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Section

Overview

This manual defines all of the commands and keywords in the program’s building desctiption language (BDL). The
manual has the following organization:

BDL General General commands and keywords

LOADS Commands and keywords for the heating and cooling loads calculations

HVAC Commands and keywords for the mechanical systems and plant calculations
ECONOMICS Commands and keywords for the economics calculations (utility rate structures and life-

cycle cost information)

Within each section, commands are listed alphabetically. However, keywords associated with a command are not
listed alphabetically but instead are grouped according to function.

In the keyword definitions, when two words are separated by a colon, as in
BOILER:CAPACITY

the first word (BOILER) is a command name and the second word (CAPACITY) is the name of a keyword
belonging to this command.

The following format is used for a command to show its abbreviation:
COMMAND (abbreviation if one exists)

For example,

EXTERIOR-WALL (E-W)

The following format is used for a keyword to show its abbreviation:
KEYWORD (abbreviation)

For example,

TEMPERATURE ()



James J. Hirsch
Platform: WinHelp 4.0


DICTIONARY OVERVIEW

Three other manuals are available that are designed to be used with this DOE-2.2 Dictionary. The DOE-2.2 Basics is
an introduction to using the program. It covers only the most commonly-used commands and keywords. The
DOE-2.2 Topies describes how to model different aspects of a building. It is organized by topics, such as
"Daylighting" and "Thermal Energy Storage," that, in general, span a range of commands and keywords. The DOE-
2.2 Libraries & Reports contains listings of all of the components in the Library, descriptions of all output reports, and
tables of user-defined houtly report variables.
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Building Description
Language

This section describes general commands and keywords that act globally throughout the program.
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ABORT

The ABORT command specifies what level of diagnostic in following instructions is considered severe enough to
prevent execution of the simulation. The instruction takes the form

ABORT IF Level ..
or simply
ABORT Level ..
where Level is a code-word indicating what level of diagnostic is to be considered fatal:

ERRORS Diagnostics deal with problems in the input that must be corrected before the
simulation will execute.

WARNINGS Diagnostics are concerned with input data that can be used in the simulation but
are probably erroneous (such as a temperature input of 700 instead of 70.0).

CAUTIONS Diagnostics are much less severe than WARNINGS messages and deal with

questionable input value that do not significantly affect the results of the
simulation. This is the default level.

Example input:
ABORT IF WARNINGS ..
Rules

1. If ERRORS, only error messages are fatal. If WARNINGS, error and warning messages are fatal. If
CAUTIONS, etror, warning, and caution messages are fatal.

2. The ABORT instruction may be entered more than once to change the abort level.

3. The ABORT instruction may be used as a control instruction (i.e., it need not appear between an
INPUT instruction and an END instruction).

4 ABORT
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COMPUTE

The COMPUTE command directs the program to execute a simulation using the input data provided between the
preceding INPUT (or PARAMETRIC-INPUT) and END commands.

The instruction takes the form
COMPUTE .. (simulate LOADS, HVAC, and ECONOMICS if present)
or
COMPUTE ECONOMICS.. (simulate just ECONOMICS)
For examples, see the Parametric Run topic in the DOE-2.2 Topics.
Rules

1. If COMPUTE is not entered, only error checking of input data will occur and no simulation will take
place.

2. All input data are processed before any simulation occurs. Thus, if a fatal error is detected no
simulation will occur.

3. A COMPUTE command may not occur between an INPUT command and an END command.

5 COMPUTE
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DIAGNOSTIC

DIAGNOSTIC command specifies various options available to indicate problems in your input or to give printing
instructions.

The instruction takes the form

DIAGNOSTIC Option ..

where Option is one or more code-words that specify desired diagnostic options:

ERRORS Only error messages are printed.

WARNINGS Error and warning messages are printed.

CAUTIONS Error, warning, and caution messages are printed. This is the default value.
DEFAULTS Same as CAUTIONS, plus all default values used are printed.
COMMENTS Same as DEFAULTS, plus informative messages are printed.

SINGLE-SPACED

DOUBLE-SPACED

Input is echoed single-spaced. (This is the default value.)

Input is echoed double-spaced.

ECHO Input is echoed to the output listing. (This is the default value.)

NO-ECHO Input is not echoed. However, when diagnostic messages are printed, the previous
line of input is also printed. All control instructions are echoed.

NO-LIMITS The program ignores the keyword maximum and minimum allowable values in its
input checking and does not print CAUTIONS messages for input values beyond
their normal range. You should be extremely careful when specifying NO-
LIMITS because (1) erroneous data can escape this important checking process
and (2) some program calculations are not accurate beyond their allowable ranges.

LIMITS The program uses its built-in ranges for checking user-specified keyword values.
(This is the default value.)

LIBRARY-CONTENTS  The contents of both the default and user libraries will be printed. No diagnostics

Example input:

are printed with the contents of the library.
[Warning: use of this code-word may result in many pages of output]

DIAGNOSTIC WARNINGS DOUBLE-SPACED ..

Rules

1. You may list any number of the above codewords. Avoid inputting contradictory options, such as
DIAGNOSTIC CAUTIONS ERRORS.

6 DIAGNOSTIC
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2. You may change the diagnotic level at any time. For example, to list the BDL. comments only for a
single EXTERIOR-WALL component, specify DIAGNOSTIC COMMENTS immediately before
the exterior-wall definition, and DIAGNOSTIC WARNINGS immediately after.

3. The level chosen from among ERRORS, WARNINGS, CAUTIONS, DEFAULTS, and
COMMENTS must be equal to or less than the level specified for the ABORT command. For
example, ABORT = CAUTIONS and DIAGNOSTIC = ERRORS are not compatible inputs. Also,
if DIAGNOSTIC = ERRORS (or WARNINGS) and ABORT is allowed to default to CAUTIONS
(a lower level than ERRORS and WARNINGS), the DIAGNOSTIC instruction itself will get a
warning message and the program will abort. This can be avoided by entering an ABORT instruction
before the DIAGNOSTIC instruction

7 DIAGNOSTIC
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END

The END command indicates that all data for a particular INPUT or PARAMETRIC-INPUT have been entered.
The instruction takes the form of simply
END ..

Once an END .. instruction is encountered, final processing of the input takes place, such as checking for undefined
U-names, and unattached children such as pumps, spaces, etc.

If END is omitted, all subsequent instructions will be erroneously interpreted as further input instructions. Each
END instruction must be preceded by an INPUT or PARAMETRIC-INPUT instruction.

8 END
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HOURLY-REPORT

The HOURLY-REPORT command causes the program to print the houtly values of all variables specified in one
or more REPORT-BLOCK instructions. These values are to be printed according to the schedule assigned to the
keyword REPORT-SCHEDULE.

The simplest form of this instruction is:
U-name = HOURLY-REPORT

REPORT-SCHEDULE
REPORT-BLOCK

= R-S-U-name

= (R-B-U-name) ..

where R-S-U-name is the U-name of a SCHEDULE instruction and R-B-U-name is one or more U-names of
REPORT-BLOCK instructions.

Rules
1. U-name is required.
2. LIKE may be used (see "LIKE" keyword).

3. Report values will be printed every hour for which the houtly value of the assighed REPORT-
SCHEDULLE is nonzero. Note that even if DAYLIGHT-SAVINGS = YES, summer hours will not
reflect daylight saving time. Therefore, there will be one-hour difference between times appearing in
the LOADS Summary Reports and the LOADS Houtly Reports.

4. The U-name(s) assigned to the keyword REPORT-BLOCK must appear within parentheses, even if
only one U-name is assigned.

5. The total number of all items in all the REPORT-BLOCKS for an HOURLY-REPORT command
cannot exceed 256. Up to 256 REPORT-BLOCKSs may be listed, as long as the total number of items
in the blocks does not exceed 256.

6. Houtly reports can be printed from the LOADS and HVAC sub-programs. You may mix REPORT-
BLOCKS from the two subprograms in the ssme HOURLY-REPORT. However, because these two
sub-programs execute sequentially (rather than in the same time step), only the variables in the report-
blocks applicable to a given subprogram will print in the report following that subprogram’s execution.
In other words, if you mix variables from the two subprograms in the same report, the program will
output the report twice; once for the LOADS variables, and again for the HVAC variables.

7. The keywords REPORT-BLOCK and REPORT-SCHEDULE may be abbreviated to R-B and R-
SCH, respectively.

Note: A program weather year contains 365 days. When the Weather Processor is run on a weather tape for a leap
year, the first 365 days it encounters become the weather year and February is assumed to have 28 days. As a result,
the weather for all days after February 28 will be displaced by one day of the week, i.e., the weather for February 29
becomes the weather for March 1, and March 1 is assumed to occur one day eatlier in the week than the calendar
for that year would indicate. The data for December 31 on the original weather file is ignored.

9 HOURLY-REPORT



DICTIONARY BDL

Example input:

HR-1 = HOURLY-REPORT
REPORT-SCHEDULE
REPORT-BLOCK

RS-JAN
(RS-1)

This defines an houtly report named HR-1 that will print values of the variables specified in report block RS-1 when
the schedule named RS-JAN has an hourly nonzero value.

REPORT-SCHEDULE
Takes the U-name of a schedule, of TYPE = ON/OFF, whose houtly values determine if the report will be printed
that hour.

REPORT-BLOCK

Takes a list of U-names of REPORT-BLOCK commands, which determines what variables will be included in the
houtly report. Up to 256 report blocks may be listed in an hourly report, but the total number of variables for all
report blocks in an houtly report cannot exceed 256.

10 HOURLY-REPORT
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INPUT

INPUT is a required command that indicates that the instructions to follow contain input data. INPUT should be
the first command in your input file. Generally, the data is input for a complete LOADS, HVAC, and
ECONOMICS simulation; however, ECONOMICS input can be left out and/or specified separately. The
maximum number of INPUT plus PARAMETRIC-INPUT commands in one input file should be 100.

Examples:
INPUT FOR DOE-2 ..
INPUT ..
INPUT FOR ECONOMICS ..
Rules
1. FOR s optional
2. INPUT .. is equivalent to INPUT FOR DOE-2 ..
3. In a parametric input, the INPUT instruction should be on a separate line.

INPUT-UNITS

Keyword defaults to what was specified for the previous INPUT command. For the first INPUT, the default is
ENGLISH. INPUT-UNITS takes a code-word that determines whether the input is in English or metric units.
ENGLISH gives English input units; METRIC gives metric input units.

OUTPUT-UNITS

Keyword defaults to what was specified for the previous INPUT command. For the first INPUT, the default is
ENGLISH. OUTPUT-UNITS takes a code-word that determines whether the output is in English or metric units.
ENGLISH gives English output units; METRIC gives metric output units.

11 INPUT
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LIKE (KEYWORD)

The LIKE keyword is used to duplicate the user-supplied data input in a previous command; however, in the case
of keywords given values with expressions, values are not taken from the previous command but are recalculated by
the program for the current command. The value entered for LIKE is the U-name of a previous command of the
same type. Any data that differ from the data of the previous command may be specified in the normal manner. For
example, the instruction

BLUE-ROOM = SPACE

LIKE RED-ROOM
EXCEPT

WIDTH = 30.0
DEPTH =20 ..

defines a new space named BLUE-ROOM that has all the attributes of a previously-defined space named RED-
ROOM, but with different values for its width and depth.

LIKE will duplicate only user-input keywords and keyword values, not program-calculated values. For example, in

BROWN-ROOM = SPACE
LIKE BLUE-ROOM ..

BROWN-ROOM will be assigned a WIDTH of 30 and a DEPTH of 20, but will not assign AREA = 600, the
product of 30 and 20.

Rules
1. LIKE may be used only in those instructions having LIKE listed as a valid keyword.
2. If LIKE is used, it must be the first keyword in the instruction.

3. The instruction whose name is used as the value for LIKE must be entered before the instruction
containing the LIKE keyword.

4. LIKE only copies information between commands. It does not copy information between building
elements that are subsidiary to the commands. For example, if SPACE B is LIKEd to SPACE A then
the data for A is applied to B but the walls belonging to A are not applied to B. They must be
separately LIKEd. Similarly, if WALL Cis LIKEd to WALL D, the data for C is applied to D but the

windows or doors in C are not applied to D.
5. The word EXCEPT is optional.

6. Different commands cannot be LIKEd. For example, a DOOR instruction cannot use the U-name of
WINDOW as a LIKE keyword value. If a command uses the TYPE keyword, only commands of the
same TYPE can be LIKEd.

7. Code-words cannot be used in a LIKE keyword.
If you have specified an incorrect value in an instruction that is subsequently referenced in other instructions with a

LIKE keyword, the error diagnostics will not be repeated in the subsequent instructions. This is illustrated in the
following example:
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WINDOW-1 = WINDOW

HEIGHT =5

WIDTH =3

DEPTH =4 ..
***ERROR DEPTH UNKNOWN KEYWORD
WINDOW-2 = WINDOW

LIKE WINDOW-1 ..
WINDOW-3 = WINDOW

LIKE WINDOW-1 ..

DEPTH is not a valid keyword for WINDOW; therefore, it was rejected for WINDOW-1 and an error diagnostic
was printed. Although WINDOW-2 and WINDOW-3 included the LIKE WINDOW-1, DEPTH = 4 in both
cases will be rejected, but the error diagnostic will not be repeated.
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PARAMETER

The PARAMETER command is used to designate up to 500 user-specified vatiables as parameters in parametric
runs and to assign them values.

The instruction takes the form

PARAMETER
Name = Value ..

where "Name" is the user-specified name of a parametric keyword, and "Value" is the value assigned to that variable
in the current simulation. Whenever the name of a parameter is encountered as a value for a keyword, the value of
that parameter is substituted for the value for the keyword.

A parameter may have a numeric value or a numeric value multiplied by another value using "TIMES," as shown in
the following example:

Example input:
Window width for W1 is 10 ft and W2 is 11 ft

INPUT. .

PARAMETER
P1 =10 ..

W1l = WINDOW
WIDTH

P1 ..

W2 = WINDOW

WIDTH P1 TIMES 1.1 ..

END ..
COMPUTE ..

STOP ..

Parameters may also have non-numeric values. Whenever the value being input for a non-numeric keyword (such as
a keyword that takes a U-name or code-word as a value) is detected to be a parameter, the value of that parameter is
used as the value for the keyword. This is illustrated in the following example:

Example input:

PARAMETER
P2 = COLDEST
P3 = WS1 ..
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SC-1 = SYSTEM

TYPE = PVAVS
HEAT—-CONTROL - p2 ..

SCH-1 = SCHEDULE
WEEK-SCHEDULE - p3 ..

The above causes the value COLDEST to be assigned to HEAT-CONTROL and WS1 to be assigned to WEEK-
SCHEDULE.

Rules
1. Although a "Name" may be longer than 32 characters, only the first 32 characters are used.
2. A parametric keyword U-name must be unique from all other parametric keyword U-names and non-
parametric keyword U-names. "Name" must be unique; i.e., not the same as another "Name" or any

command U-names.

3. A parameter must be defined with a PARAMETER instruction before it is used in a keyword value
assignment.

4. If the TIMES feature is used, the word TIMES must appear on the same line as the parametric
keyword.

5. The value after the word TIMES must be a numbet; it cannot be another parameter name.
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PROJECT-DATA

The PROJECT-DATA command specifies values that can be accessed by keyword expressions. This allows
intermediate expression calculations that can simplify keyword expressions elsewhere in the building input. The
keywords in the PROJECT-DATA command are used strictly for storing values in a manner similar to the
PARAMETER command. They are not directly used in the simulation process. PROJECT-DATA keywords have
two characteristics that make them different from PARAMETER assignments:

1. The keyword names for PROJECT-DATA are predefined whereas PARAMETER assignments allow
user-defined names.

2. Values can be specified for PROJECT-DATA keywords via keyword expressions, which are not allowed in
PARAMETER assignments.

The PROJECT-DATA command has several keywords that have meaningful names, listed in Table 1, and twenty
additional keywords with the generic names Variable01 through Variable20.

Table 1 Named keywords for PROJECT-DATA Command

Keyword Units Meaning for DEER Prototypes
AREA-PER-FLR square feet Floor area of each story of the building
FLOOR-LENGTH feet Length dimension of building footprint
FLOOR-WIDTH feet Width dimension of building footprint
ONE-LEVEL-AREA square feet Total floor area of single story building
TWO-LEVEL-AREA square feet Total floor area of two story building
ATTIC-AREA square feet Floor area of attic
ATTIC-HEIGHT feet Height of attic peak from floor
CATHEDRAL-LENGTH feet Length of cathedral wall
CATHEDRAL-WIDTH feet Width of cathedral wall
TYP-WIN-WIDTH feet Width of typical window unit
TYP-WIN-Y feet Sill height of typical window unit
WIN-SPACING1 feet Hortizontal distance between windows
WIN-SPACING2 feet Horizontal distance between two sets of windows
TWO-LEVEL-SLAB-R hr-ft2-F/BTU  Effective R-value of slab for two story building
ONE-LEVEL-SLAB-R hr-ft2-F/BTU  Effective R-value of slab for one story building
CRAWL-R-EFF hr-ft2-F/BTU  Effective R-value of crawl space underground walls
SHAD-SHORT feet Short dimension of building shades
SHAD-LONG feet Long dimension of building shades
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PARAMETRIC-INPUT

The data follwing this command may consist only of parametric modifications to data entered between the previous
INPUT and END instruction sequence.

The instruction takes the form
PARAMETRIC-INPUT FOR DOE-2
PARAMETRIC-INPUT FOR ECONOMICS
PARAMETRIC-INPUT FOR ECONOMICS refers to the data from the previous INPUT FOR ECONOMICS.
Rules
1. There must be a previous INPUT command FOR DOE-2 or FOR ECONOMICS, as appropriate.
2. The word FOR is optional.

3. The only instructions that may be entered between a PARAMETRIC-INPUT instruction and the next
END instruction are ABORT, PARAMETER, DIAGNOSTIC (or LIST) and additional TITLE
instructions (beyond those used in the original simulation run).

4. If TITLE is going to be changed in each PARAMETRIC-INPUT (a good idea), the first, base title
should be input before the first INPUT command. See the example in the Parametric Run topic in the
DOE-2.2 Topics.

INPUT-UNITS
INPUT-UNITS defaults to whatever was specified for the previous INPUT or PARAMETRIC-INPUT command.

OUTPUT-UNITS
OUTPUT-UNITS defaults to whatever was specified for the previous INPUT or PARAMETRIC-INPUT
command.
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REPORT-BLOCK

The REPORT-BLOCK command is used to specify a group of vatiables to be printed in an houtly report (see
HOURLY-REPORT command).

Example input:

RB-1 = REPORT-BLOCK

VARIABLE-TYPE BUILDING-LOADS

VARIABLE-LIST (1,19 ..
HR-1 = HOURLY-REPORT

REPORT-SCHEDULE = RS-1

REPORT-BLOCK = (RB-1) ..

This would cause the building sensible heating load and building sensible cooling load to be printed every hour for
which schedule RS-1 is nonzero.

VARIABLE-TYPE
Required. Takes a code-word that indicates the type of variable contained in this block. Allowed values are tabulated
in the DOE-2.2 Libraries & Reports.

VARIABLE-LIST

Takes a list of code-numbers indicating which variables of the type specified by VARIABLE-TYPE are to be
included in this block. Variables and their corresponding code-numbers are described in the Libraries & Reports
document.

Rules

1. U-name is required.

2. The maximum number of code-numbers assigned to VARIABLE-LIST for all REPORT-BLOCKS is
2506.

3. Global variables are applicable to both the LOADS and HVAC subprograms. However, the HVAC
subprogram does not use many of these variables (particularly the solar data), and unused fields will be
blank.. To force the LOADS global variables to print, either include the global block with other
LOADS blocks, or create an houtly-report with only a global block. In other words, do not include the
global block with HVAC blocks.
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SCHEDULE
DAY-SCHEDULE
WEEK-SCHEDULE

Describes schedules, which are hourly profiles of such quantities as lighting power, occupancy, and thermostat
setpoint. The format of schedules is the same in LOADS, HVAC, and ECON input.

The SCHEDULE command references two related commands, DAY-SCHEDULE, which defines the houtly
profile for a particular type of day (such as weekday, weekend day, or holiday), and WEEK-SCHEDULE, which
defines what day schedules make up a weekly schedule. The following describes DAY-SCHEDULE and WEEK-
SCHEDULE, then shows how and SCHEDULES are built up from WEEK-SCHEDULEs and how WEEK-
SCHEDULE:S are built up from DAY SCHEDULE:.

Common Keywords
SCHEDULE, WEEK-SCHEDULE, and DAY-SCHEDULE share these keywords:

TYPE

Accepts a code-word specifying the type of schedule. Various components that reference schedules are restricted to
certain TYPEs. For example, lighting schedules use TYPE = FRACTION, fans use TYPE = ON/OFF, and
thermostats use TYPE = TEMPERATURE.

Often more than one type is acceptable, but all types are never acceptable. For example, the SPACE:LIGHTING-
SCHEDULE can be of TYPE = FRACTION or MULTIPLIER, but can never be of TYPE = TEMPERATURE.

The DAY-SCHEDULLE:S referenced by a WEEK-SCHEDULEs must be the same TYPE as specified for the
WEEK-SCHEDULE. Similarly, the WEEK-SCHEDULE: referenced by a SCHEDULE must be of the same
TYPE as specified for a SCHEDULE.

The available TYPEs are:

ON/OFF accepts the binary values 0 and 1, where 0 means the schedule is OFF and 1
means the schedule is ON. Examples include schedules for fans and
heating/cooling availability.

FRACTION accepts values between and including 0.0 and 1.0. Examples include lighting,
people, etc.

MULTIPLIER accepts values 0.0 and above. Examples, include lighting, people, etc.

TEMPERATURE accepts a value that represents a temperature. Examples include heating and
cooling thermostat schedules.

RADIATION accepts a value that represents a radiative flux, expressed in Btu/ft2-hr or W/m2.
An example is the WINDOW:MAX-SOLAR-SCH.

ON/OFF/TEMP accepts the binary values 0 and 1, similar to ON/OFF. Any other value is also

acceptable, and is assumed to represent a flag temperature. When a temperature,
the meaning of the value and its action varies by the component referencing the

schedule.
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ON/OFF/FLAG

FRAC/DESIGN

EXP-FRACTION

FLAG

RESET-TEMP

RESET-RATIO

BDL

For example, in the SYSTEM:HEATING-SCHEDULLE, the binary values 0 and
1 disable and enable heating respectively. Any value other than 0 or 1 represents
the outdoor drybulb temperature below which heating is enabled.

accepts the binaty values 0 and 1, similar to ON/OFF. Any other value is also
acceptable, and is assumed to represent a flag value. When a flag, the meaning of
the value and its action varies by the keyword.

For example, in the SYSTEM:NATURAL-VENT-SCH, a value of 0 forces the
windows closed, and a value of 1 allows windows to be open if the outdoor
temperature is suitable, and a flag value of —1 allows windows to be open if the
outdoor enthalpy is also suitable.

accepts a value which is the fraction of the design quantity. Typical values range
between 0.0 and 1.0. An entry of —999 causes the schedule to be ignored for that
hour.

For example, in the SYSTEM:MIN-AIR-SCH, an entry of 0 or 1 will force the
outdoor-air ratio to be 0% or 100% respectively. A value of 999 will cause the
schedule to be ignored for the hour, and the outdoor-air ratio will be set by other
calculations.

accepts a value between —1 and 1. An example is the WINDOW!:SLAT-
SCHEDULE.

accepts a flag of any value. The flag value must exactly match a comparison
criterion for the component to be active.

For example, in the ELEC-METER:COGEN-TRACK-SCH, a flag value of 1
means that cogeneration equipment should track the electric load, a value of 2
means track the thermal load, 3 means track the lesser of the electric or thermal
load, etc.

specifies that, rather than a 24-hour profile, that the DAY-SCHEDULE
defines a relationship between the outside air temperature and a temperature
setpoint, such as supply air temperature. Refer to the section below on “Reset
Schedules” for more information.

Note: TYPE = RESET-TEMP and RESET-RATIO work only in DAY-
SCHEDULE-PD; not DAY-SCHEDULE. They replace the original DAY-
RESET-SCH command that was used prior to the development of user
interfaces.

specifies that, rather than a 24-hour profile, that the DAY-SCHEDULE

defines a relationship between the outside air temperature and a system control
parameter, such as baseboard heating power. Refer to the section below on “Reset
Schedules” for more information.

Note: TYPE = RESET-TEMP and RESET-RATIO work only in DAY-
SCHEDULE-PD; not DAY-SCHEDULE. They replace the original DAY-
RESET-SCH command that was used ptior to the development of user
interfaces.
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DAY-SCHEDULE
Defines the 24-hour profile for a single day. In its simplest form, the input for DAY-SCHEDULE is:

U-name = DAY-SCHEDULE
TYPE = MULTIPLIER
(all 24 hours covered) (values for each hour) ..

Example input:

LTG-1 = DAY-SCHEDULE

TYPE = FRACTION

HOURS = (1,24)

VALUES =( 0, 0, 0, 0, 0, O, O, O,
0.3,0.6,0.8, 1, 1, 1, 1, 1,
1, 1, 0, 0, 0, 0, 0, 0)

Another way of expressing the same 24-hour profile is

LTG-1 = DAY-SCHEDULE

TYPE = FRACTION
HOURS = (1, 8)
VALUES = (0)

HOURS = ( 9,11)
VALUES = (0.3,0.6,0.8)
HOURS = (12,18)
VALUES = (1)

HOURS = (19,24)
VALUES = (0)

The keywords HOURS and VALUES are optional, so the above input can be shortened to

LTG-1 = DAY-SCHEDULE
TYPE = FRACTION

1, 8) (0

( 9.11) (0.3,0.6,0.8)
(12,18) (D)

(19,24) (0) ..

Hour 1 is midnight to 1 am, hour 2is 1 am to 2 am, etc. For example, (12,18) (1) (19,24) (0), above, means that the
lights are fully on from 11 am to 6 pm and fully off from 6 pm to midnight.

If the above is the lighting schedule for midweek days, the following could be the lighting schedule for the weekend
days:

LTG-2 = DAY-SCHEDULE
TYPE = FRACTION

(1,24) (0) ..

Here, the value 0.0 is used for all 24 hours.
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In these examples, TYPE=FRACTION indicates that the schedule value "multiplies" some quantity, such as
lighting power. Other schedule types are possible, e.g. TYPE=TEMPERATURE, ON/OFF, etc.

HOURS

Is an optional keyword that accepts an integer range of hours corresponding to a list of values. Each range of hours
must be entered in ascending order. As shown above, a range of hours may be specified with a set of values, without
the need for the HOURS or VALUES keywords.

VALUES
Is an optional keyword that accepts a list of values corresponding to a range of hours. As shown above, a range of
hours may be specified with a set of values, without the need for the HOURS or VALUES keywords.

If fewer VALUES are specified than correspond to the range of hours, the last value in the list will be used for all
remaining hours in the range.

Rules
1. A U-name must appear before the DAY-SCHEDULE command.
2. The LIKE keyword may be used.

3. All 24 hours must be assigned values. The first hour specified must be 1, and the last hour must be 24.
It is not possible to assign values past midnight (into the next day.)

4. All values within the HOURS and VALUES keywords must be enclosed in parenthesis.
5. A comma and/or one or more blanks must separate multiple values within parenthesis.
6. The keywords HOURS and VALUES may be omitted.

7. If two or more numbers are assigned to an HOURS keyword, the numbers must be in ascending
numetical order.

DAY-SCHEDULE, Reset

When DAY-SCHEDULE:TYPE = RESET-TEMP or RESET-RATIO, the meaning of the day schedule is
different. Rather than defining a 24-hour profile for a single day, the schedule defines a linear relationship between
the outside air temperature and a system control parameter, such as a temperature setpoint or baseboard heating
power. Different relationships for daytime and night time hours can be defined.

Note: TYPE = RESET-TEMP and RESET-RATIO work only in DAY-SCHEDULE-PD; not DAY-
SCHEDULLE. They replace the original DAY-RESET-SCH command that was used prior to the development of
user interfaces. In turn, the DAY-SCHEDULE-PD may be referenced by either WEEK-SCHEDULE or WEEK-
SCHEDULE-PD.

Example input:

DRS-1 = DAY-SCHEDULE-PD

TYPE = RESET-TEMP

$ Daytime hours (5am to 5pm)
DAY-HOURS = (6,17)

$ Daytime reset relationship
OUTSIDE-LO = 30
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OUTSIDE-HI = 60
SUPPLY-HI = 60
SUPPLY-LO =0
$ Night time reset relationship
OUTSIDE-LO2 = 30
OUTSIDE-HI2 = 60
SUPPLY-HI2 = 60
SUPPLY-L02 = 60

TYPE
Takes a code-word that specifies the type of reset relationship. This required keyword should be the first entered.
Allowed values are:

RESET-TEMP The reset relationship is between outside air temperature and supply air or supply
water temperature. In this case the values of SUPPLY-LO, SUPPLY-LO?2,
SUPPLY-HI and SUPPLY-HI2 are temperatures.

RESET-RATIO The reset relationship is between outside air temperature and heating output ratio
(such as for baseboard heating). In this case the values of SUPPLY-LO, SUPPLY-
LO2, SUPPLY-HI and SUPPLY-HI2 are ratios of heating output to maximum
heating output.

DAY-HOURS

Accepts a list of two integer values that give the first and last hour of the day for which the daytime reset relationship
is to be used. The default values for the first and last hours are 1 and 24, respectively. If the first and last hours are
not 1 and 24, then the keywords OUTSIDE-HI2, OUTSIDE-LO2, SUPPLY-HI2 and SUPPLY-LO-2 are
required.

Daytime keywords

The following four keywords define the reset relationship during the daytime hours, i.e., during the hours specified
by DAY-HOURS.

OUTSIDE-HI
Outside dry-bulb temperature that corresponds to SUPPLY-LO. OUTSIDE-HI should be greater than
OUTSIDE-LO.

OUTSIDE-LO
Outside dry-bulb temperature that corresponds to SUPPLY-HI. OUTSIDE-LO should be less than OUTSIDE-
HL

SUPPLY-HI
The upper supply setpoint temperature (for TYPE = RESET-TEMP) or heating output ratio (for TYPE =
RESET-RATIO) that cotresponds to OUTSIDE-LO.

SUPPLY-LO
The lower supply setpoint temperature (for TYPE = RESET-TEMP) or heating output ratio (for TYPE =
RESET-RATIO) that corresponds to OUTSIDE-HL

Night time keywords

The following four keywords define the reset relationship during the night time hours, i.e., the hours outside the
range specified by DAY-HOURS. These keywords are required when DAY-HOURS is not equal to (1,24).
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OUTSIDE-HI2
Outside dry-bulb temperature that corresponds to SUPPLY-LO2. OUTSIDE-HI2 should be greater than
OUTSIDE-LO2. Required when DAY-HOURS is not equal to (1,24).

OUTSIDE-LO2
Outside dry-bulb temperature that corresponds to SUPPLY-HI2. OUTSIDE-LO2 should be less than OUTSIDE-
HI2. Required when DAY-HOURS is not equal to (1,24).

SUPPLY-HI2
The upper supply setpoint temperature (for TYPE = RESET-TEMP) or heating output ratio (for TYPE =
RESET-RATIO) that corresponds to OUTSIDE-LO2. Required when DAY-HOURS is not equal to (1,24).

SUPPLY-LO2
The lower supply setpoint temperature (for TYPE = RESET-TEMP) or heating output ratio (for TYPE =
RESET-RATIO) that corresponds to OUTSIDE-HI2. Required when DAY-HOURS is not equal to (1,24).
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Figure 1 Typical DAY-SCHEDULE-PD:TYPE = RESET-TEMP for deck
temperature control
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Figure 2 Typical DAY-SCHEDULE-PD:TYPE = RESET-RATIO for
baseboard control

A reset-type day schedule is incorporated into WEEK-SCHEDULEs and a SCHEDULE identically to other
schedule types. Note, however, that a reset day-schedule cannot be “nested” into week schedules or schedules like
other schedules. See the section below on “Nesting””.
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WEEK-SCHEDULE

The week schedule command assigns DAY-SCHEDULES to the days of the week, so that a week of schedule is
built up. The form of the WEEK-SCHEDULE is:

U-NAME = WEEK-SCHEDULE
(days of week covered) (U-name of DAY-SCHEDULE) .

Example input:

In the discussion above, we defined two DAY-SCHEDULES -- LTG-1 represents week-days and LTG-2
represents week-ends and holidays. The following builds the day schedules up into a week schedule:

NORMAL = WEEK-SCHEDULE

TYPE = FRACTION
DAYS = (MON,FRI)
DAY-SCHEDULES = (LTG-1)
DAYS = (SAT,HOL)
DAY-SCHEDULES = (LTG-2)

where (MON,FRI) includes MON,TUE,WED,THU,FRI and (SAT,HOL) includes SAT,SUN,HOL. HDD and
CDD represent the heating and cooling design days. The keywords HOURS and VALUES are optional, so the
above input can be shortened to

NORMAL = WEEK-SCHEDULE
TYPE = FRACTION
(MON,FRI) LTG-1

(SAT,HOL) LTG-2 ..
Optionally, this can be shortened to:

NORMAL = WEEK-SCHEDULE
TYPE = FRACTION
(WD) LTG-1

(WEH) LTG-2 ..

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

Day schedules for design days may also be specified as part of a week schedule. If LTG-DD is the schedule to be
used on the design-days, then the above example can be expanded to:

NORMAL = WEEK-SCHEDULE
TYPE = FRACTION
(MON,FRI) LTG-1
(SAT,HOL) LTG-2
(HDD) LTG-3
(CDD) LTG-4 ..

DAYS

Is an optional keyword that accepts a code-word specifying the day corresponding to the following DAY-
SCHEDULE. A range of days may be entered, corresponding to a set of DAY-SCHEDULEs. As shown above, a
range of days may be specified with a day schedule, without the need for the DAYS or DAY-SCHEDULE
keywords.
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Acceptable code-words and their respective meanings are

MON, TUE,WED,THU,FRI Monday, Tuesday, Wednesday, Thursday, Friday

SAT, SUN, HOL Saturday, Sunday, Holiday

WD Weekdays (Mon-Fri)

WEH Weekends and holidays (Sat, Sun, Hol)

HDD, CDD Heating design day, Cooling design day

ALL All 10 days in the week schedule (Mon-Sun, Hol, HDD, CDD)

DAY-SCHEDULES

Is an optional keyword that accepts a list of U-names of DAY-SCHEDULESs corresponding to a range of days. As
shown above, a range of days may be specified with a set of day-schedules, without the need for the HOURS or
VALUES keywords.

If fewer day-schedules are specified than correspond to the range of days, the last schedule in the list will be used for
all remaining days in the range.

If not specified, the Saturday schedule defaults to Monday’s, as do the design-day schedules. Sunday defaults to
Saturday’s schedule.

Rules

1. A U-name must appear before the WEEK-SCHEDULE command.

2. The keywords DAYS and DAY-SCHEDULE may be omitted.

3. 'The list specified for DAYS may be either one element (such as MON.), or a two-element range (such
as MON,THU). The days in a range must be in chronological order, where Monday is considered the
first day of the week, and Holiday the last.

4. 'The referenced DAY-SCHEDULESs must be of the same TYPE as the WEEK-SCHEDULE.

SCHEDULE
The SCHEDULE command assigns particular WEEK-SCHEDULLES to different times of the year.

In its simplest form, SCHEDULE takes the form:

U-NAME = SCHEDULE
TYPE = FRACTION
THRU (calendar period covered) (U-name of WEEK-SCHEDULE)
THRU (next calendar period ) (U-name of WEEK-SCHEDULE)

Example input:

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:
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VACATION = WEEK-SCHEDULE
TYPE = FRACTION
(ALL) LTG-2 ..

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

To finalize the example:
LIGHTS = SCHEDULE
TYPE = FRACTION
THRU JUN 10 NORMAL
THRU SEP 5 VACATION
THRU DEC 31 NORMAL ..

Rules
1. A U-name must appear before the SCHEDULE command.

2. Dates must be given in chronological order.

3. All schedules must extend at least through the end of the simulation period, as defined in the RUN-
PERIOD.

4. 'The value entered as the day-of-the-month must be between 1 and the number of days in the month.

5. 'The code-word entered as the value of the month must be the first three letter of the name of the
month (JAN, FEB, etc.)

6. Commas are optional. Spaces are equivalent to commas.
7. There is a maximum of 12 THRU’s (or intervals) permitted in each schedule.
8. The LIKE keyword is not allowed.

Nesting of Schedules

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-SCHEDULE:S by nesting the DAY-SCHEDULE: in the
SCHEDULE itself. For example:

LIGHTS = SCHEDULE

TYPE = MULTIPLIER
THRU JUN 10 (WD) LTG-1 (WEH) LTG-2
THRU SEP 5 (ALL) LTG-2

THRU DEC 31 (WD) LTG-1 (WEH) LTG-2 ..

Note that reset schedules cannot be nested. That is, the following is not permitted:

RS-1 = SCHEDULE

TYPE = RESET-TEMP
THRU DEC 31 (ALL)
SUPPLY-HI = 120
SUPPLY-LO = 70
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OUTSIDE-HI = 70
OUTSIDE-LO = 0O ..
Use instead:

DSR-1 = DAY-SCHEDULE-PD
TYPE = RESET-TEMP
SUPPLY-HI = 120
SUPPLY-LO = 70
OUTSIDE-HI = 70
OUTSIDE-LO = 0O ..

RS-1 = SCHEDULE (or SCHEDULE-PD)
TYPE = RESET-TEMP
THRU DEC 31 (ALL) DSR-1 ..
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SCHEDULE-PD
DAY-SCHEDULE-PD
WEEK-SCHEDULE-PD

These commands are equivalent to SCHEDULE, DAY-SCHEDULE, and WEEK-SCHEDULE and may be used
interchangeably. They are provided for the convenience of user-interfaces, such as €QUEST.

TYPE
Identical to TYPE in SCHEDULE

Note: TYPE = RESET-TEMP and RESET-RATIO work only in DAY-SCHEDULE-PD; not DAY-
SCHEDULLE. They replace the original DAY-RESET-SCH command that was used prior to the development of
user interfaces.

DAY-SCHEDULE-PD

Example Input

"Office Lites WD DSch" DAY-SCHEDULE-PD

TYPE = FRACTION

VALUES = ( 0.05, 0.05, 0.05, 0.05, 0.05, 0.10,
0.10, 0.30, 0.90, 0.90, 0.90, 0.90,
0.80, 0.90, 0.90, 0.90, 0.90, 0.50,
0.30, 0.30, 0.20, 0.20, 0.10, 0.05 )

VALUES
Accepts a list of 24 entries corresponding to the 24 hours in a day.

You do not have to list all values in the day; all hours after the last hour specified will default to the last value
entered. As a convenience, the following is equivalent to the above:

"Office Lites WD DSch" = DAY-SCHEDULE-PD

TYPE = FRACTION
VALUES = ( 0.05, &b, &b, &b, &b, 0.10,
&b, 0.30, 0.90, &b, &b, &b,
0.80, 0.90, &D, &b, &b, 0.50,
0.30, &b, 0.20, &b, 0.10, 0.05 )

Here, the value “&D” means to use the last previously defined hour’s value for this hout’s value.

WEEK-SCHEDULE-PD

Example Input

"Office Lighting WSch" = WEEK-SCHEDULE-PD

TYPE = FRACTION

DAY-SCHEDULES = ('Office Lites WD DSch", $ Monday
"Office Lites WD DSch", $ Tuesday
"Office Lites WD DSch", $ Wednesday
"Office Lites WD DSch", $ Thursday
"Office Lites WD DSch", $ Friday
"Office Lites Sat DSch", $ Saturday
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"Office Lites Sun DSch", $ Sunday
"Office Lites Sun DSch'™, $ Holiday
"Office Lites WD DSch", $ Heating DD
"Office Lites WD DSch™ ) $ Cooling DD

DAY-SCHEDULES
Accepts a list of 10 DAY-SCHEDULE-PD entries corresponding to Monday-Sunday, a holdiday, and the heating
and cooling design days.

As a convenience, the following is equivalent to the above:

"Office Lighting WSch™ = WEEK-SCHEDULE-PD

TYPE FRACTION

DAY-SCHEDULES ("'Office Lites WD DSch", $ Monday
&b, &D, &D, &D,
"Office Lites Sat DSch', $ Saturday
"Office Lites Sun DSch", $ Sunday
&D
"Office Lites WD DSch", $ Heating DD
"Office Lites WD DSch™ ) $ Cooling DD

SCHEDULE-PD

Example Input

"SCE GS-2 Summer-0Only Schedule" = SCHEDULE-PD

TYPE = FLAG
MONTH = (6,9, 12)
DAY = (3, 30, 31)

WEEK-SCHEDULES ( "Week Flag Value 0", $ Non-summer

"Week Flag Value 1", $ Summer
"Week Flag Value 0" ) $ Non-summer

MONTH
Accepts a list of integers specifying the ending months of the week schedules. The list must increase in numerical
order

DAY
Accepts a list of integers specifying the ending days of the ending months of the week schedules. There must be a
one-to-one correspondence of values in MONTH and DAY.

WEEK-SCHEDULES

Accepts a list of week schedules corresponding to the MONTHSs and DAYs listed. The first week-schedule is used
starting on January 1, through the first month and day listed. The second week schedule starts on the day
immediately after the first set, and is active through the second month and day listed, etc.

DAY-SCHEDULE-PDs and WEEK-SCHEDULE-PDs cannot be nested into a SCHEDULE-PD.

PHOTOCELL-CTRL
Accepts a code-word specifying whether the houtly value in the referenced DAY-SCHEDULE can be overridden
cither ON (value = 1.0) or OFF (wvalue = 0.0) according to whether it is day or night.
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DAY-OFF Forces the houtly schedule value to be 0.0 whenever the sun is up.
DAY-ON Forces the houtly schedule value to be 1.0 whenever the sun is up.
NIGHT-OFF Forces the houtly schedule value to be 0.0 whenver the sun is down.
NIGHT-ON Forces the houtly schedule value to be 1.0 whenever the sun is down.

For example, assume lighting in a parking lot is to be on from dusk until 11 p.m. The earliest the lights are allowed
to illuminate is 4 p.m., but will not actually start until the sun is down:

"Parking Lot DSch' = DAY-SCHEDULE-PD

TYPE = ON/OFF
VALUES =(0.,0.,0.,0., 0., 0.,
0., 0., 0., 0., 0., O.,
0., 0.,0.,1., 1., 1.,
1., 1., 1., 1., 1., 0.)
"Parking Lot WSch" = WEEK-SCHEDULE-PD
TYPE = ON/OFF
DAY-SCHEDULES = ("'Parking Lot DSch™)

"Parking Lot Sch' = SCHEDULE-PD

TYPE = ON/OFF
PHOTOCELL-CTRL = DAY-OFF
MONTH = (12)
DAY = (31)

WEEK-SCHEDULES

( "Parking Lot WSch )
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RUN-PERIOD

The RUN-PERIOD command specifies the initial and final dates of the desired simulation period. As an alternative,
you may use RUN-PERIOD-PD instead.

The initial date is the first date of the simulation, given in the form: month day year. The code-words that specify the
names of the months are given below. The final date is the last simulation date, specified in the same manner as the
initial date. U-name is not allowed.
The code-words for the months are:

JAN FEB MAR APR MAY JUN

JUL  AUG SEP OCT NOV DEC
Example input: This instruction would run the program for one year:

RUN-PERIOD JAN 1 1979 THRU DEC 31 1979 ..

Rules

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

2. The day number cannot be greater than the number of days in the month associated with that date.
For example, SEP 31 1978 is not valid.

3. 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 file assume a 365 day year; for leap years, February 29 is ignored.
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RUN-PERIOD-PD

This command is an alternative to RUN-PERIOD and is provided for the convenience of user interfaces such as
eQUEST. Like RUN-PERIOD, this command specifies the initial and final dates of the desired simulation period.
You may use cither the RUN-PERIOD or the RUN-PERIOD-PD format in a batch mode input.

Example input:

"Entire Year"™ = RUN-PERIOD-PD

BEGIN-MONTH =1

BEGIN-DAY =1

BEGIN-YEAR = 1997

END-MONTH = 12

END-DAY =31

END-YEAR = 1997
BEGIN-MONTH

Accepts an integer value specifying the beginning month, where 1 = January, 2 = February, etc.

