keyword) takes as a value the u-name of another
zone. It is assumed that the PIU zone is taking its secondary
air from the return air of the zone named as the
INDUCED-AIR-ZONE. Usually, the core zone. served by a
non-PIU terminal, will be designated the
INDUCED-AIR-ZONE. Zones with PIU boxes will usually be

exterior zones that need the heat reclaimed from the core zone.
An exception would be a zone (such as a classroom) where the

Note that the italicized words in the left column are code-words, not keywords.
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REHEAT-DELTA-T

ZONE-FAN-CFM

ZONE-FAN-RATIO

ZONE-FAN-KW

ZONE-FAN-T-SCH

MIN-CFM-RATIO

SYSTEMS

primary concern IS air movement, nos energy conservation. In
such a case, the corriders can be specified as the
INDUCED~AIR-ZONE even though there is no heat to reclaim
from them. The program treats this situation in the same way
as it does when a core plenum is at a temperature lower than
the exterior zone. For zones in which TERMINAL-TYPE =
SERIES-PIU or PARALLEL-PIU,

should be specified {if reheat or booster heat is desired) for the
PIU system only. This is a keyword in both the SYSTEM and
ZONE commands, and the ZONE level use takes precedence
over the SYSTEM level. {At the zone level, this keyword does
not apply to any other system types.)

allows the user to size the fan. If ZONE-FAN-CFM is not
specified, the program will size the fan assuming series PIU
fans. The blower is sized to the zone cfm; lLe., the maximum
of the ¢fm mput via ASSIGNED-CFM, AIR-CHANGES/HR,
or CFM/SQFT; or the ¢fm derived from the heating and cool-
ing peaks from LOADS.

For parallel PIU’s, ZONE-FAN-CFM must be input. The
ZONE level efm keywords are assumed to refer to the primary
air from the central system. The range is from 0.0 to
99999999.0 cfm.

allows the wuser to enter a value which sets the
ZONE-FAN-CFM as a fraction of the primary air. If both
ZONE-FAN-CFM and ZONE-FAN-RATIO are specified,
ZONE-FAN-CFM takes precedence.

specifies the power consumption of the fan. The default is
.00033 kW /efm. The range is from 0.0 to 0.01.

is the u-name of a schedule which gives, for zones with parallel
PIU’s, the space temperature at which the terminal blower
turns on. This temperature must be above the heating range.
This keyword is required for zones with

TERMINAL-TYPE == PARALLEL-PIU.

should be specified for PIU at the ZONE level. The usual
input for PIU terminals should be to specify a ratio that just
satisfies the minimum ventilation air requirements of the zone.
This keyword applies to other types of VAV systems and will
override any value assigned at the SYSTEM level.
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MIN-CFM-SCH is the u-name of a schedule which has values that are to be
used in place of the MIN-CFM-RATIO keyword to allow an
hourly variation of MIN-CFM-RATIO. This schedule will
always override the value speciied or caleulated for
MIN-CFM-RATIO, unless the scheduled value is equal to
-998.0 for-an hour. When the value is equal t0 -999.0, then the
calculated or specified value of MINCCFM-RATIO (found on
report SV-A for each zone) is used for that hour. This
schedule can be used with a wvalue of 1.0 during warmup
periods and -999.0 for other hours to simulate full open VAV
boxes during a warmup cyele.
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SYSTEM-CONTROL

The SYSTEM-CONTROL instruction provides information on supply air temperature (setpoint,
control strategy, and limits) and humidity lmits, and identifies the appropriate equipment

operating schedules.

SYSTEM-~-CONTROL

U-name

MAX-SUPPLY-T

HEATING-SCHEDULE

HEAT-CONTROL

HEAT-SET-T

SYSTEMS

is.a “subcommand” of SYSTEM and, as such, can be used to
input a subset of data to SYSTEM.

1s required.

Is the highest allowable temperature for air entfering the
ZONE(sj, that is, the highest allowed diffuser temperature.
The program will use this value to determine the design air
flow rate. This value is also used as an upper limit for supply
air temperature control. MAX-SUPPLY-T shouid be greater
than DESIGN-HEAT-T.