BEGIN-DAY
Accepts an integer value secifying the beginning day.

BEGIN-YEAR
Accepts an integer value specifying the beginning year. 1998 is acceptable, 98 is not.

END-MONTH
Accepts an integer value specifying the ending month, where 1 = January, 2 = February, etc.

END-DAY
Accepts an integer value secifying the ending day.

END-YEAR
Accepts an integer value specifying the ending year. 1998 is acceptable, 98 is not.

Rules

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

2. The day number cannot be greater than the number of days in the month associated with that date.
For example, SEP 31 1978 is not valid.

3. 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 file assume a 365 day year; for leap years, February 29 is ignored
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SET-DEFAULT

The SET-DEFAULT instruction is used to assign a new default value to one or more keywords in a particular
instruction.

The form of this instruction is

SET-DEFAULT FOR Command
Keyword = Value ..

where Command is the name of a command, Keyword is the name of a keyword in that command, and Value is the
new default value to be assigned that keyword.

Example input:

SET-DEFAULT FOR WINDOW

WIDTH = 6.5
HEIGHT =4
GLASS-TYPE = WEST-GLASS ..

This sets the width and height defaults for windows to 6.5 and 4.0, respectively, and the GLASS-TYPE to that
defined in a GLASS-TYPE command with U-name WEST-GLASS.

Rules

1. Whenever a new default value is specified for a keyword, that value overrides the previous default
value for that keyword, or creates a default value if the keyword did not have one originally.

2. The word FOR after SET-DEFAULT is required.

3. 'The sequence "Keyword = Value" may be repeated if the default for more than one keyword in a
command is to be changed.

4. 1If the SET-DEFAULT is for a command that requires the TYPE keyword, the TYPE must be
specified.
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STOP

The STOP instruction indicates that the end of all input data has been reached.
The instruction takes the form
STOP ..

and directs the control processor to terminate data input and begin simulation, assuming COMPUTE instructions
were entered and no fatal etrors were detected.

The STOP instruction may be used only as a control instruction. Therefore, it may not occur between an INPUT
instruction and an END instruction.
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TITLE

The TITLE instruction is used to describe up to five lines of title information that are placed at the top of each
summary, vetification or houtly report.

The instruction takes the form

TITLE Line-N = *Literal™ _.
where Line-N is one of five valid keywords (LINE-1, LINE-2, LINE-3, LINE-4, and LINE-5) and *Literal* is a
series of up to 40 characters placed between two asterisks. The sequence Line-N = *Literal* may be repeated as
necessary to define a complete title.

Title data are placed at the top of each report page in the following format:

line-1 line-2
line-3 line-4 line-5

Rules

1. The TITLE instruction may be used as a control instruction;it need not appear between an INPUT
and END instruction sequence.

2. Aliteral value may not be continued on the following line.

Example input:

TITLE
LINE-1 = *ABC OFFICE BUILDING*
LINE-2 = *JONES AND SMITH ENGINEERING*
LINE-3 = *JERRY JONES - P.E.*

The above instruction would cause

ABC OFFICE BUILDING JONES AND SMITH ENGINEERING
JERRY JONES - P.E.

to appear at the top of all reports.
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Section

Envelope Components

This section describes the commands and keywords used for the heating and cooling loads calculations. Included
here are the:

e General building data — These include the location on the earth’s surface, otientation, design-day data,
and simulation periods.

e Floors — A floor is the fundamental element of the building’s geometry.

e Spaces — A space defines the fundamental elements of a geometrically and thermodynamically distinct
area on a floor

e Wialls — These enclose a space, and include the components for exterior-walls, roofs, intetior-walls, and
underground floors. Also included here are the more elemental components from which these

components are created (materials, layers, and constructions).

e Windows — These include the window command, as well as the more elemental components from
which a window is built up (glass-layers, glass-types, etc.)

e Lighting systems — Included here are lighting fixtures and lamps, usage profiles, and daylighting
e  People — This includes the number of people, activity levels, and occupancy profiles

e Miscellaneous equipment — All other items which contribute to the heating and cooling loads.
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BUILD-PARAMETERS

Specifies the orientation and other information about the building as a whole. The following example describes a
building facing northwest/southeast. Heating peaks for system sizing will be determined from 6 a.m. to 6 p.m.
Cooling peaks for system sizing will be determined from 8 am. to 5 p.m.

Example input:

BUILD-PARAMETERS
AZIMUTH =-45
HEAT-PEAK-PERIOD =(7,18)
COOL-PEAK-PERIOD =(9,17) -.

AZIMUTH

Angle between true north and the y-axis of the building, expressed in degrees from 0 to 360( (clockwise as seen from
above) or 0 to -360( (counter-clockwise as seen from above). Changing this angle has the effect of rotating the
building about its z-axis (vertical axis). See Figure 3.

\

North
“ Building
AZ Y - Axis

a4

I [East

Bui/d/,, 9 X

A)(is

Figure 3 Positioning the building in the reference coordinate system

X-REF

Y-REF

Coordinates of the origin of the building coordinate system in the reference coordinate system (a coordinate system
that is fixed to earth with origin set by the LATITUDE and LONGITUDE keywords (SITE-PARAMETERS
command) and whose y-axis points north). You specify X-REF and Y-REF only if (1) you want to study the
thermal effects of moving (rotating or translating) your building, and (2) there are shading surfaces, such as
neighboring buildings, that are "fixed", i.e., do not move when you move your building. In this case, your building
must be positioned using X-REF and Y-REF.

Figure 4 shows an example in which a fixed shade and an L-shaped building have been positioned in the reference
coordinate system using X-REF, Y-REF, and AZIMUTH for the building and X-REF, Y-REF for a fixed shade
(see FIXED-SHADE command). Figure 4 also shows the building being translated and rotated (dashed lines) in the
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reference coordinate system by changing the building's X-REF, Y-REF, and AZIMUTH values. This moves the
building but not the fixed shade.
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Figure 4 Positioning a building and fixed-shade in the reference coordinate
system

GROSS-AREA

Gross floor area (outside dimensions) of all spaces in the building. This keyword is used only for the BEPS (Building
Energy Performance Summary) Report in HVAC, which gives annual building energy use per unit gross floor area.
Defaults to the net area, which is the sum of the area of all conditioned spaces.

HEAT-PEAK-PERIOD

Specifies those hours in a day during which houtly peak heating loads for system sizing will be calculated. Allows
you to have the program ignore peaks that occur when the building is unoccupied. The input is a list of two values
(minimum hour and maximum hour). Between and including these two hour values, hourly heating peaks will be
calculated. For example, HEAT-PEAK-PERIOD=(9,18) causes the heating peak to be calculated between 8 a.m.
(the beginning of hour 9) and 6 p.m. (the end of hour 18). Minimum hour must be less than maximum hour. The
default is (1,24), which means that hourly peaks will be calculated for all day and all night. If SYSTEMS is permitted
to size the secondary HVAC equipment, it will use the peaks found within the stated hours.

COOL-PEAK-PERIOD
Same as HEAT-PEAK-PERIOD, except applies to hours during which peak cooling will be calculated.

HOLIDAYS
Takes the U-name of a HOLIDAYS command that indicates which days of the year are to be considered holidays
in Schedules. See "HOLIDAYS Command" and "DAY-SCHEDULE Command."
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FUNCTION
Causes an Input Function to be calculated in LOADS subroutine DAYCLS. See "Input Functions" in the DOE-2.2

Topies.

DAYL-FUNCTION

Causes an Input Function to be calculated in LOADS subroutine DEXTIL that allows you to modify the program's
regular calculation of extetior hotizontal illuminance for the daylighting simulation. See "Input Functions" in the
DOE-2.2 Topics.
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BUILDING-SHADE

Specifies the position, size, orientation and transmittance of surfaces that cast shadows on the extetior walls and
roofs of a building. Examples are trees, hills, or an adjacent building overhangs. LIKE may be used to copy a
previously defined BUILDING-SHADE. Both the direct (from the sun itself) and diffuse (from the sky and
ground) components of solar radiation are shaded by BUILDING-SHADE:s. However, the program does not
account for reflection of solar radiation from BUILDING-SHADESs onto the building. See "Building Shades" in the
DOE-2.2 Topics.

In addition to BUILDING-SHADE, there are several other methods of specifying shades:

o Using the FIXED-SHADE command to specify shading surfaces that are fixed with respect to the
earth, and do not move when the building is translated or rotated.

e Entering SHADING-SURFACE = YES in the EXTERIOR-WALL command. This lets that wall
shade other walls, such as in an I-shaped building.

o  Using the overhang and fin keywords under WINDOW and DOOR.

e Specifying the SETBACK under WINDOW and DOOR
Example input:
The following example places a shading surface near the building (see Figure 5). A horizontal shading surface (the
roof of a carport) is located parallel to and 10 feet south of the building with its west edge aligned with the building's
west side. The shading surface is 20 by 15 (long dimension is parallel to the building) and is 10 feet above the
ground.

CARPORT = BUILDING-SHADE

SHAPE = RECTANGLE

HEIGHT = 15

WIDTH = 20

TRANSMITTANCE =0 $the default$
X =0

Y = =25

4 = 10

AZIMUTH = 180

TILT =0

Because X, Y, Z, AZIMUTH, and TILT of a BUILDING-SHADE are defined in the building coordinate system, a
rotation of the building (accomplished by changing AZIMUTH in the BUILD-PARAMETERS command) will
carry all BUILDING-SHADES s along with the building, even those that are detached, such as adjacent buildings and
trees. If you do not want shades to move with the building when it is rotated, use the FIXED-SHADE command
instead of BUILDING-SHADE.
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Initial position
of shading -~
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Figure 5 Positioning a shading surface in the
building coordinate system

SHAPE
Specifies how the shading surface is to be defined:

RECTANGLE The surface is defined as a simple rectangle or square. The HEIGHT and
WIDTH must be defined.

POLYGON The surface is defined as a polygon, specified using the POLYGON keyword.

1t eQUEST is being used to create a new shading surface, then SHAPE is required. However, if c€QUEST is loading
an existing project with building shades, and SHAPE is not specified, then SHAPE will default to POLYGON if
the POLYGON keyword has already been specified, or RECTANGLE if either the HEIGHT or WIDTH has
been specified.

HEIGHT
When SHAPE = RECTANGLE, the height of the shading surface (dimension along the Y-axis of the shade's local
coordinate system)

WIDTH
When SHAPE = RECTANGLE, the width of the shading surface(dimension along the X-axis of the shade's local

coordinate system).

POLYGON

When SHAPE = POLYGON, takes the U-name of a previously-defined POLYGON command. This keyword is
used in place of HEIGHT and WIDTH to describe non-rectangular shading surfaces. See the POLYGON
Command.

X

Y

Z

X, Y, and Z give the position of the lower left hand corner (when looking into the surface outward normal) in the
building coordinate system. In Figure 5, X=0, Y=-25, and Z=10.
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AZIMUTH

Angle between the y-axis of the building coordinate system and the projection of the shading surface outward
normal onto the horizontal plane. To determine the azimuth for a horizontal shading surface, use the following
procedure (see Figure 5):

e Choose the origin (lower left hand corner) of the shading surface.
e Mentally rotate the surface to a vertical position without moving the origin.

e Determine the angle between the building y-axis and the surface outward normal (which will now be
hotizontal).

e Mentally rotate the surface back to hotizontal.

TILT
Angle between the z-axis of the building coordinate system (vertical) and the surface outward normal.

TRANSMITTANCE

Fraction of incident solar radiation that is transmitted by the shading surface. The default value is 0.0, which means
the surface is opaque. A value greater than 0.0 represents a device that passes some solar radiation, such as a tree,
lattice, or fabric. Using SHADE-SCHEDULE allows seasonal variation in transmittance. Daylighting calculation
assumes TRANSMITTANCE = 0.

SHADE-SCHEDULE

Takes the U-name of a schedule of TYPE=MULTIPLIER that gives the time-dependent transmittance of the
shading device for direct (beam) solar radiation. The values in the schedule override the TRANSMITTANCE value.
The range of the schedule values is 0.0 to 1.0. Used only to simulate variable extetior shading devices. The program
calculates direct solar shading factors for sun positions on the first day of each month, so only the SHADE-
SCHEDULE values on those particular days are used. Also, the program calculates diffuse solar shading factors
only once (before the houtly loads calculation); this means that SHADE-SCHEDULE has no effect on diffuse
shading and the TRANSMITTANCE wvalue is used instead. SHADE-SCHEDULE is not used in the daylighting
calculation, which assumes building shades have zero transmittance at all times.

SHADE-VIS-REFL

Visible reflectance of that side of a BUILDING-SHADE from which the outward normal points. The other side of
the shading surface is assumed to be black, i.e., to have zero reflectance. Used only for daylighting calculation. See
"Daylighting" in the DOE-2.2 Topics.

SHADE-GND-REFL
Visible reflectance of the ground in the vicinity of the BUILDING-SHADE. Used only for daylighting calculation.
See "Daylighting" in the DOE-2.2 Topis.

SHADING-REPORT

Accepts the codewords NO or YES, specifing whether the LS-P shading report is to be generated for this surface.
The default is NO, unless a photovoltaic array is attached to this surface, in which case the default is YES. See DOE-
2.2 Libraries & Reports for more information.
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CONSTRUCTION

Specifies the construction charactetistics and properties of an exterior wall, extetior floort, roof, interior wall, intetior
floor, ceiling, underground wall, underground floor, or non-glass door. U-name must be used so that the
CONSTRUCTION may be referenced in a subsequent EXTERIOR-WALL, ROOF, INTERIOR-WALL,
UNDERGROUND-WALL, UNDERGROUND-FLOOR, ot DOOR command. LIKE may be used to copy a
similar CONSTRUCTION.

Example inputs:

1. An exterior wall is constructed of heavy-weight concrete block with stucco exterior. Here, CBLOCK is the U-
name of a previously defined LAYERS instruction, or a LAYERS in the library (see "LAYERS Command").

HEAVY = CONSTRUCTION

TYPE = LAYERS
LAYERS = CBLOCK
ABSORPTANCE = 0.65
ROUGHNESS =1 ..

2. An interior wall is light wood framing with drywall finish.

LIGHT = CONSTRUCTION
TYPE
U-VALUE

U-VALUE
0.306 ..

3. Concrete with interior insulation from the Library.

WALL-1 = CONSTRUCTION

LAYERS = "ASH wall-74 lay"
ABSORPTANCE = 0.88
ROUGHNESS =2 ..
TYPE
Specifies the type of construction.
LAYERS Indicates that the LAYERS keyword will be used to specify a layered construction.

The program will calculate response factors for this construction. The response
factors will be used in the houtly simulation to calculate the dynamic, time-delayed
heat flow through the construction. Recommended for all but lightweight (low
heat capacity) constructions.

U-VALUE Indicates that the U-VALUE keyword will be used to specify the conductance of
the construction. In this case, the heat flow through the construction will be
considered to be instantaneous, i.e., without time delay. Recommended only for
lightweight (low heat capacity) constructions.

LAYERS
Required when TYPE=LAYERS. Takes the U-name of a previously defined LAYERS instruction or a layers code-
word from the Library ("Construction Library" in the DOE-2.2 Libraries & Reports).

U-VALUE
Required when TYPE=U-VALUE. For exterior surfaces, equals the overall conductance of the surface including
the inside air film but excluding the outside air film. For INTERIOR-WALLS, includes the air film on both sides of
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the wall. For UNDERGROUND-WAILLs and UNDERGROUND-FLOORs, includes the inside air film. Table 1

shows

typical U-Values for some lightweight walls.

Table 2 Example U-Values for Lightweight Construction

U-value
Construction Btu/h-fi2-F W/m2-K
Exterior Walls (includes inside surface air film)
Wood sheathing, 1/2" on studs, 1/2" gypsum board 0.35 1.99
Metal siding on 1/2" plywood studs, 1/2" gypsum board 0.38 2.16
Stucco on 3/4" pine studs, 1/2" gypsum board 0.34 1.93
Roofs (includes inside surface air film)
Wood shingles on 1/2" plywood, 2"x8" studs, 1/2" gypsum board 0.28 1.59
Built-up roof on plywood deck, 2"x8" studs, 1/2" gypsum board 0.27 1.53
with acoustical tile
Interior Walls and Floors (includes air film on both sides)
Gypsum board, 1/2", on cither side of metal studs 0.32 1.82
Hardwood floor on 1/2" deck, 2" x 8" floor joists, subfloor, tile 0.20 1.13
(ceiling to space below)

Doors are also defined as a CONSTRUCTION with TYPE=U-VALUE. Table 2 gives some typical U-values for

doots.

Table 3 Example U-Values for Lightweight Construction
U-values shown in Btu/h-ft2-F and, in parentheses,W/m2-K

No Storm Door Storm Door
Storm Door with Wood with Metal
Solid Wood Door
1.0in (2.5 cm) 0.64 (3.63) 0.30 (1.70) 0.39 (2.21)
1.25in (3.2 cm) 0.55 (3.12) 0.28 (1.59) 0.34 (1.93)
1.5in (3.8 cm) 0.49 (2.78) 0.27 (1.53) 0.33 (1.87)
2.0in (5.1 cm) 0.43 (2.44) 0.24 (1.36) 0.29 (1.65)
Steel Door
[1.75in (4.4 cm) thick]
Mineral fiber core 0.59 (3.35)
Utrethane core 0.19 (1.08
Polystyrene core 0.47 (2.67)
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Specifies the solar radiation absorptance of an exterior surface of an EXTERIOR-WALL or ROOF. This keyword
is not appropriate for INTERIOR-WALL, UNDERGROUND-WALL, or UNDERGROUND-FLOOR. Typical
ABSORPTANCE values are given in Table 3.

Table 4 Solar Absorptance of Extetior Surfaces*

Material Absorptance Paint Absorptance
Aluminum, polished refl sheet 0.12 Aluminum paint 0.40
Asphalt pavement, weathered 0.82 Black, flat 0.95
Brick, buff, light 0.55 Black, lacquer 0.92
Brick, red 0.88 Black, oil 0.90
Brick, Stafford blue 0.89 Black, optical flat 0.98
Brick, white glazed 0.25 Blue, azure lacquer 0.88
Cement, uncolored asbestos 0.75 Blue, dark 091
Cement, white asbestos 0.61 Blue, medium 0.51
Concrete, black 0.91 Blue-gray, dark 0.88
Concrete, brown 0.85 Brown, datk brown 0.88
Concrete, uncolored 0.65 Brown lacquer 0.79
Film, Mylar aluminized 0.10 Brown, medium 0.84
Felt, 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 0.58 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, oil 0.74

Rust, medium 0.78
Silver 0.25
White, gloss 0.25
White, lacquer 0.21
White, semi-gloss 0.30
Yellow 0.57

*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

ENVELOPE

Takes a code-number that indicates the relative roughness of the exterior surface finish of an EXTERIOR-WALL
ot ROOF. This keywotd is not approptiate for INTERIOR-WALL, UNDERGROUND-WALL, or
UNDERGROUND-FLOOR. The code-numbers are given in Table 4.

Table 5 Roughness Codes

Code

Wall Finish Roof Finish number
Stucco Wood shingles or built-up roof with stones 1
Brick or Plaster 2
Concrete (poured) Asphalt shingles 3 (default)
Clear pine 4
Smooth plaster Metal 5
Glass or Paint on Pine 6

WALL-PARAMETERS

Takes the U-name of a previously-defined WALL-PARAMETERS command that is used to assign certain values
for Trombe walls and sunspace interior walls. See WALL-PARAMETERS command and TROMBE-WALL-NV
command. See also "Sunspaces" in the DOE-2.2 Topics.
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DESIGN-DAY

Specifies desigh weather data for sizing heating and cooling equipment. Two separate design days may be input, one
for heating and one for cooling. The program determines design peak loads by simulating the building for a 24-hour
petiodl on each of the design days. The design peak loads are used by the HVAC subprogram to size primary and
secondary heating and cooling equipment. See "Design Days" in the DOE-2.2 Topis.

You may specify schedules for the design days that are different from the schedules in the regular run period
simulation. In this way you can be as conservative as desired by, for example, scheduling zero occupancy and lights
on the heating design day and maximum occupancy and lights on the cooling design day. This is done by using the
CDD (cooling design day) and HDD (heating design day) day types in the WEEK-SCHEDULE command. If you
do not include these day types in your schedules, the program will use the schedule values corresponding to the
MON (Monday) day type for the design day calculations.

If either the heating or cooling design day is not specified, the program will determine the corresponding design
heating or cooling loads using weather file data.

A good source of design day data for cities in the U.S., Canada, and other countries is the "Weather Data" chapter of
the ASHRAE Handbook of Fundamentals.

Example input:

The following are possible design days (in English units) for Chicago (based on 2.5% design days for Chicago
O'Hare in Chapter 24, "Weather Data", 1989 ASHRAE Handbook of Fundamentals):

CHICAGO-HDD = DESIGN-DAY

TYPE = HEATING
DRYBULB-HIGH = -4
HOUR-HIGH = 15
HOUR-LO =7
WIND-DIR = WNN
WIND-SPEED =9
CLOUD-AMOUNT =5
GROUND-T =46 ..

CHICAGO-CDD = DESIGN-DAY

TYPE = COOLING
DRYBULB-HIGH = 89
DRYBULB-RANGE = 20
WETBULB-AT-HIGH = 74
HOUR-HIGH = 15
HOUR-LO =7
WIND-DIR = Sw
WIND-SPEED = 6.5 $7.5 MPH$
CLOUD-AMOUNT =0
GROUND-T =61 ..
TYPE
Takes a code-word that specifies whether this is a heating or cooling design day.
HEATING Specifies a heating design day.
COOLING Specifies a cooling design day.
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MONTH
Month in which the design day occurs. The defaultis 1 (i.e., January) for TYPE=HEATING and 6 (i.e., June) for
['YPE=COOLING.

DAY
Day of the month the design day occurs.

NUMBER-OF-DAYS

Accepts an integer greater from 1 to 365; the default is 1. This value represents the number of days for which the
DESIGN-DAY weather conditions are simulated. For each of the days of simulation the solar position is
calculated, however, the daily weather variables and design day schedule values are kept constant.

This feature allows you to have the design day weather conditions simulated for a period of time during which the
solar conditions (the position of the sun in the sky) is changing. The schedules used for each design day run,
however, are held constant based upon the TYPE of the design day. For HEATING design days the simulation is
performed using the HDD day type in each WEEK-SCHEDULE; HDD is the 9th entry of the DAY-
SCHEDULE list and its value defaults to the DAY-SCHEDULE specified for Monday.) For COOLING design
days the simulation is performed using the CDD day type in each WEEK-SCHEDULE; CDD is the 10th entry of
the DAY-SCHEDULE list and its value defaults to the DAY-SCHEDULE specified for Monday.)

CLOUD-AMOUNT
Cloud cover expressed on a scale from 1 to 10, where O=clear and 10=completely overcast. This cloud amount is
used for the entire day.

HOUR-HIGH
Hour the day that DRY-BULB-HI occurs (1=midnight to 1 a.m., 2=1 a.m. to 2 am.,, etc.).

HOUR-LOW
Hour the day that DRY-BULB-LO occurs (1=midnight to 1 a.m., 2=1 a.m. to 2 a.m., etc.).

DRYBULB-HIGH
Maximum outdoor dry-bulb temperature on the design day. This is a required keyword..

DRYBULB-RANGE
Difference between DRYBULB-HIGH and the minimum outside dry-bulb temperature. Note that the value 0.0
gives a constant dry-bulb temperature equal to DRYBULB-HIGH for the whole day.

WETBULB-AT-HIGH

Outside wet-bulb temperature when DRYBULB-HIGH occurs. Required for TYPE=COOLING. If not specified
for TYPE=HEATING, program assumes that the outside relative humidity is 50 percent for the entire heating
design day.

WIND-DIR
Takes a code-word indicating the wind-direction. N=north, NNE=north-northeast, NE=northeast, etc.

WIND-SPEED
Local wind speed. The heating default corresponds to 15 mph, the cooling to 7.5 mph.

GROUND-T
Average ground temperature for the specified MONTH. Default value is taken from the weather file. If the building
has underground surfaces (entered with the UNDERGROUND-FLOOR or UNDERGROUND-WALL
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commands), GROUND-T should not be entered since the underground surface heat transfer algorithm assumes
that ground temperatures from the weather file will be used.
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DOOR

This instruction is used to specify the size of a door and its heat-transfer characteristics. Each DOOR instruction
applies to the EXTERIOR-WALL instruction preceding it and desctibes a door on that exterior wall. Glass doors
should be treated as windows rather than doors. Overhangs and fins can be applied to doors in the same way as
described under the WINDOW command. U-name may be specified. LIKE may be used to copy data from a
previously entered and U-named DOOR instruction.

Example input:

D1 = CONSTRUCTION

TYPE = U-VALUE
U-VALUE = 0.5 ..
DOOR1 = DOOR

HEIGHT =7

WIDTH =3

CONSTRUCT ION =D1 ..
MULTIPLIER
Specifies the number of identical doors on the wall.
HEIGHT
Door height. Height times width must not be greater than the area of the parent wall.
WIDTH
Door width. Height times width must not be greater than the area of the parent wall.
X
Y

X and Y are the coordinates of the lower left-hand corner of the door in the coordinate system of the parent wall. If
X is not specified, the program will center the door horizontally on the wall. If Y is not specified, the door will be
centered vertically.

CONSTRUCTION
Takes the U-name of a previously defined or library CONSTRUCTION that specifies the U-value of the door. This
is a required keyword.

INF-COEF

Specifies an infiltration flow coefficient used to compute the infiltration resulting from cracks around the door and
its frame. Used only if INF-METHOD = CRACK in SPACE or SPACE CONDITIONS. The program calculates
the door infiltration rate as

Infil = INF-COEF * dP/2* L,
where

Infil  infiltration airflow (cfm)
P inside-outside air pressure difference (inches of water)
L door perimeter (ft)

This keyword should not be used with INPUT-UNITS=METRIC. Typical values of INF-COEF are given in Table
5.

51 DOOR



DICTIONARY ENVELOPE

Table 6 Door Infiltration Coefficients

INF- INF-
Door Configuration COEF Door Configuration COEF
Residential (3-ft x 7-ft.) Office (3.5ft x 7-ft.)
closed with weather stripping 2.4 door closed 3.1
average use with weather stripping 9.8 door and vestibule open 10 % of time 9.3
average use without weather stripping ~ 12.0 door open 10 percent of time 13.5
door open 25 percent of time  55.0
Garage or Shipping Room door open 50 percent of time ~ 153.0
No use 6.0
Averageuse  60.0 Revolving, average use ~ 12.0

SHADING-DIVISION

Integer value that specifies the number of strips the door is divided into for shading calculations. A high number of
shading divisions gives a more accurate shading calculation but requires more computer time. If the estimated effect
of the shading on the overall building load is large, use more (20 to 40) divisions. If the estimated effect of the
shading on the overall building load is small, use fewer (1-10) divisions.

SKY-FORM-FACTOR

The fraction of the hemisphere seen by the door that is subtended by the sky. Either both SKY-FORM-FACTOR
and GND-FORM-FACTOR or neither of these should be specified. In most cases it is recommended that you do
not specify these keywords since the program will calculate them. Used by the program to calculate diffuse solar
shading and sky and ground IR radiation shading.

GND-FORM-FACTOR

The fraction of the hemisphere facing the door that is subtended by the ground, adjacent buildings, trees, etc. Either
both SKY-FORM-FACTOR and GND-FORM-FACTOR or neither of these should be specified. In most cases, it
is better not to specify these keywords since the program will automatically calculate them. Used to calculate diffuse
solar shading and sky and ground IR radiation shading.

SETBACK

Distance that the door is recessed from the outside surface of the parent wall. A setback casts a shadow on the door,
which the program calculates

FUNCTION
Invokes a function calculation for the door. See the "Input Functions" section in the DOE-2.2 Topics.

Fins and Overhangs

The following keywords describe overhangs and fins that shade the door. For definitions, see the WINDOW
command, which uses the same keywords.

52 DOOR



DICTIONARY

OVERHANG-A
OVERHANG-B
OVERHANG-W
OVERHANG-D
OVERHANG-ANGLE
LEFT-FIN-A
LEFT-FIN-B
LEFT-FIN-H
LEFT-FIN-D
RIGHT-FIN-A
RIGHT-FIN-B
RIGHT-FIN-H
RIGHT-FIN-D
SHADING-REPORT

Notes

ENVELOPE

1. 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, a warning message is printed and

overhang shading is not performed.

2. For fin shading calculations to be performed, the pair, LEFT-FIN-H and LEFT-FIN-D or RIGHT-
FIN-H and RIGHT-FIN-D, must be specified. If one of the pair is specified, but not both, a warning

message is printed and fin shading is not performed.

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

are also copied.
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EXTERIOR-WALL OR ROOF

Specifies the size and construction of an extetior surface of a space such as an exterior wall, roof, or exterior floor.
EXTERIOR-WALL and ROOF are synonymous except that the default TILT for EXTERIOR-WALL is 90(, and
for ROOF is 0(. Each EXTERIOR-WALL or ROOF applies to the SPACE instruction preceding it and describes
one of the exterior surfaces of that space.

Example input:

SP-1 = SPACE

FRONT-1 = EXTERIOR-WALL

HEIGHT =8

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

CONSTRUCTION
Takes the U-name of a previously-defined or library CONSTRUCTION instruction. This is a required keyword. See
CONSTRUCTION command.

LOCATION

If the wall is in a SPACE with SHAPE=BOX, then TOP, BOTTOM, LEFT, RIGHT, FRONT, or BACK is used
to indicate on which face of the box the wall is located. From this, and the SPACE keywords HEIGHT, WIDTH
and DEPTH, the program determines the wall's values of X, Y, Z, HEIGHT, WIDTH, AZIMUTH and TILT.

If the wall is in 2 SPACE with SHAPE=POLYGON, then LOCATION=SPACE-V1, SPACE-V2, etc. is used to
determine the wall’s values of X, Y, Z, HEIGHT, WIDTH, AZIMUTH and TILT. For example,
LOCATION=SPACE-V1 means that the lower left hand corner of the wall is located at the vertex 1 of the SPACE
POLYGON. The program then positions the wall so that it is vertical (TILT=90) and its x-axis passes through
vertex 1 and vertex 2 of the SPACE POLYGON (which determine the wall's AZIMUTH). The wall HEIGHT is
set to HEIGHT of the SPACE (which defaults to the SPACE-HEIGHT for the FLOOR) and the wall WIDTH is
set to the distance between vertex 1 and vertex 2. A similar procedure is followed for LOCATION=SPACE-V2,
SPACE-V3, etc.

If LOCATION=TOP, the wall is positioned as a ceiling of the SPACE, with a shape that is the same as the
SPACE’s POLYGON. If LOCATION=BOTTOM, the wall is positioned as a floor of the SPACE, with a shape
that is the same as the mirror image of the SPACE’s POLYGON (a mirror image polygon is automatically created).
For Spaces using square or rectangular POLYGON:Ss, then LOCATION=TOP, BOTTOM, LEFT, RIGHT,
FRONT, or BACK can be used as described above for spaces having SHAPE=BOX.

POLYGON
Takes the U-name of a previously-defined POLYGON command. This keyword is used in place of HEIGHT and
WIDTH to desctibe non-rectangular walls. See the POLYGON Command.

HEIGHT
Height of the wall; dimension of the exterior wall parallel to the y-axis in the surface coordinate system. This is a

required keyword unless POLYGON or LOCATION is used.

WIDTH
Width of the wall; dimension of the exterior wall parallel to the x-axis in the surface coordinate system. This is a
required keyword unless POLYGON or LOCATION is used.
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AZIMUTH

Clockwise angle between the parent space's Y-axis and the horizontal projection of the wall's outward; normal
(Figure 6). For example, if the Y-axis of the parent space points north, then a north-facing wall has AZIMUTH=0,
an east-facing wall has AXIMUTH=90, a south-facing wall has AZIMUTH=180, etc. If LOCATION or
POLYGON is used, this value defaults to the appropriate value.

TILT

Angle between vertical and the surface outward normal (Figure 6). For EXTERIOR-WALL, the default is 90(
(vertical surface). For ROOF, the default is 0( (upward-facing horizontal surface). A downward-facing exterior
surface has TILT=180(.

X
Y
Z
X, Y, and Z are the coordinates of the lower left-hand corner of the wall (Figure 6), (as viewed from the outside) in
the space coordinate system. If LOCATION or POLYGON is used, these values default to the appropriate value.
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Figure 6 Positioning a wall in the space coordinate system

DEG-FROM-NORTH
This keyword allows expressions for exterior surfaces (walls, roofs, and windows) to be constructed to allow the
assignment of component construction based upon the facing of the surface; it has no other purpose.

The value of this keyword defaults to the azimuth in degrees, measured clockwise from true north, of this wall. The
default takes into account the building, floor, space and wall azimuths. The value is in the range from 0.0 to 359.99.
The calculation of this default requires that the SITE-PARAMETERS and BUILDING-PARAMETERS
commands be input prior to any EXTERIOR-WALL or ROOF command.
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MULTIPLIER

Specifies the number of identical exterior surfaces located in the same plane. MULTIPLIER multiplies the net area
of the surface (surface area minus window area minus door area). It also multiplies any WINDOW and DOOR area
associated with this surface.

GND-REFLECTANCE
Defines the solar reflectance of the ground in the vicinity of the EXTERIOR-WALL.

Table 7 Typical Ground Reflectance Values

Surface GND-REFLECTANCE

Asphalt (Paved) 0.18
Concrete (Bituminous) 0.10
Concrete (Light-Colored) 0.32
Conctrete (Old) 0.22

Field (Green) 0.12-0.25
Field (Wheat) 0.07
Grass (Dry) 0.24
Ocean 0.05
Rock (Crushed) Surface 0.20
Soil (Dark) 0.08

SOLAR-FRACTION

The fraction of the solar radiation entering a space that is absorbed by this exterior wall. Used by the program to
calculate custom weighting factors for solar heat gain (see "Weighting Factors" in the DOE-2.2 Topics). For extetior
walls containing windows, SOLAR-FRACTION applies to the opaque part of the wall. For exterior walls containing
doors, the program automatically apportions the SOLAR-FRACTION between wall and door according to their
relative areas. A caution message will be issued if the sum of the SOLAR-FRACTION:S for a given space is not
within 10 percent of 1.0, and the program will adjust the SOLAR-FRACTION:S so that their sum is 1.0. The
program multiplies each SOLAR-FRACTION by a factor that accounts for the amount of incoming solar radiation
that is reflected back out of the space through the glazing.

If all SOLAR-FRACTION:S for a space are allowed to default, the program will assume that 60 percent of the
incoming solar radiation is absorbed by the floor; the remaining 40 percent will be distributed to the other surfaces
(excluding windows), according to their surface areas. If there is no floor, the full 100 percent will be distributed to
the surfaces (excluding windows), according to their surface areas.

To override this default procedure, you can explicitly specify SOLAR-FRACTION values for all the surfaces or for
some of the surfaces. If not all of the SOLAR-FRACTION:S are input, the program will sum the values specified
and distribute the balance (up to 1.0) to the other surfaces. Thus, if you specify SOLAR-FRACTION = 0.7 for the
floor only, the program will distribute the remaining 0.3 to the walls and ceiling, according to their area and
INSIDE-SOL-ABS value.

The distribution of absorbed solar radiation depends on the space geometry and surface absorptances, as well as on
the houtly varying position of the sun relative to the space. It also depends on the houtly varying proportions of
direct and diffuse solar radiation entering the space. Since you can enter only one set of SOLAR-FRACTION:S for a
SPACE, the SOLAR-FRACTIONS should be chosen to represent a time-average over the run period of the
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analysis, with emphasis given to those times of day and seasons of the year when solar gain is greatest. Note that
SOLAR-FRACTION is not affected by MULTIPLIER; it applies to the sutface area after multiplication.

INF-COEF

Specifies an infiltration flow coefficient used to compute the infiltration resulting from cracks in an exterior wall or
roof. This entry is required if the crack method (INF-METHOD = CRACK) is specified in SPACE. For walls that
use response factors to calculate heat flow and that use the crack method, the coefficient is used in the following
equation for determining infiltration:

cfm = INF-COEF * dP$ * Area
where
cfm  infiltration airflow (cfm)
dpP pressure difference between outside and inside air (inches of water)

Area  wall surface area (ft2)

INF-COEEF should not be used if INPUT-UNITS = METRIC. Table 7 shows typical values for INF-COEF.

Table 8 Infiltration Coefficients for Walls with TYPE=LAYERS Construction

Construction cfh/ft2 wall INF-COEF
13" brick w/plastered surface (0.01) 0.002
13" brick, furring, lath, plaster (0.03) 0.005
Frame wall, lath and plaster 0.09) 0.016
8-1/2" brick, plain (5.0) 0.915
16" shingles on shiplap w/building papet 0.5) 0.092
16" shingles on shiplap (8.0 1.465
16" shingles on 1x4 boardson 5" center (40.01) 7.324

The values in parentheses are typical infiltration values in cth/ft2 for a 7.5 mph wind normal to the sutface of the
given wall (7.5 mph (0.05 inches of water).

For walls that have a CONSTRUCTION with TYPE=U-VALUE, the following equation is used:
cfm = INF-COEF * dP05 * L
where now

L wall perimeter (ft)
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Table 9
Infiltration Coefficients for Walls with TYPE=U-VALUE construction
Construction INF-COEF
1/8-in crack (0.3 cfm/ft) 1.342
1/4-in crack (0.5 cfm/ft) 2.236
1/2-in crack (1.1 cfm/ft) 4919

SURFACE-TYPE

Takes a code-word that is used to set the default TILT value for the wall. CEILING or ROOF give TILT=0,
FLOOR gives TILT = 180, WALL gives TILT=90. These values can be overridden by specifying the TILT
keyword.

SHADING-SURFACE

Accepts code-words YES and NO that tell the program that this exterior surface shades other surfaces. YES causes
this EXTERIOR-WALL surface to be considered also as a BUILDING-SHADE surface with
TRANSMITTANCE = 0. Whenever an exterior wall is capable of shading another exterior surface (for example, in
an L-shaped building), setting SHADING-SURFACE = YES greatly simplifies shading surface input. See "Building
Shades" in the DOE-2.2 Topies.

SHADING-DIVISION

An integer value that specifies the number of divisions by which an exteriorstrips that the wall is divided into for
shading calculations. The larger the number of shading divisions, the longer time the shading computations will
require; however, the results will be more accurate. If the estimated effect of the shading on the overall building load
is large, use more (20 to 40) divisions. If the estimated effect of the shading on the overall building load is small, use
fewer (1-10) divisions.

SHADING-REPORT

Accepts the codewords NO or YES,; specifing whether the LS-P shading report is to be generated for this surface.
The default is NO, unless a photovoltaic atray is attached to this sutface, in which case the default is YES. See DOE-
2.2 Libraries & Reports for more information.

GND-FORM-FACTOR

Fraction of the hemisphere facing the wall that is subtended by the ground, adjacent buildings, trees, hills, etc.
GND-FORM-FACTOR and SKY-FORM-FACTOR are used in the diffuse radiation calculation. Either both or
neither of these keywords should be specified. If not specified, the program will calculate them. These values will
override the automatic diffuse shading calculation for the exterior wall and for any window or door in that wall.

SKY-FORM-FACTOR
Fraction of the hemisphere facing the wall that is subtended by the open sky. See note under keyword GND-
FORM-FACTOR.

INSIDE-SOL-ABS

Inside surface solar absorptance. The fraction of the solar radiation incident on the opaque part of the wall from the
inside that is absorbed (the rest being reflected). The program uses the INSIDE-SOL-ABS values to (1) determine
the inside solar radiation distribution in sunspaces (see "Sunspaces" in the DOE-2.2 Topics); and (2) to calculate
SOLAR-FRACTIONSs when not all SOLAR-FRACTION:S in a space have been specified (see SOLAR-
FRACTION keyword, above). Note that SOLAR-FRACTION and INSIDE-SOL-ABS for a surface are related
but are not generally equal.
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INSIDE-VIS-REFL

ENVELOPE

Inside surface visible reflectance (hemispherical average) of the opaque part of a wall, floor, or ceiling. Used only for

daylighting calculation.

OUTSIDE-EMISS

Infrared (IR) emissivity of the outside surface of the wall. Used to determine IR radiation leaving the wall and IR
radiation from sky, ground and other surfaces absorbed by the wall. Table 9 gives emissivity values of typical surface

finishes.
Table 10 Emissivity of Different Exterior Surfaces*
Surface Emissivity
Aluminum sheet 0.12
Steel, galvanized, bright 0.25
Regular glass 0.84
Building materials 0.90
(wood, masonry, non-metallic paints)
* From 1985 ASHRAE Fundamentals, p.23-5
FUNCTION

Invokes a function calculation for this wall. See the "Input Functions" section in the DOE-2.2 Topies.
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FIXED-SHADE

Specifies the position, size, orientation, and transmittance of stationary shading surfaces that remain fixed with
respect to the surface of the earth when the building is translated or rotated. When the location or orientation of a
building changes, shading surfaces that are defined using the BUILDING-SHADE command move with the
building. Use the FIXED-SHADE command to describe shading surfaces (such as neighboring buildings, perhaps)
that do 70 move with the building. The keywords for FIXED-SHADE are the same as those for BUILDING-
SHADE except for X, Y and Z, which for FIXED-SHADE are replaced by X-REF, Y-REF, and Z-REF. U-name
is optional. LIKE may be used to copy a previously-defined FIXED-SHADE. See "Building Shades" in the DOE-
2.2 Topics.

Example input:

FS-1 = FIXED-SHADE

SHAPE = RECTANGLE
HEIGHT = 20
WIDTH = 50
X-REF = 50
YREF = 60
ZREF =0
AZIMUTH =30 ..
SHAPE
Specifies how the shading surface is to be defined:
RECTANGLE The surface is defined as a simple rectangle ot square. The HEIGHT and
WIDTH must be defined.
POLYGON The surface is defined as a polygon, specified using the POLYGON keyword.

If e QUEST is being used to create a new shading surface, then SHAPE is required. However, if cQUEST is loading
an existing project with fixed shades, and SHAPE is not specified, then SHAPE will default to POLYGON if the
POLYGON keyword has already been specified, or RECTANGLE if either the HEIGHT or WIDTH has been
specified.

HEIGHT
When SHAPE = RECTANGLE, the height of the shading surface.

WIDTH
When SHAPE = RECTANGLE, the width of the shading surface.

X-REF, Y-REF, Z-REF

X-REF, Y-REF, and Z-REF give the position of the lower left hand corner (when looking into the surface outward
normal) of a fixed shade in the reference coordinate system. The reference coordinate system is a coordinate system
that is fixed with respect to the surface of the earth. Its y-axis points north and its x-axis points east. The reference
coordinate system is used only when fixed shades are present. Then it is also necessary to position the building in the
reference coordinate system in order to obtain the proper geometrical relationship between the fixed shades and the
building. This is done by assigning values to the X-REF and Y-REF keywords of the BUILD-PARAMETERS
command.

AZIMUTH
Angle (in degrees + or -) between the y-axis (north) of the reference coordinate system and the shading surface's
outward normal.
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TILT
Angle between the vertical and the shading surface's outward normal. Vertical shading surfaces have TILT=90.

TRANSMITTANCE

Fraction of incident solar radiation that is transmitted by the shading surface. The default value is 0.0, which means
the surface is opaque. If the surface is transparent, the value to enter would be 1.0. Other values may be specified as
a decimal fraction between these limits. Using SHADE-SCHEDULE allows seasonal variation in transmittance.
Daylighting calculation assumes TRANSMITTANCE = 0.

SHADE-SCHEDULE

Takes the U-name of a schedule of TYPE=MULTIPLIER that gives the time-dependent transmittance of the
shading device for direct (beam) solar radiation. The values in the schedule override the TRANSMITTANCE value.
The range of the schedule values is 0.0 to 1.0. A value equal to 0.0 represents an opaque device; a value greater than
0.0 represents a device that passes some solar radiation, such as a tree, lattice, or fabric. Used only to simulate
variable exterior shading devices. The program calculates direct solar shading factors for sun positions on the first
day of each month, so only the SHADE-SCHEDULE values on those particular days are used. Also, the program
calculates diffuse solar shading factors only once (before the houtly loads calculation); this means that SHADE-
SCHEDULE has no effect on diffuse shading and the TRANSMITTANCE value is used instead. Daylighting
calculation assumes TRANSMITTANCE = 0

SHADE-VIS-REFL

Visible reflectance of that side of a BUILDING-SHADE from which the outward normal points. The other side of
the shading surface is assumed to be black, i.e., to have zero reflectance. Used only for daylighting calculation. See
"Daylighting" in the DOE-2.2 Topics.

SHADE-GND-REFL
Visible reflectance of the ground in the vicinity of the BUILDING-SHADE. Used only for daylighting calculation.
See "Daylighting" in the DOE-2.2 Topis.

SHADING-REPORT

Accepts the codewords NO or YES, specifing whether the LS-P shading report is to be generated for this surface.
The default is NO, unless a photovoltaic array is attached to this surface, in which case the default is YES. See DOE-
2.2 Libraries & Reports for more information.
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FLOOR

Specifies the geometry of a floor of a building. This command is provided as a convenient way of grouping spaces
together on a floor-by-floor basis. The SPACEs entered right after a FLOOR command belong to that floor. If no
FLOOR commands are specified, the program creates a fictitious floor whose coordinate system is the same as the
building system and assumes that all spaces are in that floot. See "Geometry" in the DOE-2.2 Topis.

Example input:

SECONDFL = FLOOR

X =0
Y =0
4 = 12
AZIMUTH =0 ..
X
Y
4

X, Y, and Z give the position of the otigin of the floot's coordinate system in the building coordinate system.

AZIMUTH
Angle between the y-axis of the building coordinate system and the y-axis of the floot's coordinate system. Positive
values are measured clockwise; negative values are measured counter-clockwise.

Building

Z-Axis

Floor
Z-Axis

Origin of
Floor

Coordinate|
System

FIOO,- )(‘A)(Is

Projection of
Floor Y-Axis

Building X-Axi
\Origin of Building 9 £Axis
Coordinate System

Figure 7 Positioning a floor in the building coordinate system

MULTIPLIER
The number of identical floors. Space loads are multiplied by this value (as well as by any SPACE multiplier).
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FLOOR-HEIGHT
Specifies the overall floor-to-floor height of this floor, including any plenums located above the spaces.

SPACE-HEIGHT
Sets the default value for the HEIGHT keyword for all SPACEs of ZONE-TYPE=CONDITIONED or
UNCONDITIONED that are attached to this floor.

The HEIGHT of SPACEs with ZONE-TYPE = PLENUM is the difference between the FLOOR-HEIGHT and
the SPACE-HEIGHT

SHAPE
Accepts a code-word defining the method used to define the floor shape
BOX indicates that the FLOOR is box-shaped. In this case, values must be given for
the box dimensions WIDTH, and DEPTH. AREA and VOLUME should not be
entered.
POLYGON indicates that the FLOOR shape will be given by a polygon referenced with the

POLYGON keyword. In this case, WIDTH, DEPTH, AREA and VOLUME
should not be entered.

NO-SHAPE indicates that the floor does not have a shape. The AREA and VOLUME must
be entered.

WIDTH
When SHAPE=BOX, specifies the floor width.

DEPTH
When SHAPE=BOX, specifies the floor depth.

POLYGON
When SHAPE=POLYGON, takes the U-name of a POLYGON command that represents the footprint of the
floor.

AREA
When SHAPE=NO-SHAPE, specifies the net floor area.

VOLUME
When SHAPE=NO-SHAPE, specifies the net floor volume.
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GLASS-TYPE

Specifies the type of glass in a window. U-name must be used so that GLASS-TYPE may be referenced in a
WINDOW instruction. LIKE may be used to copy a previously defined GLASS-TYPE. See "Windows" in the
DOE-2.2 Topics.

TYPE
Takes a code-word that determines the method of calculating the glass heat transfer and solar gain. This is a required
keyword.

GLASS-TYPE-CODE indicates that glass data will be selected from windows in the library

SHADING-COEF indicates that the glass shading coefficient will be specified and the ASHRAE
shading coefficient method will be used for the window solar-thermal calculation

GLASS-TYPE-CODE

When TYPE=GLASS-TYPE-CODE, used to select a glazing from the library, which contains about 250 entries
covering commonly-available glazings as well as experimental electrochromic glazings. Takes an integer value
indicated by G-T-C in the DOE-2.2 Libraries & Reports, "Window Library".

Example input:

Select from the library a low-E clear double-pane glazing with 6 mm glass and 12 mm gap filled with argon gas (G-
T-C number 2635 in DOE-2.2 Libraries & Reports, "Window Library").

GT-1 = GLASS-TYPE

TYPE GLASS-TYPE-CODE

GLASS-TYPE-CODE 2635 ..
WIN-1 = WINDOW

X = 12

Y =3

HEIGHT =4

WIDTH =5

GLASS-TYPE = GT-1

GLASS-PROP-CALC

When TYPE=GLASS-TYPE-CODE, accepts a code-word that specifies the method that is to be used to calculate
the angular dependence of glass properties. The data for solar transmission, visible transmission, and layer-by-layer
solar absorption are calculated by the Window program and input using the GLASS-TYPE-CODE command. The
Window program provides ten values for each transmission (solar and visible) and absorption (up to five glass
layers); a value for angles of 0 to 90 degrees at increments of 10 degrees. This keyword allows the choice of two
alternative methods of using this data in the houtly calculation of glass performance. The choices are as follows:

QUICK-FIT Use a two coefficient fit to the Window program values. The default as was used
in DOE-2.1E.
INTERPOLATION Use the ten values calculated by the Window program with linear interpolation

between the values. A more accurate and also faster calculation method not
available in DOE-2.1E.
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SHADING-COEF

When TYPE=SHADING-COETF is entered, the program first calculates the solar heat gain using transmission and
absorption coefficients for a reference glazing (clear, 1/8" thick, single-pane, double-strength sheet glass). This solar
heat gain is then multiplied by the value of SHADING-COETF to determine the resultant solar heat gain.

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, assign a SHADING-SCHEDULE
to a window (see the WINDOW command) and the resultant solar heat gain each hour will be multiplied by the
schedule value.

For shading coefficient values of different glazing types with and without shading devices, see manufacturers' data
sheets or the ASHRAE 1989 Handbook of Fundamentals, p. 27.26ff.

We strongly recommend that exterior WINDOW s in a sunspace be described with TYPE=GLASS-TYPE-CODE
rather than SHADING-COEF. This allows the program to accurately calculate the houtly direct and diffuse
radiation transmitted by the glazing. This is not possible with SHADING-COEF except for standard 1/8" clear
glass.

VIS-TRANS

Visible (daylight) transmittance of glazing at normal incidence. Values from glass manufacturer's product data sheets
vaty from about 0.90 for clear, 1/8" sheet glass, to about 0.05 for some kinds of reflective, heat-absorbing glazing.
Visible transmittance, which determines how much daylight is transmitted by the glass, should not be confused with
total solar transmittance, which determines how much solar radiation (ultraviolet, visible, and infrared) is transmitted.
This keyword is used only if the window is in a space with DAYLIGHTING=YES.

GLASS-CONDUCTANCE

The conductance of the glazing, excluding the outside air film coefficient. The conductance given in glass
manufacturers' data sheets usually includes the outside air film resistance for a wind speed of 7.5 mph (summer) or
15 mph (winter). Table 10 can be used to obtain the corresponding value of GLASS-CONDUCTANCE. For
example, if U(7.5 mph) = 0.64 Btu/ft2-hr-F, then GLASS-CONDUCTANCE = 0.79 (by interpolation). For U-
values of different glazing types, see manufacturers' data sheets or the ASHRAE 1989 Handbook of Fundamentals,
p. 27.16-17.
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Table 11
Correspondence between Glass manufacturers U-value and GLASS-
CONDUCTANCE
(excluding outside air film) [all values atre in Btu/ft2-ht-F (W/m2-K)]

U-Value GLASS CONDUCTANCE
(including outside air film) | 7 5 \oh wind speed) (15 mph wind speed)

0.1 (0.57) 0.10 (0.57) 0.10 (0.57)

0.2 (1.14) 021 (1.19) 0.21 (1.19)

0.3 (1.70) 0.33 (1.87) 0.32 (1.82)

0.4 (2.27) 0.45 (2.56) 0.43 (2.44)

0.5 (2.84) 0.59 (3.35) 0.55 (3.12)

0.6 (3.41) 0.73 (4.14) 0.68 (3.86)

0.7 (3.97) 0.89 (5.05) 0.81 (4.60)

0.8 (4.54) 1.05 (5.96) 0.95 (5.39)

0.9 (5.11) 123 (6.98) 1.09 (6.19)

1.0 (5.68) 143(8.12) 124 (7.04)

11 (6.25) 1.64 9.31) 140 (7.95)

12 (6.81) 1.87 (10.62) 157 (8.91)

13 (7.38) 2.13 (12.09) 1.74 9.89)

OUTSIDE-EMISS

Outside surface IR emissivity of glazing. The default value (0.84) can be used for uncoated glass. Glass with an
outside surface metallic coating would have OUTSIDE-EMISS between about 0.03 and 0.4 depending on the type
of coating. Used to determine IR radiation leaving the glass and absorbed by the glass.

Example input:

GT-2 = GLASS-TYPE

TYPE SHADING-COEF

SHAD ING-COEF = 0.45
GLASS-CONDUCTANCE = 0.33
VIS-TRANS =0.51 ..
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HOLIDAYS

Defines a set of holidays for the simulation. Holidays can be assigned special day-schedules using the HOL
command in the WEEK-SCHEDULE command.

Example input:

Specify that only February 15, May 7, and August 1 are holidays.

HOL IDAYS
TYPE = ALTERNATE
MONTHS = (2,5,8)
DAYS = (15,17,1) ..
TYPE
specifies the type of holiday format to be used:
NONE specifies that there are no holidays. In this case the keywords MONTHS and
DAYS should not be entered.
OFFICIAL-US specifies that the holidays are the U.S. Federal National Holidays (see Table 11). In
this case, the keywords MONTHS and DAYS should not be entered.
ALTERNATE specifies that the holidays are those given by the MONTHS and DAYS keywords.
MONTHS

Takes a list of up to 60 integers that indicates the months that holidays occur.

DAYS

Takes a list of up to 60 integers that indicates the days of the month that holidays occur. The MONTHS and DAYS
list should correspond. For example, two holidays, one in month 1, day 1, and another in month 6, day 5, would be
entered as

HOL IDAYS
TYPE = ALTERNATE
MONTHS = (1,6)
DAYS = (1,5)

Note that the day of the month on which a holiday falls may vary from year to year. For example, a holiday may
always be on a Monday. In this case, the day numbers in your DAYS list will depend on the year you specify in the
RUN-PERIOD command.
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Table 12 Official United States National Holidays

Holiday Name Holiday is Celebrated on this Day

New Years Day December 31 if a Friday
January 1 (unless on Saturday or Sunday)
January 2 if a Monday

M.L. King Birthday Third Monday in January

Washington's Birthday Third Monday in February

Memortial Day Last Monday in May

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

Labor Day First Monday in September

Columbus Day Second Monday in October

Veterans Day November 10 if a Friday
November 11 (unless on Saturday or Sunday)
November 12 if a Monday

Thanksgiving Fourth Thursday in November

Christmas December 24 if a Friday
December 25 (unless on Saturday or Sunday)
December 26 if a Monday

ENVELOPE
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INTERIOR-WALL

Specifies the geometry, construction, and adjacent space for an interior wall, ceiling, or floor. An INTERIOR-
WALL conducts heat from one space to another. Each INTERIOR-WALL applies to the SPACE instruction
preceding. It is important NOT to input INTERIOR-WALLs twice. This is usually done by accidentally specifying
the same interior wall under two adjacent SPACE:s. If you specify the same U-name in both SPACE:s for the same
INTERIOR-WALL, the program aborts with a diagnostic message. However, if different U-names are specified in
the two SPACE: for the same INTERIOR-WALL, the program accepts the data with no diagnostic message. The
heat transfer area is, however, now double that intended. Also, LOCATION is used only when SHAPE = BOX in
the SPACE. LOCATION may be used whether or not Custom Weighting Factors are used. When specifying
LOCATION, do not specify AREA or HEIGHT and WIDTH; this information is obtained by the program from
your input for the SPACE command. U-name may be used to identify each wall. LIKE may be used to copy a
previously U-named INTERIOR-WALL. See "Interior Surfaces" in the DOE-2.2 Topics.

Example input:

PARTITION-1 = INTERIOR-WALL

HEIGHT =8
WIDTH = 20
CONSTRUCTION-FRAME = 1
NEXT-TO = LOBBY ..

INT-WALL-TYPE
Specifies the type of interior wall through code-words that identify the type of heat transfer that occurs across the
wall.

STANDARD The default. Designates an interior wall that separates two spaces and conducts
heat between the spaces. It can be defined with a CONSTRUCTION with
TYPE=U-VALUE or TYPE=LAYERS although the heat storage effects of the
wall are accounted for only if TYPE=LAYERS. If you choose a
CONSTRUCTION with TYPE=U-VALUE, the U-value should be less than
0.709 Btu/ft2-F-hr (4.02 W/m2-K), which is the limiting value for two air films
and a very low resistance solid layer.

The NEXT-TO keyword is required for this wall type. However, if the NEXT-
TO space is the same as the space in which the wall was defined, the program will
change INT-WALL-TYPE to ADIABATIC.

ADIABATIC Designates an interior surface that does not conduct heat between spaces but can
store heat. This type should be used to separate spaces that are considered to be
identical and are, therefore, defined with MULTIPLIER or FLOOR-
MULTIPLIER in the SPACE command. An example is the wall, ceiling, or floor
that separates identical spaces that are side-by-side on one floor of a building or
above one another in a multistory building. This type of wall should have delayed
construction.

INTERNAL Designates an interior surface that lies completely inside a space. An example is a
water wall used to store solar energy in a space. Another example is a wall between
two rooms that are modeled as a single space. This type of wall should have a
construction with TYPE=LAYERS; in this case the thermal mass of the wall will

be considered in the space's custom weighting factor calculation
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Designates a non-physical interior surface with no mass (i.e., an opening between
spaces) across which convection can take place. This type of wall should have a
CONSTRUCTION with TYPE=U-VALUE. In this case, we recommend an
approximate U-value of 2.7 Btu/ft2-hr (15.3 W/m2). The NEXT-TO keyword is
required for this wall type.

If the "AIR wall" is part of a daylit space, its INSIDE-VIS-REFL values need to
be specified (even though it is not a physical wall) since daylight can be reflected
back across the AIR wall from the adjacent space. The values to use for INSIDE-
VIS-REFL in this case are determined as follows. Assume that the AIR wall, of
area A, is defined in space 1 and separates space 1 and space 2. Let the spaces
have inside surface area S; (excluding the AIR wall) and area-weighted visible
reflectance p; excluding the AIR wall). Then INSIDE-VIS-REFL=(R2 , R1)
where R is the cavity reflectance of space i given by

R=A%pr/ (S (S—A)py

CONSTRUCTION
This is a mandatory entry. Takes the U-name of a previously defined or library CONSTRUCTION command that
describes the construction of this interior wall.

NEXT-TO
U-name of the adjacent space that shares this wall. Required if INT-WALL-TYPE = STANDARD or AIR;

otherwise, unused.

LOCATION
Accepts a code-word defining the location of the wall in the space:

X
Y
Z

If the wall is in a SPACE with SHAPE=BOX, then TOP, BOTTOM, LEFT, RIGHT, FRONT, or
BACK is used to indicate on which face of the box the wall is located. From this, and the SPACE
keywords HEIGHT, WIDTH, and DEPTH, the program determines the wall's values of X, Y, Z,
HEIGHT, WIDTH, AZIMUTH, and TILT.

If the wall is in a SPACE with SHAPE = POLYGON, then SPACE-V1, SPACE-V2, etc. are used to
orient and size the wall in SPACEs where the POLYGON keyword is used to specify the footprint of
the SPACE. LOCATION=SPACE-V1 means that the lower left hand corner of the wall is located at
the vertex 1 of the SPACE POLYGON. The program then positions the wall so that it is vertical
(TILT=90) and its x-axis passes through vertex 1 and vertex 2 of the SPACE POLYGON (which
determine the wall's AZIMUTH). The wall HEIGHT is set to HEIGHT of the SPACE and the wall
WIDTH is set to the vertex 1 to vertex 2 distance. A similar procedure is followed for
LOCATION=SPACE-V2, SPACE-V3, etc. If LOCATION=TOP (BOTTOM) the wall is
positioned as a ceiling (floor) of the SPACE, with a shape that is the same as the SPACE's
POLYGON.

If the wall is in a SPACE with SHAPE = NO-SHAPE, then this keyword is unused. Instead, you
should specify the X, Y, Z, HEIGHT, WIDTH, AZIMUTH, and TILT

If the wall is in a SPACE with SHAPE = NO-SHAPE, then gives the coordinates (in the coordinate system of the
space in which the wall is defined) of the lower left-hand corner of the wall when viewed from the NEXT-TO (see
Figure 8).
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AZIMUTH

If the wall is in a SPACE with SHAPE = NO-SHAPE, then gives the azimuth of the wall in the coordinate system
of the space in which the wall is defined. The outward normal used to determine the azimuth points into the
NEXT-TO space (see Figure 8).

SURFACE-TYPE

If the wall is in a SPACE with SHAPE = NO-SHAPE, then takes a code-word that is used to set the default TILT
value for the wall. CEILING or ROOF give TILT=0, FLOOR gives TILT = 180, WALL gives TILT=90. These
values can be overridden by specifying the TILT keyword..

TILT

If the wall is in a SPACE with SHAPE = NO-SHAPE, then gives the inclination of the interior wall from the z-axis
of the space coordinate system. A horizontal ceiling has TILT=0. A floor has TILT=180. A vertical wall has
TILT=90 (the default). Otherwise, the tilt defaults to the wall’s location in its space.

POLYGON
Takes the U-name of a previously-defined POLYGON command. Used to assign a non-rectangular shape to the
wall. If specified, then neither HEIGHT, WIDTH, nor AREA should be entered.

HEIGHT

If the wall is in a SPACE with SHAPE = NO-SHAPE, then gives the height of the wall; i.e., dimension parallel to
the y-axis in the surface coordinate system. HEIGHT and WIDTH are used together to determine the area of the
wall. If specified, do not enter AREA.

WIDTH

If the wall is in a SPACE with SHAPE = NO-SHAPE, then gives the width of the wall; i.c., dimension parallel to
the x-axis in the surface coordinate system. HEIGHT and WIDTH are used together to determine the area of the
wall. If specified, do not enter AREA.

AREA
If the wall is in a SPACE with SHAPE = NO-SHAPE, then gives the surface area. If specified, do not enter
HEIGHT or WIDTH.

INSIDE-VIS-REFL

Inside surface visible reflectance (hemispherical average) used in the daylighting calculation to determine
interreflected illuminance. Takes a list of two values, where the first value is the reflectance on the side of the intetior
wall that is in the space in which the wall is defined; the second value is the reflectance on the other side of the wall.
INSIDE-VIS-REFL values default to 0.2 for floor surfaces, 0.5 for wall surfaces, and 0.7 for ceiling surfaces. See
"Daylighting" in the DOE-2.2 Topics.
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Origin of the sunspace
coordinate system

INTERIOR-WALL
HEIGHT = 10
WIDTH
X =25
Y=15

Z=0
TILT = 90 Interior WINDOW
AZIMUTH =0 HEIGHT =6
WIDTH =9
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Y=2
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Outward normal of
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Figure 8 Positioning an interior-wall in the Space Coordinate System.

(A sunspace and an adjacent space showing the geometrical positioning of the
INTERIOR-WALL separating them. The INTERIOR-WALL has been defined
in the sunspace. The lower left-hand corner of the wall (as viewed from the
adjacent space) is located at X = 25, Y = 15, Z = 0 in the sunspace coordinate
system. The azimuth of the INTERIOR-WALL is 0 (, which is the angle
between the sunspace y-axis, Yss, and the outward normal to the INTERIOR-
WALL)

SOLAR-FRACTION

Fraction of the solar radiation-direct, diffuse, and reflected-that comes through the glazings and is absorbed by this
wall. First value in the list of two is for the side of the wall that is in the space in which the wall is defined; the second
value is for the side of the wall that is in the NEXT-TO space. The program uses the SOLAR-FRACTION values
to calculate custom weighting factors for space solar gain.

If all SOLAR-FRACTION:Ss for a space area are allowed to default, the program assumes that 60 percent the
incoming solar radiation is absorbed by the floor with the remaining 40 percent distributed to other surfaces (except
windows), according to their surface area. If there is no floor, the full 100 percent is distributed to the surfaces
(except windows) according to their surface areas. To override this default, you can explicitly specify SOLAR-
FRACTION values for all or just some of the surfaces. If just some of the surfaces, the program will sum the values
specified and distribute the balance (up to 1.0) to the other surfaces.

The distribution of absorbed solar radiation depends on the space geometry and surface absorptances as well as on
the hourly varying position of the sun relative to the space. It also depends on the houtly varying proportions of
direct and diffuse solar radiation entering the space. Since you can only enter one set of SOLAR-FRACTION:S for a
SPACE, the SOLAR-FRACTIONS should be chosen to represent a time-average over the intended RUN-
PERIOD of the analysis, with emphasis given to those times of the day and seasons of the year when solar gain is
greatest.
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SOLAR-FRACTION is not affected by MULTIPLIER; it applies to the surface area after multiplication. Example
input: the side of the wall towards the space in which the wall is defined absorbs 20 percent of the solar radiation
entering that space. The other side absorbs 15 percent of the solar radiation entering the NEXT-TO space. Then
SOLAR-FRACTION=(0.20, 0.15)

INSIDE-SOL-ABS

Inside surface solar absorptance. It is used houtly to determine the intetior solar radiation distribution in a sunspace.
Takes a list of two values is required; the first value is the absorptance on the side of the interior wall inside the space
in which the wall is defined; the second value is the absorptance of the other side of the wall. INSIDE-SOL-ABS
values default to 0.8 for floor sutfaces, 0.5 for wall surfaces, and 0.3 for ceiling surfaces. See "Sunspaces" in the
DOE-2.2 Topics.
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LAMP-TYPE

This optional command specifies the type of lamp in an electric lighting system. Must be assigned a U-name so it
can be referenced by the LAMP-TYPE keyword in the LIGHTING-SYSTEM command. See "Electric Lighting”
in the DOE-2.2 Topies.

Example input:

FLUOR-1 = LAMP-TYPE

CATEGORY = FULL-SIZE-FLUOR
SIZE = T-48-IN
POWER-INPUT = 32
INIT-LUMEN-OUT = 2850
LUMEN-DEPREC =0.84 ..

CATEGORY
Takes a code-word that specifies the type of lamp.

FULL-SIZE -FLUOR A low-pressure mercury electric-discharge lamp in which a phosphor transforms
some of the UV energy generated by the discharge into light. Tube length
generally about 12 in (30 cm) or longer.

COMPACT-FLUOR Same as FULL-SIZE-FLUOR, but with a smaller tube, generally about 6 in (15
cm) or less.
INCANDESCENT A lamp in which light is produced by a filament heated by an electric current.

TUNGSTEN-HALOGEN  An incandescent lamp with a tungsten filament in an inert gas containing
halogens.

HID-HI-PR-SODIUM High-intensity discharge (HID) lamp. Light is produced by an electric arc in a high
pressure sodium vapor. The arc is stabilized by wall temperature and the arc tube
has a bulb wall loading in excess of 3 W/cm2.

HID-MET-HALIDE Same as HID-HI-PR-SODIUM but the vapor contains mercury, argon and metal
halides.

INIT-LUMEN-OUT

Light output in lumens after seasoning the lamp for 100 hours. For fluorescent lamps, this is the initial light output
for the lamp operated on a laboratory reference ballast. The program calculates the actual light output taking thermal
and ballast factors into consideration (for fluorescent lamps), then multiplying by LUMEN-DEPREC to account
for lamp aging. Values of INIT-LUMEN-OUT can be found in lamp manufacturers' catalogs.

POWER-INPUT

The nominal lamp input power. Values can be found in lamp manufacturers' catalogs. The program calculates the
actual, or "active" power from POWER-INPUT taking into account thermal and ballast effects, where applicable.
For example, a fluorescent lamp with POWER-INPUT = 40 W in a LIGHTING-SYSTEM with LUMINAIRE-
CONFIG = RECESS-STATIC and BALLAST-TYPE = ELEC-RAP-START might have an active power input of
only 34 W.

LUMEN-DEPREC
Lumen depreciation, i.e., the ratio of lamp light output at 70 percent of life to initial light output. Accounts for the
decrease in light output with age. Values can be found in lamp manufacturers' catalogs.
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SIZE

ENVELOPE

The size of the lamp. The purpose of this keyword is to avoid using luminaires that are not matched to the lamp,
which could lead the program to use inappropriate coefficients of utilization in the illuminance calculation. When
LAMP-TYPE and LUMINAIRE-TYPE are referenced by a LIGHTING-SYSTEM command, the SIZE code-
word in LAMP-TYPE must match the ACCEPT-LAMP-SIZE code-word in LUMINAIRE-TYPE. Allowed code-

words are:

T-0-6-IN

T-6-12-IN

T-12-IN

T-18-IN

T-24-IN

T-36-IN

T-48-IN

T-60-IN

T-72-IN

T-84-IN

T-96-IN

ALPHA-0-21

ALPHA-22-30

ALPHA-31-50

REFL-0-21-IN

REFL-22-30-IN

REFL-31-50-IN

OTHER-SIZE

T lamp up to 6 in (15 cm) long

T lamp 6 to 12in (15 to 30 cm) long

12-in long T lamp.

18-in long T lamp.

24-in long T lamp.

36-in long T lamp.

48-in long T lamp.

60-in long T' lamp.

72-in long T lamp.

84-in long T lamp.

96-in long T lamp.

Alpha shape lamp up to size 21 (21/8-in diameter)

Alpha shape lamp from size 22 to 30 (22/8-in to 30/8-in diameter)
Alpha shape lamp size 31 and above (31/8-in diameter and above)
Reflective lamp up to size 21 (21/8-in diameter)

Reflective lamp from size 22 to 30 (22/8-in to 30/8-in diameter)
Reflective lamp size 31 and above (31/8-in diameter and above)

Designation you can use to force lamp/luminaire compatibility; useful when
defining new lamps or for lamps that don't fall into above size categories.
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LAYERS

Specifies the layers of material that are in a construction, the order of the layers, and the layer thicknesses. It initiates
the calculation of response factors for the wall. The LIKE keyword is not allowed U-name must be used so that
LAYERS may be referenced in a CONSTRUCTION instruction. The Library contains pre-assembled layers for
extetior walls, roofs, and intetior walls (see "Constructions"” in DOE-2.2 Libraries & Reports).

Example input: One-ft-thick concrete block with a 1-inch-thick stucco exterior

CBLOCK = LAYERS $from the Library$
MATERIAL = ("'Stucco lin (SCO1)",
"CMU HW 12in ConcFill (CB17)™)
THICKNESS = (0.0625, 1.00) ..
MATERIAL

Takes a list of material code-words from the Libraty, as shown in the above example, or a list of MATERIAL
command U-names. The number of elements in the list is the number of layers in the construction. For an exterior
wall, the elements in the list start with the exterior layer and end with the interior layer. Reversing this sequence can
notably affect the thermal performance of a wall. Do not specify inside or outside air film as a material. See
Appendix D, "Matetials in the Library"

THICKNESS

Takes a list of the thickness of each material in the construction; overrides the thickness in the immediately
preceding MATERIAL list. The order of the THICKNESS list must correspond to the order of the MATERIAL
list. THICKINESS is required only if one or more of the materials has a thickness that is different from the library
value.

INSIDE-FILM-RES

Specifies the combined convective and radiative air film resistance for the inside wall surface. The default of 0.68 hr-
ft2-F/Btu (0.1198 m2-K/W) is an approptiate value for vertical walls. For horizontal surfaces, such as ceilings and
floors, the suggested inside film resistance can be found in Table 12. Because only one value is allowed for each
surface, you should decide which is more important, cooling or heating,

For radiant barriers having a low-emissivity surface (for example, aluminum foil or insulation with aluminum
coating) facing the interior of the space, select the emissivity from Table 13 and then determine the INSIDE-FILM-
RES value by interpolating the ¢=0.09, ¢=0.20 and €=0.05 columns of Table 12.
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Table 13
INSIDE-FILM-RES values for position of surface, direction of heat flow and
insidesurface emissivity.

Surface emissivity
Position of surface Direction of heat flow 0.90* 0.20** 0.05**

Ceiling in the heating mode
or Floor in the cooling mode

Horizontal Up 0.61 (0.11) 1.10 (0.19) 1.32 (0.23)
45( slope Up 0.62 (0.11) 1.14 (0.20) 1.37 (0.24)
Vertical Horizontal 0.68 (0.12) 1.35 (0.24) 1.70 (0.30)
45( slope Down 0.76 (0.13) 1.67 (0.29) 2.22 (0.39)

Ceiling in the cooling mode
or Floor in the heating mode

Hotizontal Down 0.92 (0.16) 2.70 (0.48) 4.55 (0.80)

“Regular building materials: wood, masonty, non-metallic paints, paper
“Polished aluminum coated paper, for example
“Bright aluminum foil, for example

From 1997 ASHRAE Fundamentals, p.24.2

If you cannot decide which is more important, cooling or heating, you can use the average of the heating and
cooling values. For exterior walls and roofs, the outside-film-resistance is calculated by the program depending on
wind speed. For interior walls, the air film described in INSIDE-FILM-RES is the film on the side of the wall that is
in the SPACE where the wall is specified. For the calculation of the U-Value of an INTERIOR-WALL, the
INSIDE-FILM-RES is duplicated on the other surface (opposite side).

Table 14 IR Emissivity of Different Interior Surfaces

Surface Emissivity
Aluminum foil, bright 0.05
Aluminum sheet 0.12
Aluminum coated paper, polished 0.20
Steel, galvanized, bright 0.25
Aluminum paint 0.50
Regular glass 0.84
Building materials 0.90
(wood, masonry, non-metallic paints)
From 1997 ASHRAE Fundamentals, p.24.2
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Rules
1.

The outside air film coefficient 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 roughness and wind speed.

The list identified by MATERIAL and THICKNESS must have a one-to-one cortespondence. 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 RESISTANCE, but itis a
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. For an UNDERGOUND-FLOOR
or UNDERGROUND-WALL, the lists start with the layer in contact with the ground. For an
INTERIOR-WALL, the lists start with the layer in contact with the air of the space adjacent to the
space in which the INTERIOR-WALL is defined.

Maximum list length for MATERIAL and THICKNESS is 9 elements each.

Not all LAYERS can be specified by RESISTANCE (for MATERIAL) only. At least one must be
specified as a transient type layer.
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LIGHTING-SYSTEM

This optional command specifies the components of an overhead electric lighting system. Must be assigned a U-
name so that it can be referenced by the LIGHTING-SYSTEM keywortd in the SPACE command. See "Electtic
Lighting" in the DOE-2.2 Topics.

Example input:

LS-1 = LIGHTING-SYSTEM
LTG-CALC-METHOD
LUMINAIRE-TYPE
LAMP-TYPE
BALLAST-TYPE

LUMINAIRE-LAMP
LUM1

FLUOR-1
ELEC-RAP-START ..

LTG-CALC-METHOD
Specifies the lighting calculation method. Allowed code-words are:

LUMINAIRE-LAMP The calculation of connected power and workplane illuminance for the
LIGHTING-SYSTEM is based on luminaire and lamp data provided by the
keywords LUMINAIRE-TYPE, LUMINAIRE-CONFIG, LAMP-TYPE and
BALLAST-TYPE, which are described below.

LUMENS-POWER The calculation of connected power and workplane illuminance for the
LIGHTING-SYSTEM is based on total luminaire input power, coefficient of
utilization and lamp lumen output provided by the keywords TOT-POWER-
INPUT, COEF-OF-UTIL and TOT-LAMP-LUMENS, which are described
below.

Table 15 LIGHTING-SYSTEM keywords

Associated LIGHTING-
LTG-CALC-METHOD SYSTEM Keywords

LUMINAIRE-LAMP LUMINAIRE-TYPE
LUMINAIRE-CONFIG
LAMP-TYPE
BALLAST-TYPE

LUMENS-POWER COEF-OF-UTIL
TOT-LAMP-LUMENS
TOT-POWER-INPUT

LTG-CALC-METHOD=LUMINAIRE-LAMP

The following four keywords are used with this calculation method

LUMINAIRE-TYPE

Accepts the U-name of a luminaire type from the Library (see DOE-2.2 Libraries & Reports) or the U-name of a
previously-defined or library LUMINAIRE-TYPE command. A "luminaire” is taken here to be the fixture that
houses the lamps and, where applicable, the lamp ballasts.
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LUM-1 = LUMINAIRE-TYPE

NO-OF-LAMPS

ACCEPT-LAMP-SIZE

ACCEPT-CONFIG

2
T-48-1IN
(RECESS-STATIC, RECESS-VENTED) ..

FLUOR-1 = LAMP-TYPE

CATEGORY
SIZE

FULL-SIZE-FLUOR
T-48-1IN

LS-1 = LIGHTING-SYSTEM

LTG-CALC-METHOD
LUMINAIRE-TYPE

LAMP-TYPE
BALLAST-TYPE

LUMINAIRE-CONFIG

LUMINAIRE-CONFIG

LUMINAIRE-LAMP
LUM1

FLUOR-1
ELEC-RAP-START
RECESS-VENTED ..

Specifies the configuration of the luminaire, which the program uses in calculating thermal effects that influence
lamp input power and light output. Allowed code-words are:

RECESS-STATIC

RECESS-VENTED

SURFACE-CLOSED

SURFACE-OPEN

SUSPEND-CLOSED

SUSPEND-OPEN

LAMP-TYPE

The luminaire is recessed into the ceiling and is not vented with supply or return
air.

The luminaire is recessed into the ceiling and is vented with supply or return air.

The luminaire is attached to the ceiling surface and is covered by a lens thatinhibits
air circulation.

The luminaire is attached to the ceiling surface and is not covered by a lens.

The luminaire is suspended from the ceiling on a pendant and is covered by a lens
that inhibits air circulation.

The luminaire is suspended from the ceiling on a pendant and is not covered by a
lens.

Takes the U-name of a lamp type from the Library (see DOE-2.2 Libraries & Reports) or the U-name of a previously-

defined LAMP-TYPE command.

BALLAST-TYPE

Specifies the type of ballast. BALLAST-TYPE is required only for fluorescent and HID lamps. Allowed code-words

are:

MAGN-PRE-1990

MAGN-ENERGY-EFF

MAGN-HTR-CUT-RED

MAGN-HTR-CUT-FUL

ELEC-RAP-START

Pre-1990 magnetic ballast for full-size fluorescent lamps.

Energy-efficient magnetic ballast for full-size fluorescent lamps.

Reduced light output heater cutout magnetic ballast for full-size fluorescent lamps.
Full light output heater cutout magnetic ballast for full-size fluorescent lamps.

Electronic rapid start ballast for full-size fluorescent lamps.
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ELEC-RAP-ST-RED Electronic reduced output rapid start ballast for full-size fluorescent lamps.
ELEC-INS-START Electronic instant start ballast for full-size fluorescent lamps.
CF-MAGNETIC Magnetic ballast for compact fluorescent lamps.

CF-ELECTRONIC Electronic ballast for compact fluorescent lamps.

HID-MAGNETIC Magnetic ballast for HID lamps.

HID-LO-LOSS-MAGN Low-loss magnetic ballast for HID lamps.

LTG-CALC-METHOD=LUMENS-POWER
The following keywords are used with this calculation method.

COEF-OF-UTIL

The coefficient of utilization or CU; i.e., the fraction of light output from the lamp/luminaire combination that
reaches the workplane. The CU depends on luminaire geometry, luminaire surface reflectances, dirt depreciation,
luminaire/workplane distance, room geometry and room sutface teflectances. COEF-OF-UTIL, TOT-LAMP-
LUMENS (see following) and space floor area are used by the program to calculate the electric lighting design
illuminance on the wotkplane. Values of COEF-OF-UTIL can usually be found in luminaire manufacturet's
photometric data sheets.

TOT-LAMP-LUMENS

The total number of lumens output by all of the lamps in the LIGHTING-SYSTEM for the space. Equals the
number of lamps times the lumen output from each lamp (which can be found in lamp manufacturer's data sheets).
TOT-LAMP-LUMENS, COEF-OF-UTIL (see above) and space floor area are used by the program to calculate
the electric lighting design illuminance on the workplane. The value of TOT-LAMP-LUMENS should be that at
70% of lamp life and should take into account the ballast factor (multiplier on nominal light output due to
ballast/lamp interactions) and thermal effects.

TOT-POWER-INPUT

The total electrical power input in watts for the LIGHTING-SYSTEM at full power (i.e., all lights fully on). Also
called "active power." Ballasts should be included where applicable. For fluorescent lamps, where thermal and ballast
effects influence operating power, the user is cautioned not to set TOT-POWER-INPUT equal simply to the
number of lamps times nominal watts per lamp.
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LOADS-REPORT

Specifies which LOADS verification and summary reports are to be printed. The verification reports display the
input in a reformatted form. The summary reports state the calculated loads. The time period covered in the
summary reports are the RUN-PERIOD intervals. Additional reports are generated for the design-days.

Format:

LOADS-REPORT
VERIFICATION
SUMMARY

(code-word list)
(code-word list) ..

Example input:

LOADS-REPORT

VERIFICATION = (LV-A)
SUMMARY = (SS-A,SS-E) ..
VERIFICATION

Takes a list of code-words of verification reports. VERIFICATION = (ALL-VERIFICATION) causes all
verification reports to be printed. Examples are shown in DOE-2.2 Libraries & Reports.

LV-A General project and building input

LV-B Summary of spaces occurting in the project
LV-C Details of space <space name>

LV-D Details of exteriorsSurfaces in the project
LV-E Details of underground surfaces in the project
LV-F Details of interior surfaces in the project
LV-G Details of schedules occurring in the project
LV-H Details of windows occutring in the project
LV-1 Details of constructions occurring in the project
LV-K Weighting factor summary

LV-L Daylight factor summary

LV-M English/metric conversion table

ALL-VERIFICATION All verification reports

SUMMARY
Takes a list of code-words of summary reports. SUMMARY = (ALL-SUMMARY) causes all summary reports to
be printed. Examples are shown in DOE-2.2 [ ibraries & Reports.
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LS-A

LS-B

LS-C

LS-D

LS-E

LS-F

LS-G

LS-H

LS-I

LS

LS-K

ENVELOPE

PACE PEAK LOADS SUMMARY
Gives monthly values of peak heating and cooling loads for a space.

SPACE PEAK LOAD COMPONENTS
Gives a breakdown of cooling and heating peak loads according to the source of
the load for each space.

BUILDING PEAK LOAD COMPONENTS

Similar in format to LS-B; however, LS-C is generated at the "building level", i.c.,
the space loads are summed each hour to give the building coincident load and the
peak values of this load are shown in this report.

BUILDING MONTHLY LOADS SUMMARY

Gives a summary of monthly cooling, heating, and electrical requirements plus
annual total energy requirements and maximum monthly peak loads for
conditioned spaces.

SPACE MONTHLY LOAD COMPONENTS <space name>
Gives a breakdown of loads for each space on a monthly basis, according to the
source of the load.

BUILDING MONTHLY LOAD COMPONENTS
Gives a breakdown of loads on a monthly basis for the entire building, according
to the source of the load. Only conditioned spaces ate included.

SPACE DAYLIGHTING SUMMARY
Gives monthly-average overhead lighting energy reduction, illuminance, and glare
for each daylit space.

LIGHTING ENERGY REDUCTION BY DAYLIGHT

For each daylit space, gives the monthly lighting energy reduction due to
daylighting for each hour of the day, and for all hours of the day combined
(including night time hours).

PERCENT LIGHTING ENERGY REDUCTION BY DAYLIGHT,
BUILDING

For the building as a whole, gives the monthly lighting energy reduction due to
daylighting for each hour of the day and for all hours of the day combined
(including night time hours).

DAYLIGHT ILLUMINANCE FREQUENCY
For each daylit space, gives the monthly daylight-illuminance frequency-of-
occurrence distribution at each lighting reference point.

SPACE INPUT FUELS SUMMARY

Gives monthly summaties of the fuel inputs required by each space for lighting,
equipment, and processes. Following the reports for each space is a separate
building level report that gives the sum of the input fuels for the building as a
whole. Lighting, equipment, and process are the three major sections of this
report, which is printed once for each space and once for the building as a whole.
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LS-L MANAGEMENT AND SOLAR SUMMARY
Gives monthly summaries of window shade management and solar radiation into
space.

REPORT-FREQUENCY

Allows you to control the frequency at which hourly report data is printed. May be set to HOURLY, DAILY,
MONTHLY or YEARLY. If REPORT-FREQUENCY is not specified, the program will generate reports with
summary values (minimum, maximum, total, and average) printed at the end of each day and month, and at the end
of the run period specified in the HOURLY-REPORT:REPORT-SCHEDULE. When REPORT-FREQUENCY
is set to DAILY, the hourly data are suppressed and only summary values are printed for each day and at the end of
the month and run period. Similarly, when REPORT-FREQUENCY is set to MONTHLY only the summary
statistics for months and the run period are printed. YEARLY results in a single summary report covering the entire
run period. Only scheduled hours are included in the summaries. Note that some averages may be misleading, e.g.,
the average solar altitude if the schedule contains night time hours during which the solar altitude values are zero.

HOURLY-DATA-SAVE

Specifies the method used to save data from an houtly report written by the LOADS program. This allows post
processing or data viewing using an external program; examples could be a user written program or a third party
program such as Microsoft® Excel. By default the value is NO-SAVE, so no added files are created and the
HOURLY-REPORT data only appears in the formatted reports on the standard output file. Other code-words
cause either formatted (text) or unformatted (binary) file(s) to be created in the local (project) directory (unless re-
directed using environment variable to replace the filenames below) that contain the data from houtly report(s.) The
data is written to these files in a continuous steam, one record per hour, with the data in the same order as specified
in the houtly report commands which is the same order that data appears in the standard output file formatted
report. The data is written to the file(s) each hour any houtly report is scheduled ON. Allowed code-words are:

NO-SAVE Do not create file(s) to save houtly report data.

BINARY Open the data file(s) in binary mode and write the data using binary write
statements. Reading these files will usually require a custom program that can
read binary data files. One hourly data and two data header files are created. One
data header file is binary and the other is formatted; they both contain identical
records and data, just in these different formats. When using the command line
version of DOE-2 the file names binary headers, binary data and text headers for
the run are:

CECHR<num>.bin
CECDT<num>.bin
CECPRO.FMT

When using the DLL version of DOE-2 (as in eQUEST) the file names for the
binary headers, binary data and text headers for the run are:

<project directory/ <ptroject name>_HoutlyDataHeaders<num>.bin
<project ditectory/ <ptroject name>_HoutlyData<num>.bin
<project directory/ <ptroject name>_HoutlyDataTitles.dat

FORMATTED Open the data file in formatted (text) mode and write the data using formatted
write statements. This type of file can easily be imported into programs such as
Microsoft® Excel. One houtly data file is created with one text record per hour
with the same format and order as the houtrly reports on the standard output file;
there are no blank or header records and all columns of data are fixed in position
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and separated with one or more spaces. When using the command line version of
DOE-2 the file name is:
CEC<prog>_<num>.dat
When using the DLL version of DOE-2 the file name is:

<project directory/ <ptroject name>_HoutlyData<prog>_<num>.dat

In the above file names <prog> is 1 for LOADS and 2 for HVAC and <num> is, 1 for the first LOADS calc, 2 for
the first HVAC calc, 3 for the second LOADS calc, so on.
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LUMINAIRE-TYPE

This optional command specifies the type of luminaire in an electric lighting system. A U-name must be assigned so
this command can be referenced by the LUMINAIRE-TYPE keyword in the LIGHTING-SYSTEM command.

Example input:

LUM-1 = LUMINAIRE-TYPE $ FLUORESCENT TROFFER,
$ 2°X4", 2 LAMPS,
$ PATTERN "ACRYLIC DIFFUSER"
NO-OF-LAMPS=2
ACCEPT-LAMP-SIZE =T-48-IN

ACCEPT-CONFIG =(RECESS-STATIC)

CU-RCR-1 =(.69,.71,.72,.71,.73,.75,.72,.77,.80)

CU-RCR-5 =(-.41,.45,.49, .41, .45, .50, .42, .46, .52)

CU-RCR-10 =(.22,.25,.30,.22,.25,.30,.22,.26,.32) ..
NO-OF-LAMPS

The number of lamps in the luminaire.