This entry is mandatory for all types of systems.

i1s referenced by the u-name of the SCHEDULE instruction
that specifies the time periods (hours and days) during which
heating is aqvailable from the plant for this system. If no data
entry i1s made, the program will assume that heating is always
available when needed. A zero value for this schedule means
that heating is not available. A non-zero value indicates that
mechanical heating is available. If the HEATING-SCHEDULE
is set to a value greater than 1.0, the program interprets this
value as an outside amblent temperature above which the
heating is unavailable or off.

Input for this keyword is the code-word that identifies the
strategy to be used for controi of the heating air temperature
leaving the main system heating coil. See COOL-CONTROL
for the code-words and a brief description of the control stra-
tegy each represents.

has two main functions depending upon the type of system

being specified.

a. For systems that use the keyword HEAT-CONTROL -
(MZS, DDS. and PMZS), this is the value used as the
supply air temperature setpoint when HEAT-CONTROL
15 equal to CONSTANT; it defaults to MAX-SUPPLY-T.

b.  For variable volume systems it is always advisable to
input HEAT-SET-T because it enables a main air
handler heating coil; the value assigned is the maximum
temperature off this coil. For single duct systems (VAVS,
PVAVS, and PIU), the default is MIN-SUPPLY-T (indi-
cating no central keating coil).
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HEAT-SET-SCH is the u-name used to idensify the schedule for controlling
' heating air supply temperature when HEAT-CONTROL =
SCHEDULED. For example, define:
HOT-COIL-SCH-1 = SCHEDULE
THRU APR 30 (ALL) (1,24) (120)
THRU SEP 30 (ALL) (1,24) (90)
THRU DEC 31 (ALL) (1,24) (120) ..

Then, in SYSTEM, the schedule is referenced by setting
HEAT-CONTROL = SCHEDULED
HEAT-SET-SCH = HOT-COIL-SCH-1

HEAT-RESET-SCH is the u-name of the RESET-SCHEDULE instruction that
defines the relationship between heating air temperature and
outside air temperature, and specifies the days of the year dur-
ing which this relationship applies. This keyword is used only
if the RESET control strategy is selected.

The following is an example. Firss define:

HOT-DECK-1 = DAY-RESET-SCH
SUPPLY-HI = 120
SUPPLY-LO = 70
OUTSIDE-HI = 70
OUTSIDE-LO = 0 ..
HOT-RESET-1 = RESET-SCHEDULE
THRU DEC 31 (ALL) HOT-DECK-1

Then, in SYSTEM, the schedule is referenced by setting
HEAT-CONTROL = RESET
HEAT-RESET-SCH = HOT-RESET-1

MIN-SUPPLY-T is the lowest allowable temperature for air entering the
ZONE(s); ie., it is the lowest allowed diffuser temperature.
The program will use this temperature to determine design
supply air flow rate.

This entry is mandatory for all systems with cooling capabil-
ity; ie., all systems except the Unit Heater (UHT) and Unis
Ventilator (UVT).

COQOLING-SCHEDULE is u-name of the SCHEDULE instruction that specifies the time
periods (hours and days) during which cooling is available from
the plant for this system. If no data entry is made, the pro-
gram will assume that cooling is always available when needed.
A zero value for this schedule means that cooling is not avail-
able except through ventilation from an air economizer. A
non-zero value indicates that mechanical cooling is available.
Addidonally, if the schedule has a value greater than 1.0,

DOE-2 interprets this value as an outside ambient temperature
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COOL-CONTROL

CONSTANT

COLDEST

WARMEST

RESET

SCHEDULED

COOL-RESET-SCH

COOL-SET-8CH

MAX-HUMIDITY

below which the mechanical cooling is unavailable or off.

Input for this keyword is a code-word that identifies the stra-
tegy to be used for control of the air temperature leaving the
system (central) cocling coil. The code-words and a brief
description of the control strategy each represents for either
keating or cooling are as follows:

Sets heating supply and/or cooling supply air temperature to a
fixed value. Values should then be entered for keywords
HEAT-SET-T and/or COOL-SET-T, respectively.

Sets the heating coil (hot deck) temperature each hour to ade-
quately heat the ZONE with the lowest temperature. The lim-
its on the supply air temperature are governed by coil capaci-
ties, heating schedules, and MAX-SUPPLY-T.

Sets the cooling coil {cold deck) temperature each hour to ade-
quately cool the ZONE with the highest temperature. The lim-
its on the supply air temperature are governed by coil capaci-
ties, cooling schedules, and MIN-SUPPLY-T.