ACCEPT-LAMP-SIZE

The size/shape of lamp accepted by the luminaire. The putpose of this keyword is to avoid using lamps that ate not
matched to the luminaire, which could lead the program to use inappropriate coefficients of utilization in the
illuminance calculation. Therefore, when LUMINAIRE-TYPE and LAMP-TYPE are referenced by a
LIGHTING-SYSTEM command, the ACCEPT-LAMP-SIZE code-word in LUMINAIRE-TYPE must match
the SIZE code-word in LAMP-TYPE.

The following code words use a common set of symbols:

T A tube lamp (such as most full-size fluorescents)
ALPHA= A lamp with a roundish, non-reflective glass bulb (common representatives are
the

A, PS, and ED shapes)
REFL A lamp with a reflective bulb (common representatives are the R and PAR bulbs).

Acceptable code-words are:

T-0-6-IN 0to 6in (0 to 15 cm) long T lamp
T-6-12-IN 6to 12in (15 to 30 cm) long T lamp
T-12-IN 12-in long T lamp.

T-18-IN 18-in long T lamp.

T-24-IN 24-in long T lamp.

T-36-IN 36-in long T lamp.

T-48-IN 48-in long T lamp.
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T-60-IN 60-in long T lamp.

T-72-IN 72-in long T' lamp.

T-84-IN 84-in long T lamp.

T-96-IN 96-in long T' lamp.

ALPHA-0-21 Alpha shape lamp up to size 21 (21/8-in diameter)

ALPHA-22-30 Alpha shape lamp from size 22 to 30 (22/8-in to 30/8-in diameter)
ALPHA-31-50 Alpha shape lamp size 31 and above (31/8-in diameter and above)
REFL-0-21-IN Reflective lamp up to size 21 (2--1/8-in diameter)

REFL-22-30-IN Reflective lamp from size 22 to 30 (22/8-in to 30/8-in diameter)
REFL-31-50-IN Reflective lamp size 31 and above (31/8-in diameter and above)
OTHER-SIZE Designation you can use to force lamp/luminaire compatibility; useful when

defining new lamps or luminaires that don't fall into above size categories.

ACCEPT-CONFIG

Takes a list of up to three code-words that specify what configurations the luminaire can be used in. An error will
result if none of the code-words match the value of LUMINAIRE-CONFIG in the associated LIGHTING-
SYSTEM command that references this LUMINAIRE-TYPE. The allowed code-words are the same as those for
the LUMINAIRE-CONFIG keyword in the LIGHTING-SYSTEM command.

Luminaire Dirt Depreciation

The next three keywords determine the luminaire dirt depreciation, i.e., the degradation in light output due to dirt
accumulation.

LUM-MAINT-CAT

Takes a code-word that specifies the luminaire maintenance category. Luminaires are separated into six categories (I
through VI). To arrive at a category, luminaires are arbitrarily divided into sections, a top enclosure and a bottom
enclosure, by drawing a line through the light center of the lamp or lamps. The characteristics listed in Table 15 for
the enclosures are then selected to determine the code-word that best describes the luminaire. Only one
characteristic for the top enclosure and one for the bottom enclosure should be used in determining the category of
a luminaire. The maintenance category is determined when there are characteristics in both enclosure columns. If a
luminaire falls into more than one category, the lower numbered category is used.
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Table 16 Luminaire Maintenance Categories

Maintenance Category Top Enclosure Bottom Enclosure
Code-word Characteristics Characterisitics
LUM-MAINT-I None None
LUM-MAINT-II None, or Transparent or opaque with ~ None, or Louvers or baffles
15% or more uplight through apertures
LUM-MAINT-III Transparent or opaque with less than
15% uplight through apertures.
LUM-MAINT-IV Transparent or opaque unapertured None, or Louvers
LUM-MAINT-V Transparent or opaque unapertured Transparent unapertured
LUM-MAINT-VI None, or Transparent or opaque Transparent or opaque
unapertured unapertured

OPERATING-ATMOS

Takes a code-word that specifies the condition of the atmosphere in which the luminaire will operate. Dirt in the
atmosphere comes from two sources: that generated by work done in the vicinity and that passed from adjacent ai.
Table 16 can be used to choose the appropriate code-word.

Table 17 Operating Atmosphere

VERY- VERY-
CLEAN CLEAN MEDIUM DIRTY DIRTY
Generated Dirt | None Very little Noticeable but  Accumulates Constant
not heavy rapidly Accumulation
Ambient Dirt None (or none Some (almost ~ Some enters Large amount  Almost none
enters area) none enters) area enters area excluded
Removal or Excellent Better than Poorer than Only fans or None
filtration average average blowers if any
Adhesion None Slight Enough tobe  High-- High
visible after probably due
some months  to oil, humidity
of static
Examples High-grade Offices in Mill offices; Heat treating;  Similar to
offices, not older buildings  paper high speed DIRTY but
near or near processing; printing; luminaires
production; production; light rubber within
laboratoties; light assembly;  machining processing immediate area
clean rooms inspection of
contamination

CLEANING-CYCLE
Time between luminaire cleanings, in years. The program calculates the light output from the luminaire after dirt has
accumulated for a length of time equal to CLEANING-CYCLE.
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Coefficient of Utilization

The next three keywords give the coefficient of utilization (CU) as a function of room cavity ratio (RCR), wall
reflectance, and ceiling cavity reflectance (CCR)!. Values of CU for these keywords can be obtained from luminaire
manufacturers' photometric data sheets. All values here are for a floor cavity reflectance of 0.20. The program
interpolates these values to get CU for a particular space geometry and surface reflectance, and makes a correction
for floor reflectance other than 0.20.

CU-RCR-1

Takes a list of 9 values of CU for RCR = 1. The first set of 3 values corresponds to wall reflectances of 0.10, 0.30
and 0.50, respectively, and for a ceiling cavity reflectance of 0.30. The second set of 3 values corresponds the same
wall reflectances, but for a ceiling cavity reflectance of 0.50. The third set of 3 values corresponds the same wall
reflectances, but for a ceiling cavity reflectance of 0.80.

CU-RCR-5
Same as CU-RCR-1, but for RCR=5.

CU-RCR-10
Same as CU-RCR-1, but for RCR=10.

Example:

CU-RCR-1 = (0.28,0.47,0.60,0.31,0.52,0.64,0.37,0.59,0.73)

! Quoting from "Glossary of Lighting Terminology" in Lighting Handbook, Reference & Application, 8t Edition, Illuminating
Engineering Society of North America:

Coefficient of Utilization (CU) is the ratio of luminous flux (lumens) from a luminaire calculated as received on the
workplane to the luminous flux emitted by the luminaire's lamps alone. Room Cavity is the cavity formed by the plane of
the luminaires, the workplane, and the wall surfaces between these two planes. Room Cavity Ratio (RCR) is a number
indicating room cavity proportions, calculated from the length, width and height. Ceiling Cavity is the cavity formed by the
ceiling, the plane of the luminaires and the wall surfaces between these two planes. Ceiling Cavity Ratio (CCR) is a number
indicating ceiling cavity proportions calculated from length, width and height.

The average illuminance E on the workplane is given by
E = # luminaires/Area * lamps/luminaire * lumens/lamp * CU * LLF

Where LLF, the light-loss factor, accounts for dirt depreciation.
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MATERIAL

Used to specify materials that are not in the Libraty (see DOE-2.2 Libraries & Reports, "Matetials Library"). You must
use either THICKNESS, CONDUCTIVITY, DENSITY, and SPECIFIC-HEAT or RESISTANCE. MATERIAL

is used to specify the heat transfer properties for one layer of a construction. U-name must be used so that the
MATERIAL may be referenced in a LAYERS command..

Example input:

BRICK-4IN = MATERIAL $ 4 inch brick
TYPE = PROPERTIES
THICKNESS = 0.333
CONDUCTIVITY = 0.4167
DENSITY = 120.0
SPECIFIC-HEAT = 0.2 ..

AIR-LAYER = MATERIAL $ 1 inch air layer
TYPE = RESISTANCE
RESI1STANCE = 0.90 ..

TYPE
Takes a code-word that specifies the type of data to be provided.

PROPERTIES indicates that the thickness and thermophysical properties of the material
(conductivity, density, and specific heat) be input for this code-word unless the
material is very lightweight or thin.

RESISTANCE indicates that only the thermal resistance of the material will be input. Use this
code-word only for very lightweight or thin materials.

TYPE=PROPERTIES
The following four keywords must be entered if TYPE=PROPERTIES:

THICKNESS
Thickness of the material layer

CONDUCTIVITY
Thermal conductivity of the matetial. The entry for this keyword is the conductance of a 1-ft (or 1-m) thick section
of the material. Values given for 1-in (or 1-cm) thickness must be divided by 12 (or 100) to obtain the correct entry.

DENSITY
Density of the material

SPECIFIC-HEAT

Specific heat capacity of the material.

TYPE=RESISTANCE
The following keyword must be entered if TYPE=RESISTANCE:

RESISTANCE

The thermal resistance of the material.
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POLYGON

The POLYGON command allows polygons with 3 to 120 sides to be described for exterior walls, interior walls and
underground walls. It also allows the footprint of FLOORs and SPACE:s to be described.

Format:

U-name = POLYGON

Vi = (x1,yl)
V2 = (x2,y2)
V3 = (x3,y3)
V120 = (x120,y120) ..

The U-name is the user-assigned name of the polygon. It is referenced by the POLYGON keyword in
EXTERIOR-WALL, INTERIOR-WALL, and UNDERGROUND-WALL, in which case the polygon defines the
shape of the wall. It is referenced by the POLYGON keyword in SPACE, in which case it represents the floor (and
ceiling) of the space. It is also referenced by the POLYGON keyword in FLOOR, where it represents the footprint
of the floor.

V1 V2 V3 V4 V5 V6 V7 V8 V9

V10 V11 V12 V13 V14 V15 V16 V17 V18 V19

V20 V21 V22 V23 V24 V25 V26 V27 V28 V29

V30 V31 V32 V33 V34 V35 V36 V37 V38 V39

V40 V41 V42 V43 V44 VA5 VA6 V47 V48 V49

V50 V51 V52 V53 V54 V55 V56 V57 V58 V59

V60 V61 V62 V63 V64 V65 V66 V67 V68 V69

V70 V71 V72 V73 V74 V75 V76 V77 V78 V79

V80 V81 V82 V83 V84 V85 V86 V87 V88 V89

V90 V91 V92 V93 V94 V95 V96 V97 VI8 V99

V100 V101 V102 V103 V104 V105 V106 V107 V108 V109
V110 V111 V112 V113 V114 V115 V116 V117 V118 V119
V120

are keywords denoting vertices 1 through 120 (from 3 to 120 vertices can be specified). (xIN,yN) are the coordinates
of the Nth vertex of the polygon.

The vertices are defined in an x-y coordinate system that is local to the polygon. This local coordinate system can
then be positioned as follows:

e Itis positioned in the space coordinate system usinig X, Y, Z, AZIMUTH, and TILT for
EXTERIOR-WALLSs, INTERIOR-WAILLSs and UNDERGROUND-FLOORs for which the
POLYGON keyword is specified.

o Itis positioned in the floor coordinate system using X, Y, Z and AZIMUTH for SPACEs for which
the POLYGON keyword is specified.

e Itis positioned in the building coordinate system using X, Y, Z and AZIMUTH for FLOORs for
which the POLYGON keyword is specified.

The vertices must be in counter-clockwise order when you are facing the polygon. The units of xIN and yN are feet
(for INPUT-UNITS=ENGLISH) or meters (for INPUT-UNITS=METRIC).
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Example 1: This input describes the triangle shown in Figure 9.

TRIANG1 = POLYGON

V1 = (0,0)
V2 = (80,0)
V3 = (40,80) ..
“ertex 3 (40, 80)
80
60
E 40
=
Vertex 1&20 Vertex 2 (80, 0)
| /

0 20 40 B0 80
Local X Coordinate

Figure 9 Example 1 Polygon
(The polygon’s first vertex is at the otigin of the polygon's local coordinate
system)

The first vertex does not have to be at the origin of the local coordinate system. This is shown in the next example.
However, it is generally most convenient to place Vertex 1 at (0,0), as shown in Figure 9.

Example 2: This polygon’s first vertex is displaced from the origin

TRIANG2 = POLYGON

V1 = (20,40)
V2 = (50,40)
V3 = (20,80) ..
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Yertex 3 (25, 75)

100

73

a0

Local ¥ Coordinate

/ \
Wertex 1 (25, 28) Wertex 2 (50, 28)

o 25 a0 75 100
Local ¥ Coordinate

Figure 10 Example 2 polygon
(The polygon’s first vertex is displaced from origin of the polygon's local
coordinate system)

ENVELOPE

Polygons are allowed to be convex or concave, but the sides should not cross (see Figure 11). Also, two or more
vertices should not be the same (i.e., have the same x,y values). Finally it is not possible to desctibe a polygon with a

cutout in the middle, such as a doughnut.
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Concave Polygon - Allowed

100

& a0
(]
=
s
S ED
[l
O
= 40
o
(=]
5 a0
0
0 w40 B0 &0 100
Local ¥ Coordinate
Not Allowed - Polygon Sides
Cannot Cross
100
= a0
[
=
=
S
(=l
&}
= 40 I/_/_‘
E
[&]
3 =
n

0 20 40 &0 80 100
Local ¥ Coordinate

Local ¥ Coordinate

Local ¥ Coordinate

100 Convex Polygon - Allowed

a0

&0

40

20

n 20 40 B0 g0 100
Local ¥ Coordinate

Not Allowed - Ho Two Vertices

1m0 Can be the Same Point

a0

50

40

20

0

u] 20 40 1] a0 100
Local ¥ Coordinate

Figure 11 Example polygons
(Both convex and concave polygons are allowed, but two vertices the same, or
crossing sides, are not allowed)

ENVELOPE

To refer to a previously-defined polygon, you use POLYGON = U-name in the EXTERIOR-WALL,
INTERIOR-WALL, UNDERGROUND-WALL, SPACE and FLOOR. X, Y, Z, AZIMUTH, and TILT can be
used in these commands to position and orient the polygon in different coordinate systems. This is illustrated in
Example 3 and Figure 12 for a wall polygon in the SPACE coordinate system.

Example 3 (see Figure 12):

TRIANG3 = POLYGON
Vi = (0,0)
V2 = (20,0)
V3 = (10,20) ..

EW1 = EXTERIOR-WALL
POLYGON = TRIANG3
X =8
Y = 3.5
z =6
AZIMUTH = 180
TILT = 90
CONSTRUCTION = CONS1 ..
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In this example:

XY.Z

TILT

AZIMUTH

Space £

ENVELOPE

Lacal (polygaon) ¥ Space Y
V3
2 Local {polygon) ¥
W1
LB
735

Space &

Figure 12 Example 3 triangular wall

[The wall has a 90°0 tilt and 180° azimuth, located at X=8, Y=3.5, Z=6 in the

space coordinate system. In the coordinate system local to the triangle, the vertex
coordinates are V1= (0,0), V2= (20,0) and V3= (10,20)]

are the coordinates of the origin of the polygon's local coordinate system in the
space coordinate system.

is the angle between the Z-axis of the space coordinate system and the polygon
outward normal, which is a vector, perpendicular to the plane of the polygon, that
points toward you as you face the polygon (see Figure 12). (The polygon outward
normal is also defined as the cross product between the vector from vertex 1 to
vertex 2 and the vector from vertex 2 to vertex 3. It is also the cross product of
the x and y axes of the polygon's local cootdinate system.) A vertical polygon has
TILT=90. A horizontal, upward-facing polygon (e.g., a horizontal roof) has
TILT=0. A horizontal, downward-facing polygon (e.g., an exposed floor) has
TILT=180.

is the angle, measured clockwise, between the x-axis of the space coordinate
system and the projection of the polygon outward normal onto the SPACE x-y
plane.

Note that windows, doors and building shades continue to be rectangular only, as in previous versions of the
program. They cannot be entered as polygons. However, windows and doors can be placed in polygonal walls and
building shades can shade polygonal walls.

Figure 13 shows how to locate a window (ot a doot) on a polygonal wall. You position the window in the polygon's
local coordinate system.
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V3
Yiocal Yiocal (18,24)

A (a) A (b)

7

Window

Window

| 1V1 (6,6) 310 V2 (30,6)
: 4 Xjocal 6! |
‘ -

Xlocal

V1 (0,0) V2 (24,0)

Figure 13 Locating a window or door in a polygonal wall.

(The X and Y values of the lower left corner of the window are given in the
polygon’s local coordinate system. In (a), the first vertex of the polygon coincides
with the origin of the local coordinate system. In (b), the first vertex of the
polygon is displaced from the origin of the local coordinate system)

In case (a) we have chosen the origin of the local coordinate system to be at the first vertex of the polygon (i.e., V1=
(0,0)). The lower left hand corner of the window is at X=8, Y=4. Example input in this case is:

TRIANG4 = POLYGON

V1 = (0,0)

V2 = (24,0)

V3 = (12,16) ..
EW2 = EXTERIOR-WALL

POLYGON = TRIANG4
WIN1 = WINDOW

X =8

Y =4

HEIGHT = 4

WIDTH =7

In case (b), V1=(6,0) so that the polygon is displaced in its local coordinate system. The lower left hand corner of
the window is at X=14, Y=10. Example input in this case is:

TRIANG4 = POLYGON

V1 = (6.6)

V2 = (30,6)

V3 = (18,24) ..
EW2 = EXTERIOR-WALL

POLYGON = TRIANG4
WIN1 = WINDOW

X = 14

Y = 10

HEIGHT =4
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To avoid confusion, we recommend that you always choose V1= (0,0), as in case (a). This means that when you
locate the window it is with respect to this vertex of the polygon.

Verification report (LV-N) lists all the exterior walls, interior walls, and windows with their vertex coordinates in the
building coordinate system.
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SITE-PARAMETERS

Specifies information about the building site.

Example input: The data entry below describes the site for a building in Los Alamos, New Mexico. Daylight
savings time is in effect

SITE-PARAMETERS

LATITUDE = 35.8

LONGITUDE = 106.3

ALTITUDE = 7200

TIME-ZONE =7

DAYLIGHT-SAVINGS = YES

GROUND-T = (45,45,45,50,50,55,55,55,55,50,50,45)

CLEARNESS-NUMBER (1.05,1,05,1.08,1.10,1.13,1.15,

1.15,1.15,1.13,1.10,1.08,1.05) ..

LATITUDE

Angular distance in degrees from the plane of the equator to the origin of the building coordinate system. Latitudes
in the Northern hemisphere are specified in positive degrees, and in the Southern hemisphere in negative degrees. If
not specified, this value will be taken from the weather file.

LONGITUDE

Angular distance in degrees from the prime (Greenwich) meridian to the origin of the building coordinate system.
Longitudes west of Greenwich are positive, east of Greenwich are negative. If not specified, this value will be taken
from the weather file.

ALTITUDE

Distance of the origin of the building coordinate system above (positive) or below (negative) mean sea level. If you
want to input air flow rates instead of having the program adjust them for altitude, ALTITUDE should be set to
zero. If not specified, this value will be taken from the weather file.

TIME-ZONE

Specifies the time zone for a building relative to Greenwich as time zone 0. The values range from -1 to -12 for
zones east of the prime meridian and from 1 to 12 for zones west of the prime meridian. If not specified, this value
will be taken from the weather file. The TIME-ZONE values for the United States are:

4-Atlantic 7-Mountain
5-Eastern 8-Pacific
6-Central 9-Yukon
10-Hawaii
GROUND-T

Takes a list of 12 local mean ground temperatures, one for each month. If not specified, the monthly values will be
taken from the weather file.

CLEARNESS-NUMBER

Takes a list of twelve local monthly clearness-numbers for each month of the year (see ASHRAE Trans., Vol. 64, p.
67). These apply when the clearness numbers on the weather file being used are not appropriate. If not specified, the
monthly values will be taken from the weather file.
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Daylight Savings Invervals

When daylight savings is in effect it 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. Daylight savings is supported for
both the Northern and Southern hemispheres.

If daylight savings is enabled, but no interval is defined, the interval will default to the U.S. daylight-savings interval
cotresponding to the year of the RUN-PERIOD. The default start/stop dates of the interval vary according to
whether the run period is pre-1986; 1986 thru 2006; or 2007 and beyond. You may override the default by
specifying the actual interval.

For example, to define a daylight savings period starting the second Sunday in March, and ending the first Sunday in
November:

SITE-PARAMETERS

DAYLIGHT-SAVINGS = YES
DS-START-WEEK = SECOND
DS-START-DAY = SUN
DS-START-MONTH = MAR
DS-END-WEEK = FIRST
DS-END-DAY = SUN
DS-END-MONTH = NOV

To specify a daylight savings interval in Australia starting the last Sunday in October thru the last Sunday in March:

SITE-PARAMETERS

DAYLIGHT-SAVINGS = YES
DS-START-WEEK = LAST
DS-START-DAY = SUN
DS-START-MONTH = OCT
DS-END-WEEK = LAST
DS-END-DAY = SUN
DS-END-MONTH = MAR

DAYLIGHT-SAVINGS
Accepts a code-word specifying whether daylight savings time is used.

YES Daylight savings is in effect
NO Disables daylight savings.
DS-START-WEEK
Takes a code-word that specifies the week in the month when daylight savings starts. Allowed values of DS-

START-WEEK are:

FIRST Daylight savings starts in the first 7-day interval of the month. The specific day is
specified by DS-START-DAY.

SECOND Daylight savings starts in the second 7-day interval of the month. The specific day
is specified by DS-START-DAY.
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THIRD Daylight savings starts in the third 7-day interval of the month. The specific day is
specified by DS-START-DAY.

FOURTH Daylight savings starts in the fourth 7-day interval of the month. The specific day
is specified by DS-START-DAY.

LAST Daylight savings starts in the last 7-days of the month. The specific day is specified
by DS-START-DAY.

DS-START-DAY
Takes a code-word that specifies the day of the week when daylight savings starts. Allowed values of DS-START-
DAY are:

SUN Daylight savings starts on Sunday. DS-START-WEEK specifies whether the
Sunday is the FIRST, SECOND, ... or LAST Sunday in the month.

MON Daylight savings starts on Monday. DS-START-WEEK specifies whether the
Monday is the FIRST, SECOND, ... or LAST Monday in the month.

TUE Daylight savings starts on Tuesday. DS-START-WEEK specifies whether the
Tuesday is the FIRST, SECOND, ... or LAST Tuesday in the month.

WED Daylight savings starts on Wednesday. DS-START-WEEK specifies whether the
Wednesday is the FIRST, SECOND, ... or LAST Wednesday in the month.

THU Daylight savings starts on Thursday. DS-START-WEEK specifies whether the
Thursday is the FIRST, SECOND, ... or LAST Thursday in the month.

FRI Daylight savings starts on Friday. DS-START-WEEK specifies whether the
Friday is the FIRST, SECOND, ... or LAST Friday in the month.

SAT Daylight savings starts on Saturday. DS-START-WEEK specifies whether the
Saturday is the FIRST, SECOND, ... or LAST Saturday in the month.

DS-START-MONTH
Takes a code-word that specifies the month when daylight savings starts. Allowed values of DS-START-MONTH
are JAN, FEB, MAR, APR, MAY, JUN, JUL, AUG, SEP, OCT, NOV, DEC.

DS-END-WEEK
Takes a code-word that specifies the week in the month when daylight savings ends. Allowed values of DS-END-
WEEK are the same as for DS-START-WEEK.

DS-END-DAY
Takes a code-word that specifies the day of the week when daylight savings ends. Allowed values of DS-END-DAY
are the same as for DS-START-DAY.

DS-END-MONTH
Takes a code-word that specifies the month when daylight savings ends. Allowed values of DS-END-MONTH are
the same as for DS-START-MONTH.
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Wind Speed Modification Keywords

The following six keywords are used to obtain the local, free stream wind speed at the building from the wind speed
measured at the weather station. These keywords are modification factors that account for the effect of terrain and
obstructions at the weather station and at the building. The program also modifies the local wind speed according to
the height of a space, given by the SPACE Z value. The local wind speed is used by the program to calculate wind
speed-dependent infiltration rates and outside air filim coefficients. You can print the local windpseed as LOADS
houtly report variable #58 for VARIABLE-TYPE = U-name of space, and the weather file wind speed as LOADS
hourly report variable #17 for VARIABLE-TYPE=GLOBAL (see "Houtly Reports," in the DOE-2.2 Libraries &

Reports).

SHIELDING-COEF

For the SPACE:INF-METHOD = §-G (Sherman-Grimsrud), modifies the local wind speed to account for changes
in the wind pressure caused by local obstructions. A value may be selected from Table 17; the values shown are for a
building without a fireplace flue. For buildings having a fireplace flue (1-3 story residences), the user should consult
the ASHRAFE Handbook - Fundamentals.

This keyword applies to the Sherman-Grimsrud residential infiltration calculation only. It does not modify the local
wind speed used in calculating the exterior film coefficients for walls, windows, etc. The ASHRAE-enhanced
infiltration has a similar keyword, SHELTER-FACTOR, defined within the SPACE component.

Table 18 SHIELDING-COEF Values

SHIELDING-COEF

Description (no flue)
No obstructions or local shielding whatsoever, e.g., desert 1.00
Typical shelter for isolated rural house 0.90
Typical shelter caused by other buildings across the street from the 0.70
building under study
Typical shelter for urban buildings on larger lots where sheltering obstacles 0.50
are more than one building height away
Typical shelter produced by buildings or other structures that are 0.30
immediately adjacent (closer than one house height): e.g., neighboring
houses on the same side of the street, trees, bushes, etc.

TERRAIN-PAR1, TERRAIN-PAR2
Used to modify the local free stream wind speed to account for ground roughness and height above ground level at
the building site. Select values from Table 18.
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Table 19 Terrain parameters

TERRAIN-PAR1 TERRAIN-PAR2
WS-TERRAIN- WS-TERRAIN-
Description PAR1 PAR2
Ocean or other body of water with at least 1.30 0.10
5km of unrestricted expanse.
Flat terrain with some isolated obstacles, 1.00 0.15
e.g., buildings or trees well separated from
each other
Rural area with low buildings, trees, etc. 0.85 0.20
Utrban, industrial, or forest area. 0.67 0.25
Center of a big city (Manhattan). 0.47 0.35

WS-TERRAIN-PAR1, WS-TERRAIN-PAR?2
Used to modify the local free stream wind speed to account for ground roughness at the weather station. The
default values correspond to a flat terrain with isolated obstacles, which is typical of weather stations at airports.

If the weather station is at the building site, set TERRAIN-PART=WS-TERRAIN-PAR1 and TERRAIN-
PAR2=WS-TERRAIN-PAR2 (since no correction is needed for differences in terrain between weather station and
building).

WS-HEIGHT

Height above ground level at which the wind speed measurement was made.

ATM-MOISTURE
This keyword is used in the daylighting calculation to determine exterior daylight availability. It should be entered
only if both of the following are true:

e  Atleast one space has DAYLIGHTING=YES, and

e The weather file does not have measured solar radiation. This keyword is not required for weather files
that do have measured solar radiation (such as TMY, TMY2, WYEC and WYEC2).

When using daylighting, takes a list of 12 monthly values, in inches, of precipitable water in the atmosphere. Table

20 shows values for selected U.S. locations. If a similar climate cannot be found in Table 20 values can be assigned
as listed in Table 19.

Table 20 Yearly Average Atmospheric Moisture for U.S. Regions

Climate Type Atmospheric Moisture (in.)
Desert (dry air) 0.4
Temperate 0.7 (default)
Tropical (humid air) 1.3
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Table 21

ENVELOPE

Monthly Average Atmospheric Moistitre (inches of water) for U.S. Cities

City Month
J F M A M J J A s 0 N D
Montgomery, AL 65 56 B5 B5 100 (31 158 160 1.3%9 95 67 .69
Fi. Smith, AR 48 47 56 78 108 139 166 156 116 103 53 .48
Little Rock, AR 51 456 55 81 94 126 147 142 129 8 B3 .59
Ft. Huachuca, AZ 27 2T 24 26 8 59 101 10f 73 48 31 97
Phoeniz, AZ 42 38 38 45 51 67 120 131 92 B3 43 .40
China Lake, CA 28 2 28 34 38 40 66 B8 47 833 929 32
Oakland, CA 52 49 48 45 53 B3 64 BT B4 59 Bl .50
Point Mugu, CA 46 45 48 51 85 79 104 87T B89 60 54 49
San Diego, CA 46 46 47 50 B0 71 98 104 83 62 60 .48
San Nicolas Is,, CA 47 42 43 42 52 85 85 B0 T3 61 53 45
Santa Maria, CA 48 48 48 52 61 B8 B2 8 T4 63 55 .40
Santa Monica, CA 48 51 49 56 85 75 93 95 & 72 5 50
Denver, CC 20 19 21 27 41 57 77 51 3 25 20
Grand Junction, CO 25 24 24 28 3 51 73 72 52 4 8 928
Cocoa Beach, FL 8 8 95 103 126 160 173 179 176 137 102 .90
Key West, FL 104 103 106 113 1.34 1865 164 171 1.78 153 1.20 1.05
Miami, FL 96 85 100 110 131 164 169 174 177 150 116 110
Atlanta, GA 54 52 56 72 85 126 148 145 120 88 59 54
Boige, ID 35 32 380 34 44 59 60 B0 52 42 40 32
Joliet, IL 36 32 40 5 76 111 121 112 88 66 43 35
Peoria, IL 3 3 - 37 5 76 102 117 113 9 65 46 36
Salem, IL 3t 35 41 57T 72 108 119 119 112 T4 46 49
Dodge City, KS 28 927 30 42 6l 85 100 104 8 533 37 30
Boothville, LA 82 72 78 100 113 141 169 172 160 117 &7 .94
Lake Charles, LA 74 72 77 9 117 145 170 167 150 105 83 .78
Nantucket, MA 88 3 40 53 73 47T 115 126 95 .Ti 56 42
Caribou, ME 23 22 26 3 55 79 9O 60 74 5 40 o7
Portland, ME B30 29 33 46 66 83 108 105 8 63 49 84
Flint, M 27 26 31 46 B4 2g 88 87 86 .61 .43 33
Sault Ste. Marie, Ml 2 22 27 3 57 8 92 93 T8 58 36 98
Int’] Falls, MN 19 19 23 3 52 7T 80 87 B8 49 30 99
St. Cloud, MN 22 23 27 42 63 8 100 99 77T 56 34 926
Columbia, MO B85 32 42 B2 78 110 1923 171 98 .70 52 42
Jackson, MS 59 60 65 BT 105 136 159 156 1358 .92 T 65
Glasgow, MT 23 24 25 34 49 68 7T 73 57 4 3 25
Great Falls, MT 83 22 23 27 39 54 58 58 46 034 98 93
North Platie, NB 26 28 80 41 62 85 102 99 72 48 33 28
Omaha, NB 28 929 35 50 T4 103 118 113 8 62 40 31
Cape Hatteras, NC 50 52 86 70 96 120 157 157 125 97 67 83
Greensbero, NG 47 45 50 65 90 118 139 137 111 77T 55 47
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Monthly Average Atmospheric Moisture (inches of water) for U.S. Cities
City Month

J F M A M J J A 8 O N D

Bismark, ND 22 .24 26 .38 .56 81 .83 B8 65 A7 .31 25
Rapid City, ND 26 .26 28 37 .53 75 BT .81 59 A2 .30 25
Ely, NV 21 20 20 22 31 42 B4 BT 38 29 .2 21
Albuquerque, NM 21 .20 21 24 33 47 B0 .79 58 38 27 22
Albany, NY .30 .28 35 48 T0 58 111 110 93 65 49 36
Buffalo, NY 30 29 .34 AT 56 9 104 102 BT 63 46 .35
New York City, NY 34 33 40 54 J6 102 118 116 101 .69 .55 42
Dayton, OH 8 33 39 56 74 100 113 108 93 65 .47 88
Medford, OR 46 42 40 41 51 B85 BT .67 59 52 53 43
Salem, OR 52 48 45 A7 b6 71 73 76 70 62 B0 51
FPittsburgh, PA 34 32 38 .52 T2 97 109 108 .80 63 47 37
Charleston, SC 65 63 68 83 111 142 167 166 143 102 75 66
Nashville, TN 45 41 4% 70 85 113 133 131 118 77 55 53
Amarillo, TX 28 @2 30 39 55 80 1063 100 .80 .52 3 .8
Brownsville, TX 90 90 84 112 3131 148 157 1680 164 131 107 96
Midland, TX 54 33 37 A8 B5 B89 106 110 a7 64 44 .36
El Paso, TX 29 28 30 23 44 B7 98 100 B3 52 37 .32
Ft. Worth, TX 48 B 58 80 106 132 148 146 128 80 B85 .54
Szlt Lake City, UT 28 26 25 30 40 54 66 66 50 .38 b S
Quillayute - .

Tatoosh Is., WA 46 47 44 48 57 71 TT 8 .75 67T 5 .50
Green Bay, Wi 23 23 28 44 63 B 102 99 82 60 39 28
Huntington, WV 39 37 47 62 8 108 125 119 14 .72 53 45
Lander, WY A8 17 18 24 33 47 54 53 40 29 23 .18

Source: A.Lott, “Precipitable Water Over the United States, Volume 1: Monthly Means”, NOAA Technical
Report NWS 20, November 1976.

ATM-TURBIDITY
This keyword is used in the daylighting calculation to determine exterior daylight availability. It should be entered
only if both of the following are true:

o  Atleast one space has DAYLIGHTING=YES, and

o The weather file does not have measured solar radiation. This keyword is not required for weather files
that do have measured solar radiation (such as TMY, TMY2, WYEC and WYEC2).

When using daylighting, takes a list of 12 monthly values of atmospheric turbidity (a measure of the amount of
particulate pollutants in the atmosphere). Table 21 shows values for selected U.S. locations. If a similar climate
cannot be found in Table 21 values can be assigned as listed in Table 22.
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Table 22 Yearly Average Atmospheric Moisture for U.S. Regions

City Src? J F M A M ] J A S (0] N D
Eielson AFB, AL 2 .03 .03 A1 A1 20 07 09 12 07 04 04 04
Little Rock, AR 2 1 16 17 22 22 20 22 20 19 13 .10 09
Phoenix, AZ 3 .05 .06 .07 .08 .08 .08 .08 07 07 .06 07 07
Tucson, AZ 1 .05 .05 .06 07 .07 .07 07 07 07 .06 .06 07
Edwards AFB, CA 2 02 02 .06 09 09 .08 .08 .08 07 .06 04 04
Fresno, CA 3 .06 .08 .08 .05 A1 .06 .06 .05 .08 07 .05 03
Los Angeles, CA 1 A1 14 15 .16 18 21 .20 21 19 17 1 1
Santa Maria, CA 3 09 13 .16 19 23 20 17 18 22 20 15 09
Alamosa, CO 2 .09 1 12 15 13 .10 .10 .06 07 07 07 07
Boulder, CO 1 04 .05 .07 09 .08 .07 07 07 07 .05 .05 04
Washington, DC 3 12 14 16 18 20 22 24 21 18 16 13 14
Appalachicola, FL. 3 A3 14 16 21 24 24 23 24 25 19 20 14
Cape Canaveral, FL 4 .10 A1 13 13 19 20 17 17 19 17 A1 .10
Gainesville, 4 08 08 .10 14 14 17 21 21 22 13 .08 .06
Miami, FL. 4 1 14 15 .20 21 21 21 .20 18 17 14 12
Tallahassee, FL. 4 .09 A1 A1 14 18 22 25 22 20 .10 07 07
Dodge City, KA 3 .03 04 04 .06 .08 07 09 09 .08 04 03 04
Lake Chatles, LA 3 A3 14 16 21 24 24 23 24 25 19 20 14
Idaho Falls, ID 1 .03 04 .06 07 .07 .07 .06 .06 .06 .05 04 .03
Chicago, IL. 1 15 18 21 18 18 19 22 16 16 14 13 15
Salem, IL. 2 09 .10 16 17 21 22 23 21 17 16 .10 .09
Blue Hill, MA 1 07 07 09 A1 13 .16 17 13 .08 07 07 .06
Boston, MA 3 09 .10 13 .16 18 17 18 17 A1 A1 .08 07
Baltimore, MD 1 12 18 18 19 22 27 31 32 31 12 17 18
College Park, MD 2 07 .08 13 17 23 21 13 23 17 13 .08 07
Catibou, ME 3 .05 .06 .05 .08 .07 .08 09 .08 .05 .05 .03 .05
Great Falls, MN 3 .05 .06 .07 .08 .08 .07 07 07 07 .06 .06 .05
St. Cloud, MN 2 .08 .06 .08 13 A1 09 A1 .10 .08 .06 .05 .05
Columbia, MO 3 04 .05 .05 07 09 09 09 09 .08 04 03 04
St. Louis, MO 1 12 12 16 17 21 20 22 19 19 12 12 11
Meridian, MS 1 07 07 07 09 A2 15 15 13 A1 07 07 07
Missoula, MT 1 .06 07 07 08 09 07 07 .06 09 .08 07 07

2* Source:

1. Flowers, R. A. McCormick, and K. R. Kurfis, Atmospheric Turbidity over the United States, 1961-66, Journal of Applied
Meteorology, Vol. 8, No. 6, 1969, pp. 955-962.

2. Global Monitoring of the Environment for Selected Atmospheric Constituents, 1977, Environmental Data and Information
Service, National Climatic Center, Asheville, NC, June 1980.

3. SOLMET Vol. 2, Houtly Solar Radiation Surface Meteorological Observations , Final Report TD-9724, National Climatic Center,
Asheville, NC, June 1979, as quoted in M. Igbal, AN INTRODUCTION TO SOLAR RADIATION , Academic press, 1983, p.120.

4. Gueymard, C. and McCluney, R.M., The Average Beam, Global Horizontal and Global Normal Radiation, Sunshine Probability and
Turbidity at Cape Canaveral, FL, Proc. Solar 92 The National Solar Energy Conference, Cocoa Beach, FL, 1992.
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City stz | ] F M A M J J A ] o N D
N. Omaha, NB 3 04 05 .05 07 .09 .09 .09 .09 .08 04 .03 04
Cape Hatteras, NC 3 .06 .08 .09 12 15 17 24 25 21 .09 07 .05
Greensboro, NC 1 07 .08 09 11 14 24 22 21 14 .08 07 07
Raleigh, NC 3 07 .08 .10 13 15 25 23 23 17 .10 .09 07
Bismark, ND 3 .05 07 A2 13 12 A1 12 11 07 .06 .03 .03
Ely, NE 3 .05 .06 07 .08 .08 .08 .08 07 07 .06 07 07
Albuquerque, NM 3 .03 04 04 .06 05 04 04 .05 .03 .03 02 02
Albany, NY 1 .10 .09 A1 12 14 14 15 15 14 11 .10 .09
Brookhaven, NY 1 07 07 .10 11 12 14 15 11 12 07 07 07
New York, NY 3 .10 .10 14 15 17 18 22 .20 16 14 .10 .08
Cincinnati, OH 1 07 .09 12 13 14 20 20 19 17 12 .10 .08
Toledo, OH 2 .09 .08 A2 11 15 13 15 11 .09 .05 .06 .06
Youngstown, OH 2 14 14 .16 19 25 29 22 28 22 17 15 13
Medford, OR 3 .09 13 .16 19 23 .20 17 18 22 20 15 .09
Pendleton, OR 2 .10 12 .16 .20 .19 19 16 15 A1 .09 .09 .09
Philadelphia, PA 1 12 15 18 20 22 25 27 23 17 15 14 14
Chatleston, SC 3 .06 .08 .09 12 15 17 24 25 21 .09 07 .05
Huron, SD 1 04 05 07 07 .08 .09 .08 07 07 .06 .05 04
Memphis, TN 1 .08 .08 .10 .16 15 18 19 .16 .16 .09 .10 .08
Nashville, TN 3 .09 11 13 15 17 .20 .19 17 15 13 11 .09
Oak Ridge, TN 2 .10 14 13 17 33 26 37 31 25 13 .09 .09
Brownsville, TX 3 .05 .06 07 .08 .08 .08 .08 07 07 .06 07 07
College Stn., TX 1 .10 .10 A1 12 13 .08 15 12 A1 .09 .08 07
El Paso, TX 3 05 .06 07 .08 .08 .08 .08 07 07 .06 07 07
Ft. Worth, TX 3 04 .08 .09 12 12 13 13 19 14 .08 04 04
Grand Prarie, TX 2 07 12 .16 16 .36 35 .36 .53 45 23 19 21
Victotia, TX 2 .03 .03 05 02 .08 .08 .06 .05 .04 .04 .03 02
Seattle, WA 3 .09 13 .16 19 23 20 17 18 22 20 15 .09
Green Bay, WI 2 .09 .09 15 .16 19 17 .16 .10 .09 .10 .05 .06
Madison, W1 3 .05 .06 07 .10 13 A1 11 12 .08 07 07 .05
Elkins, WV 1 07 07 .09 14 15 21 21 19 14 07 07 07

This table contains values for the Angstrom turbidity coefficient (3)
Table 23
Yearly Average Atmospheric Turbidity for U.S. Regions
Category Atmospheric Turbidity
Rural Area 0.07
Utrban Area 0.12 (default)
Industrial Area 0.16
Notes

1. One, and only one, SITE-PARAMETERS instruction must be entered for each separate program run.
It should be input before any commands that describe the building or anything associated with it (e.g.,
SPACE or CONSTRUCTION).
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2. If GROUND-T and CLEARNESS-NUMBER are not input, the values will be taken from the
weather file.

3. If LONGITUDE, LATITUDE, or TIME-ZONE are not specified, the values will be taken from the
weather file.

4. 'The effect of terrain on the wind speed at the building is described with the keywords TERRAIN-
PAR1, TERRAIN-PAR2, etc.
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SPACE

Provides information associated with a space. U-name must be used to identify the space so that it can be referenced
in SYSTEMS input. LIKE may be used to copy data from a previously U-named SPACE instruction. LIKE only
copies the SPACE instruction and does not carry with it walls, roof, or floors.

Example input:

An 8-ft high space with a floor area of 800 ft2 is located 15 ft east along the south wall of a building aligned in a N-S
direction. The overhead lighting is fluorescent (2W/ft2) with some task lighting (300W). Thete is a 1-hp motor (1 hp
= 0.745 kW) in the space running at 80 percent efficiency (thus 20 percent of its energy consumption shows up as
heat added to the space). Infiltration is 2 air changes per hour, and six people occupy the space. The space is
conditioned.

OFFICE = SPACE

X = 15.

Y = 0.
AZIMUTH = 0.

AREA = 800.
VOLUME = 6400.
PEOPLE-SCHEDULE = MANHR-1
NUMBER-OF-PEOPLE = 6
PEOPLE-HG-LAT = 200
PEOPLE-HG-SENS = 250
LIGHTING-SCHEDULE = HILITE
LIGHTING-TYPE = SUS-FLUOR
LIGHT ING-W/AREA =2
LIGHT-TO-SPACE =1.0
TASK-LIGHT-SCHED = LOLITE-1
TASK-LIGHTING-KW = 0.3
EQUIP-SCHEDULE = MOTOR-1
EQUIPMENT-KW = 0.75
EQUIP-SENSIBLE =0.2
INF-METHOD = AIR-CHANGE
AIR-CHANGES/HR = 2.
ZONE-TYPE = CONDITIONED ..

General

Before specifying the input data for SPACE, you should understand some of the logic built into the program. All of
the heat sources associated with a particular space do not necessarily affect the heating and cooling loads of that
space. Some sources contribute all of their heat to the space and others only part of their heat.

The heat that does not enter the space is consumed by a product or process, is added to the return air duct or
plenum, or is exhausted from the space. You control the fraction of heat that enters the space with the LIGHT-TO-
SPACE keyword for overhead lighting and the sensible and latent keywords for process loads.

That portion of the heat that does not enter the space has no effect upon the subsequent sizing of HVAC
equipment. The corresponding energy demand is, however, added to the demands made on the equipment, or
purchased utilities, in the primary systems simulator. It is not charged to the secondary HVAC system.

When the program sizes equipment in the ptimary systems 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 building will
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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 load will show up in
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 instruction. This includes process equipment and process utilities. If any loads are omitted, the
secondary HVAC equipment may be propetly sized but the primary equipment will probably be undersized. Do
not, however, include the HVAC equipment items (fans, coils, etc.) because they are addressed separately by the
program. Also, do not include building level loads such as domestic hot water, elevators, etc. because these loads are
not associated with any particular space but rather are associated with the entire building.

You should pay close attention when specifying SCHEDULEs. All the SCHEDULES associated with the SPACE,
except INF-SCHEDULE, default to the off 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 you specify
this mode of operation in the SCHEDULE:S. Naturally, if you fail to turn the equipment and lights on, the
simulation will be faulty.

U-name must be specified for this instruction in order for it to be referenced in the SPACE command. LIKE may
be used to copy data from a previously U-named SPACE instruction.

ZONE-TYPE

Identifies whether the space is conditioned (i.e. heated and/or cooled), unconditioned, or a plenum. For LOADS
calculations, a plenum is identical to unconditioned space. All SPACE keywords are allowed in CONDITIONED,
UNCONDITIONED, and PLENUM spaces. The loads for an unconditioned space or a plenum will not appear in
the building-level reports, LS-C, LS-D, and LS-F.

CONDITIONED Space is heated and/or cooled.

UNCONDITIONED Space is neither heated nor cooled.

PLENUM Space is a return air plenum.
AREA

Floor area of the space. This keyword is required unless the SHAPE or POLYGON keywords are used.

VOLUME
Space air volume. This keyword is required unless the SHAPE or POLYGON keywords are used.

TEMPERATURE

The space air temperature used for the LOADS calculation. The value should be midway between the heating and
cooling setpoints. It is best set equal to the design cooling temperature or design heating temperature, whichever will
most probably be used to set the HVAC equipment size (air flow rate for air systems). For an unconditioned space,
the TEMPERATURE value should be roughly equal to the average space temperature.

MULTIPLIER

Specifies the number of spaces that are identical to this SPACE. Use of this keyword reduces the amount of
required data entry, but does not actually create other spaces. The program will calculate the loads for the space
defined and multiply these loads by MULTIPLIER.

If a STANDARD or AIR type INTERIOR-WALL is defined in the space, the heat transfer to the NEXT-TO
space is multiplied by MULTIPLIER. You must enter a wall area for INTERIOR-WALLS corresponding to that in
the space being multiplied. Because it creates an ambiguity with regard to the area of the interior wall between them,
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it is always an error for MULTIPLIER to be different from 1.0 in both of two adjacent spaces connected by
STANDARD or AIR type INTERIOR-WALLs.

The MULTIPLIER or FLOOR-MULTIPLIER keywords in the SPACE command should be used only when the
several spaces being modeled in this fashion are equivalent, with respect to thermodynamics and/or daylighting.
Exterior shading, for example, must be the same for each of the spaces included. When there are adjacent spaces
that are presumably identical, there should be negligible heat transfer between the spaces.

FLOOR-MULTIPLIER

Used to simplify the input for a multistory building. Equals the number of floors that are thermodynamically
identical and where there is negligible heat transfer from floor to floor. FLOOR-MULTIPLIER multiplies space
loads but does not multiply heat transfer through the SPACE's intetior walls. The overall multiplier on the space
load is MULTIPLIER) x (FLOOR-MULTIPLIER).

Normally, you should allow this keyword to default to its parent FLOOR:MULTIPLIER.

SUNSPACE

1f SUNSPACE=YES, this space is considered to be a sunspace, which allows the space to be directly vented with
outside air to prevent overheating (see ZONE keywords SS-VENT-SCH, SS-VENT-T-SCH, etc.), and, if the space
has INTERIOR-WALLS, allows the heat transfer across these walls into adjacent spaces by convection, delayed
conduction, and solar transmission will be calculated. For mote information, see "Sunspaces" in the DOE-2.2 Topies.
Some rules about sunspaces are:

1. A building can have more than one sunspace. There can be more than one sunspace on a system.

2. INTERIOR-WALL:s in a sunspace can have windows. The program calculates solar transmission
through such interior windows.

3. A sunspace or a non-sunspace can have at most one INTERIOR-WALL with convective heat
exchange (AIR-FLOW-TYPE = FORCED-RECIRC, FREE-RECIRC, OPEN-DOORWAY, or
FORCED-OA-PREHT in the WALL-PARAMETERS command).

4. A sunspace and an adjacent non-sunspace can share several INTERIOR-WALLSs (only one of which

can have convective heat transfer). The conductive heat exchange is calculated separately for each
INTERIOR-WALL.

5. Two sunspaces can be adjacent, but any windows in the common INTERIOR-WALL will be ignored,
convective exchange across the wall will not be calculated, and the effect on the conduction through
the wall due to absorbed solar radiation will not be considered.

6. A daylighting simulation can be done for a sunspace (by entering DAYLIGHTING = YES and
setting daylighting related keywords), but the program cannot directly calculate daylight passing
through interior windows from the sunspace to adjacent spaces.

Geometry
The following set of keywords define the geometry of a space.

SHAPE
Accepts a code-word defining the shape definition methodology:

110 SPACE



DICTIONARY ENVELOPE

BOX indicates that the SPACE is box-shaped. In this case, values must be given for the
box dimensions HEIGHT, WIDTH, and DEPTH. AREA and VOLUME
should not be entered. The advantage of using SHAPE=BOX is that the walls of
the space can be easily positioned on the faces of the box by using
LOCATION=TOP, LOCATION=RIGHT, etc. in the EXTERIOR-WALL,
INTERIOR-WALL, and UNDERGROUND-WALL commands (see Figure
14).

POLYGON indicates that the shape of the space will be given by a polygon referenced with
the POLYGON keyword. In this case, HEIGHT can be specified, but WIDTH,
DEPTH, AREA and VOLUME should not be.

NO-SHAPE indicates that the space will not be defined as either a box or polygon. AREA and
VOLUME must both be entered.

Y
Origin of the/'\ <X =
Space SO
Coordinate N
System

Figure 14 The faces of a BOX in the space coordinate system

HEIGHT
Height of the space. Used only when the SHAPE or POLYGON keywords are entered for the SPACE. The
default is the height of the space’s FLOOR. If entered, AREA and VOLUME should not be used.

WIDTH
Width of the space. Used only when SHAPE=BOX is specified, in which case it is the dimension of the box along
its x-axis. If entered, AREA and VOLUME should not be used.

DEPTH
Depth of the space. Used only when SHAPE=BOX is specified, in which case it is the dimension of the box along
its y-axis. If entered, AREA and VOLUME should not be used.

X

Y

Z

X, Y, and Z (Figure 15) give the location of the origin of the space coordinate system in the floor coordinate system.
If SHAPE=BOX they give the location (in the floor coordinate system) of the lower left corner of the front of the
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box when facing the box. If the POLYGON keyword is specified for this space, X, Y, and Z are the coordinates of
the first vertex of the polygon (which represents the footprint of the space) floor coordinate system.

If this space is located by specifying the vertex of the space’s floor’s polygon, X, Y, and Z will default to the
cootdinates of the floot polygon. See "Geometry" in the DOE-2.2 Topics.

Floor

Z-Axis
A Space
Z-Axis
Origin of
Space
Coordinate

Projection of
Space Y-Axis

Floor X-Axis

\ Origin of Floor

Coordinate System

Figure 15 Positioning the origin of the space coordinate system.
(X, Y, and Z give the location of the origin of the space coordinate system in the
floor)

AZIMUTH
Angle between the y-axis of the floor coordinate system and the y-axis of the space coordinate system Refer to
Figure 15 and "Geometry" in the DOE-2.2 Topics).

POLYGON

Takes the U-name of a previously-entered POLYGON command. This polygon becomes the footprint of the
space. The program extrudes this polygon by an amount equal to HEIGHT to obtain a 3-D volume (see Figure 16).
Walls, floor, and ceiling can be positioned on the top, bottom, and side faces of this volume using
LOCATION=TOP, BOTTOM, SPACE-V1, SPACE-V2, etc. in the EXTERIOR-WALL, INTERIOR-WALL,
and UNDERGROUND-WALL commands.
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HEIGHT

V2
Polygon

Figure 16 Space extrusion from a polygon

LOCATION

LOCATION provides an easy way of locating a space within a floor without having to use X,Y,Z and AZIMUTH.
FLOOR-V1 positions the space with its origin at floor vertex 1 and with the space x-axis along the line running
from floor vertex 1 to floor vertex 2. Similarly, FLOOR-V2 positions the space origin at floor vertex 2 with the
space x-axis along the line from floor vertex 2 to floor vertex 3.

For quadrilateral floors, FRONT, BACK, RIGHT and LEFT can be used for clarity. FRONT is equivalent to
FLOOR-V1, RIGHT to FLOOR-V2, BACK to FLOOR-V3, and LEFT to FLOOR-V4.

PLENUM-SPACE creates a space with the same area as the floor but located at SPACE-HEIGHT (specified in the
FLOOR command) above the floor. FLOOR-SPACE just creates a space that occupies the entire floor.

Occupancy

The following set of keywords define the number of people present in a space, their sensible and latent heat gain,
and their occupancy patterns

PEOPLE-SCHEDULE

Takes the U-name of a schedule (with TYPE=MULTIPLIER) for space occupancy as a function of time. Schedule
inputs are fractions of maximum occupancy (as determined by NUMBER-OF-PEOPLE or AREA/PERSON). If
PEOPLE-SCHEDULE is not entered the schedule value will default to zero and the space will be simulated with
no people.

NUMBER-OF-PEOPLE

Maximum number of people occupying a space during the run period. The actual number of people present in the
space during any given hour is the value assigned to this keyword, multiplied by the fractional value for that hour as
given by PEOPLE-SCHEDULE. The number of people times the heat gain per person (see PEOPLE-HEAT-
GAIN, PEOPLE-HG-LAT and PEOPLE-HG-SENS) determines the hourly sensible and latent heat gain from
occupants.

PEOPLE-HEAT-GAIN

The maximum combined latent and sensible heat gain per person to the space. Table 23 gives typical values for
different activity levels. The program calculates the split between sensible and latent components using a fixed air
temperature of 75F (23.9C). The program determines the hourly heat gain from occupants from PEOPLE-HEAT-
GAIN, PEOPLE-SCHEDULE and NUMBER-OF-PEOPLE or AREA/PERSON. Because the default is zero, a
value must be input.

113 SPACE



DICTIONARY ENVELOPE

Table 24 PEOPLE-HEAT-GAIN Values for Different Activity Levels?

PEOPLE-HEAT-GAINP
Degree of Activity Typical Application Btu/hr W

Seated at Theater Theater 350 103
Seated/Very Light Work Offices, Motels, Apts 400 117
Moderately Active Office Work — Offices, Hotels, Apts 450 132
Standing, Light Work, Walking ~ Department/Retail Store 450 132
Walking, Standing Drugstore, Bank 500 147
Sedentary Work Restaurant 550 161
Light Bench Work Factory 750 220
Light Machine Work Factory 1000 293
Heavy Work Factory 1450 425
Athletics Gymnasium 1800 527
aFrom 1997 ASHRAE Handbook of Fundamentals, Table 3, Chapter 28

bBased on a normal percentage of men, women, and children for the application listed

PEOPLE-HG-LAT
Along with PEOPLE-HG-SENS, an alternative to setting PEOPLE-HEAT-GAIN. The latent and sensible heat
gain components can be specified by the user, rather than letting the program calculate the split.

PEOPLE-HG-SENS
Along with PEOPLE-HG-LAT, an alternative to setting PEOPLE-HEAT-GAIN. The latent and sensible heat
gain components can be specified by the user, rather than letting the program calculate the split.

PEOPLE-RAD-FRAC

Specifies the fraction of the PEOPLE-HG-SENS that is radiative; the remainder is convective. This keyword is used
only with custom weighting factors. Because the radiative portion of a heat gain interacts with the space surfaces and
is partially absorbed, there is a time lag between the radiative heat gain and the resultant cooling loads. In contrast,
there is no time lag for the convective portion of a heat gain.

AREA/PERSON
An alternative to specifying number of people. The program calculates the number-of-people by dividing the space
area by this keyword. A typical value for offices is 100 ft2 per person.

Overhead Lighting

The following set of keywords define the characteristics of the lighting system.

LTG-SPEC-METHOD
Takes a code-word that determines how the overhead electric lighting is to be described.

POWER-DEFINITION  You specify the installed lighting power or installed lighting power density, and
associated lighting schedule. In this case, the lighting electrical consumption is
calculated each hour by multiplying the installed lighting power by the lighting
schedule value. The electric lighting illuminance is not calculated. For more details
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LUMINAIRE-COUNT

ILLUMINANCE

ENVELOPE

on this method, see the desctiption of the LIGHTING-KW, LIGHTING-
W/AREA and LIGHTING-TYPE keywords in the SPACE command.

You specify lamp type, luminaire type and number of luminaires, and associated
lighting schedule. In this case the program calculates the lighting power for the
luminaire/lamp assembly and then multiplies this by the number of luminaires
and the lighting schedule value. The electric lighting illuminance is also calculated.
The Library contains a vatiety of luminaires that you can choose from (see DOE-
2.2 Libraries & Reports). The Library also contains a range of lamp sizes and types
(see DOE-2.2 Libraries &> Reports). For more details on this method see the
description of the LIGHTING-SYSTEM, LUMINAIRE-TYPE and LAMP-
TYPE commands and the overhead-lighting related keywords in the SPACE
command.

You specify the lamp type, luminaire type and desired electric lighting illuminance
when the lights are fully on. In this case the program first calculates the number of
luminaires needed to meet the illuminance setpoint. Then it determines the
lighting power for each luminaire and multiplies this by the lighting schedule
value. For more details on this method see the description of the LIGHTING-
SYSTEM, LUMINAIRE-TYPE and LAMP-TYPE commands and the
overhead-lighting related keywords in the SPACE command.

Table 24 shows the SPACE lighting-related keywords associated with each of the above code-words.

Table 25 Space Lighting Specification Methods

LTG-SPEC-METHOD

Associated SPACE Keywords

POWER-DEFINITION

LIGHTING-KW

or LIGHTING-W/AREA
LIGHTING-TYPE
LIGHTING-SCH

LUMINAIRE-COUNT

NO-OF-LUMINAIRES
LIGHTING-SYSTEM
LUM-SPACE-DIV
CEIL-TO-LUM-DIS
WORKPLANE-HEIGHT
LIGHTING-SCH

ILLUMINANCE

ELEC-ILLUMINANCE
LIGHTING-SYSTEM
LUM-SPACE-DIV
CEIL-TO-LUM-DIS
WORKPLANE-HEIGHT
CEIL-TO-LUM-DIS
LIGHTING-SCH

LIGHTING-SCHEDULE

Takes a list of schedule names for each of up to 5 lighting subsystems. Each hour the peak connected electric
lighting power for each subsystem is multiplied by the corresponding schedule value. LIGHTING-SCHEDULE
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applies whether you specify electric lighting with LIGHTING-SYSTEM or with LIGHTING-W/AREA and/ot
LIGHTING-KW.

For example, if a space has one lighting system, with schedule SCH-1, then LIGHTING-SCHEDULE = SCH-1. If
a space has two lighting subsystems, one with schedule SCH-1 and one with schedule SCH-2, then LIGHTING-
SCHEDULE = (SCH-1, SCH-2). If both subsystems have the same schedule, SCH-1, then LIGHTING-
SCHEDULE = (SCH-1, SCH-1).

LIGHTING-TYPE

If LIGHTING-W/AREA or LIGHTING-KW is specified, LIGHTING-TYPE takes a list of codewords for up to
five lighting subsystems that determine the radiative/convective split of heat from the lights (which is used in the
room weighting factor calculation). Allowed values are the following:

SUS-FLUOR Suspended, surface mounted or recessed/non-vented fluorescent or HID.
REC-FLUOR-NV Recessed fluorescent or HID not vented to return air or supply ai.
REC-FLUOR-RV Recessed fluorescent or HID vented to return air.

REC-FLUOR-RSV Recessed fluorescent or HID vented to supply and return air.

INCAND Incandescent or tungsten-halogen.

Return Air Plenum
Suspended
K Ceiling
(eXeXeoXe) ] /0000
Not vented Vented to
return air
Not vented v
Vented to supply
air and return air
L-T = REC-FLUOR-NV L-T = REC-FLUOR-RSV
L-T = INCAND L-T = SUS-FLUOR ‘ LT = F‘{EC-FLUOR.RV
Incandescent or Fluorescent or HID
Tungsten-Halogen
Fixture

Figure 17 Examples of LIGHTING-TYPEs

For LTG-SPEC-METHOD = POWER-DEFINITION, one or both of the following two keywords can be
specified:

LIGHTING-W/AREA

Takes a list of values of electric lighting power per unit space floor area, including ballasts where applicable, for each
of up to 5 lighting subsystems. Whether or not the subsystem serves the entire space, the value entered should be
the total peak power for the subsystem (before multiplying by the lighting schedule) divided by the total space floor
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area. Each subsystem can have a different lighting schedule (see LIGHTING-SCHEDULE, below). Example input:
if a space has two lighting subsystems, one with 0.5 W/ft2 and the other with 1.0 W/ft2, then LIGHTING-
W/AREA = (0.5,1.0).

LIGHTING-KW

Takes a list of values of kilowatts of electric lighting power, including ballasts where applicable, for each of up to 5
lighting subsystems. The values entered should be peak connected power before multiplying by the lighting
schedule. Fach subsystem can have a different lighting schedule (see LIGHTING-SCHEDULE, below). If both
LIGHTING-W/AREA and LIGHTING-KW are entered, their contributions will be added.

Table 26
Distribution of Enetgy from LIGHTING-KW or LIGHTING-W/AREA
Approximate percent for
Type of Energy Fluorescent  Incandescent
Visible Light 19 10
Infrared 31 72
Convection, Conduction 36 18
Ballast 14 0
(Eventually all the energy gets converted into SPACE load.)

LIGHTING-SYSTEM

Takes a list of up to 5 U-names of previously defined LIGHTING-SYSTEM commands. Thus a space can have up
to 5 different overhead lighting subsystems. Each subsystem can have a different schedule (see LIGHTING-
SCHEDULE). If a space has just one room, then each subsystem can serve all or part of the room (see LUM-
ZONE-FRACQ). If the space has several rooms, then a room or groups of rooms can be assigned to different
subsystems. If a space has several identical rooms, then LUM-SPACE-DIV can be used to simplify input and get a
more accurate illuminance calculation. The electric lighting power for a space can be also be specified with the
keywords LIGHTING-W/AREA and/or LIGHTING-KW. If either or both of these are entered than
LIGHTING-SYSTEM should not be entered.

One, but not both, of the following two keywords is required if LIGHTING-SYSTEM is specified:

NO-OF-LUMINAIRES

For LIGHTING-SPEC-METHOD = LUMINAIRE-COUNT, takes a of list of up to 5 values of the number of
luminaires corresponding to each of the subsystems in the above LIGHTING-SYSTEM list. The program will
calculate the electric illuminance from the specified number of luminaires. Alternatively, if the following keyword,
ELEC-ILLUMINANCE, is entered, then the program will calculate the number of luminaires (rounded up to the
nearest whole number) for each subzone required to meet the specified illuminance values. In this case, NO-OF-
LUMINAIRES should not be entered.

ELEC-ILLUMINANCE

For LIGHTING-SPEC-METHOD = ILLUMINANCE, takes a list of up to 5 values of the illuminance to be
produced by each of the subsystems in the above LIGHTING-SYSTEM list. The program will calculate the
number of luminaires for each subsystem required to meet the specified illuminance values. Alternatively, if NO-
OF-LUMINAIRES is entered, then the program will calculate the illuminance from each subsystem. In this case,
ELEC-ILLUMINANCE should not be entered. ELEC-ILLUMINANCE should only be used if the space consists
of one room or several identical rooms (in which case LUM-SPACE-DIV can be specified). If the space consists of
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several non-identical rooms, you should use NO-OF-LUMINAIRES (but the calculated illuminance will be
inaccurate), or you can divide the space into separate rooms.

LUM-SPACE-DIV

The number of rooms to divide a space into for the lighting calculation. It can be used to give a more accurate
electric lighting calculation when a SPACE consists of two or more rooms that have the same size, surface
reflectances, and lighting systems. An example would be a perimeter space with several identical offices. The
program will divide the space into LUM-SPACE-DIV identical rooms. If NO-OF-LUMINAIRES is specified, it
should be the number per room, and the program will calculate the associated electric illuminance using coefficients
of utilization for a single room rather than for the space as a whole. If ELEC-ILLUMINANCE is specified the
program will calculate the number of luminaires in each room required to produce that lighting level. In either case,
the program will calculate the total lighting power for the space as the power per room times LUM-SPACE-DIV.

CEIL-TO-LUM-DIS

For LIGHTING-SPEC-METHOD = LUMINAIRE-COUNT or ILLUMINANCE, takes a list of up to 5 values
of the distance from the ceiling to the center plane of the luminaires in each of the subsystems in the LIGHTING-
SYSTEM list. This keyword defaults to 0.0 for all subsystems, so need only be specified for suspended luminaires
(those for which LUMINAIRE-CONFIG in the corresponding LIGHTING-SYSTEM command is SUSPEND-
OPEN or SUSPEND-CLOSED). For sloped ceilings use average ceiling to luminaire distance.

WORKPLANE-HEIGHT

For spaces with DAYLIGHTING as YES and/or LIGHTING-SPEC-METHOD either LUMINAIRE-COUNT
or ILLUMINANCE, the distance from the floor to the workplane at which illuminance is determined. Although
defaulted, this value is required if LIGHTING-SYSTEM is specified. This keyword takes a single value that applies
to all of the lighting subsystems. For the case when DAYLIGHTING is YES, this value is used for the calculation
of daylighting coefficients of utilization for both the open space and for obstructions.

Distribution of Heat from Overhead Lights

The following keywords are used with all LTG-SPEC-METHODs. They determine how the heat from overhead
lighting is distributed between the space, the return air, or an adjacent SPACE. If these keywords are specified they
apply to all of the lighting subsystems in the SPACE. If these keywords are allowed to default and LTG-SPEC-
METHOD = POWER-DEFINITION, the default values, shown in Table 26, apply separately to each subsystem
according to its LIGHTING-TYPE. If these keywords are allowed to default and LIGHTING-SPEC-
METHOD=LUMINAIRE-COUNT or ILLUMINANCE, the default values, shown in Table 27, are determined
by the characteristics of the first subsystem in the LIGHTING-SYSTEM list and these values apply to all of the
subsystems in that list.

When it is appropriate to have a non-zero value for LIGHT-TO-OTHER, its value should be chosen in the
following way: assume that the return air path is through a duct and estimate the values of LIGHT-TO-SPACE and
LIGHT-TO-RETURN under conditions of maximum air flow; now set LIGHT-TO-OTHER = 1.0 - (LIGHT-
TO-SPACE) - (LIGHT-TO-RETURN). This procedure is valid even if you intend to simulate return air plenums in
SYSTEMS. Depending upon the type of system being modeled in SYSTEMS, or upon the choice for RETURN-
AIR-PATH in the SYSTEM command, the light heat that you have assigned to the return air path through the use
of LIGHT-TO-RETURN will be treated as follows. If the HVAC system is zonal (that is, if SYSTEM:TYPE is
UHT, UVT, HP, TPFC, FPFC, TPIU, FPIU, or PTAC) or RETURN-AIR-PATH = DIRECT, QRETURN will
be added to the zone load in SYSTEMS. If plenum zones are defined in SYSTEMS, then the return air path, along
with QRETURN, is assumed to pass through the plenum zones. If there is a variable-volume fan, then the light heat
to the return air is proportional to the airflow rate to the zone, with the residue of QRETURN being added to the
zone load.
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LIGHT-TO-SPACE

Fraction of the heat from overhead lighting that goes into the space. The rest goes into the return air or into an
adjacent space, as determined by the keywords LIGHT-TO-OTHER, LIGHT-TO-RETURN, LIGHT-HEAT-
TO, and LIGHT-RAD-FRAC. (Accepts a list of 5 corresponding to the lighting systems in the space)

LIGHT-TO-OTHER

The fraction of light heat that is deposited in an adjacent space. Unless the light fixture is in contact with an adjacent
space or unless the interior wall between this space and the adjacent space is translucent or transparent, LIGHT-
TO-OTHER should be zero. (Accepts a list of 5 cotresponding to the lighting systems in the space)

LIGHT-HEAT-TO

Takes the U-name of an unconditioned or plenum space. This space receives the fraction of light heat specified as
LIGHT-TO-OTHER. This is a required keyword if LIGHT-TO-OTHER > 0. Only unconditioned or plenum
spaces may be the recipients of such heat from lights. (Accepts a list of 5 corresponding to the lighting systems in
the space)

Table 27 Default values by LIGHTING-TYPE
for LTG-SPEC-METHOD=POWER-DEFINITION

LIGHT- LIGHT- LIGHT- LIGHT-RAD-FRAC
e TO- i o This Other

Lighting Type Code Word SPACE OTHER RETURN Space Space
Fluorescent or HID lamp in a SUS-FLUOR 1.0 0.0 0.0 0.67 1.0
suspended or surfacemounted
luminaire
Fluorescent or HID lamp in a REC-FLUOR- 0.8 0.0 0.2 0.59 0.09
recessed (return air vented) RV
luminaire
Fluorescent or HID lamp in a REC-FLUOR- 0.8 0.0 0.2 0.19 0.09
recessed (return and supply RSV
vented) luminaire
Fluorescent or HID lamp in a REC-FLUOR- 1.0 0.0 0.0 0.67 0.09
recessed (non vented) luminaire NV
Incandescent or tungsten halogen ~ INCAND 1.0 0.0 0.0 0.71 1.0
lamp in any type of luminaire

119 SPACE



DICTIONARY ENVELOPE

Table 28 Ddefault values for
LTG-SPEC-METHOD=LUMINAIRE-COUNT or ILLUMINANCEN

LIGHT- LIGHT- LIGHT- | LIGHT-RAD-FRAC
Lighting Type of First TO- TO- TO- This Other

Lighting Subsystem SPACE OTHER RETURN Space Space

Fluorescent or HID lamp 1.0 0.0 0.0 0.67 0.09
in a non-vented luminaire

Fluorescent or HID lamp 0.8 0.0 0.2 0.59 0.09
in a vented luminaire

Incandescent or tungsten- 1.0 0.0 0.0 0.71 1.0
halogen lamp in any type of
luminaire

Fluorescent or HID lamp 1.0 0.0 0.0 0.67 0.09
in a recessed (non vented)
luminaire

Incandescent or tungsten 1.0 0.0 0.0 0.71 1.0
halogen lamp in any type of
luminaire

LIGHT-TO-RETURN

The fraction of light heat that goes directly into the return air stream. Unless the return air passes through the light
fixtures, LIGHT-TO-RETURN should be zero. The default is 1.0 — (LIGHT-TO-SPACE + LIGHT-TO-
OTHER). (Accepts a list of 5 corresponding to the lighting systems in the space)

LIGHT-RAD-FRAC

Specifies the fraction of the LIGHT-TO-SPACE that is radiative; the remainder is convective. This keyword is used
only with custom weighting factors. Because the radiative portion of a heat gain interacts with the space surfaces and
is partially absorbed, there is a time lag between the radiative heat gain and the resultant cooling loads. In contrast,
there is no time lag for the convective portion of a heat gain. (Accepts a list of 5 corresponding to the lighting
systems in the space.)

OTHER-RAD-FRAC

Specifies the fraction of the LIGHT-TO-OTHER that is radiative; the remainder is convective. This keyword is
used only with custom weighting factors. Because the radiative portion of a heat gain interacts with the space
surfaces and is partially absorbed, there is a time lag between the radiative heat gain and the resultant cooling loads.
In contrast, there is no time lag for the convective portion of a heat gain. (Accepts a list of 5 corresponding to the
lighting systems in the space.)

This keyword is not used if LIGHT-TO-OTHER = 0.

Daylighting

The following space daylighting-related keywords are used in the daylighting calculation, in which light sensors and
controls reduce overhead electric lighting in response to illuminance levels of daylight from windows and skylights in
the space. There are also daylighting-related keywords under the SITE-PARAMETERS, EXTERIOR-WALL,
INTERIOR-WALL, GLASS-TYPE, and WINDOW commands. See also "Daylighting" in the DOE-2.2 Topics.
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DAYLIGHTING
If YES, a daylighting calculation will be done for the space.

LIGHT-REF-POINT1, LIGHT-REF-POINT2

Takes a list of three values that gives the x, y, and z coordinates (in the space coordinate system) of the reference
points at which daylight illuminance levels are to be calculated. If DAYLIGHTING = YES, then LIGHT-REF-
POINT1 must be specified. If you want to divide a thermal zone installed lighting kW into two independently-
controlled daylighting zones, then LIGHT-REF-POINT?2 should also be specified. It is assumed that the photocells
that control the electric lighting system respond to the light levels at the specified reference points.

| LIGHT-REF-POINT1 = (10,20,2.5)

30 ft

«~1—— Space

g E—
Window

space

Figure 18 Plan view of a space.
(The daylighting reference point is located at
x =10 ft, y = 20 ft and z = 2.5 ft in the space coordinate system.)

Example input:
If the lighting reference point is located at x = 10, y = 20, and z = 2.5ft (see Figure 18), then,
LIGHT-REF-POINT1 = (10,20,2.5)

If only one reference point is used, specification of this point must be done with some care if the daylighting results
are to be meaningful. Lighting zones are generally laid out parallel to the plane of the glazing at a typical depth of
15ft (4.6m). Thus, a row of similar perimeter offices may be treated as a single space with a MULTIPLIER, with
results from a single sensor being used to determine daylighting savings for the entire row. If the reference point is
placed too near the window, the levels will be high relative to the rest of the space and will overpredict savings. A
point at the back of the room will underpredict total savings. Since the drop-off in illuminance from vertical glazing
is a function with an exponentially declining shape, a point just beyond the mid-point is usually selected as a
reasonable location. Until more definitive data is available, the reference point should be placed at a point two-thirds
of the zone depth back from the window wall. These guidelines assume the use of a ceiling-mounted sensor.
Although these sensors may be located at a specific point in the room, they generally view the reflected light from a
larger area in the room. Thus, the sensor itself tends to see an average light level.

ZONE-FRACTION1, ZONE-FRACTIONZ2

Give the fraction of the installed lighting kW of the space controlled by lighting system 1 with its sensor “seeing’”
illuminance at LIGHT-REF-POINT1 and by lighting system 2 with its sensor “seeing’” illuminance at LIGHT-
REF-POINT2. The following rules apply:

1. ZONE-FRACTION?2 is required if LIGHT-REF-POINT? is specified.
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2. If ZONE-FRACTIONZ2 is specified, (ZONE-FRACTIONT1) + (ZONE-FRACTION?2) should be
1.0.

3. If only LIGHT-REF-POINT1 is specified, then ZONE-FRACTION1 should not exceed 1.0.

4. If only LIGHT-REF-POINT1 is specified and ZONE-FRACTIONT1 is less than 1.0, then a fraction
of the space equal to 1.0-(ZONE-FRACTIONT1) is assumed to be non-daylit.

5. If LIGHT-REF-POINT1 and LIGHT-REF-POINT? are specified, i.c., the overhead electric lighting
in that fraction of the space will not be reduced in response to daylighting levels, then (ZONE-
FRACTIONT) and (ZONE-FRACTIONZ) should not exceed 1.0.

6. If ZONE-FRACTIONTI) + (ZONE-FRACTION2) is less than 1.0, then a fraction of the thermal
zone equal to 1.0 - [(ZONE-FRACTIONT) + (ZONE-FRACTION2)] is assumed to be non-daylit.

DAYLIGHT-REP-SCH
Takes the U-name of a schedule that specifies the time periods over which various entries in daylighting reports LS-
G and LS-] are to be accumulated.

Example input: For space SP-1, accumulate report entries, such as percent lighting energy reduction by
daylighting in report LS-G, only from 7am to 6pm on weekdays, i.c., only for the hours the space is occupied.

OCC-HOURS-1 = SCHEDULE
THRU DEC 31 (MON,FRI) ( 1, 7)(0) (8,18)(1) (19,24)(0)
(SAT) ( 1,24)(0)
(SUN,HOL) ( 1,24) (0) -.

SP-1 = SPACE
DAYLIGHTING =Y

ES
DAYLIGHT ING-REP-SCH OCC-HOURS-1

Lighting Control Systems for Daylighting

The following space daylighting-related keywords are used to define the light sensors and controls that are installed
to reduce overhead electric lighting in response to illuminance levels of daylight from windows and skylights in the
space.

LIGHT-SET-POINT1, LIGHT-SET-POINT2

Give the desired illuminance level at LIGHT-REF-POINT1 and LIGHT-REF-POINT?2, respectively.
Recommended values, which depend on type of activity, occupant age, and other factors, may be found on p. 460ff
of the Lighting Handbook, Eighth Edition, 1995, Illuminating Engineering Society of North America. Typical
values are shown in Table 28. It is assumed that this lighting level will be produced by the overhead electric lights at
full output . These setpoints may be chosen to be lower when the overhead lights provide ambient lighting that is
supplemented by task lighting. (The illuminance from task lighting is not included in LIGHT-SET-POINT1 or
LIGHT-SET-POINT?2)
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Table 29 Illuminance Values for Generic Types of Indoor Activities?

Range of Illuminance®
Type of Activity Footcandles Lux

Public spaces with dark surroundings 2-3-5 20-30-50
Simple orientation for short, temporary visits 5-7.5-10 50-75-100
Working spaces where visual tasks are only occasionally performed 10-15-20 100-150-200
Performance of visual tasks of high contrast or large size 20-30-50 200-300-500
Performance of visual tasks of medium contrast or medium size 50-75-100 500-750-1000
Performance of visual tasks of low contrast or very small size 100-150-200  1000-1500-2000
Performance of visual tasks of low contrast and very small size over a 200-300-500  2000-3000-5000
prolonged period
Performance of very special visual tasks of extremely low contrast and | 500-750-1000 5000-7500-
small size 10000

« Adapted from Fig. 11-1 in Lighting Handbook, Eighth Edition, 1995, llluminating Engineering
Society of North America
bThe three values given correspond to the low, midpoint, and high values for each type of activity

LTG-CTRL-METHOD1, LTG-CTRL-METHOD2

Takes one of a list of 25 code-words that specifies the type of electric lighting control system at LIGHT-REF-
POINT1 and LIGHT-REF-POINT?, respectively. For compatibility with earlier versions, the default value
DefaultOrSpecified causes the defaults based on the values of other keywords to be used ( those values are LIGHT-
CTRL-TYPE1/2 as CONTINUOUS, MIN-POWER-FRAC/2 as 0.3, and MIN-LIGHT-FRAC/2 as 0.3);
additionally there are 7 CONTINUOUS (Table 29) and 17 DISCRETE (Table 30) alternate control strategies.
Note that if the LIGHT-CTRL-TYPE1, MIN-POWER-FRAC, or MIN-LIGHT-FRAC are directly given values
then the defaults that would be assigned by the selection of the LTG-CTRL-METHOD1 keyword will not be used
and thus the selected control strategy will not be modeled; those specified values would need to be removed to
enable the selected strategy to be correctly modeled.

DefaultOrSpecified Specifies that default values are to be used for the LIGHT-CTRL-TYPE1, MIN-
POWER-FRAC and MIN-LIGHT-FRAC.

Table 29 lists the predefined continuous dimming lighting controls for fluorescent lighting systems and for Metal
Halide and High Pressure Sodium lighting systems in both high bay and low bay applications. Table 30 lists the
predefined stepped lighting controls for a variety of lighting systems and applications. All of these controls utilize
the new commands for specifying DISCRETE lighting control. The new method of specifying lighting power as a
function of light output is similar to the existing STEPPED lighting control method, but is far more flexible in it’s
ability to specify as many as 10 lighting power levels and their associated lighting output. Values from both these
tables are from the SkyCalc 2.0 default lighting controls.
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Table 30 Predefined Continuous Lighting Control Specifications

ENVELOPE

Fluor:Dimming:5%Light

Fluor: Dimming: 10% Light
Fluor:Dimming:20%Light
MH:HighBay:Dimming:25%
MH:LowBay:Dimming:20%
HPS:HighBay:Dimming:5%
HPS:LowBay:Dimming:10%

0.21

0.19

0.36

0.56

0.51

0.21

0.29

0.05

0.10

0.22

0.25

0.19

0.05

0.10

Table 31 Predefined Discrete Lighting Control Specifications

On/Off 1 0 1 0
Switch:2Level+Off 1 0.5 0 1 0.5 0
Switch:3Level+Off 1 0.667 | 0.333 0 1 0.667 | 0.333 0
Switch:1/20n/Off 1 0.5 1 0.5
Switch:1/30n/Off 1 0.667 1 0.667
Switch:2/30n/Off 1 0.667 | 0.333 1 0.667 | 0333
Fluor:Hi/LoBallast 1 0.6 1 0.55

MH:HighBay:Hi/LoBallast 1 0.48 1 0.22
MH:HighBay:3PhaseHi /LoBallast 1 0.83 0.65 0.48 1 0.74 0.48 0.22

MH:LowBay:Hi/LoBallast 1 0.57 1 0.32
MH:LowBay:3PhaseHi/LoBallast 1 086 | 0.71 0.57 1 077 | 055 | 032

HPS:HighBay:Hi/LoBallast 1 0.4 1 0.26
HPS:HighBay:3PhaseHi/ToBallast 1 0.80 0.60 0.4 1 0.75 0.51 0.26

HPS:HighBay:3-LevelBallast 1 0.65 0.4 1 0.62 0.26

HPS:LowBay:Hi/LoBallast 1 0.26 1 0.1
HPS:LowBay:3PhaseHi/LoBallast 1 0.75 | 051 0.26 1 070 | 040 0.1

HPS:LowBay:3-LevelBallast 1 0.55 0.26 1 0.5 0.1
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LIGHT-CTRL-TYPEL, LIGHT-CTRL-TYPE2
Takes code-words that specify the type of electric lighting control system at LIGHT-REF-POINT1 and LIGHT-
REF-POINT2, respectively

CONTINUOUS Specifies a dimming control system in which the electric light output and power
input decrease continuously and linearly as the daylight illuminance increases. The
control action at a daylighting reference point is illustrated in Figure 19 in terms of
power input fraction (power input divided by maximum power input), as the
daylight illuminance increases, and light output fraction (electric light output
divided by maximum electric light output).

Figure 19 shows that, as the daylight illuminance increases, the fractional light
output decreases from 1.0 (at zero daylight illuminance and maximum input
power) to a value MIN-LIGHT-FRAC at the minimum power fraction, MIN-
POWER-FRAC.

In the example shown in Figure 20 the lighting set point (LIGHT-SET-POINT1
or 2) is 45fc, MIN-POWER-FRAC is 0.3, and MIN-LIGHT-FRAC is 0.1. We see
that at zero daylight illuminance the electric lights are on at full power and the
electric illuminance is 50fc. As the daylighting illuminance increases, the electric
power and lighting decrease, reaching a power fraction of 0.3 and an electric
illuminance of 5fc (50 * (MIN-LIGHT-FRAC)) when the daylight illuminance is
45 fc. Beyond this point, the electric power and illuminance stay constant as the
daylighting illuminance increases.

CONTINUOUS/OFF Gives a dimming control similar to CONTINUOUS but the lights turn off
completely (i.e., the electric light output and power are zero) when the total
illuminance (electric illuminance plus daylighting illuminance) exceeds the lighting
setpoint. The action is shown in Figure 21.

STEPPED Specifies the control system shown in Figure 22, in which power input and light
output vary in discrete, equally spaced steps. The number of steps (excluding
zero) is given by LIGHT-CTRL-STEPS.

DISCRETE Specifies the control system in which power input and light output vary in
discrete, variable spaced steps. The number of steps is given by DISCRETE-
POWERT1 and its paired DISCRETE- LIGHT 1 for the first control point, and
DISCRETE-POWER2 and DISCRETE-LIGHT? for the second control point.

LIGHT-CTRL-STEPS, LIGHT-CTRL-STEP2

Gives the number of steps, excluding zero, in a stepped lighting control system. The steps are assumed to be equally
spaced, as shown in Figure 22. An on-off control system has LIGHT-CTRL-STEPS=1. LIGHT-CTRL-STEPS
applies to the lighting system 1, LIGHT-CTRL-STEP applies to the lighting system 2.

MIN-POWER-FRAC, MIN-POWER-FRAC2

Specifies the minimum input power fraction for a CONTINUOUS or CONTINUOUS/OFF lighting control
system (see Figure 22). See manufacturer's data for appropriate value. MIN-POWER-FRAC applies to the lighting
system 1, MIN-POWER-FRAC2 applies to the lighting system 2.

MIN-LIGHT-FRAC, MIN-LIGHT-FRAC2
Specifies the fractional light output that a CONTINUOUS or CONTINUOUS/OFF lighting control system
produces at the minimum fractional input power given by MIN-POWER-FRAC (see Figure 22). See manufacturer's
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data for appropriate value. MIN-LIGHT-FRAC applies to the lighting system 1, MIN-LIGHT-FRAC2 applies to
the lighting system 2.

DISCRETE-POWER1, DISCRETE-POWER2

Takes a list of up to ten values of fraction power input to the lighting system that, together with DISCRETE-
LIGHT1, defines the lighting power use as a function of lighting output when LIGHT-CTRL-TYPE1 or LIGHT-
CTRL-TYPE2 is DISCRETE.

DISCRETE-LIGHT1, DISCRETE-LIGHT2

Takes a list of up to ten values of fraction light output from the lighting system that, together with DISCRETE-
POWERUI, defines the lighting power use as a function of lighting output when LIGHT-CTRL-TYPE1 or LIGHT-
CTRL-TYPE2 is DISCRETE.

. . . pA daylight
Continuous Lighting Control llaminance

-

.0

Fractional Light Output

MIN-LIGHT-FRAC
—»

0.0

00 ? Fractional Power Input

MIN-POWER-FRAC

Figure 19 Light output vs. electrical power input for a CONTINUOUS lighting control system
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Power Input Fraction

ENVELOPE

CONTINUOUS Lighting Control

0 10 20 30 40”50 60

Daylight llluminance (fc)

lllu
mi
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60 [

50

Total llluminance
(Electric + Daylighting)

«Electric llluminance

0
0

10 20 30 40%s0 60

Daylight llluminance (fc)

Figure 20 Control action for a lighting system with CONTINUOUS lighting control.
[The lighting set point is 45 fc (482 lux), the minimum power input fraction (MIN-POWER-
FRAC) is 0.3, and the minimum electric lighting output fraction (MIN-LIGHT-FRAC) is 0.1]

CONTINUOUS/OFF Lighting Control

0 10 20 30 4050 60

Daylight llluminance (fc)

llluminance (fc)

60
50

40
30

20

0

\Total llluminance
(Electric + Daylighting)

4 Electric llluminance

0 10 20 30 40%50 60

Daylight llluminance (fc)

Figure 21 Control action for CONTINUOUS/OFF lighting control.
[The lighting set point is 45 fc (482 lux), the minimum power input fraction (MIN-POWER-
FRAC) is 0.3, and the minimum electric lighting output fraction (MIN-LIGHT-FRAC) is 0.1]
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STEPPED Lighting Control

60F L T
c 1.0 50— k]
2 £ Total llluminance
[} - -
E 08 § 40 (Electric + Daylighting)
5 0.6 g 30 I
o k= -« Electric llluminance
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S 02t ~ 10f
o 5
o 0 1 1 1 1 L 0 1 1 1 1 Il
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Daylight llluminance (fc) Daylight llluminance (fc)

Figure 22 Control action for STEPPED lighting control.
[The lighting set point is 50 fc (538 lux) and the number of steps (LIGHT-CTRL-STEPS) is 3]

Occupancy Shade and Lighting Control with Daylighting

The following space daylighting-related keywords are used to define how occupants may interact with the lighting
controls or with the deployment of shades.