Specifies use of HEAT-RESET-SCH or COOL-RESET-SCH
for control of heating and/or cooling air supply temperature,
based upon outdoor air temperature.

.Specifies use of HEAT-SET-SCH or COOL-SET_SCH for con-

trol of heating and/or cooling air supply temperature.

is the u-name of the RESET-SCHEDULE instruction that
defines the relationship between cooling air temperature and
outside air temperature, and specifies the days of the vear dur-
ing which this relationship applies. This data entry is used

only wher the RESET control strategy is selected and entry
for keyword COOL-CONTROL = RESET.

1s the u-name used to identify the schedule for controlling
cooling air supply temperature when
COOL-CONTROL = SCHEDULED.

is the highest allowable relative humidity in the return air
from zones served by the system. Because the program calcu-
lates the relative humidity in the return air, dehumidification
is based on the average humidity condition for all the zones
served by the system, as weighted by the relative return air
flow rate from each zone. This data entry should be used only
for those systems that have the components required for

Note that the italicized words in the left column are code-words, not keywords.

SYSTEMIS
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control of excess humidity (i.e., 2 humidistat and a heating coil
downstream of the cooling coil). If no data entry is made, the
program will assume that humidity control capability does not
exist. The default value of 100% is intended to specify no
upper limit on humidity, that is, no humidity control.

DOE-2 wiil not force the cooling coil to perform beyond its
dehumidification capability. The program will not be able to
hold a specified MAX-HUMIDITY if MIN-SUPPLY-T is not
low enough. Fig. 4.28 shows one type of dehumidification
cycle.

MAX-HUMIDITY causes the simulation to function differentiy
for system types SZRH, PSZ, and PVAVS. For SZRH, if the
MAX-HUMIDITY level is exceeded, the system reverts to a full
reheat. The cooling coil leaving air temperature is driven lower
and reheat is added at the fan unit to satisfy the first-named
zone. Further, for PSZ and PVAVS systems, specification of
MAN-COND-RCVRY will activate the use of condenser
recovery to accomplish a similar result. If a lower
MAX-HUMIDITY is required to meet desired space conditions,
a lower MIN-SUPPLY-T should be entered.

100% RH
90% RH
70% RH

Cooling and

Dehumidification Return Air Condition

Rehegting Desired Supply

Air Condé?ion

1s not equal to

or is less than

this temperature,

MAX-HUMIDITY will Dry Bulb

reset upwards\\\\\‘_____——’#"”/’A'60- 70° 79°

Figure 4.28: Relationship of MAX-HUMIDITY to MIN-SUPPLY-T
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MIN-HUMIDITY

BASEBOARD-SCH

ECONO-LIMIT-T

PREHEAT-T

Figure 4.29:

SYSTEMS

Outside Air Flow Rote
(as decimal fraction of maximum

1.0 -

0.5

supply air flow rate)

is the lowest allowable relative humidity in the return air {rom
zones served by the system. This data entry should be used
only for those systems that have the components required for
minimum humidity control (i.e., humidistat and humidifier}. If
no data entry is made, the program will assume that minimum
humidity control capability does not exist. The program simu-
lates the use of a humidifier and the required heat for
humidification s passed to PLANT as a steam or hot water-
load.

is the u-name of the RESET-SCHEDULE instruction that
defines the relationship between baseboard heat output and
outside air temperature, and specifies the days of the year dur-
ing which this relationship applies. This keyword applies only
if the ZONE-CONTROL keyword

BASEBOARD-CTRL == OUTDOOR-RESET and the capacity
is defined using BASEBOARD-RATING = value (negative) at
the zone level ‘

is the outside air temperature above which the economizer
returns to minimum outside air operation as shown 1in
Fig. 4.29. ECONO-LIMIT-T will default to the return air

temperature.

is the minimum temperature of air leaving the preheat coil.
The SYSTEMS program calculates the necessary preheat coil
epergy input to maintain this temperature.

minimum
outside air

! ! ! f l ] ! I ] i i

o . %0
Outside Temp = °F  \__ reong-LiMiT-T

Typical curve of air flow vs outside air temperature for systems with tempera-
ture type economizer (illustrating use of keyword ECONO-LIMIT-T)
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SYSTEM-AIR

The SYSTEM-AIR instruction provides information on system supply air and ocutside air flow

rate.