LIGHT-CTRL-PROB, LIGHT-CTRL-PROB2

May be specified if a stepped lighting control system is manually operated, such as in a simple one-step, on-off
system. LIGHT-CTRL-PROB gives the probability the occupants of a daylit space will set the electric lights to the
correct level to obtain the required illuminance. The rest of the time the lights are assumed to be set one step too
high. For example, consider an on-off system with LIGHT-SET-POINT1 = 60, LIGHT-CTRL-TYPE1 =
STEPPED, LIGHT-CTRL-STEPS = 1, and LIGHT-CTRL-PROB = 0.7. Then, when daylighting exceeds 60 fc,
the electric lights will be off 70 percent of the time and on 30 percent of the time. LIGHT-CTRL-PROB applies to
the lighting system 1, LIGHT-CTRL-PROB?2 applies to the lighting system 2.

MAX-GLARE, MAX-GLARE?2

The program will automatically deploy window shading devices to reduce daylight glare (it WIN-SHADE-TYPE =
MOVABLE-INTERIOR or MOVABLE-EXTERIOR) whenever the glare (at either lighting reference point) with
bare windows exceeds the MAX-GLARE value. Table 31 below gives recommended MAX-GLARE values for
different situations. For example, MAX-GLARE = 22 would be specified for general office work. If a space has two
or more windows, the shading devices will be deployed one by one in the order in which the windows are input,
until the glare level at each lighting reference point falls below MAX-GLARE. If MAX-GLARE is not specified, no
glare control will occur. This is a daylighting keyword; see TOPIC - DAYLIGHTING. MAX-GLARE applies to
the lighting system 1, MAX-GLARE2 applies to the lighting system 2.
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Table 32 Recommended MAX-GLARE values

Activity MAX-GLARE Activity MAX-GLARE

Art Galleries 16 Laboratories 22
Factories Museums 20
Rough Work 28 Offices

Engine Assembly 26 General 22

Fine Assembly 24 Drafting 20
Instrument Assembly 22 School Classrooms 20
Hospital Wards 18

VIEW-AZIMUTH, VIEW-AZIMUTH2

Direction of occupant view (in the horizontal plane), measured as a clockwise angle from the space y-axis (see Figure
23). It is used by the program to calculate daylight glare. If not specified, VIEW-AZIMUTH will be calculated by the
program for a view direction parallel to the first window in the space (obtained by rotating clockwise by 90 ( the
horizontal projection of the window outward normal). In general, the daylight glare contribution from a particular
window is highest when the occupant faces the window. VIEW-AZIMUTH applies to the lighting system 1,
VIEW-AZIMUTH?2 applies to the lighting system 2.

space

Plan
0

[ T | Reference Point
3 /

Window |

270 -—— @ ——3 90

180

space

Figure 23 VIEW-AZIMUTH for four occupant view directions.
(Daylight glare from the window is greatest when facing window)

The Interaction of Space Contents with Daylighting

The following space daylighting-related keywords are used to define how the contents of the space act to obstruct
the daylight from reaching the work plane and thus decrease the ability of daylight to allow the reduction of
overhead electric lighting power use.
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VERT-OBS1-FACTOR, VERT-OBS2-FACTOR

These factors, which are numeric values from 0.0 to 1.0, represent the fraction of daylight from windows with
WINDOW-TYPE allowed to default or set to STANDARD that will reach the work plane specified bv LIGHT-
REF-POINT1 and LIGHT-REF-POINT?2, respectively. This value is less than 1.0 if space obstructions are to be
taken into account when calculating the daylight contribution to work plane illuminance.

SKY-OBS1-METHOD, SKY-OBS2-METHOD

Accepts a codeword that specifies how the SKY-OBS1-FACTOR and SKY-OBS2-FACTOR values are obtained.
These factors represent the fraction of daylight from skylights that will reach the work plane; this value is less than
1.0 if space obstructions are to be taken into account when calculating the daylight contribution to work plane
illuminance.

SPECIFY Use a specified value for SKY-OBS1-FACTOR or SKY-OBS2-FACTOR

CALCULATE Specifies the values for SKY-OBS1-FACTOR or SKY-OBS2-FACTOR is to be
calculated based upon entered or defaulted values of the type and size of the
obstructions.

SKY-OBS1-FACTOR, SKY-OBS2-FACTOR

When SKY-OBS1-METHOD or SKY-OBS2-METHOD is SPECIFY, accepts a numeric value that represents the
fraction of daylight from skylights that reaches the work plane. Applies to daylighting contribution from windows
with WINDOW-TYPE set to SKYLIGHT-FLAT or SKYLIGHT-DOMED.

SKY-OBS1-TYPE, SKY-OBS2-TYPE

When SKY-OBS1-METHOD or SKY-OBS2-METHOD is CALCULATE, accepts a codeword that specifies the
type of space obstructions are to be taken into account when calculating the daylight contribution to work plane
illuminance. If obstructions are selected to be modeled, their dimensions can either be specified or allowed to
default; default obstruction dimensions are based upon the obstruction type and the space dimensions including
height, with and depth (or area if the shape is a polygon.)

NONE Specifies that no interior obstructions are to be modeled as reducing daylight from
skylights to the work plane.

SHELVES/RACKS Specifies that rows of shelves are to be modeled as reducing daylight from
skylights to the work plane; the obstructions will take on sizes either from default
values typical of shelves and racks or may be specified.

PARTITIONS Specifies that partitions, or cubicles, are to be modeled as reducing daylight from
skylights to the work plane; the obstructions will take on sizes either from default
values typical of partitions for the defined space geometry (space height and area)
or may be specified.

SKY-OBS1-HT, SKY-OBS2-HT
When SKY-OBS1-METHOD or SKY-OBS2-METHOD is CALCULATE, accepts a numeric value that specifies
typical height of the obstructions to skylight daylight. For shelves or partitions this is the typical height of the top of
the shelves/partitions above the floot.

SKY-OBS1-WID, SKY-OBS2-WID

When SKY-OBS1-METHOD or SKY-OBS2-METHOD is CALCULATE, accepts a numeric value that specifies
typical width of the obstructions to skylight daylight. For shelves this is the typical depth of the shelves from front to
back. For partitions this is the typical width of the partitions.
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SKY-OBS1-LEN, SKY-OBS2-LEN

When SKY-OBS1-METHOD or SKY-OBS2-METHOD is CALCULATE, accepts a numeric value that specifies
typical width of the obstructions to skylight daylight. For shelves this is the typical width of the aisles between the
shelves. For partitions this is the typical length of the partitions perpendicular to the direction of their specified
width (using SKY-OBS1-WID or SKY-OBS2-WID.)

SKY-OBS1-REFL, SKY-OBS2-REFL
When SKY-OBS1-METHOD or SKY-OBS2-METHOD is CALCULATE, accepts a numeric value that specifies
typical reflectance of the obstructions to skylight daylight.

SKY-CU-SPC-HT, SKY-CU-SPC-WID, SKY-CU-SPC-LEN

When SKY-OBS1-METHOD or SKY-OBS2-METHOD is CALCULATE, these are numeric values that specify
the space height, width and length to be used when calculating the open (unobstructed) space coefficient of
utilization for daylight from skylights. These will default to the defined space geometry using the space area if the
shape is a polygon.

Task Lighting

The following keywords apply to task lights, which are small lamps, such as desk lamps, that have a different
schedule of use than the overhead lighting. The program assumes that task lights are fluorescent when calculating
the radiative/convective split by the heat from this lighting. It also assumes that 100 petcent of the heat from task
lighting goes into the space, so the LIGHT-TO-SPACE keyword does not apply. Unlike overhead lighting, which
can have up to five subsystems, only one task lighting system is allowed in a space.

TASK-LIGHT-SCH

Takes the U-name of a SCHEDULLE for task lighting in the space. Schedule inputs are fractions of maximum task
lighting electrical input (see TASK-LIGHTING-KW and TASK-LT-W/AREA). If the TASK-LIGHT-SCH is not
input, the schedule value defaults to zero and no task lights are simulated.

TASK-LIGHTING-KW

The maximum electrical power required for task lighting. The actual task lighting power required in the space during
any given hour is the value assigned to this keyword multiplied by the fractional value of TASK-LIGHT-SCH for
that hour. If both TASK-LIGHTING-KW and TASK-LT-W/AREA are specified, the program adds the values.

TASK-LT-W/AREA

Maximum task lighting power per unit of floor area of the space. The keyword LIGHT-TO-SPACE is not
appropriate because 100 percent of task lighting energy goes to the space. This keyword is an alternative to TASK-
LIGHTING-KW. TASK-LT-W/AREA times space atea times the value of TASK-LIGHT-SCH determines
houtly task llighting electricity use and heat output. If both TASK-LT-W/AREA and TASK-LIGHTING-KW are
specified, the contributions are added.

TASK-RAD-FRAC

Specifies the fraction of the task lighting energy that is radiative; the remainder is convective. This keyword is used
only with custom weighting factors. Because the radiative portion of a heat gain interacts with the space surfaces and
is partially absorbed, there is a time lag between the radiative heat gain and the resultant cooling loads. In contrast,
there is no time lag for the convective portion of a heat gain.

Equipment

EQUIP-SCHEDULE

Takes a list of U-names of operation schedules to and up to five types of space electrical equipment. Schedule inputs
are fractions of maximum equipment power (see EQUIPMENT-KW and EQUIPMENT-W/AREA). For
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example, if a spce has two equipment types, say computers and copy machines, one with schedule SCH-COMP and
the other with schedule SCH-COPY, then

EQUIP-SCHEDULE=(SCH-COMP, SCH-COPY)
If there is only one equipment type, with schedule SCH-1, the parentheses around the list is not required, so that

EQUIP-SCHEDULE = SCH-1

and

EQUIP-SCHEDULE

(SCH-1)
are equivalent.

If the EQUIP-SCHEDULLE is not input, the schedule values default to zero and no space equipment loads are
simulated.

EQUIPMENT-W/AREA

Takes a list of values of maximum equipment power per unit floor area of the space for up to five types of electrical
equipment. An alternative to EQUIPMENT-KW. If both EQUIPMENT-W/AREA and EQUIPMENT-KW are
specified, the contributions are added. The program calculates the electrical power in watts for all of the equipment
in a space as

Watts = (EQUIPMENT-KW * 1000
+ AREA * EQUIPMENT-W/AREA) * (EQUIP-SCHEDULE value)

for all equipment types.

The EQUIP-SENSIBLE and EQUIP-LATENT keywords give the fraction of heat gain for each equipment type
that is sensible and latent, respectively. The total houtly heat gain from all of the equipment (for all of the equipment
types) is, therefore:

Qwatts = Watts * (EQUIP-SENSIBLE + EQUIP-LATENT)

EQUIPMENT-KW

Takes a list of values of maximum power required to operate up to five types of electrical equipment within the
space. This keyword is an alternative to EQUIPMENT-W/AREA. If both are specified, the contributions are
added. The description of the EQUIPMENT-W/AREA keyword, above, indicates how the total houtly equipment
electricity use and heat output are calculated. The actual equipment energy required by the space duting 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 may be specified by its components (see
EQUIP-LATENT and EQUIP-SENSIBLE). If both EQUIPMENT-KW and EQUIPMENT-W/AREA are
specified, the program adds the values. Before specifying a value for EQUIPMENT-KW, review SOURCE-TYPE
= ELECTRIC, below. In EQUIPMENT-KW you specify equipment; in SOURCE-TYPE you specify a utility
demand.

EQUIP-SENSIBLE

Takes a list of values, for up to five equipment types, of the fraction of EQUIPMENT-W/AREA ot
EQUIPMENT-KW that is added to the space as sensible heat. The sum of EQUIP-LATENT and EQUIP-
SENSIBLE, for each equipment type, must not exceed 1.0. For example, assume there are two equipment types in a
space. The first has a maximum electrical use of 0.6 W/ft2, with a sensible fraction of 0.7 and a latent fraction of 0.3.
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The second has a maximum electrical use of 0.8 W/ft2, with a sensible fraction of 1.0 and a latent fraction of zero.
Then

EQUIPMENT-W/AREA = (0.6, 0.8)
EQUIP-SENSIBLE = (0.7, 1.0)
EQUIP-LATENT = (1.0, 0.0)

If neither EQUIP-SENSIBLE nor EQUIP-LATENT is specified, all heat from equipment is considered sensible.

EQUIP-RAD-FRAC

Specifies the fraction of the EQUIP-SENSIBLE that is radiative; the remainder is convective. This keyword is used
only with custom weighting factors. Because the radiative portion of a heat gain interacts with the space surfaces and
is partially absorbed, there is a time lag between the radiative heat gain and the resultant cooling loads. In contrast,
there is no time lag for the convective portion of a heat gain. (Accepts a list of 5 corresponding to the equipment
loads in the space.)

EQUIP-LATENT

Takes a list of values, for up to five equipment types, of the fraction of EQUIPMENT-W/AREA ot
EQUIPMENT-KW that is added to the space as sensible heat. The sum of EQUIP-SENSIBLE and EQUIP-
LATENT, for each equipment type, must not exceed 1.0.

EQUIP-PWR-FT

Accepts the U-name of a CURVE-FIT that modifies the electrical equipment power and heat gain as a function of
space temperature. For example, if a refrigerator is modeled, the refrigerator will typically consume more power at
higher space temperatures. This curve is typically normalized to 1.0 at the EQUIP-RATED-T, but this is not
necessary; the program will normalize the curve internally. (Accepts a list of 5 corresponding to the electric
equipment loads in the space.)

In the LOADS module, the curve will use the value of the SPACE: TEMPERATURE all hours. In the HVAC
module, the power will be corrected by the actual houtly zone temperature.

EQUIP-RATED-T

When EQUIP-PWR-FT is used, specifies the temperature at which the EQUIPMENT-W/AREA or
EQUIPMENT-KW is defined. The EQUIP-PWR-FT curve will modify power consumption for other space
temperatures. (Accepts a list of 5 corresponding to the electric equipment loads in the space.)

Space Heat Sources
SOURCE-TYPE

Used when there are internal heating or cooling loads caused by a source other than people, lights, or equipment.

Associated code-words represent space heating (e.g., ovens) or cooling loads (e.g., ice rink). See note under keyword
SOURCE-BTU/HR.

GAS The load contributes to natural gas use. Examples include natural gas for ovens,
kilns, or dryers. Do not use the code-word GAS to specify gas heated hot water;
instead, specify SOURCE-TYPE=HOT-WATER. This will pass a demand for
hot water to the HVAC program, where the hot water heater is specified along
with its fuel type.

ELECTRIC The load contributes to electricity use. Examples include electricity for
electroplating or battery charging. Do not use the code-word ELECTRIC for
specifying electrically heated hot water; instead, specify SOURCE-TYPE=HOT-
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WATER. This will pass a demand for hot water to the HVAC program, where
the hot water heater is specified along with its fuel type.

HOT-WATER The load contributes to the hot-water budget use in the HVAC program. This
load will be reported as a domestic hot water load. The hot water loads will be
passed to any domestic hot water heater defined in the HVAC input.

PROCESS The load will not contribute a utility load. Examples of this type of load are
gasoline-powered fork trucks, oxyacetelyne welders, wood stoves, and bottled gas
equipment. Sum all the process loads in the space and express the total with the
keyword SOURCE-POWER. The portion of the total process load that enters as
a heating or cooling load is specified with the SOURCE-LATENT and
SOURCE-SENSIBLE keywords.

SOURCE-POWER

The maximum power supplied by the source defined by SOURCE-TYPE. This is the power required to operate
devices, other than lighting and equipment, within the space. SOURCE-POWER is usually positive, which means
heat is added to the space. However, if SOURCE-TYPE = PROCESS and the process involves cooling that
removes heat from the space, then SOURCE-POWER should be entered as a negative number.

The fraction of SOURCE-POWER that contributes to the space conditioning load is specified with the SOURCE-
SENSIBLE and SOURCE-LATENTkeywords, below.

SOURCE-SCHEDULE

Takes the U-name of the schedule (with TYPE=MULTIPLIER) for any soutce of internal energy (such as process
equipment within a space) other than people, lights, or electrical equipment. Schedule values are fractions of
SOURCE-POWER. If SOURCE-SCHEDULE is not entered, the schedule values will default to zero and no
source loads are simulated.

SOURCE-SENSIBLE

Fraction of SOURCE-POWER added to the space as a sensible load. The sum of SOURCE-SENSIBLE and
SOURCE-LATENT must not exceed 1.0 and it may be less than 1.0 if all such energy is not necessatily added to
the space load.

SOURCE-RAD-FRAC

Specifies the fraction of the SOURCE-SENSIBLE that is radiative; the remainder is convective. This keyword is
used only with custom weighting factors. Because the radiative portion of a heat gain interacts with the space
surfaces and is partially absorbed, there is a time lag between the radiative heat gain and the resultant cooling loads.
In contrast, there is no time lag for the convective portion of a heat gain.

SOURCE-LATENT

The fraction of SOURCE-POWER added to the space as a latent load. The sum of SOURCE-LATENT and
SOURCE-SENSIBLE must not exceed 1.0 and may be less than 1.0 if all such energy is not added to the space
load.

Infiltration
The following keywords specify the outside air infiltration for a space.

INF-SCHEDULE
Takes the U-name of a schedule of TYPE=MULTIPLIER that contains values that multiply the calculated
infiltration values. A value of 1.0 would leave the infiltration rates unmodified. Any value below 1.0 would represent
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reduction of infiltration such as that caused by pressurization from a supply fan. Any value above 1.0 would
represent an increase in infiltration such as that caused by an exhaust fan, open window, or open door. If INF-
SCHEDULE is not input the schedule defaults to 1.0 for all hours. Ordinarily, INF-SCHEDULE should not be
used with INF-METHOD = CRACK or RESIDENTIAL method of infiltration because the schedule will distort

wind information from the weather tape.

INF-METHOD

Takes a code-word that identifies the method used to calculate infiltration for the space (Table 32). Depending on
INF-METHOD and associated keywords, the infiltration rate may or may not depend on local windspeed and
inside-outside temperature difference.

NONE No infiltration is calculated.

AIR-CHANGE The infiltration rate is calculated using the air-change method. AIR-
CHANGES/HR or INF-FLOW/AREA should be specified if INF-METHOD
= AIR-CHANGSE. In this case the value AIR-CHANGES/HR will be corrected
for wind speed each hour, but the value of INF-FLOW/AREA will not be
cotrected. If both AIR-CHANGES/HR and INF-FLOW/AREA are specified,
the resulting infiltration rates are added.

RESIDENTIAL The infiltration rate is determined by the values of RES-INF-COEF and depends
on wind speed and outside-inside temperature difference.

S-G Sherman-Grimsrud Infiltration Method. Applies only to single-zone. Uses
keywords HOR-LEAK-FRAC, NEUTRAL LEVEL and FRAC-LEAK AREA.

CRACK In the case of the Crack Method, a value should be entered for the INF-COEF
keyword in the EXTERIOR-WALL instruction, and for the keyword INF-COEF
in the WINDOW instruction.

ASHRAE-ENHANCED  The infiltration rate is determined using the "Enhanced" method as described in
the 2005 ASHRAFE Handbook - Fundamentals, pp. 27.21-22. Uses the keywords
FLOW-COEF, STACK-COEF, WIND-COEF, PRESSURE-EXP and
SHELTER-FACTOR.

The enhanced model uses pressurization test results to charactetize house air
leakage through the leakage coefficients and the pressure exponent. The model is
sensitive to these coefficients, which may be quite difficult to determine.

The default values for these keywords are taken from the first example given for
this method in ASHRAE (Example 4). The default FLOW-COELF scales
according to the space VOLUME.

AIR-CHANGES/HR
The number of infiltration-caused ait changes per hour at a reference wind speed of 10 mph (4.47 m/s) (see table
under INF-METHOD). It has a correction for wind speed as shown by the following equation.

Infiltration in ach = (AIR-CHANGES/HR) * (wind-speed)/ (teference wind speed)

(This keyword should not be confused with a keyword of the same name in SYSTEMS.)
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INF-FLOW/AREA

The amount of infiltration into a space expressed as a ratio of air flow to floor area.

ENVELOPE

Table 33
Infiltration-Related Keywords for Different Infiltration Methods
Associated SPACE Inside-Outside Temp

INF-METHOD Keywords Wind Speed Correction??  Difference Cotrection?
AIR-CHANGE AIR-CHANGES/HR AIR-CHANGES/HR - Yes No

INF-FLOW/AREA INF-FLOW/AREA - No

INF-SCHEDULE
RESIDENTIAL RES-INF-COEF Yes Yes

INF-SCHEDULE
S-G FRAC-LEAK-AREA Yes? Yes

HOR-LEAK-FRAC

NEUTRAL-LEVEL

INF-SCHEDULE
CRACK INF-COEF (for Yes No

EXTERIOR-WALL,

WINDOW and DOOR)

INF-SCHEDULE
ASHRAE- FLOW-COEF Yes Yes
ENHANCED STACK-COEF

WIND-COEF

SHELTER-FACTOR

PRESSURE-EXP

INF-SCHEDULE
Unfiltration methods with wind speed correction depend also on the following SITE-PARAMETER
keywords, which affect local wind speed: TERRAIN-PAR1, TERRAIN-PAR2, WS-TERRAIN-PAR1, WS-
TERRAIN-PAR2 and WS-HEIGHT.
2In addition to the above SITE-PARAMETER keywords, SHIELDING-COEF is also used in the S-G
method to modify the the local wind speed, but does not modify the wind speed in any of the other
infiltration methods.

RES-INF-COEF
For INF-METHOD = RESIDENTIAL, takes a list of three values that are coefficients in the following equation:

Infiltration = valuel + (value2 x windspeed) + (value3 x (T)

where infiltration is measured in air changes/ht, windspeed in knots (or m/s) at the building location and (T is the
absolute value of outdoot-indoor temperature difference) in F (or K).

Alternatively to the list of 3 in RES-INF-COEF, you may separately specify these values using the keywords RES-
INF-CST, RES-INF-WND and RES-INF-TEMP.

NEUTRAL-ZONE-HT
For INF-METHOD = CRACK, used to compute a pressure difference between the inside and outside of a tall
building caused by air density gradient ("stack effect"). The value to be entered is calculated as follows. Let the
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neutral pressure level (NPL) by the line on the building exterior where the pressure difference between the inside
and outside results solely from the stack effect equals zero. The height of NPL is typically one half the building
height. The value of NEUTRAL-ZONE-HT is the distance from the center of the exterior wall of the space to
NPL. This distance is positive if the space center is below NPL and negative if above NPL.

HOR-LEAK-FRAC

For INF-METHOD = S-G, the leakage area and the leakage distribution are needed to compute the stack effect
term. HOR-LEAK-FRAC is the fraction of the leakage that is in the floor and ceiling. A value of 0.3 is appropriate
if there are few ceiling penetrations. Otherwise, the default of 0.4 may be used.

NEUTRAL-LEVEL

For INF-METHOD = S-G, the dimensionless height of the neutral level. That is, it is the fraction of the height of
the space at which the indoor-outdoor pressure difference due to stack effect is zero. In general this keyword can be
allowed to default to 0.5.

FLOW-COEF
For INF-METHOD = ASHRAE-ENHANCED, specifies the flow coefficient 'c' in the equations:

Qs =c*Cs*dTIn
Qw = ¢ * Cw * (st*Wlocal)?

Qnet = [ Qs? + Qw2 ]1/2

where
Qs infiltration due to the indoot/outdoor temperature differenial, cfm
c flow coefficient, cfm/ (in. HO)»
Cs stack coefficient, (in. HxO/°F)»
dT absolute value of the indoot/outdoor temperature differential, °F

n pressure coefficient

Qw Infiltration due to wind, cfm

Cw wind coefficient, (in. HoO/mph??2

st Shelter factor, modifier of local wind speed based on immediate surroundings
Wlocal local wind speed as modified by the SITE-PARAMETER terrain parameters, mph
Qnet  Net infiltration due to the combined effect of temperature and wind, cfm

Stack and wind coefficients vary according to the number of stories in the house, whether a flue exists, and whether
the house has a crawl space. The default FLOW-COELF is based on the first example given in the 2005 ASHRAE
Handbook - Fundamentals, pp. 27.22; scaled by the square root of the ratio of the SPACE:VOLUME divided by
the volume in the example, 12,000 ft3.

Because the units are dependent on the pressure exponent 'n', this keyword is dimensionless in the input, and this
method currently cannot be used with metric input. If simulated in metric, this keyword must still be defined in
English.

STACK-COEF
For INF-METHOD = ASHRAE-ENHANCED, specifies the temperature-dependent stack coefficient 'Cs' in the
equations:

Qs = c*Cs *dIn

Qw = ¢ * Cw * (st*Wlocal)
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Qnet = [ Qs? + Qw? ]2

where
Qs infiltration due to the indoor/outdoor temperature differenial, cfm
c flow coefficient, cfm/ (in. HoO)n
Cs stack coefficient, (in. H:O/°F)»
dT absolute value of the indoot/outdoor temperature differential, °F

n pressure coefficient

Qw Infiltration due to wind, cfm

Cw wind coefficient, (in. HxO/mph?2)2

sf Shelter factor, modifier of local wind speed based on immediate surroundings
Wlocal local wind speed as modified by the SITE-PARAMETER terrain parameters, mph
Qnet  Net infiltration due to the combined effect of temperature and wind, cfm

Stack and wind coefficients vary according to the number of stories in the house, whether a flue exists, and whether
the house has a crawl space. Typical values are listed in Table 35.

Because the units are dependent on the pressure exponent 'n', this keyword is dimensionless in the input, and this
method currently cannot be used with metric input. If simulated in metric, this keyword must still be specified in

English.

WIND-COEF
For INF-METHOD = ASHRAE-ENHANCED, specifies the wind-dependent stack coefficient 'Cw' in the
equations:

Qs =c*Cs*dTIn

Qw = ¢ * Cw * (st*Wlocal)?

Qnet = [ Qs? + Qw2 ]1/2

where
Qs infiltration due to the indoot/outdoot temperature differenial, cfm
c flow coefficient, cfm/(in. HO)»
Cs stack coefficient, (in. HxO/°F)»
dT absolute value of the indoot/outdoor temperature differential, °F

n pressure coefficient

Qw Infiltration due to wind, cfm

Cw wind coefficient, (in. HoO/mph??2

st Shelter factor, modifier of local wind speed based on immediate surroundings
Wilocal local wind speed as modified by the SITE-PARAMETER terrain parameters, mph
Qnet  Net infiltration due to the combined effect of temperature and wind, cfm

Stack and wind coefficients vary according to the number of stories in the house, whether a flue exists, and whether
the house has a crawl space. Typical values are listed in Table 35.

Because the units are dependent on the pressure exponent 'n', this keyword is dimensionless in the input, and this
method currently cannot be used with metric input. If simulated in metric, this keyword must still be specified in
English.

SHELTER-FACTOR
For INF-METHOD = ASHRAE-ENHANCED, specifies the shelter factor 'sf' in the equations:
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Qs =c*Cs *dIn

Qw = ¢ * Cw * (st*Wlocal)

Qnet = [ Qs? + Qw? |12

where
Qs infiltration due to the indoot/outdoot temperature differenial, cfm
c flow coefficient, cfm/(in. HO)»
Cs stack coefficient, (in. H:O/°F)»
dT absolute value of the indoot/outdoor temperature differential, °F

n pressure coefficient
Qw Infiltration due to wind, cfm
Cw wind coefficient, (in. HxO/mph?2)2

sf Shelter factor, modifier of local wind speed based on immediate surroundings
Wlocal local wind speed as modified by the SITE-PARAMETER terrain parameters, mph

Qnet  Net infiltration due to the combined effect of temperature and wind, cfm

ENVELOPE

The SITE-PARAMETER keywords TERRAIN-PAR1, TERRAIN-PAR?2, etc. modify the wind speed as measured
at the weather station for local factors such as ground roughness and height above ground level. The result is Wlocal

in the above equations. The shelter factor further modifies the local wind speed for the height of the house,

whether the house has a flue, and the shelter class. Refer to Table 33 through Table 35 for typical values. The
shelter factor modifies the wind speed only in the ASHRAE-ENHANCED method. A similar keyword, SITE-
PARAMETERS:SHIELDING-COEF modifies the wind speed in the Sherman-Grimsrud infiltration method.

The ASHRAE Handbook also makes reference to a wind speed multiplier 'G". This factor is not used in eQUEST,

as 'G'is an approximate correction factor for local wind speed, alteady modified in eQUEST by the SITE-

PARAMETER:TERRAIN-* keywords.

Table 34
Local Shelter Classes
Shelter Description
Class

1 No obstructions or local shielding

2 Typical shelter for isolated rural house

3 Typical shelter caused by other buildings across the street
from the building under study

4 Typical shelter for urban buildings on larger lots where
sheltering obstacles are more than one building height away

5 Typical shelter produced by buildings or other structures that
are immediately adjacent (closer than one house height): e.g.,
neighboring houses on the same side of the street, trees,
bushes, etc.
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Table 35
Enhanced Model Shelter Factors
Shelter No Flue One Story Two Story Three Story
Class with Flue with Flue with Flue
1 1.00 1.10 1.07 1.06
2 0.90 1.02 0.98 0.97
3 0.70 0.86 0.81 0.79
4 0.50 0.70 0.64 0.01
5 0.30 0.54 0.47 0.43
Table 36

Enhanced Model Stack and Wind Coefficients

One Story Two Story Three Story
No Flue WithFlue | NoFlue WithFlue | NoFlue With Flue
STACK-COEF 0.000893  0.001144 | 0.001308  0.001478 | 0.001641 0.001791
WIND-COEF 0.01313 0.001194 | 0.001432  0.001313 | 0.001432  0.001402
(basement/slab)
WIND-COEF 0.001074  0.001074 | 0.001194  0.001194 | 0.001271 0.001295
(crawl space)

PRESSURE-EXP
For INF-METHOD = ASHRAE-ENHANCED, specifies the pressute exponent 'n' in the equations:

Qs =c*Cs*dTIn
Qw = ¢ * Cw * (st*Wlocal)?

Qnet = [ Qs? + Qw2 ]1/2

where
Qs infiltration due to the indoor/outdoor temperature differenial, cfm
c flow coefficient, cfm/ (in. HoO)n
Cs stack coefficient, (in. HxO/°F)»
dT absolute value of the indoot/outdoor temperature differential, °F

n pressute coefficient

Qw Infiltration due to wind, cfm

Cw wind coefficient, (in. HoO/mph??2

sf Shelter factor, modifier of local wind speed based on immediate surroundings
Wlocal local wind speed as modified by the SITE-PARAMETER terrain parameters, mph
Qnet  Net infiltration due to the combined effect of temperature and wind, cfm

Because the units in several of the coefficients are dependent on the pressure exponent 'n', these keywords are
dimensionless in the input, and this method currently cannot be used with metric input. If simulated in metric, all of
the keywords acted upon by this exponent must still be specified in English.
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Weighting-Factor Related Keywords
The following keywords affect the weighting factors for a space. See "Weighting Factors" in the DOE-2.2 Topies.

FLOOR-WEIGHT

Specifies the composite weight of the floor, furnishings, and interior walls of a space divided by the floor area of the
space. The input value determines the weighting factors associated with the space. Higher values give a longer lag
time between heat gains and resultant cooling loads, and greater damping of peak loads. If 0.0 is input (the default)
the program will calculate Custom Weighting Factors. For other values ASHRAE weighting factors are used

FURNITURE-TYPE
Takes a code-word that describes the thermal response of the furniture in the space. Used only for Custom
Weighting Factor calculation.

LIGHT represents a furniture density of approximately 40 Ib/ft3 (641 kg/m3) of furniture
(like pine furniture).

HEAVY represents a furniture density of approximately 80 Ib/ft2 (1282 kg/m3).

FURN-FRACTION
Fraction of floor area covered by furniture. Determines the fraction of the incoming solar radiation absorbed by the
furniture. Used only for the Custom Weighting Factor calculation.

FURN-WEIGHT
Weight of the furniture divided by the total floor area of the space. For example, if the furniture weighs 1000 Ib and
the total floor area is 500 ft2, then FURN-WEIGHT = 2.0. Used only for the Custom Weighting Factor calculation.

Input Functions

The following keywords cause Input Functions to be calculated for the space. For more information, see the
description of the FUNCTION command. See also "Input Functions” in the DOE-2.2 Topis.

FUNCTION
Invokes a function calculation for this SPACE.

DAYL-ILLUM-FN
Invokes a function calculation for daylighting of this SPACE. This function is called in the LOADS subroutine
DINTIL, which determines the houtly daylight illuminance and glare index at each reference point in a space

DAYL-LT-CTRL-FN

Invokes a function calculation for the daylighting controls of this SPACE. This function is called in the LOADS
subroutine DLTSYS, which determines the electric lighting reduction in response to daylight illuminance at each
reference point in a space.
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TROMBE-WALL-NV

This command is used to enter a Trombe wall. The Trombe wall consists of a heavy-weight wall (usually concrete)
covered on the outside by a window (usually insulating glass). The window is separated from the wall by an air gap.
The Trombe wall is not vented, i.c., the air in the gap does not circulate between the adjacent room and the gap or
between the outside and the gap. Trombe walls are used for passive solar heating: solar radiation absorbed by the
wall is conducted into the adjacent room after a time delay that depends on the construction and thickness of the
wall The simulation requires the following information:

e The size, location, and otientation of the Trombe wall.

e The glazing in the window that covers the wall. The amount and scheduling of window insulation.
e The wall materials.

o The channel width of the air gap and the emissivity of the wall.

Trombe walls are synonymous, in terms of keywords, with EXTERIOR-WALLSs. The Trombe wall keywords are
described under the EXTERIOR-WALL command.

Specifying TROMBE-WALL-NV tells the program to model an unvented Trombe wall in the given space. The
window that covers the Trombe wall is indicated by following the TROMBE-WALL-NV command by a
WINDOW command or specifying a WINDOW U-name for the WINDOWS keyword. Use of the keywords
SHADING-SCHEDULE and CONDUCT-SCHEDULE allows you to simulate movable insulation placed over
the glass. The material description of the wall is entered in the same way as a regular wall, i.e., through the
MATERIAL, LAYERS, and CONSTRUCTION commands. U-name may be used to identify each Trombe wall.
LIKE may be used to copy a previously-defined Trombe wall.

Rules
1. Only one TROMBE-WALIL-NV is allowed per SPACE.
2. Bach TROMBE-WALL-NV must have one, and only one, WINDOW.
3. The window area must equal the Trombe wall area.
4. To get time-delayed heat transfer through the wall, use a CONSTRUCTION of TYPE=LAYERS.
Also, be sure that the ABSORPTANCE keyword value in the CONSTRUCTION is high in order to

maximize the amount of solar radiation absorbed by the wall.

5. The CONSTRUCTION command referenced by TROMBE-WALL-NV command must, in turn,
reference 2 WALL-PARAMETERS command.

6. 'The amount of solar heat that flows from the wall to the room will be enhanced if the outer wall
surface has a low-emissivity coating (low value of EMISSIVITY in WALL-PARAMETERS).

The WALL-PARAMETERS keywords used for Trombe walls are shown in Table 36.
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Table 37
WALL-PARAMETERS keywords for TROMBE-WALL-NV
Keyword Input Value or Range Default
FOR TROMBE-WALL-NV -
EMISSIVITY 00-1.0 0.93
CHANNEL-WIDTH 0.0-1.0 £t (0.0 - .30 m) None

Example input:

TWLAY = LAYERS
MAT =

(C'CMU HW 12in ConcFill (CB17)"™) ..

TWPARS = WALL-PARAMETERS

FOR =
CHANNEL-WIDTH =

TWCONS = CONSTRUCTION
LAYERS
WALL-PARAMETERS

TROMWGLASS = GLASS-TYPE

GLASS-TYPE-CODE =

SPACE1-1 = SPACE

TROMBE-WALL-NV
0.3333 ..

TWLAY
TWPARS ..

2000 ..

FRONT-1 = TROMBE-WALL-NV

SURFACE-TYPE
HEIGHT

WIDTH

X

Y

Y4

AZ
CONSTRUCTION

WF-1 = WINDOW
HEIGHT
WIDTH
GLASS-TYPE

WALL

8

20

0

0

0

180
TWCONS ..

8
100
TROMWGLASS ..

ENVELOPE
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UNDERGROUND-WALL
UNDERGROUND-FLOOR

These equivalent commands specify the size and construction of a wall (such as a basement wall) or a floor (such as
a slab-on-grade) that is in contact with the ground. Each 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. LIKE may be used to copy a previously defined wall or floor. Note that the U-
EFFECTIVE keyword in previous versions of the program is no longer used. It has been replaced by PERIM-
EXPOSED and PERIM-CONDUCT.

Example input:

Concrete slab-on-grade entered as an UNDERGROUND-FLOOR. § See "Underground Surfaces" in the DOE-2.2
Topics for a description of how to input the floot's layers and how to choose the perimeter conductance (PERIM-
CONDUCT) and perimeter exposed to outside air (PERIM-EXPOSED). Note that the construction should always
contain a 12-in layer of soil on the ground side of the underground surface.

LAY-SLAB-1 = LAYERS

MATERIAL = ('Soil 12in",
"Conc HW 1401b 4in (CCO3)")

INSIDE-FILM-RES = 0.77 ..
CON-SLAB-1 = CONSTRUCTION

TYPE = LAYERS

LAYERS = LAY-SLAB-1 ..
SLAB-1 = UNDERGROUND-FLOOR

HEIGHT = 50

WIDTH = 100

TILT = 180

PERIM-CONDUCT = 0.68

PERIM-EXPOSED = 300

CONSTRUCTION = CON-SLAB-1 ..

SURFACE-TYPE

Takes a code-word that is used to set the default TILT value for the surface. CEILING or ROOF give TILT=0,
FLOOR gives TILT = 180, WALL gives TILT=90. These values can be overridden by specifying the TILT
keyword.

CONSTRUCTION
Takes the U-name of a previously-defined or library entry CONSTRUCTION command that describes the layer-
by-layer construction of the wall or floor. This is a required keyword.

One of these layers in the construction should be a 1-ft (0.305-m) layer of soil on the ground side of the wall or
floor. This layer can be chosen from the Libraty; it is "Soil 12in".

AREA
Area of the UNDERGROUND-WALL or UNDERGROUND-FLOOR. Use either AREA or HEIGHT/
WIDTH or LOCATION or POLYGON.
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HEIGHT, WIDTH

The height and width, respectively, of a rectangular wall or floor. Use either AREA or HEIGHT/WIDTH or
LOCATION or POLYGON. HEIGHT is the dimension along the y-axis of the surface; WIDTH is the dimension
along the x-axis.

AZUMITH
Clockwise angle between the parent space's Y-axis and the horizontal projection of the surface outward normal. See
"Geometry" in the DOE-2.2 Topies.

TILT

Angle between vertical and the surface outward normal. TILT = 90 for a vertical wall; TILT = 180 for a horizontal
floot. See "Geometry" in the DOE-2.2 Topics. The default value of TILT is determined by the value of the
SURFACE-TYPE keyword. If SURFACE-TYPE is not specified, the default TILT for UNDERGROUND-
WALL is 90 and the default tilt for UNDERGROUND-FLOOR is 180. Note that using SET-DEFAULT for
UNDERGROUND-WALL will also teset the defaults for UNDERGROUND-FLOOR.

X

Y

V4

Coordinates of the lower left-hand corner of the surface (as viewed from the ground side) in the space coordinate
system. See "Geometry" in the DOE-2.2 Topics.

PERIM-EXPOSED
Not yet implemented. The length of the perimeter portion of the sutface exposed to outside air. See "Underground
Surfaces" in the DOE-2.2 Topics for examples of how to choose a value for this keyword. This is a required keyword.

PERIM-CONDUCT

Not yet implemented. This is a required keyword, equal to the effective conductance of the surface per unit length
of exposed perimeter. A value can be chosen from the tables in "Underground Surfaces" in the DOE-2.2 Topics. The
value depends on several factors, including:

o The type of surface: slab on grade, basement wall or crawl space wall.
e The placement and amount of foundation insulation.

e Ifslab on grade, whether it is bare or carpeted.

MULTIPLIER

The number of identical underground surfaces located in the same plane. Multiplies the area of the sutface.

LOCATION

If the surface is in 2 SPACE with SHAPE=BOX, then TOP, BOTTOM, LEFT, RIGHT, FRONT, or BACK is
used to indicate on which face of the box the surface is located. From this, and the SPACE keywords HEIGHT,
WIDTH, and DEPTH, the program determines the surface's values of X, Y, Z, HEIGHT, WIDTH, AZIMUTH,
and TILT.

If the surface is in a SPACE with SHAPE=POLYGON, then SPACE-V1, SPACE-V2, etc., are used to orient and
size the surface in spaces where the SPACE:POLYGON keyword specifies the footprint of the space.
LOCATION = SPACE-V1 means that the lower left hand corner of the surface is located at the vertex 1 of the
space POLYGON. The program then positions the surface so that it is vertical (TILT=90) and its x-axis passes
through vertex 1 and vertex 2 of the space POLYGON (which determines the surface's AZIMUTH). The sutface
HEIGHT is set to HEIGHT of the SPACE and the surface WIDTH is set to the vertex 1 to vertex 2 distance. A
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similar procedure is followed for LOCATION = SPACE-V2, SPACE-V3, etc. If LOCATION = TOP
(BOTTOM) the wall is positioned as a ceiling (floor) of the space, with a shape that is the same as the space
POLYGON.

POLYGON

Takes the U-name of a previously-defined POLY GON command. This keyword is used in place of HEIGHT and
WIDTH to describe non-rectangular surfaces. See the POLYGON Command. See also "Geometry" in the DOE-
2.2 Topics.

SOLAR-FRACTION

The fraction of the solar radiation entering a space that is absorbed by this underground surface. Used by the
program to calculate custom weighting factors for solar heat gain (see "Weighting Factors" in the DOE-2.2 Topics). A
caution message will be issued if the sum of the SOLAR-FRACTIONS for a given space is not within 10 percent of
1.0, and the program will adjust the SOLAR-FRACTION:s so that their sum is 1.0. The program multiplies each
SOLAR-FRACTION by a factor that accounts for the amount of incoming solar radiation that is reflected back out
of the space through the glazing.

If all SOLAR-FRACTION: for a space are allowed to default, the program will assume that 60% of the incoming
solar radiation is absorbed by the floor; the remaining 40% will be distributed to the other surfaces (excluding
windows), according to their surface areas. If there is no floor, the full 100% will be distributed to the surfaces
(excluding windows), according to their surface areas.

To override this default procedure, you can explicitly specify SOLAR-FRACTION values for all the surfaces or for
some of the surfaces. If not all of the SOLAR-FRACTION:S ate input, the program will sum the values specified
and distribute the balance (up to 1.0) to the other surfaces. For example, if you specify SOLAR-FRACTION = 0.7
for the floor only, the program will distribute the remaining 0.3 to the walls and ceiling, according to their area and
INSIDE-SOL-ABS value.

The distribution of absorbed solar radiation depends on the space geometry and surface absorptances, as well as on
the hourly varying position of the sun relative to the space. It also depends on the houtly varying proportions of
direct and diffuse solar radiation entering the space. Since you can enter only one set of SOLAR-FRACTION:S for a
SPACE, the SOLAR-FRACTIONS should be chosen to represent a time-average over the run period of the
analysis, with emphasis given to those times of day and seasons of the year when solar gain is greatest.

Note: SOLAR-FRACTION is not affected by MULTIPLIER; it applies to the surface area after multiplication.

INSIDE-SOL-ABS

Inside surface solar absorptance. This is the fraction of the solar radiation incident on the opaque part of the wall
from the inside that is absorbed (the rest being reflected). The program uses the INSIDE-SOL-ABS values to (1)
determine the inside solar radiation distribution in sunspaces (see "Sunspaces"” in the DOE-2.2 Topics); and (2) to
calculate SOLAR-FRACTIONSs when not all SOLAR-FRACTION:Ss in a space have been specified (see SOLAR-
FRACTION keyword, above).

Note that SOLAR-FRACTION and INSIDE-SOL-ABS for a surface are related but are not generally equal.

INSIDE-VIS-REFL
Inside surface visible reflectance (hemispherical average). Used only for daylighting calculation.

FUNCTION
Invokes a function calculation for this surface. See the FUNCTION command; see also "Input Functions" in the
DOE-2.2 Topics.
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WALL-PARAMETERS
Specifies data used to calculate air flow across a sunspace INTERIOR-WALL. Also specifies emissivity and channel
width data for a Trombe wall entered with the TROMBE-WALL-NV command. The U-name of this command is
referenced by the CONSTRUCTION command for INTERIOR-WALL and TROMBE-WALL-NV.