SYSTEM-AIR

U-name

SUPPLY-CFM

MIN-QUTSIDE-AIR

SYSTEMS

Adj. CFAM =

is a “subcommand” of SYSTEM and, as such, can be used to-
input a subset of data to SYSTEM.

All air quantities should be input as sea level (standard) values
because the program makes a correction for altitude. Input of
alr quantities corrected for altitude above sea level will result
in a double correction.

is required for SYSTEM-AIR.

is the design capacity (in standard, or sea level, efm) of the
system air supply fan. This entry is normally omitted, unless
Jan capacity is a known value and different from the air flow
rales calculated by the program. The user will improve his/her
simulation accuracy for existing buildings by inputting known
system SUPPLY-CFM. The program proportions the specified
total supply air into zone air quantities as follows:

< SUPPLY -CFM >
>, Calculated Zone Air CFAs

where Adj. CFM = Adjusted Zone Air CFM.

* (Calculated Zone Air)

Note that user inputs of zone-level ASSIGNED-CFM and
EXHAUST-CFM (but only when the latter exceeds calculated
zone CFM) replace the "Calcuiated Zone Air CFM" in the sum-
mation.

is the minimum acceptable constant flow rate of fresh air,
expressed as a decimal [raction of the maximum air supply
flow rate. The user may alternatively, or additionally, specify
outside air quantities at the zome level (keywords
OA-CHANGES, OA-CFM/PER, or OUTSIDE-AIR-CFM in
the ZONE-AIR instruction). If a value is specified for this
keyword and values are also specified for the zone level key-
words OUTSIDE~AIR-CFM, OA-CHANGES, OA-CFM/PER,
or EXHAUST-CFM, the zone level values take precedence over
the system leve] value. If no zone level value(s) are specified,
the value specified here will be used. If MIN-AIR-SCH is
used, the value of the outside air fow rate, to be used in the
design calculations, should be specified either in this keyword
or in the zone level keywords. The program will not allow
MIN-OUTSIDE-AIR  to be less than the sum of
EXHAUST-CFMs for ail zones divided by the sum of all sup-
ply efm’s for all zones. That is, the exhaust fan operation will
override MIN-OUTSIDE-AIR, if MIN-OUTSIDE-AIR is set

too low,



MIN-AIR-SCH

OA-CONTROL

FIXED

TEMP

ENTHALPY

RECOVERY-EFF

allows an hourly variation of the minimum outside air. Any
fractional input defines the hourly value of the minimum out-
side air damper position as a ratio of design flowrate; it also
enables the economizer. The two exceptions to this definition
are when the schedule has a value of either zero or -999.0. in
which case special meanings are assumed. When the value is
zero, a no outside air situation with no movable dampers
{(economizer inactive if specified} is simulated. This usage is
common for nighttime heating or a warmup cycie. If this
schedule has a value of -989.0, the calculated or specified value
for MIN-QUTSIDE-AIR (found on report SV-A for the SYS-
TEM or for each zone for zonal systems) is used as the
minimum damper position for the current hour. If this value
is zero, the discussion above for that special value applies.
During a warmup period, this schedule is normally set to zero
and can then be set to -999.0 during other hours to allow the
specified or calculated ventilation minimum damper position to
be used.

Input for this keyword is the code-word for the type of outside
air control strategy selected. See code-words below. This key-
word must equal FINED if the user does not want an econom-

© izer; otherwise, it will default to TEMP, which will simulate a

temperature-controlled economizer. If no outside air has been
specified, no movable dampers are simulated, even if

OA-CONTROL equals TEMP or ENTHALPY.

No movable dampers. Outside air quantity is a fixed amount
specified, calculated, or scheduled.

Temperature-controlled economizer. In response to the mixed
alr temperature going above the controller setpoint {equal to
the supply air setpoint for the hour), the outside air damper is
opened. {This assumes a cooling mode and that the outside air
is cooler than the return air.) The outside air quantity returns
to its minimum (outside air dampers close but minimum out-

side air dampers remain open) when the outside air {empera-
ture is at or above the ECONO-LIMIT-T.

Enthalpy-controlled economizer. Same as TEMP above except
that if the return air enthalpy is less than the outside air
enthalpy, the dampers are forced to minimum outside air posi-
tion.

is applicable only to those systems provided with heat recovery
coils (or other devices) for the exchange of heat between the air
exhausted {rom the building (by the return air fan) and the
fresh air supplied to the building. The input is the ratio

Note that the italicized words in the left column are cede-werds, not keywords.

SYSTEMS
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VENT-TEMP-SCH

NATURAL-VENT-AC

NATURAL-VENT-SCH

SYSTEMS

{decimal fraction) of the energy actually exchanged to the total
sensible energy that would be exchanged if the exhaust air
were cocled to outside air temperature. The program uses this
ratio (plus outside air and return air temperatures and return
air flow rate] to calculate the energy that can be added to the
outside air make-up. If the recoverable energy is greater than
that needed by the supply air, the program will use the smaller
quantity. If the outside air temperature is above the tempera-
ture setpoint of the mixed air, no energy i1s exchanged. If the
difference between return and outside air temperatures is less
than 10 degrees, no recovery is simulated.

Note: heat recovery can be simulated only when the return air
1s warmer than the outside air. :

(If the heat recovery occurs through a single heat exchanger,
.e., heat pipe or thermal wheel, then RECOVERY-EFF is
identical to the heat exchanger effectiveness. See Kays and
London, “Compact Heat Exchangers”, 2nd edition, McGraw-
Hill, 1964).

accepts as input the u-name of a schedule giving the hourly
minimum temperature setpoint for the natural venting algo-

" rithm. This keyword is appropriate to system type RESYS

only. The hourly values that should be specified in the
SCHEDULE referenced by VENT-TEMP-SCH are the indoor

‘dry-bulb temperature to which the user would like to cool

through natural ventilation, in liew of mechanical cooling.
This hourly temperature is generally below the hourly tem-
perature in the SCHEDULE referred to by
COOL-TEMP-SCH. This latter schedule specifies the zone
cooling thermostat setpoint. The windows are assumed to be
closed if the temperature in the rcom falls below this point. If
VENT-TEMP-SCH is not specified, all its hourly SCHEDULE
values will default to the temperature at the top of the heating
THROTTLING-RANGE as defined by HEAT-TEMP-SCH.

is the peak number of alr changes per hour due to natural ven-
tilation through open windows. This value is comstant and is
not a function of wind speed. This keyword is appropriate
only to system type RESYS.

is the u-name of a schedule which determines when the win-
dows can be open vs. when they are always closed. The hourly
values given in the SCHEDULE {and referenced by this key-
word) are 0, 1, or -1. This keyword is appropriate only to sys-
tem type RESYS.

A schedule value of zero (0) indicates that the windows are
always closed for this hour.

A schedule value of one (1) indicates that the windows will be
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opened, for part or all of this hour, orly if this provides
enough cooling to keep the zone temperature within or below
the throttling range associated with COOL-TEMP-SCH. The
zone may be cooled down to the hourly minimum value
specified by VENT-TEMP-SCH. Note that this assumes the
occupant wiil open the windows if the condition is met.

A schedule value of minus one (-1) indicates that the windows
will be opened, for part or all of this hour, only if the condition
for the value of cone {1) is met (above) and also that the out-
side air enthalpy is lower than the inside air enthalpy. The
zone may be cooled down to the hourly minimum value
specified by VENT-TEMP-SCH. This assumes the occupant
will open the windows if both the conditions are met.

To further illustrate, assume that the occupant arises at 6:00 a.m., goes to work at 8:00 a.m.,
returns from work at 5:00 p.m., and retires at 10:00 p.m. every day of the year. The
DAY-SCHEDULE describing the window management would be: :

VENT-DAY = DAY-SCHEDULE (1,6) (0) (7,8) (1) {9,17) (0) {18,22) (-1) {2324} (0} ..

The schedule for the year becomes:
' VENTING = SCHEDULE TH.RU DEC 31 (ALL} VENT-DAY ..

Having defined the schedule, the entry under the SYSTEM-AIR subcommand would be:
HOME~AIR = SYSTEM-AIR

NATURAL-VENT-SCH == VENTING

If the values in VENT-DAY during the sleeping hours were 1’s, it would imply that the occu-
pant got out of bed, as often a