Example input:

WP-1 = WALL-PARAMETERS
FOR INTERIOR-WALL
AIR-FLOW-TYPE FORCED-RECIRC

AIR-FLOW-RATE = 200
AIR-FLOW-CTRL-DT = 2.5
FAN-KW = -0.005 ..
IWCON-1 = CONSTRUCTION
WALL-PARAMETER = WP-1
LAYERS = LAY-1
IW-1 = INTERIOR-WALL
CONSTRUCTION = IWCON-1

FOR
Takes a code-word specifying the type of WALL-PARAMETERS

INTERIOR-WALL the wall parameters are for a sunspace interior wall
TROMBE-WALL-NV the wall parameters are for an unvented Trombe wall

TROMBE-WALL-NV keywords
EMISSIVITY

The emissivity of the outside wall surface.

CHANNEL-WIDTH
Width of the air gap in a Trombe wall; i.e., the distance between the inside surface of the WINDOW and the
outside surface of the wall. Width between vented walls. Required for TROMBE-WALL.

Sunspace INTERIOR-WALL air flow keywords

The following keywords are used only for when there is airflow across an INTERIOR-WALL between a sunspace
and a non-sunspace. See "Sunspaces" in the DOE-2.2 Topies.

LOWER-VENT-AREA, UPPER-VENT-AREA
Area of the lower vent opening for AIR-FLOW-TYPE = FREE-RECIRC.

VERT-VENT-SEP
Center-to-center vertical separation between the upper and lower vents for AIR-FLOW-TYPE = FREE-RECIRC.

AIR-FLOW-TYPE
Takes a code-word that specifies the type of air flow across the INTERIOR-WALL (see Figure 24).
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FORCED-RECIRC

FORCED-OA-PREHT

FREE-RECIRC

FREE-DOORWAY

ENVELOPE

A fan blows air through a vent from the sunspace to the adjacent space at a rate
equal to AIR-FLOW-RATE. Air is recirculated back to the sunspace through
another vent. All of the fan heat is assumed to be picked up by the airstream
flowing into the adjacent space.

A fan draws outside air into the sunspace where it is pre-heated, then transferred
across the INTERIOR-WALL into the adjacent space. The fan is assumed to be
located in the building exhaust airstream so that no fan heat is delivered to the
building. The flowrate of outside air drawn into the sunspace is the same as the
flowrate from the sunspace across the INTERIOR-WALL.

Alr circulates through upper and lower vents in the INTERIOR-WALL by
natural convection. The heat transfer from sunspace to adjacent space is calculated
by the program as

Q=31267C, P [Ts =T (e-Ta)
TS TR

T Tx (Ai + ¥ ]
where
Q is in Btuh
CP equals the heat capacity of air (Btu/Ib-F)
P equals the atmospheric pressure (in. Hg)
h equals the vertical separation between vents pressure (ft)
TS equals the sunspace air temperature (F)
TR equals the air temperature of the adjacent space (F)
AU equals the upper vent area (ft2)
AL equals the lower vent area (ft2)

Alr circulates by natural convection through a doorway in the INTERIOR-
WALL. The heat transfer from sunspace to adjacent space when the doorway is
tully open is given by

3
Q=46WH? \TS—TRE (T-Te

).

where

Q is in Btuh

\4 equals the width of the opening (ft)

H equals the height of the opening (ft)

TS equals the sunspace air temperature (F)

TR equals the air temperature of the adjacent space (F)
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Table 38
WALL-PARAMETERS keywords for sunspace INTERIOR-WALL
AIR-FLOW-TYPE
FORCED- FORCED- FREE- FREE-
Keyword RECIRC OA-PREHT RECIRC DOORWAY

LOWER-VENT-AREA Yes
UPPER-VENT-AREA Yes
VERT-VENT-SEP Yes
AIR-FLOW-RATE Yes Yes
AIR-FLOW-CTRL-DT Yes Yes Yes Yes
FAN-KW/FLOW Yes Yes
DOORWAY-H Yes
DOORWAY-W Yes

AIR-FLOW-RATE
Air flow rate across a sunspace INTERIOR-WALL for AIR-FLOW-TYPE = FORCED-RECIRC or FORCED-
OA-PREHT. Used only if AIR-FLOW-TYPE = FORCED-RECIRC or FORCED-OA-PREHT.

AIR-FLOW-CTRL-DT
Threshold temperature difference for control of air flow across a sunspace INTERIOR-WALL. Air flow will occur
only if: T (sunspace)-T (adjacent space) > AIR-FLOW-CTRL-DT.

The default value is 3.0F (1.66K) for all AIR-FLOW-TYPEs except FORCED-OA-PREHT, in which case it is -
100F (-55K) (therefore the keyword has no effect if not specified for FORCED-OA-PREHT).

FAN-KW/FLOW
The electric power per unit air flow of the fan for AIR-FLOW-TYPE=FORCED-RECIRC or FORCED-OA-
PREHEAT.
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Sunspace air flow types

FORCED-RECIRC FREE-RECIRC
Sunspace Sunspace
FORCED-OA-PREHT FREE-DOORWAY
Sunspace Sunspace

Figure 24 Sunspace INTERIOR-WALL air flow configurations

DOORWAY-H
Height of the INTERIOR-WALL opening through which air flow occurs for AIR-FLOW-TYPE = FREE-

DOORWAY

DOORWAY-W
Width of the INTERIOR-WALL opening through which air flow occurs for AIR-FLOW-TYPE = FREE-

DOORWAY. Multiple openings of height Hi and width Wi in the same wall can be represented by a single opening
with DOORWAY-H = <H> and DOORWAY-W =

To get solar radiation transmitted across an unglazed opening, a WINDOW with GLASS-TYPE-CODE = 0,
GLASS-CONDUCTANCE = 0.0001, HEIGHT = same value as DOORWAY-H, and WIDTH = same value as
DOORWAY-W, should be placed in the sunspace INTERIOR-WALL.
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WINDOW

Specifies the size, position, number, and glazing properties of a window in an EXTERIOR-WALL or in a sunspace
INTERIOR-WALL. A GLASS-TYPE instruction must precede a WINDOW instruction. LIKE may be used to
copy data from a previously entered and U-named WINDOW. U-name may be specified.

Example input:

WF-1 = WINDOW

X = 12
Y =3
WIDTH = 20
HEIGHT =4
GLASS-TYPE = GT-1 ..
X
Y

X and Y are the coordinates of the bottom left-hand corner of the glazed part of the window (when viewed from
the outside of the window) in the wall coordinate system. If X is not specified, the program will center the window
horizontally on the wall; if Y is not specified the program will center the window vertically.

HEIGHT
Height of the glazed part of the window.

WIDTH
Width of the glazed part of the window.

WINDOW-TYPE

Takes a code-word that indicates the method of inputting the solar-thermal characteristics of the window glazing,
The choice of window type will determine default value for the window as well as how the window utilizes other
daylighting properties.

STANDARD Default. Indicates that the window is composed of standard vertical flat glass
glazing with an optional frame. This window will use VERT-OBS1-FACTOR &
VERT-OBS2-FACTOR for daylighting calculations and will not be affected by
obstructions associated with skylights.

SKYLIGHT-FLAT Indicates that the window is a skylight using flat glass glazing. This type of
window includes a default curb and frame and utilizes inputs for skylight
obstructions (see below). This window type can have an associated light well used
for daylighting calculations.

SKYLIGHT-DOMED Indicates that the window is a skylight using domed glazing. Default solar
transmittance properties are included along with a default dome depth. This type
of window also includes a default curb and frame and utilizes inputs for a light
well and for skylight obstructions (see below).

SKYLIGHT-TUBULAR  Indicates that the window is a skylight using a tubular daylighting device with an
extetior domed glazing, a light tube with high interior reflectivity and an optional
diffuser at the bottom of the tube. Default solar transmittance properties
appropriate for a domed glazing surfa ce are included along with a default dome
depth. This type of window also includes a default curb and frame and utilizes
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inputs for skylight obstructions (see below) but does not have an associated light
well.

MULTIPLIER
Specifies the number of identical windows in the wall. MULTIPLIER multiplies the area of window.

WIN-SPEC-METHOD
Takes a code-word that indicates the method of inputting the solar-thermal characteristics of the window glazing,

GLASS-TYPE-INPUT Indicates that the GLASS-TYPE keyword will be used to reference a previously-
entered or library GLASS-TYPE command. This input method is used when you
want to describe the glazing by using the shading coefficient approach, or by
getting the glazing characteristics from the Library. See the GLASS-TYPE
command.

LAYERS-INPUT Indicates that the WINDOW-LAYERS keyword will be used to reference one or
more previously-entered or library WINDOW-LAYER commands. This input
method is used when you want to desctibe a window layer by layer. See the
WINDOW-LAYER command.

GLASS-TYPE
Takes the U-name of a previously-entered or library GLASS-TYPE command. This is a required keyword when
WIN-SPEC-METHOD=GLASS-TYPE-INPUT.

DIFFUSING-GLASS
Takes a code-word that indicates the diffusing characteristics of the window glazing.

YES Indicates that the glazing is diffusing, and that all transmitted energy (thermal or
visible) arrives inside the window as diffuse.

NO Indicates that the glazing is not diffusing, and that energy (thermal or visible) is
transmitted through the window based on the direct and diffuse incident solar
radiation.

DIRT-DEPREC-SCH

Takes the U-name of a previously-entered or library SCHEDULE command of TYPE FRACTION or
MULTIPLIER. This schedule defines an hourly multiplier on, or fractional value of, the visible light, as well as direct
and diffuse solar, transmitted through the window. This value represents the effect of dirt accumulation on the
window and acts in a very similar manner as the SHADING-SCHEDULE in that that the visible light and
transmitted solar gain is reduced to this fractional value. The reduction in transmittance is assumed to result in an
equal increase in absorptance; the houtly absorptance of the outermost pane of glass is increased by the sum of the
reduction of direct and diffuse solar, as defined houtly by one minus the value of DIRT-DEPREC-SCH times the
unaltered direct and diffuse transmission amounts.

INSIDE-VIS-REFL

Visible reflectance (hemispherical average) of the inside surface of the window. Used only for exterior windows in
spaces with DAYLIGHTING=YES. This keyword can be allowed to default unless the window has a high-
reflectance shade that is in place during most of the daylight hours, in which case it should be set to the visible
reflectance of the shade.
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Skylight Glass and Daylighting Properties

The following keywords are used to provide added detail for the modeling of skylights when WINDOW-TYPE is
SKYLIGHT-FLAT, SKYLIGHT-DOMED or SKYLIGHT-TUBULAR. See “Window Frames and Skylight
Curbs” for details on the specification of frame and curb properties for skylights.

Domed Skylight Properties

The following keywords are used for the modeling of skylights when WINDOW-TYPE is SKYLIGHT-DOMED
or SKYLIGHT-TUBULAR.

DOME-DEPTH

When WINDOW-TYPE is SKYLIGHT-DOMED or SKYLIGHT-TUBULAR, accepts a numeric value that is
the dome projection above the plane of the skylight frame. For tubular daylighting devices this value is defaulted
based on the TUBE-DIAMETER. For rectangular domed skylights this value is defaulted based upon the
minimum dimension of the skylight height and width.

SKY-TRANS-ANG

When WINDOW-TYPE is SKYLIGHT-DOMED or SKYLIGHT-TUBULAR, accepts a list of up to ten values
of direct solar incident angle upon the outside surface of the window glazing, that together with the paired value of
SKY-TRANS-ANG provides the transmitted solar energy relative to the value for normal incident solar. For
skylights that do not utilize flat glass the transmitted visible and solar heat is calculated using the direct normal value
times a multiplier derived from the solar incident angle and the SKY-TRANS-ANG and SKY-TRANS-MULT
keywords; the two keywords are used to provide a piece-wise linear relation that the calculation uses with houtly
linear interpolation. The first value should be 0.0 (normal incidence) and the last value should be 90.0. Default
values for SKY-TRANS-ANG and SKY-TRANS-MULT are provided for standard domed skylights and tubular
daylighting devices; new values can be entered for specific skylight dome shapes if the required information is
available.

SKY-TRANS-MULT

When WINDOW-TYPE is SKYLIGHT-DOMED or SKYLIGHT-TUBULAR, accepts a list of up to ten values
of solar transmission through the window glazing, that together with the paired value from SKY-TRANS-ANG
(which is the direct solar incident angle upon the outside surface) provides the transmitted solar energy relative to
the value for normal incident solar. For skylights that do not utilize flat glass the transmitted visible and solar heat is
calculated using the direct normal value times a multiplier derived from the solar incident angle and the SKY-
TRANS-ANG and SKY-TRANS-MULT keywords; the two keywords are used to provide a piece-wise linear
relation that the calculation uses with houtly linear interpolation. The values should be the ratio, at the
corresponding angle value of SKY-TRANS-ANG, of skylight transmission divided by the value of transmission at
normal incident angle for the window GLASS-TYPE. Default values for SKY-TRANS-ANG and SKY-TRANS-
MULT are provided for standard domed skylights and tubular daylighting devices; new values can be entered for
specific skylight dome shapes if the required information is available. Default values are found in the Table 38
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Table 39 Skylight Transmission Multipliers

SKYLIGHT-DOMED SKYLIGHT-TUBULAR
SKY- SKY- SKY- SKY-
TRANS- TRANS- TRANS- TRANS-
Value position ANG MULT ANG MULT

1 0.0 1.0 0.0 1.0

2 90.0 1.0 50.0 1.0

3 70.0 0.95

4 78.0 0.88

5 81.0 0.85

6 83.0 0.85

7 87.0 1.0

8 90.0 1.1

Skylight Light Well Daylighting Properties

The following keywords are used for the modeling of skylights when WINDOW-TYPE is SKYLIGHT-FLAT or
SKYLIGHT-DOMED. The specification of a light well replaces the need for the user to modify the visible
transmittance of the glass type used for the window based on a manually calculated light well efficiency.

LIGHT-WELL

When WINDOW-TYPE is SKYLIGHT-FLAT or SKYLIGHT- DOMED, accepts a codeword that allows a light
well to be defined for the skylight. The light well, if specified, will be placed directly under the window (and only the
window with this keyword set as YES) and will have a direct impact upon the daylight contribution from this
window to the parent space.

NO Indicates that no window light well is to be modeled for this window.

YES Indicates that a light well is to be modeled for the daylighting contribution for this
window to its parent space.

WELL-EFF-METHOD

When WINDOW-TYPE is SKYLIGHT-FLAT or SKYLIGHT- DOMED, accepts a codeword method by which
the overall light well daylighting visible light transmittance will be obtained. Unless the user has specific information
about an unusual light well, it is recommended that the program be allowed to calculate the well efficiency.

SPECIFY Indicates that the overall light well visible transmittance efficiency will be supplied
via the keyword WELL-EFFICIENCY.

CALCULATE Indicates that the overall light well visible transmittance efficiency will be
calculated by DOE-2 using a coefficient of utilization methodology.

WELL-EFFICIENCY
When WINDOW-TYPE is SKYLIGHT-FLAT or SKYLIGHT- DOMED and WELL-EFF-METHOD is
SPECIFY, accepts a numeric value that is the overall light well visible transmittance efficiency.
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WELL-DEPTH

When WINDOW-TYPE is SKYLIGHT-FLAT or SKYLIGHT- DOMED and WELL-EFF-METHOD is
CALCULATE, this is a required numeric value that is the depth of the a light well under the skylight frame. This
value is the distance from the inside edge of the frame of the skylight to the bottom of the well (usually at the space
ceiling level.)

WELL-WIDTH-BOT

When WINDOW-TYPE is SKYLIGHT-FLAT or SKYLIGHT- DOMED and WELL-EFF-METHOD is
CALCULATE, accepts a numeric value that is the width of the well at the ceiling level. This value defaults to the
window WIDTH.

WELL-LENGTH-BOT

When WINDOW-TYPE is SKYLIGHT-FLAT or SKYLIGHT- DOMED and WELL-EFF-METHOD is
CALCULATE, accepts a numeric value that is the length (equivalent to window height) of the well at its bottom.
This value defaults to the window HEIGHT.

WELL-VIS-REFLECT
When WINDOW-TYPE is SKYLIGHT-FLAT or SKYLIGHT- DOMED and WELL-EFF-METHOD is

CALCULATE, accepts a numeric value that is the visible reflectance (hemispherical average) of the inside surface of
the well walls.

Tubular Skylight Daylighting Device Properties

The following keywords are used for the modeling of skylights when WINDOW-TYPE is SKYLIGHT-
TUBULAR. A primary parameter is the Tube diameter. Additionally, a set of keywords allows for the calculation of
a visible-transmittance correction factor for tubular skylight devices. This assumes that the visible transmittance
entered for the GLASS-TYPE assigned to the window command does not already account for the tube. The only
required keyword is TUBE-EFFICIENCY; that value can be either specified or calculated.

TUBE-DIAMETER

When WINDOW-TYPE is SKYLIGHT-TUBULAR, is a required numeric value that is the diameter of the tube
(and dome at its base ) at the point of the intersection of the dome and tube with the device mounting frame. When
TUBE-EFF-METHOD is CALCULATE this value is used in the calculation of the overall tubular device visible
transmittance efficiency. This value will also be used in calculation of tubular window “area” and in defaulting the
window height and width only if the height and width are not specified (allowed to default — or set to default) when
the WINDOW-TYPE is changed from an alternate value to SKYLIGHT-TUBULAR.

TUBE-EFF-METHOD
When WINDOW-TYPE is SKYLIGHT-TUBULAR, accepts a codeword method by which the overall tubular
device daylighting visible light transmittance will be obtained.

SPECIFY Indicates that the overall tubular device visible transmittance efficiency will be
supplied via the keyword TUBE-EFFICIENCY (which then becomes required).

CALCULATE Indicates that the over tubular device visible transmittance efficiency will be
calculated by DOE-2 using an houtly methodology based on TUBE-
DIAMETER, TUBE-LENGTH and TUBE-VIS-REFLECT.

TUBE-EFFICIENCY
When WINDOW-TYPE is SKYLIGHT-TUBULAR and TUBE-EFF-METHOD is SPECIFY, accepts a numeric
value that is the overall tubular device visible transmittance efficiency.

155 WINDOW



DICTIONARY ENVELOPE

TUBE-LENGTH

When WINDOW-TYPE is SKYLIGHT-TUBULAR and TUBE-EFF-METHOD is CALCULATE, accepts a
numeric value that is the length of the tube from the frame mounting to the diffuser at the opposite end of the tube
from the exterior dome.

TUBE-VIS-REFLECT
When WINDOW-TYPE is SKYLIGHT-TUBULAR and TUBE-EFF-METHOD is CALCULATE, accepts a
numetic value that is the visible reflectance of the inside surface of the tube.

TUBE-DIFF-TRANS
When WINDOW-TYPE is SKYLIGHT-TUBULAR and TUBE-EFF-METHOD is CALCULATE, accepts a
numetic value that is the visible transmittance of the diffuser at the bottom of the tube.

Describing a Window Using Layers
A window can be described layer by layer using the following WINDOW-LAYERS keyword.

Example input: A window consists of a layer of glass named GLASS-1, a gap named GAP-1 and a blind named
BLIND-1.

GLASS-1 = WINDOW-LAYER . ...
GAP-1 = WINDOW-LAYER . ...
BLIND-1 = WINDOW-LAYER ....
WIN-1 = WINDOW

WIN-SPEC-METHOD
WINDOW-LAYERS

LAYERS- INPUT
(GLASS-1, GAP-1, BLIND-1)

WINDOW-LAYERS

Takes a list of up to nine U-names of WINDOW-LAYER commands or of window layers from the Library. This is
a required keyword when WIN-SPEC-METHOD=LAYERS-INPUT. A U-name corresponds to a glass layer, a
gap layer or a blind layer (see WINDOW-LAYER command). Figure 25 shows examples of layered windows for
single- and double-glazed windows.

Glass layers in the Library are shown in "Glass Layer Library," in the DOE-2.2 Libraries &> Reports. Gap layers in the
library are shown in Table 39. Blind layers in the library are shown in Table 40. Pull-down shade layers (pull-down
shades modeled as closed blinds) in the library are shown in Table 41.
Notes:

1. The layers are entered from outside to inside.

2. There can be up to five solid (i.e., glass or blind) layers.

3. There can be at most one blind layer.

4, If there is a blind layer there must also be one or more glass layers; i.c., a layered window consisting
only of a blind is not allowed.

5. Adjacent solid layers are not allowed; i.e., solid layers must be separated by one, and only one, gap layer.
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6. Adjacent gap layers are not allowed; i.e., gap layers must be separated by one, and only one, solid layer.

7. A blind layer can be the first layer (exterior blind), the last layer (intetior blind), or an intermediate layer
(between-glass blind).

8. The gas in the gap on the inside of an exterior blind or the outside of an interior blind must be air.

9. The gaps on ecither side of a between-glass blind must have the same gas (but this gas does not need to

be ai).
Table 40
Gap Layers in the Library
U-name Gas Thickness
Air-6.3mm Air 6.3mm  (0.25in)
Air-12.7mm Air 12.7mm  (0.5in)
Argon-6.3mm Argon 6.3mm  (0.25in)
Argon-12.7mm Argon 12.7mm  (0.5in)
Krypton-6.3mm Krypton 6.3mm  (0.25in)
Krypton-12.7mm Krypton 12.7mm (0.5in)
Table 41
Blind Layers in the Library
Names Orient Thickness  Width  Separation  Tsol  Rfsol Rbsol Tvis Rfvis  Rbvis
Metal-lin-Lt Hotizontal 2mm 25mm 19mm 0. 7 7 0. 7 7
(:008in) (1.0in) (.-75in)
Metal-1in-Med Hotizontal .2mm 25mm 19mm 0. 5 5 0. 5 5
(:008in) (1.0in) (.-75in)
Metal-lin-Dark | Horizontal .2mm 25mm 19mm 0. 3 3 0. 3 3
(:008in) (1.0in) (.-75in)
Note: All of these library entries have SLAT-ANGLE = 45.
These entries can be used for blinds that have different widths or separation from those in the libraty as long as Separation/Width = 0.75.

Key:

Orient = ORIENTATION Rfsol = REFL-SOL-BH
Thickness = THICKNESS Rbsol = BACKREFL-SOL-BH
Width = SLAT-WIDTH Tvis = TRANS-VIS-BH
Separation = SLAT-SEPARATION  Rfvis = REFL-VIS-BH

Tsol = TRANS-SOL-BH Rbvis = BACKREFL-VIS-BH
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Table 42
Pull-Down Shade Layers in the Library
Name T'sol Rfsol Rbsol  Tvis Rfvis Rbvis

Shade-Thin-T05-R10 .05 10 10 .05 10 10
Shade-Thin-T05-R30 .05 .30 .30 .05 .30 .30
Shade-Thin-T05-R50 .05 .50 .50 .05 .50 .50
Shade-Thin-T05-R70 .05 .70 .70 .05 .70 .70
Shade-Thin-T05-R90 .05 90 90 .05 90 90
Shade-Thin-T10-R10 10 10 10 10 10 10
Shade-Thin-T10-R30 10 .30 .30 10 .30 .30
Shade-Thin-T10-R50 10 .50 50 10 .50 .50
Shade-Thin-T10-R70 10 .70 .70 10 .70 .70
Shade-Thin-T10-R80 10 .80 .80 10 .80 .80
Shade-Thin-T20-R10 .20 10 10 .20 10 10
Shade-Thin-T20-R30 20 30 30 20 30 .30
Shade-Thin-T20-R50 20 .50 50 20 .50 .50
Shade-Thin-T20-R70 .20 .70 .70 20 .70 .70
Shade-Thin-T30-R30 .30 .30 .30 .30 .30 .30
Shade-Thin-T30-R50 30 .50 50 30 .50 .50
Shade-Thin-T30-R60 30 .60 .60 30 .60 .60
Key:
Tsol = TRANS-SOL-BH Tvis = TRANS-VIS-BH
Rfsol = REFL-SOL-BH Rfvis = REFL-VIS-BH
Rbsol = BACKREFL-SOL-BH Rbvis = BACKREFL-VIS-BH
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Figure 25 Example Layer Configurations for Single and Double-glazed
Windows with and without Blinds

Setbacks, Fins and Overhangs

Shading features local to the window can be specified. These features include setbacks, fins and overhangs. The
keywords which specify these local shade devices are positioned with respect to the glazed part of a window and
shade the window. The fin and overhang keywords refer to Figure 26. Additionally the shading model for each
window can have its level of detail, in terms of the number of calculation elements or divisions, specified.

SETBACK
Distance that the window is recessed into the wall; i.e., the distance from the outside sutface of the wall to the
outside surface of the window glass. If a window has a frame, the frame is also set back.

OVERHANG-A, OVERHANG-B, OVERHANG-W, OVERHANG-D

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. Note that overhangs and fins are assumed to be opaque. Non-opaque shades can be specified with the
BUILDING-SHADE and FIXED-SHADE commands. Unused for interior windows.

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, a WARNING message is printed and overhang shading is not
performed. If not specified, shading calculations will not be done.

OVERHANG-ANGLE
Is the angle between the overhang and the window. When set at 90, the overhang is perpendicular to the window. 1f
less than 90 it is tilted down; if greater than 90, it is tilted up.
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Figure 26 Positioning of overhang and fins with respect to a window
(The values in this figure are all positive. If the value of L-F-B is input as a negative, the left fin will
originate at a point above the top edge of the window; similarly for R-F-B. If OH-A is input as
negative,the overhang will originate to the right of the left side of the window)

LEFT-FIN-A, LEFT-FIN-B, LEFT-FIN-H, LEFT-FIN-D
Specify the location and dimensions of a fin to the left of the window. Note: either both LEFT-FIN-H and LEFT-
FIN-D or neither should be specified. If not specified, shading calculations will not be done. Unused for interior

windows.

RIGHT-FIN-A, RIGHT-FIN-B, RIGHT-FIN-H, RIGHT-FIN-D
Specify the location and dimensions of a fin to the right of the window. Note: either both RIGHT-FIN-H and
RIGHT-FIN-D or neither should be specified. If not specified, shading calculations will not be done.

SHADING-DIVISION
An integer value that specifies the number of divisions into which the window is to be segmented for the shading

calculation. Not used for interior windows. The larger the number of shading divisions, the longer times the shading
computations will require; however, the results will be more exact. If the estimated effect of the shading on the
overall building load is large, use more (20 to 40) divisions. If the estimated effect of the shading on the overall
building load is small, use fewer (1-10) divisions.

SHADING-REPORT
Accepts the codewords NO or YES, specifing whether the LS-P shading report is to be generated for this surface.

The default is NO. See DOE-2.2 Libraries & Reports for more information.

Window Coverings

The following keywords can be used to model window coverings like drapes, screens, and pull-down shades. These
keywords should not be used for slat-type shades (blinids). Instead, use WIN-SPEC-METHOD=WINDOW-
LAYERS and explicitly enter a blind layer (see WINDOW-LAYER command).
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Example input: Window glazing has a visible transmittance of 0.83. Operable drapes have a visible transmittance
multiplier2 of 0.35, a solar gain multiplier3 of 0.25, and a conductance multiplier4 of 0.85. The drapes will be closed
when incident solar radiation exceeds 30 Btu/ft2-ht (94.6 W/m?2):

SC-MULT-1 = SCHEDULE

TYPE = MULTIPLIER

THRU DEC 31 (ALL)(1,24)(0.25) ..
TVIS-SCH-1 = SCHEDULE

TYPE = MULTIPLIER

THRU DEC 31 (ALL)(1,24)(0.35) ..
COND-MULT-1 = SCHEDULE

TYPE = MULTIPLIER

THRU DEC 31 (ALL)(1,24)(0.85) ..
SOL-SCH-1 = SCHEDULE

TYPE = RADIATION

THRU DEC 31 (ALL) (1,24)(30) ..

GT-1 = GLASS-TYPE

GLASS-TYPE-CODE = 2000 ..

SP-1 = SPACE
DAYLIGHTING = YES

WIN-1 = WINDOW
GLASS-TYPE = GT-1
WIN-SHADE-TYPE = MOVABLE-INTERIOR
VI1S-TRANS-SCH = TVIS-SCH-1
MAX-SOLAR-SCH = SOL-SCH-1
SHAD ING-SCH = SC-MULT-1
CONDUCT-SCH = COND-MULT-1

SHADING-SCHEDULE

Takes the U-name of a SCHEDULE (with TYPE=MULTIPLIER) that defines hourly values of a multiplier on the
solar gain through the window. This represents the shading effect of movable devices such as blinds, drapes, or
shutters. Items that change solar transmission may also affect heat conduction. If so, a matching CONDUCT-
SCHEDULE should be used. If the SHADING-SCHEDULE is not input, the schedule will default to 1.0 for all
hours.

WIN-SHADE-TYPE

Takes a code-word giving the type of shading device when a shading device is present on the window for sun
and/or glare control. If SHADING-SCHEDULE is not assigned to a window, the window will be consideted to
have no shading device and WIN-SHADE-TYPE will be ignored.

MOVABLE-INTERIOR  (the default) interior shade that can be retracted, such as drapes or Venetian
blinds.

MOVABLE-EXTERIOR  exterior shade that can be retracted.

161 WINDOW



DICTIONARY ENVELOPE

FIXED-INTERIOR interior shade that cannot be retracted.
FIXED-EXTERIOR exterior shade that cannot be retracted.

CONDUCT-SCHEDULE

Takes the U-name of a SCHEDULE (with TYPE=MULTIPLIER) that defines hourly values of a multiplier on the
heat conduction through the window. The multiplier values in the SCHEDULE should be < 1.0. This represents
the effect of movable devices such as blinds, insulating drapes, or shutters. If these devices are present, a matching
SHADING-SCHEDULE should be specified. If CONDUCT-SCHEDULE is not input, the schedule value will
default to 1.0 for all hours.

CONDUCT-TMIN-SCH

Takes the U-name of a SCHEDULE (of TYPE=TEMPERATURE) of values of outside dry-bulb temperature
below which movable insulation is deployed on a window. If CONDUCT-TMIN-SCH is specified, a
corresponding SHADING-SCHEDULE and CONDUCT-SCHEDULE should also be assigned to the window.

Insulation/shades will be deployed according to CONDUCT-TMIN-SCH, CONDUCT-TMAX-SCH, MAX-
SOLAR-SCH or MIN-SOLAR-SCH. Specified singly, any of these keywords will cause deployment. But, if
CONDUCT-TMIN-SCH is specified together with MIN-SOLAR-SCH, then both conditions must be true in order
for the insulation/shade to be deployed. The same is true for CONDUCT-TMAX-SCH and MAX-SOLAR-SCH.
If all four keywords are specified, then shades will be deployed when:

CONDUCT-TMIN-SCH and MIN-SOLAR-SCH are both true, or
CONDUCT-TMAX-SCH and MAX-SOLAR-SCH are both true

CONDUCT-TMAX-SCH

Takes the U-name of a SCHEDULE (of TYPE=TEMPERATURE) of values of outside dry-bulb temperature
above which movable insulation is deployed on a window. If CONDUCT-TMIN-SCH is specified, a corresponding
SHADING-SCHEDULE and CONDUCT-SCHEDULE should also be assigned to the window.

Insulation/shades will be deployed according to CONDUCT-TMIN-SCH, CONDUCT-TMAX-SCH, MAX-
SOLAR-SCH or MIN-SOLAR-SCH. Specified singly, any of these keywords will cause deployment. But, if
CONDUCT-TMIN-SCH is specified together with MIN-SOLAR-SCH, then both conditions must be true in order
for the insulation/shade to be deployed. The same is true for CONDUCT-TMAX-SCH and MAX-SOLAR-SCH.
If all four keywords are specified, then shades will be deployed when:

CONDUCT-TMIN-SCH and MIN-SOLAR-SCH are both true, or
CONDUCT-TMAX-SCH and MAX-SOLAR-SCH are both true

MAX-SOLAR-SCH

Takes the U-name of a schedule (TYPE=RADIATION) of values of solar radiation (in Btu/ft2-ht or W/m?2)
either incident on the outside of the window or transmitted through the window. The actual hourly value to be used
is selected by the value of the MAX-SOLAR-CTRL keyword. (This is a change from previous DOE-2 program
versions, where in 2.1E the transmitted direct solar radiation was used, and in 2.2, prior to version 44d2, the outside
incident total solar radiation was used) The schedule must be of TYPE=RADIATION. The solar radiation used by
the calculation logic is either the incident direct (plus optionally the diffuse) radiation after shading by overhangs, fins
or detached shading surfaces, or this incident value multiplied by the specified or houtly calculated angular
transmittance of the window (and shading coefficient, if appropriate based on the glass specification method.) The
program will automatically deploy a shading device whenever the selected solar radiation value, without the shading
device, exceeds the schedule value. The shading device will be retracted if the solar radiation value falls below the
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schedule value. For example, the shades will be deployed if the solar value is 50 Btu/ft2-hr and the schedule value is
20 Btu/ft2-hr (as long as the cotresponding SHADING-SCHEDULE value is 1). If MAX-SOLAR-SCH is
specified, a corresponding SHADING-SCHEDULE (and CONDUCT-SCHEDULE if 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.

Insulation/shades will be deployed according to CONDUCT-TMIN-SCH, CONDUCT-TMAX-SCH, MAX-
SOLAR-SCH or MIN-SOLAR-SCH. Specified singly, any of these keywords will cause deployment. But, if
CONDUCT-TMIN-SCH is specified together with MIN-SOLAR-SCH, then both conditions must be true in order
for the insulation/shade to be deployed. The same is true for CONDUCT-TMAX-SCH and MAX-SOLAR-SCH.
If all four keywords are specified, then shades will be deployed when:

CONDUCT-TMIN-SCH and MIN-SOLAR-SCH are both true, or
CONDUCT-TMAX-SCH and MAX-SOILAR-SCH are both true

MIN-SOLAR-SCH

Takes the U-name of a schedule (TYPE=RADIATION) of values of solar radiation (in Btu/ft2-hr or W/m2)
cither incident on the outside of the window or transmitted through the window. The actual houtly value to be used
is selected by the value of the MAX-SOLAR-CTRL keyword. (This is a change from previous DOE-2 program
versions, where in 2.1E the transmitted direct solar radiation was used, and in 2.2, prior to version 44d2, the outside
incident total solar radiation was used) The schedule must be of TYPE=RADIATION. The solar radiation used by
the calculation logic is either the incident direct (plus optionally the diffuse) radiation after shading by overhangs, fins
ot detached shading surfaces, or this incident value multiplied by the specified or houtly calculated angular
transmittance of the window (and shading coefficient, if appropriate based on the glass specification method.) The
program will automatically deploy a shading device whenever the selected solar radiation value, without the shading
device, is below the schedule value. The shading device will be retracted if the solar radiation value exceeds the
schedule value. For example, the shades will be deployed if the solar value is 50 Btu/ft2-hr and the schedule value is
70 Btu/ft2-hr (as long as the corresponding SHADING-SCHEDULE value is 1). If MIN-SOLAR-SCH is
specified, a corresponding SHADING-SCHEDULE (and CONDUCT-SCHEDULE if 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.

Insulation/shades will be deployed according to CONDUCT-TMIN-SCH, CONDUCT-TMAX-SCH, MAX-
SOLAR-SCH or MIN-SOLAR-SCH. Specified singly, any of these keywords will cause deployment. But, if
CONDUCT-TMIN-SCH is specified together with MIN-SOLAR-SCH, then both conditions must be true in order
for the insulation/shade to be deployed. The same is true for CONDUCT-TMAX-SCH and MAX-SOLAR-SCH.
If all four keywords are specified, then shades will be deployed when:

CONDUCT-TMIN-SCH and MIN-SOLAR-SCH ate both true, or
CONDUCT-TMAX-SCH and MAX-SOLAR-SCH are both true

MAX-SOLAR-CTRL

Takes a code-word that specifies the vatiable to be used as the quantity to decide if the shade is closed. The hourly
value of the variable specified is used in the comparison with the houtly value of the MAX-SOLAR-SCH in the
logic to decide if the shade is open or closed. The value used is the average value for the entire window as selected
from the list below; this value is calculated by multiplying the solar radiation intensity by the fraction of the window
that is shaded. The transmitted solar radiation value is calculated as the product of the incident value, the houtly
calculated angular transmittance of the window, and, if appropriate based on the window specification method, the
shading coefficient of the window.
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INCIDENT-DIRECT The direct solar radiation incident on the outside surface of the window is used as
the control variable. This was the default value in DOE-2.2 prior to version 44d2.

INCIDENT-TOTAL The total (direct plus diffuse) solar radiation incident on the outside surface of the
window is used as the control variable.

TRANSMITTED-DIRECT The direct solar radiation transmitted through the window is used as the control
variable. This was the default value in DOE-2.1E

TRANSMITTED- TOTAL The total (direct plus diffuse) solar radiation transmitted through the window is
used as the control variable. This is the default value as of DOE-2.2 version 44d2.

SUN-CTRL-PROB
May be specified if the sun control device on a window is manually operated. Gives the probability that the

occupants of a space will deploy the shading device if the incident solar radiation exceeds the MAX-SOLAR-SCH
value. Keyword can be used with or without daylighting.

OPEN-SHADE-SCH

Takes the U-name of a schedule (of TYPE=MULTIPLIER) whose value in any given hour is the probability that
the shading device will be opened if both the incident solar radiation and the glare (with shade open) fall below the
limits set by MAX-SOLAR-SCH in the WINDOW command and MAX-GLARE in the SPACE command. If
OPEN-SHADE-SCH is not specified, the shading devices will be reopened as soon as both the solar radiation and
glare fall below the specified limits. The shading devices are reopened at midnight in any case. Unused for intetior
windows

SOL-TRANS-SCH

Takes the U-name of a SCHEDULE (TYPE=MULTIPLIER) that gives the solar transmittance of a window
shading device when it covers the window. Used only for exterior windows in a sunspace. The program multiplies
the schedule value by the direct and diffuse solar radiation striking the shade to determine the hourly amount of
(diffuse) solar radiation transmitted by the shade. The value of SOL-TRANS-SCH in a given hour must not exceed
the corresponding SHADING-SCHEDULE value. If it does, the program will reset it equal to the SHADING-
SCHEDULE value. WIN-SHADE-TYPE = FIXED-EXTERIOR or MOVABLE-EXTERIOR should be
entered if a sunspace exterior window has a shading device on the outside of the window; otherwise, the program
will assume the shade is on the inside. See "Sunspaces" in the DOE-2.2 Topics.

VIS-TRANS-SCH

Takes the U-name of a schedule (of TYPE=MULTIPLIER) that gives the daylight transmittance of the window
shading device when it covers the window; required for daylighting calculation if SHADING-SCHEDULE is
specified. (If WIN-SHADE-TYPE = MOVABLE-INTERIOR or MOVABLE-EXTERIOR, the program will use
a transmittance multiplier value of 1.0 when the shade is retracted.) Typical visible transmittance values for
translucent drapes and shades are given in Table 42. A transmittance schedule is used, rather than a single fixed
value, to allow seasonal change in the transmittance of the shading device. This schedule is used only for windows in
a space with DAYLIGHTING = YES. For these windows, be sure to specify not only VIS-TRANS-SCH, but also
SHADING-SCHEDULE (and CONDUCT-SCHEDULE if the change in window conductance with the shade in
place is significant). In the daylighting calculation, shading surfaces are modeled as perfect diffusers with a daylight
transmittance that is independent of angle of incidence. For this reason, slat-type devices, such as Venetian blinds,
whose transmittance is a strong function of the angle at which light enters the device, should be modeled as a blind
layer (see WINDOW-LAYERS keyword, above, and WINDOW-LAYER command).

164 WINDOW



DICTIONARY

Table 43
Daylight transmittance of different window shading devices

Daylight transmittance
Window Shading Device  (value of VIS-TRANS-SCH)

Translucent Drapes®

Light (white) 0.35

Medium (gray) 0.23

Dark (tan) 0.14
Translucent Shades®

Glossy White 0.18

Flat White 0.23

2 C.W. Pennington, et.al,, "Expetimental Analysis of Solar Heat
Gain Through Insulating Glass with Indoor Shading" ASHRAE
Journal, February 1964.

b R.C. Jordan and ].L. Threlkeld, "Determination of the
Effectiveness of Window Shading Materials on the Reduction
of Solar Radiation Heat Gain" ASHRAE Transactions, Volume
05, 1959.

GLARE-CTRL-PROB
May be specified if manual operation of a window shading device for glare control is desired. Gives the probability
that the occupants of a space will deploy a shading device when the MAX-GLARE value is exceeded (see SPACE).
Unused for interior windows. This is a daylighting keywotrd; see "Daylighting” in the DOE-2.2 Topis.

Window Frames and Skylight Curbs

ENVELOPE

Por glazing’s in an EXTERIOR-WALL, the following keywords are used to describe a frame around a window, and
the curb under the frame of a skylight. Frames and curbs cannot be specified for windows in sunspace INTERIOR-

WALLs.
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Window

<«—Height

<4— width——>

—~<— Glazing

]

XY

v
FRAME WIDTH

-«=—— Exterior Wall ——»

Figure 27 The dimensioning of a window with a frame.

(The WINDOW keywords X and Y, which indicate the position of the window
on the wall, refer to the lower left corner of the glazed portion, not the lower left

FRAME-WIDTH

corner of the frame)

ENVELOPE

Projected width of the frame in the plane of the glazing (Figure 27). We recommend that frames be entered only if
the frame area is more than 10 percent or so of the glazed area, which is generally only the case in residential
applications. The program assumes that the frame width is the same on all sides of the window. If this is not the

case, use the average frame width.

FRAME-ABS

The solar absorptance of the outside surface of the frame.

FRAME-CONDUCT

Conductance of the frame, excluding the outside air film but including the inside air film. Values for typical frame

constructions are shown in Table 43.

Table 44

Conductance of Typical Frame Constructions
Btu/ft2-F-h (W/m2-K)

FRAME-CONDUCT
Frame Type (excludes OA film) U-value®
Thermally unbroken aluminum 3.037 (17.24) 1.90 (10.79)
Thermally broken aluminum 1.245 (7.07) 1.00 (5.68)
External flush glazed aluminum 0.812 (4.61) 0.70 (3.97)
Wood with or without cladding 0.434 (2.46) 0.40 (2.27)
Vinyl 0.319 (1.81) 0.30 (1.70)

a U-value includes OA film at 15 mph [6.7 m/s] windspeed
FRAME-CONDUCT = [(U-value) - 0.197) Btu/fi2-F-h
FRAME-CONDUCT = [(U-value)! - 0.035]1 W/m2-K
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CURB-HEIGTH

The height of the skylight curb perpendicular to the plane of the glazing, displacing a skylight frame and glazing
above the roof surface. The program assumes that the curb height is the same on all sides of the skylight. If this is
not the case, use the average curb height.

CURB -ABS
The solar absorptance of the outside surface of a skylight curb.

CURB -CONDUCT
Conductance of the skylight curb, excluding the outside air film but including the inside air film.

Notes:

1. You can define frames and curbs only for exterior windows and skylights, not for interior windows.

2. The program will do a frame calculation only if you enter FRAME-WIDTH. Otherwise, the frame
area will be zero. If the CURB-HEIGHT is zero no curb calculations will be performed.

3. The program automatically removes the overall window area, including frame (but not the curb), from
the associated exterior wall area.

4, 'The conductances in Table 43 are effective values that take two-dimensional conduction effects into
account.

5. Each hour, the program adds the effect of a wind speed-dependent outside air film to the user
specified FRAME-CONDUCT and CURB-CONDUCT.

6. If a window has dividers (such as mullions or muntins), then HEIGHT, WIDTH, and FRAME-
WIDTH should be chosen so that
(HEIGHT) x (WIDTH) = total area of the glazed parts of the window;
and
[ HEIGHT + 2x (FRAME-WIDTH) | x [ WIDTH + 2x (FRAME-WIDTH) |
- (HEIGHT) x (WIDTH) = total area of frame (petimeter plus dividers)

7. The various elements of a frame or curb (top, bottom, side, dividers, etc.) may have different
conductances. In this case, FRAME-CONDUCT and CURB-CONDUCT should be an area-
weighted average of the different elements.

8. The program finds the overall window conduction by adding curb, frame, edge-of-glass, and center-of-
glass contributions. Thus, all three of these contributions are included in each of the following report
quantities:

"Window Conduction" in summary reports LS-B, LS-C, LS-E, and LS-F;
"Window U-Value" and "Window Area" in verification report LV-D and LV-H;
WINDOW houtly report vatiable #1, "Window U-Value".

9.  WINDOW multipliers also multiply the frame and curb areas.
10. Window fins and overhangs shade the frame and curb as well as the glazing.
11. Shading devices, like blinds and drapes, that you specify using the WINDOW keywords SHADING-

SCHEDULE and CONDUCT-SCHEDULLE, affect only the glazed part of the window. They do not
affect the heat conduction through the frame or curb.
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12. If the window has a setback, the frame and curb are also set back by the same amount.

ENVELOPE

Example input: The glazed patt of a window is 3 ft wide and 4 ft high. The glazing is double-pane low-E with 6-
mm glass thickness and argon gas fill (GLASS-TYPE-CODE = 2635). The frame is 3 in (0.25 ft) wide on all sides

and has an absorptivity of 0.8 and a conductance, excluding outside air flow, of 0.6 Btu/ft2-hr-F.

WIN-1 = WINDOW
GLASS-TYPE
HEIGHT
WIDTH
FRAME-WIDTH
FRAME-ABS
FRAME-CONDUCT

T-1

mmmnnn

OO O0OWrm®

DO NOO
(é)]

SPACER-TYPE

Takes a code-word that specifies the type of pane-to-pane spacer air in multi-pane windows. The type of SPACER

affects the edge-of-glass conductance.

ALUMINUM Aluminum spacer

BUTYL/METAL Butyl/Metal spacer

INSULATED Insulated spacer

STEEL Steel spacer

UE-EQ-UC Fictitious spacer that gives an edge-of-glass conductance equal to the center-of-

glass conductance (i.e., conductance of glass is uniform over its area).

INF-COEF

Specifies an infiltration flow coefficient used to compute the infiltration resulting from cracks around the window
frame. Not used for interior windows. This entry is required if the crack method INF-METHOD = CRACK) is

specified in SPACE

The following equation is used to determine infiltration:

cfm = (INF— COEF)* (P, )**® *L

where
L = window perimeter (ft)

Typical values for INF-COEF are:

Construction INF-COEF
1/8-in crack (0.3 cfm/ft) 1.342
1/4-in crack (0.5 cfm/ft) 2.236
1/2-in crack (1.1 cfm/ft) 4919
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Window Blind Control

The following keywords are used to control slat-type window blinds. They apply only if WIN-SPEC-
METHOD=LAYERS-INPUT and one of the layers is a blind. See WINDOW-LAYERS keyword, above, and
WINDOW-LAYER command.

BLIND-ADJ-TYPE
Takes a code-word that indicates how the blind coverage (the fraction of the window covered by a blind) is adjusted
if a blind is present.

NONE There is no adjustment; the blind coverage is fixed at the value of BLIND-
COVER in the blind's WINDOW-LAYER command.

SCHEDULE The blind coverage varies according to a user-defined schedule given by BLIND-
SCHEDULE.

SOLAR-INTENSITY If the direct plus diffuse solar radiation incident on the window exceeds the value

given by BLIND-TRIGG-SCH, the blind coverage is set to the value of BLIND-
COVER-MAX in the blind's WINDOW-LAYER command. Otherwise, the
blind coverage stays at BLIND-COVER.

ROOM-TEMP If the room temperature at the beginning of the hour exceeds the value given by
BLIND-TRIGG-SCH, the blind coverage is set to the value of BLIND-COVER-
MAX in the blind's WINDOW-LAYER command. Otherwise, the blind
coverage stays at BLIND-COVER. [FOR FUTURE IMPLEMENTAITON]

BLIND-SCHEDULE

Takes the U-name of a schedule that adjusts the blind coverage between the values of BLIND-COVER-MIN and

BLIND-COVER-MAX in the blind's WINDOW-LAYER command. This schedule is used only if BLIND-ADJ-

TYPE = SCHEDULE. It should have TYPE = FRACTION. A schedule value of f, which should be between 0.0
and 1.0, gives

blind coverage = £* [BLIND-COVER-MAX] + (1-f) * [BLIND-COVER-MIN]

BLIND-TRIGG-SCH

Takes the U-name of a schedule of solar intensity values (if BLIND-ADJ-TYPE = SOLAR-INTENSITY) or room
temperature values (if BLIND-ADJ-TYPE = ROOM-TEMP) that are used to adjust blind coverage. For solar
intensity, the schedule should have TYPE = RADIATION and the schedule value should be the sum of direct plus
diffuse solar radiation incident on the window (after shading by overhangs and other obstructions) per unit window
area (Btuh/ft2 or W/m?2). For room temperature, the schedule should have TYPE = TEMPERATURE and the
schedule value should be in °F or °C.

SLAT-ADJ-TYPE
Takes a code-word indicating how the slat angle is adjusted if a blind is present.

NONE There is no adjustment; the slat angle is fixed at the value of SLAT-ANGLE in
the blind's WINDOW-LAYER command.

SCHEDULE The slat angle varies according to a user-defined schedule given by SLAT-
SCHEDULLE, below.

SOLAR-INTENSITY If the direct plus diffuse solar radiation incident on the window exceeds the value
given by SLAT-TRIGG-SCH, then:
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1. The slat angle is adjusted to a value that just blocks direct sun if the sun
is in front of the window and SLAT-SEPARATION is less than or
equal to SLAT-WIDTH (the usual case).°F

2. If the sunis in front of the window but SLAT-SEPARATION is
greater than SLAT-WIDTH, then the sun cannot be fully blocked and
the slat angle is set to 900, which maximizes blockage.

3. If the sun is in back of the window, the slat angle is set to SLAT-
ANGLE.

The above adjustments are made even on overcast days when there is no direct
sun.

ROOM-TEMP If the room temperature at the beginning of the hour exceeds the value given by
SLAT-TRIGG-SCH, then the slat angle is adjusted as described for SOLAR-
INTENSITY. /FOR FUTURE IMPLEMENTAITON]

SLAT-SCHEDULE
Takes the U-name of a schedule that adjusts the slat angle to a fraction of SLAT-ANGLE-MAX or SLAT-
ANGLE-MIN. This schedule is used only if SLAT-ADJ-TYPE = SCHEDULE. A schedule value of fgives

slat angle = f * [SLAT-ANGLE-MAX], if /> 0
slat angle = f* [SLAT-ANGLE-MIN], if /< 0

The schedule should have TYPE = FRACTION if only positive values of fare used, in which case fshould be
between 0 and 1. If positive and negative values of fare used than the schedule should have TYPE = EXP-
FRACTION, in which case fshould be between -1 and 1.

SLAT-TRIGG-SCH

Takes the U-name of a schedule of solar intensity values (if SLAT-ADJ-TYPE = SOLAR-INTENSITY) or room
temperature values (if SLAT-ADJ-TYPE = ROOM-TEMP) that are used to adjust the slat angle. For solar
intensity, the schedule should have TYPE = RADIATION and the schedule value should be the sum of direct plus
diffuse solar radiation incident on the window (after shading by overhangs and other obstructions) per unit window
area (Btuh/h-ft2 or W/m2). For room temperature, the schedule should have TYPE = TEMPERATURE and the
schedule value should be a temperature (°F or °C).

Switchable Glazing

The following keywords apply to switchable glazing. This is glazing whose transmittance and/or reflectance vaties
actively or passively according to ambient conditions such as temperature or solar radiation. An example is
electrochromic glazing, whose transmittance and reflectance are controlled by a voltage. Only exterior windows can
have switchable glazing. See "Switchable Glazing" in the DOE-2.2 Topis.

GLASS-TYPE-SW

Takes the U-name of the glass type for the fully-switched (lower transmittance) state. GLASS-TYPE takes the U-
name of the corresponding unswitched (higher transmittance) state. An error will result if GLASS-TYPE and
GLASS-TYPE-SW have a different number of glass layers.
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For electrochromic glazing, GLASS-TYPE and GLASS-TYPE-SW must be chosen from the Library (see "Window
Library," in DOE-2.2 Libraries &> Reporfs). These electrochromic glass types have GLASS-TYPE-CODE = 28MN,
where MN = 01, 02, etc.

SWITCH-CONTROL
Accepts a code-word that specifies the control variable for switching. This keyword is used only for switchable
glazing in exterior windows. The choices are as follows:

NO-SWITCH No switching, the default.

DIR-SOL-INC Intensity of direct solar incident on the glazing, after shading by overhangs,
setback, neighboring buildings, etc.

TOT-SOL-INC Intensity of total (direct plus diffuse) solar incident on the glazing, after shadingby
overhangs, setback, neighboring buildings, etc.

DIR-SOL-TR Intensity of direct solar radiation transmitted by the glazing in the unswitched
state.

TOT-SOL-TR Intensity of total (direct plus diffuse) solar radiation transmitted by the glazing in
the unswitched state (Btu/h-ft2[glass]).

TOT-SOL-HOR Intensity of total (direct plus diffuse) solar radiation incident on an unobstructed
Horizontal plane.

OUTSIDE-TEMP Outside dry-bulb temperature.

SPACE-LOAD Previous-hour thermal load per unit of floor area for the space that contains the

window (Btu/h-ft2[floot]). Note that cooling loads are positive and heating loads
are negative. Switching control based on space load should be modeled only if the
actual space temperature for hours that the control is in effect is within a few
degrees of the LOADS calculation temperature (as given by the
TEMPERATURE keyword in SPACE).

DAYLIGHT-LEVEL Interior daylight illuminance level. The visible transmittance of the glazing is
adjusted continuously between the values corresponding to the WINDOW
keywords GLASS-TYPE and GLASS-TYPE-SW in order to provide a daylight
illuminance that is as close as possible to the illuminance setpoint at the first
daylighting reference point. The solar properties of the glazing are adjusted
accordingly. For this control option, the visible transmittance (at normal
incidence) for GLASS-TYPE should be greater than that for GLASS-TYPE-SW,
otherwise an error message will result.

For rooms with a single window wall, if you locate the reference point close to the
window, where the daylight lluminance is high, it is likely that, after the
electrochromic adjusts, the daylight illuminance at the back of the room will be
too low. For this reason, we recommend that you locate the reference point on
the window centerline at about two-thirds of the room depth from the window.
For rooms with two reference points, we recommend that the second reference
point be located about one-third of the room depth from the window. This
arrangement should give close to optimal utilization of available daylight.
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SWITCH-SET-HI

The upper setpoint value for the switching control variable specified by SWITCH-CONTROL (see Figure 28).
Unused if SWITCH-CONTROL = DAYLIGHT-LEVEL. SWITCH-SET-HI should be greater than or equal to
SWITCH-SET-LO. The units for SWITCH-SET-HI are given in Table 44 and by the code-word you assigned to
SWITCH-CONTROL. For example, if SWITCH-CONTROL=TOT-SOL-INC, the unit is Btu/ft2-h. Even in
metric runs, English units should be used.

Table 45

Units of SWITCH-SET-HI and -LO
SWITCH-CONTROL Energy Units
DIR-SOL-INC Btu/h-ft2 [glass]
TOT-SOL-INC Btu/h-ft2 [glass]
DIR-SOL-TR Btu/h-ft2 [glass]
TOT-SOL-TR Btu/h-ft2 [glass]

TOT-SOL-HOR Btu/h-ft2

OUTSIDE-TEMP °F

SPACE-LOAD Btu/h-ft2 [floor]

SWITCH-SET-LO

The lower setpoint value for the switching control variable specified by SWITCH-CONTROL. Unused if
SWITCH-CONTROL = DAYLIGHT-LEVEL. See Table 44 for units. Even in metric runs, English units should
be used.

Notes on switchable glazing:

1. If there is more than one window in a space, some may have switching control and others not. For
example, skylights might be controlled and view windows not. Also, multiple windows in a space can
have different control types.

2. Switchable control does not work for interior windows; is applicable only to exterior windows
(windows in EXTERIOR-WALLS:).

3. Switching control is in effect only during sun-up hours; it doesn't work at night. Don't use switchable
glazing to switch between window U-values; use the WINDOW keyword CONDUCT-TMIN-SCH
instead.

4. Shading devices such as blinds and drapes (as specified with WINDOW keywords SHADING-
SCHEDULLE, VIS-TRANS-SCH, etc.) can be used in conjunction with switching control of the
glazing. In this case, the program decides what state the glazing should be switched to, ignoring the
possible presence of shading devices, and then adjusts the solar intensity through the switched glazing
for the presence of the shading device.

SWITCH-SCH

Takes the U-name of a schedule (of TYPE=ON/OFF) that specifies when switching is allowed (schedule value =
1) and not allowed (schedule value = 0). This schedule allows switching to be disabled at times of the day or year
when it might be disadvantageous. If SWITCH-SCH is not entered, the program will assume that switching is
allowed all the time.
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Figure 28 Control Action for Switchable Glazing
(Glass properties such as solar and visible transmittance
depend on the value of a user-specified variable)

Miscellaneous Window Keywords

GND-FORM-FACTOR

Fraction of the hemisphere facing the window that is subtended by the ground, adjacent buildings, trees, hills, etc.
GND-FORM-FACTOR and SKY-FORM-FACTOR are used in the diffuse radiation calculation. Either both or
neither of these keywords should be specified. If not specified, the program will calculate them. These values are
used in the diffuse shading calculation for the window.

SKY-FORM-FACTOR
Fraction of the hemisphere facing the window that is subtended by the open sky. See note under keyword GND-
FORM-FACTOR.

CONVERGENCE-TOL

Convergence tolerance for conduction calculation for windows from the Library. This calculation will be a few
percent more accurate if specified. This invokes a time-consuming iterative calculation that converges when, for
each glass layer, the temperature difference between successive iterations is less than CONVERGENCE-TOL.
Because of the increase in calculation time, CONVERGENCE-TOL should only be used for research applications.
If CONVERGENCE-TOL is not specified, the glazing U-value is based on glass layer temperatures that are equally
spaced between outside and inside air temperature.

Input Functions
FUNCTION

Invokes a function calculation for this window. Unused for interior windows. See FUNCTION command. See also
"Input Functions" in the DOE-2.2 Typics.

WINDOW-SPEC-FN

Special function used in LOADS subroutines CALWIN, DCOF, DINTIL, and DREFLT. The function is used to
alter variables involved in the daylighting calculation. WINDOW-SPEC-FN takes only one U-name, surrounded by
asterisks, but without parentheses. Unused for interior windows.
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Example input:

WINDOW-SPEC-FN = *WINFN-1*

174 WINDOW



DICTIONARY ENVELOPE

WINDOW-LAYER

This command, and the associated WINDOW-LAYERS keyword in the WINDOW command, are used when you
want to build up a window from layers, much as a wall can be built up from layers. Three types of window layer are
allowed: glass, gap and blind. For example, a single-glazed window with no covering would have only a glass layer. A
double-glazed window would have three layers: two glass layers separated by a gap of air or other gas. A single-
glazed window with a blind would also have three layers: a glass layer and a blind layer separated by a gap. The
WINDOW-LAYER command allows you to specify the type and properties of a layer.

U-name is required. To specify the set of one or more layers that comprise a window, you assign a list of
WINDOW-LAYER U-names to the WINDOW-LAYERS keyword in the WINDOW command.

The program calculates the overall thermal and solar-optical properties of a window from the individual layer
properties and the order of the layers in the window. Accounted for are the layer-to-layer interreflection of solar,
visible and IR radiation and the dependence of transmittance, absorptance, and reflectance on the angle of incidence
of solar and visible radiation on the window. For blind layers, the program accounts for the effect on transmittance
of slat angle and other slat properties.

Table 45 shows all of the WINDOW-LAYER keywords and their default values by layer type.
In the following:

e Foraglass or gap layer, "front" means the outside of the layer (the side facing outdoors). For a
horizontal blind in a vertical window, "front" means the side of the slat that faces up when the blind is
fully open. For vertical blinds in a vertical window, "front" means the side of the slat that faces to the
right when you look at the blind from the outside of the window and the blind is fully open.

e For aglass or gap layer, "back" means the inside of a layer (the side facing the room). For a blind layer,
"back" means the side of the slat that faces indoors when the slat points downwards (SLAT-ANGLE
> 0).

e "Solar" means the full spectrum of radiation from the sun

e "Visible" means the visible part of radiation from the sun

e "Beam" means direct radiation

e "Hemispherical" means diffuse radiation
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Table 46 Window-layer keywords

Default Value by Layer-Type
Kevord GLASS BLIND GAP
BACKEMIS-IR 0.84 0.9 not used
BACKREFL-SOI.-BB 0.071 not used not used
BACKREFL-SOIL-BH not used 0.5 not used
BACKREFL-SOIL-HH not used 0.5 not used
BACKREFIL-VIS-BB 0.071 not used not used
BACKREFL-VIS-BH not used 0.5 not used
BACKREFL-VIS-HH not used 0.5 not used
BLIND-COVER not used 1.0 not used
BLIND-COVER-MAX not used 1.0 not used
BLIND-COVER-MIN not used 0.0 not used
CONDUCTIVITY 0.52 Btuh/ft-F 0.52 Btuh/ft-F 0.00936 Btuh/ft-F
(0.9 W/m-K) (0.9 W/m-K) (0.0162 W/m-K)
D-CONDUCTIVITY not used not used 1.6049 Btuh/ft-R2 x10-5
(5.0 W/m-K2 x10-5)
DENSITY not used not used 0.10612 1b/1t3
(1.70 kg/m3)
D-DENSITY not used not used -0.00021 Ib/ft3-F
(-0.006 kg/m3-K)
PRANDTIL-NUMB not used not used 0.68
D-PRANDTL-NUMB not used not used 0.0003667 F-1
(0.00066 K-1)
D-VISCOSITY not used not used 2.352 1b/ft-s-F x10-7
(6.3 kg/m-s-K x10-7)
EMIS-IR 0.84 0.9 not used
REFL-SOI.-BB 0.071 not used not used
REFL-SOL-BH not used 0.5 not used
REFL-SOI-HH not used 0.5 not used
REFL-VIS-BB 0.071 not used not used
REFL-VIS-BH not used 0.5 not used
REFL-VIS-HH not used 0.5 not used
SLAT-ANGLE not used 45 degrees not used
SLAT-ANGLE-MAX not used 80 degrees not used
SLAT-ANGLE-MIN not used -80 degrees not used
SLAT-ORIENTATION not used HORIZONTAL not used
SLAT-SEPARATION not used 0.0625ft not used
(0.0190m)
SLAT-WIDTH not used 0.0833ft not used
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Notes:

TYPE

Default Value by Layer-Type
L] GLASS BLIND GAP
(0.0254m)
THICKNESS 0.0208ft 0.00328ft 0.0208ft
(0.0063m) (0.001m) (0.0063m)
TRANS-IR 0.0 0.0 not used
TRANS-SOL-BB 0.775 0.0 not used
TRANS-SOL-BH not used 0.0 not used
TRANS-SOL-HH not used 0.0 not used
TRANS-VIS-BB 0.775 0.0 not used
TRANS-VIS-BH not used 0.0 not used
TRANS-VIS-HH not used 0.0 not used
VISCOSITY not used not used 1.418 Ib/ft-s x10-5
(2.11 kg/m-s x10-5)

It is assumed that the radiation transmitted and reflected by the slats in a blind is 100 percent
hemispherical.

It is assumed that glass layers have no beam-hemisphetical (BH) transmittance or reflectance, so that
the BH keywords below apply only to blind layers.

The program calculates the hemispherical-hemispherical (HH) transmittance and reflectance of glass
layers from the beam-beam properties. Therefore the hemisphetical-hemispherical (HH) keywords
below apply only to blind layers.

For blind layers, the keywords apply to the individual slats rather than to the blind layer as a whole.
Slats are assumed to be flat and of uniform width and thickness.

It is assumed that the front and back transmittance for glass and blind layers are equal.

The transmittance and reflectance keywords do not apply to gaps (the gas in gaps is assumed to have
100 percent transmittance and zero reflectance).

Takes a code-word indicating the type of layer.

GLASS is a layer of glass, plastic or other transparent matetial.

GAP is a layer of gas, usually air, but possibly argon or other gas, that separates two
glass layers or a glass layer and a blind layer.

BLIND is a slatted shading device such as a venetian blind. The slats may be fixed or

movable. A blind can be on the outside of the window, on the inside, or between
glass layers.

177 WINDOW-LAYER



DICTIONARY ENVELOPE

Solar radiation keywords
TRANS-SOL-BB

For glass or blind layer: Beam-beam transmittance at normal incidence of solar radiation striking the front or back of
a glass layer or slat in a blind layer. Although TRANS-SOL-BB can be defined for a blind (in the rare case that the
slats are transparent or perforated), the program will calculate the transmitted radiation as diffuse.

REFL-SOL-BB

For glass layer only: Beam-beam reflectance of solar radiation striking the front of the layer at normal incidence.

BACKREFL-SOL-BB

For glass layer only: Beam-beam reflectance of solar radiation striking the back of the layer at normal incidence.

TRANS-SOL-BH
For blind layer only: Beam-hemispherical transmittance of solar radiation striking the front or back of a slat at
normal incidence.

REFL-SOL-BH
For blind layer only: Beam-hemispherical reflectance of solar radiation striking the front of a slat at normal
incidence.

BACKREFL-SOL-BH
For blind layer only: Beam-hemispherical reflectance of solar radiation striking the back of a slat at normal incidence.

TRANS-SOL-HH
For blind layer only: Hemispherical-hemispherical transmittance of solar radiation striking the front or back of a slat.

REFL-SOL-HH
For blind layer only: Hemispherical-hemispherical reflectance of solar radiation striking the front of a slat.

BACKREFL-SOL-HH
For blind layer only: Hemispherical-hemispherical reflectance of solar radiation striking the back of a slat.

Visible radiation keywords

TRANS-VIS-BB
For glass layer only: Beam-beam transmittance of visible radiation striking the front or back of the layer at normal
incidence.

REFL-VIS-BB

For glass layer only: Beam-beam reflectance of visible radiation striking the front of the layer at normal incidence.

BACKREFL-VIS-BB

For glass layer only: Beam-beam reflectance of visible radiation striking the back of the layer at normal incidence.

TRANS-VIS-BH
For blind layer only: Beam-hemispherical transmittance of visible radiation striking the front or back of a slat at
normal incidence.

REFL-VIS-BH
For blind layer only: Beam-hemispherical reflectance of visible radiation striking the front of a slat at normal
incidence.
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BACKREFL-VIS-BH
For blind layer only: Beam-hemispherical reflectance of visible radiation striking the back of a slat at normal
incidence.

TRANS-VIS-HH
For blind layer only: Hemispherical-hemispherical transmittance of visible radiation striking the front or back of a
slat.

REFL-VIS-HH
For blind layer only: Hemispherical-hemispherical reflectance for visible radiation striking the front of a slat.

BACKREFL-VIS-HH
For blind layer only: Hemispherical-hemispherical reflectance for visible radiation striking the back of a slat.

Infrared radiation keywords (apply only to glass or blind layers)
TRANS-IR

The infrared transmittance of a glass layer or slat in a blind layer. Assumed independent of angle of incidence.

EMIS-IR
The hemispherical infrared emissivity of the front of a glass layer or the front of a slat in a blind layer.

BACKEMIS-IR
The hemispherical infrared emissivity of the back of a glass layer or the back of a slat in a blind layer.

Slat and blind keywords (apply only to blind layers)

SLAT-ORIENTATION
Takes a code-word that indicates the orientation of the slats in a blind layer.

HORIZONTAL indicates that the slats are parallel to the X-axis of the window. For a vertical
window, the slats are horizontal (parallel to the ground).

VERTICAL indicates that the slats are parallel to the Y-axis of the window. For a vertical
window, the slats are vertical (perpendicular to the ground).

SLAT-ANGLE

The angle between the plane of the slat and the window outward normal (see Figure 29). For horizontal slats in a
vertical window, this is the angle between the slat and a horizontal plane; in this case SLAT-ANGLE is positive
when the front of the slat points down and negative when the front of the slat points up. For vertical slats in a
vertical window, this is the angle between the front of the slat and vertical plane normal to the window; in this case
SLAT-ANGLE is positive when the front of the slat points to the right and negative when the front of the slat
points to the left when you are facing the outside of the window.
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Side view of horizontal blind
or top view of vertical blind

|
|
! Front of slat
|
|
" ~~__Back of slat

THICKNESS

Outside Inside
Front of slat

SLAT-ANGLE

SLAT-SEPARATION 30°
30°

SLAT-WIDTH Positive and Negative
Slat Angles

Outside Inside

Keywords for
Slat Dimensions

Figure 29 Dimensions for blinds
(Slat angle is the angle between the plane of the slat and the window outward
normal)

SLAT-ANGLE-MIN

The minimum slat angle for angle-adjustable slats (due to limitations in the blind construction or control).

SLAT-ANGLE-MAX
The maximum slat angle for angle-adjustable slats (due to limitations in the blind construction or control). SLAT-
ANGLE-MAX should be greater than SLAT-ANGLE-MIN.

SLAT-WIDTH
The width of the slat, as shown in Figure 29. The default value corresponds to slats that are 1.0 in wide.

SLAT-SEPARATION
The distance between slats. See Figure 29. The default value corresponds to slats that are 0.75 in apart.

BLIND-COVER

Fraction of the glazed area covered by the blind. Used only when the blind coverage is fixed (i.e., blinds cannot
move up and down). It is assumed that a blind,if present, covers all or part of the glazed area of the window. It does
not cover any of the framed portion of the window if the window has a frame.

BLIND-COVER-MIN

Minimum fraction of glazed area covered by blind (used when blind coverage is variable). If all of the retracted slats
remain over the glazed opening (e.g., there is no recess above the window to accept retracted slats), then BLIND-
COVER-MIN should be greater than
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(THICKNESS + 8) / (THICKNESS + [SLAT-SEPARATION]),

which is the fraction of the window covered by the blind when the blind is fully retracted. (Here,  is the separation
between adjacent slat faces when the blinds are fully retracted.)

BLIND-COVER-MAX
Maximum fraction of window area covered by blind (used when blind coverage is variable). BLIND-COVER-MAX
should be greater than BLIND-COVER-MIN.

Keywords for a glass, blind, or gap layer

THICKNESS
The thickness of a glass layer, a gap layer, or the slats in a blind layer. For a glass layer, THICKNESS is the surface-
to-surface thickness.

For a gap between two glass layers, THICKINESS is the distance between the inside surface of one glass layer and
the outside surface of the other glass layer.

For a gap between a glass layer and a blind layer, THICKINESS is the distance between the center plane of the
blinds and the glass sutface. In this case, the gap THICKNESS should be greater than SLAT-WIDTH/2 to allow
room for the slats when fully open.

For a blind layer, THICKNESS is the surface-to-surface thickness of the slats.

The default thickness for glass and gap corresponds to 1/4 in (6.3 mm) and for blinds cotresponds to 0.04 in (1.0
mm).

CONDUCTIVITY
For a glass or gap layer, the conductance of the layer times its THICKNESS. For a blind layer, the conductance of
the slat times its THICKINESS.

Gap layer keywords (defaults shown are for argon)

D-CONDUCTIVITY)
The temperature derivative of the conductivity of the gas in the gap.

VISCOSITY
The viscosity of the gas in the gap.

D-VISCOSITY
The temperature detivative of the viscosity of the gas in the gap.

DENSITY
The density of the gas in the gap.

D-DENSITY
The temperature derivative of the density of the gas in the gap

PRANDTL-NUMB
The Prandtl number of the gas in the gap.
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D-PRANDTL-NUMB
The temperature derivative of the Prandtl number of the gas.

How to Model Pull-Down Shades

You can model a translucent pull-down shade by entering it as a blind with closed slats in the WINDOW-LAYERS
list. In this case, you should not specify SLAT-AD]J-TYPE, SLAT-SCHEDULE, or SLAT-TRIGG-SCH. Shades
that are input this way will give a more accurate calculation of solar gain than if modeled using SHADING-
SCHEDULE and VIS-TRANS-SCH because inter-reflections between the shade and glass layers are properly taken
into account in the calculation.

Table 41 shows the pull-down shade layers that are in the Library. To describe your own pull-down shade layer, your
input might look like the following for a shade with a solar and visible transmittance of 20% and a solar and visible
reflectance of 70%:

Shade-T20-R70 = WINDOW-LAYER

TYPE = BLIND
THICKNESS = 0.00066
CONDUCTIVITY = 0.0667
SLAT-ANGLE = 89.95
SLAT-ORIENTATION = HORIZONTAL
SLAT-WIDTH = 0.0840
SLAT-SEPARATION = 0.0833
TRANS-SOL-BH = 0.20
TRANS-SOL-HH = 0.20
REFL-SOL-BH = 0.70
REFL-SOL-HH = 0.70
BACKREFL-SOL-BH = 0.70
BACKREFL-SOL-HH = 0.70
TRANS-VI1S-BH =0.20
TRANS-VI1S-HH =0.20
REFL-VIS-BH = 0.70
REFL-VIS-HH = 0.70
BACKREFL-V1S-BH = 0.70
BACKREFL-VI1S-HH =0.70 ..

182 WINDOW-LAYER



DICTIONARY

Section

HVAC Components

This section describes the commands and keywords used in the mechanical equipment simulations Included here
are the descriptions for the:

e Airside components — These components include the fans, heating/cooling coils, economizers, ducts,
terminal units, thermostats, etc. The program simulates both zonal, packaged, and built-up central
systems.

e Waterside components — These components include the boilers, chillers, pumps, circulation-loops, etc.
used to build up a central heating or cooling plant.

e Utility components — The program supports multiple electric, fuel, steam, and chilled-water meters, as
well as cogeneration equipment
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BOILER

Defines all of the operating parameters of a boiler. The U-name is required to identify the boiler in the heading of
the boiler report, as well as to allow this boiler’s operation to be coordinated with others.

Example input:
BOILER-1 = BOILER

TYPE
HW-LOOP

HW-BOILER
"HEATING LOOP™ ..

TYPE

Takes a code-word that specifies the type of boiler. Note that the steam boilers are modeled identically to the hot
water boilers, except that their efficiencies are lower. The program currently does not model steam loops, so the
effects of flash losses, de-aeration, condensate makeup, etc. should be included in the efficiency term. Allowed
values of TYPE are:

HW-BOILER Hot water boiler.

HW-BOILER-W/DRAFT Hot water boiler with draft fan.

ELEC-HW-BOILER Electric hot water boiler.

STM-BOILER Steam boilet.

STM-BOILER-W/DRAFT Stream boiler with draft fan.

ELEC-STM-BOILER Electric steam boilet.

HW-CONDENSING Condensing hot-water boiler. As condensing boilers achieve maximum efficiency
below return water temperatures of approximately 130°F, the circulation loop and
coils supplied by this loop should be designed for temperatures at or below 140°F.

Loop temperature reset should also be investigated, to reduce the return
temperature as much as possible.

Boiler Design and Operating Capacity

CAPACITY
The nominal (or rated) heating capacity of the boiler. If the capacity is temperature dependent, (curve CAP-FT is
specified), the capacity should correspond to the HW-SUPPLY-T and AMBIENT-T.

For the HW-CONDENSING boiler, the capacity corresponds to the rated return temperature, RATED-HWR-T.
The default is 80°F (26.7°C).

If you do not specity CAPACITY,

o If CAPACITY-RATIO is specified, the capacity defaults to the maximum design-day heating loop
capacity, multiplied by the CAPACITY-RATIO.

e Ifno CAPACITY-RATIO is specified, the capacity defaults to the maximum design-day heating loop
capacity, divided by the number of boilers attached to the loop, and multiplied by the loop’s SIZING-
RATIO.

184 BOILER



DICTIONARY HVAC

CAPACITY-RATIO

The fraction of the design heating loop capacity that the boiler will be sized to meet. Used only if CAPACITY is not
specified. If you are defining two boilers of identical size that exactly meet the design loop load, set each boilet's
CAPACITY-RATIO to 0.5. To include a 20% safety factor, set each boilet's CAPACITY-RATIO to 0.6. If no
CAPACITY-RATIO is specified, the capacity defaults to the maximum design-day heating loop capacity, divided by
the number of boilers attached to the loop, and multiplied by the loop’s SIZING-RATIO.

MIN-RATIO
The minimum fraction of rated load at which the boiler can operate continuously. If the load is between zero and
MIN-RATIO the boiler will cycle on and off.

MAX-RATIO
The maximum fraction of rated load the boiler is allowed to handle. If the boiler is allowed to overload, MAX-
RATIO may be greater than 1.0.

CAPACITY-FT

For all boiler types except HW-CONDENSING, takes the U-name of a curve that modifies the boiler capacity as a
function of the supply temperature and the boilet's environmental temperature. If not specified, the capacity is
assumed constant for all temperature conditions. The supply temperature is the greater of the loop supply setpoint,
ot the boilet's internal AQUASTAT-SETPT-T. The envitonmental temperature may be either the outdoor air
temperature, Of a zone temperature.

For the HW-CONDENSING boiler, takes the U-name of a curve that modifies the boiler capacity as a function of
the return temperature (temperature entering the boiler). The efficiency and capacity of condensing boilers is
primarily sensitive to the return temperature, so return temperature is used in lieu of supply temperature and the
environmental temperature.

START-UP-TIME

If a boiler is to be used in the current hour, but did not operate the previous hour, then a start-up load is assumed to
exist. The equivalent full-load run time added to the current hour's load varies according to how many hours the
boiler has been shut down:

e 1hour 50% of this value
e 2hours 80% of this value
e 3 or more hours 100% of this value

STANDBY-TIME

The number of hours of equivalent full-load time required to maintain a boiler at temperature, when the heating
load is zero. When operating below the MIN-RATIO, the boiler is assumed to be cycling. When cycled on, the
boiler will operate at the MIN-RATIO. When off, losses and energy are determined using this keyword. The
program interpolates between energy consumed at the MIN-RATIO, and energy in full standby mode; based on the
fraction of the time the boiler is cycled on.

RATED-HWR-T
For the HW-CONDENSING boiler, specifies the return water temperature at which both the CAPACITY and
HEAT-INPUT-RATIO are defined. The default is 80°F (26.7°C).
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Boiler Energy Consumption

The next set of keywords defines the energy consumption of the boiler. Not all keywords are used for every boiler
type. For example, an electric boiler does not consume fuel and so does not have an HIR. However, a fuel-fired
boiler may have electrical usage, such as for a draft fan, and the electrical consumption of this fan may vary with
load. Consequently, the fuel-fired boilers may use both the EIR and HIR set of keywords.

HEAT-INPUT-RATIO

The ratio of fuel heat input to boiler heating capacity at full load (i.e., at the rated conditions). Used only for fuel-
consuming boilers. Note that this is a dimensionless ratio, so you must convert fuel consumption and heating
capacity to the same units before dividing.

For the HW-CONDENSING boiler, the heat input ratio corresponds to the rated return temperature, RATED-
HWR-T. The default is 80°F (26.7°C).HIR-FT

For all boiler types except HW-CONDENSING, takes the U-name of a curve that modifies the fuel consumption
as a function of the supply temperature and the environmental temperature. There is no default; if not specified then
the HEAT-INPUT-RATIO is assumed constant for all temperature conditions. The supply temperature is the
greater of the loop supply setpoint, or the boilet's internal AQUASTAT-SETPT-T. The LOCATION keyword,
below, determines whether the environmental temperature is the outdoor air temperature or a zone temperature.

For the HW-CONDENSING boiler, this curve is not used. Instead, the HIR-FPLR curve is used, and uses both
the part-load ratio and the return water temperature.

HIR-FPLR
For all boiler types except HW-CONDENSING, takes the U-name of a curve that modifies the fuel consumption
as a function of the boiler part load ratio.

For the HW-CONDENSING boiler, takes the U-name of a curve that modifies the fuel consumption as a function
of both the boiler part-load ratio and the return water temperature. This curve must be of the type BI-
QUADRATIC-RATIO&T.

LOCATION
Accepts a code-word that specifies the location of the boilet:
OUTDOOR The boiler is located outdoors.
ZONE The boiler is located within a zone. Note that the program does not model any

zonal heat gain from the boiler. See ZONE-NAME keyword.

ZONE-NAME
When LOCATION = ZONIE, takes the U-name of the zone containing the boiler. If ZONE-NAME is not
specified, LOCATION will default to OUTDOOR.

ELEC-INPUT-RATIO

The ratio of electric input power to nominal boiler capacity. The EIR is dimensionless, so the same units for input
and capacity should be used when calculating it. The default is 1.0 for electric boilers (ELEC-HW-BOIL and
ELEC-STM-BOIL.

EIR-FPLR
Takes the U-name of a curve that gives the EIR as a function of the boiler part load ratio.
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AUX-KW

Auxiliary electrical consumption, such as for a control panel.

AUX-MODE

Accepts a code-word specifying when the AUX-KW is consumed.
ALWAYS Auxiliary power is consumed all hours.
WHEN-ON Auxiliary power is consumed only during the hours the boiler is operating.
WHEN-OFF Auxiliary power is consumed only during the hours the boiler is off.
SCHEDULED The power consumption is scheduled (see AUX-SCH).

AUX-SCHEDULE
When AUX-MODE = SCHEDULED, takes the U-name of a schedule of TYPE = MULTIPLIER that varies the
AUX-KW on an houtly basis.

AUX-METER
Takes the U-name of the AUX-METER to which the auxiliary electricity consumption of the boiler is assigned.
This keyword defaults to the same meter as the boiler's ELEC-METER.

ELEC-METER
Takes the U-name of the ELEC-METER to which the electricity consumption of the boiler is assigned. The default
is the MASTER-METER:HEAT-ELEC-METER.

FUEL-METER
Takes the U-name of the FUEL-METER to which the fuel consumption of the boiler is assigned. The default is the
MASTER-METER:HEAT-FUEL-METER.

Attachment to Hot-Water Loop

The next set of keywords describe how this boiler is attached to a hot-water, WLHP, or steam loop.

HW-LOOP
Takes the U-name of the primary heating loop to which the boiler is attached. The boiler must attached to a
CIRCULATION-LOOP of TYPE = HW, WLHP, or PIPE2.

HW-PUMP

Takes the U-name of the PUMP that serves the boilet's hot water loop. If you do not assign this pump, the boiler
head requirement is passed to the attached primary loop. Additionally, this boiler pump may be a equipment-
recirculation pump, or, if the hot water loop does not have its own pump, this boiler pump will also power the
primary loop. In this case, the head of this pump will be the sum of the maximum coil head, the loop distribution
head (including static head), and the boiler head. The houtly flow of the pump (and boiler) will be determined based
on the loop flow and the number of other boilers running.

HW-DT
The design temperature change of the hot water through the boiler. The default is the LOOP-DESIGN-DT of the
attached loop. The program uses this keyword to determine the boilet's design flow, which in turn is used to size the

equipment-recirculation pump, if any, on the boiler, and calculate the houtly pressure drop. If no equipment-
recirculation pump exists, the flow through the boiler is based on the LOOP-DESIGN-DT.
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HW-HEAD
The head loss through the boiler at design flow.

HW-STATIC-HEAD
The static head of the boiler (non-varying with flow).

HW-FLOW-CTRL
When the boiler has a equipment-recirculation pump, takes a code-word that specifies the type of flow through the
boiler.

CONSTANT-FLOW The default, indicates that the flow is independent of the load. Note that unless a
HW-PUMP exists, the flow through the boiler will be dependent on the primary
loop flow. For example, if the flow in the primary loop is variable, then the flow
through the boiler will also be variable.

VARIABLE-FLOW The flow vaties linearly with the load.

HW-MIN-FLOW

When HW-FLOW-CTRL = VARIABLE-FLOW, specifies the minimum allowable fraction of the design flow
through the boiler. Typically, the minimum flow should be above the point where the flow transitions from
turbulent to laminar flow.

HW-MAX-FLOW

The ratio of the maximum allowable flow ratio to the design flow ratio. When allocating load to equipment on an
houtly basis, the program will check to ensure that the corresponding flow does not exceed this value. If so, the
program will re-allocate the load so that the flow limit of any equipment unit is not exceeded.

AQUASTAT-SETPT-T
The setpoint of the boilet's internal aquastat. The effective supply temperature is the larger of this value and the
setpoint of the attached heating loop.

Miscellaneous

COST-DATA
Takes the U-name of a MATERIALS-COST command, which allows you to define first costs, maintenance costs,
etc. for the boiler.

EQUIPMENT-REPORTS
Takes the code-words YES or NO. When report PS-H of the PLANT-REPORTS is enabled, a report will print for
the boiler unless this keyword is set to NO.
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CHILLER

Defines all of the operating parameters of a chiller. U-name must be specified for each chiller. This U-name will be
used in the heading of the chiller report to identify the chiller.

Example Input:

CHILLER-1 = CHILLER

TYPE = ELEC-OPEN-CENT
CONDENSER-TYPE = WATER-COOLED
CHW-LOOP = "COOLING LOOP™"
CW-LOOP = ""CONDENSER LOOP"

TYPE

Takes a code-word that specifies the type of chiller. It should be the first keyword entered for the CHILLER
command. The next keyword entered should be the CONDENSER-TYPE, described below. Allowed values of
TYPE are:

ELEC-OPEN-CENT Open centrifugal chiller powered by an external electric motor. The motor may be
cither constant-speed or variable-speed.

The program includes generic performance data for both water-cooled and ait-
cooled condensers. The program also supports remote air-cooled and
evaporatively cooled condensers, however default performance data does not exist
(it will require that you provide performance data for these types).

ELEC-OPEN-REC Open reciprocating chiller powered by an external electric motor. The program
assumes two independent refrigerant circuits; you may specify the number of
compressors in each circuit.

The program includes generic performance data for water-cooled, air-cooled,
remote air-cooled, and remote evaporatively-cooled condensers.

ELEC-HERM-CENT Hermetic centrifugal chiller powered by an internal electric motor. The motor may
be either constant-speed or vatiable-speed.

The program includes genetic performance data for both water-cooled and air-
cooled condensers. The program also supports remote air-cooled and
evaporatively cooled condensers, however default performance data does not exist
(it will require that you provide performance data for these types).

ELEC-HERM-REC Hermetic reciprocating chiller powered by an internal electric motor. The program
assumes two independent refrigerant circuits; you may specify the number of
compressors in each circuit.

The program includes genetic performance data for water-cooled, air-cooled,
remote air-cooled, and remote evaporatively-cooled condensers.

ELEC-SCREW Hermetic screw chiller powered by an internal electric motor. The default part
load performance curves assume two independent refrigerant circuits; you may
specify the number of compressors in each circuit.
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ELEC-HTREC

ABSOR-1

ABSOR-2

GAS-ABSOR

ENGINE

HEAT-PUMP

LOOP-TO-LOOP-HP

WATER-ECONOMIZER

HVAC

The program includes generic performance data for water-cooled, air-cooled,
remote air-cooled, and remote evaporatively-cooled condensers.

Centrifugal chiller, powered by an internal electric motor, especially designed for
heat recovery. This chiller is designed to reject heat at a higher temperature than a
conventional chiller (105F [40.6Clinstead of 95F [35C]), and may have two
condensers, one for heat recovery and one for heat rejection (double-bundle).
Because this chillet's impeller has a higher design lift, there is usually an energy
penalty associated with this chillet's operation, even when not recovering heat.

The program includes generic performance data for a water-cooled condenser.
The program also supports air-cooled, remote air-cooled and evaporatively cooled
condensers, however default performance data does not exist (it will require that
you provide performance data for these types).

Single-stage absorption chiller with a water-cooled condenser. May be powered by
hot water or steam (although the program does not explicitly model steam loops).

Two-stage absorption chiller with a water-cooled condenser. May be powered by
high temperature and pressure hot water or steam (although the program does not
explicitly model steam loops).

Direct, gas-fired, two-stage absorption chiller. that can also operate as a hot water
generator. This chiller has a water-cooled condenser.

Gas-fired, engine-driven, variable-speed chille with a water-cooled condenser.

An air-to-water heat pump, or well-water-to-water heat pump. This chiller serves a
two-pipe circulation-loop, and delivers either hot or chilled water as required by
the loop.

If CONDENSER-TYPE = AIR-COOLED, then the chiller has an ait-cooled
condenser. In the cooling mode, the chiller rejects heat via this condenser, the
same as an ordinary chiller. In the heating mode, this same heat-exchanger
absorbs heat from the air. This chiller is discussed as a separate sub-topic below.

If CONDENSER-TYPE = WATER-COOLED, then the chiller has a watet-
cooled condenser that must be coupled to a LAKE/WELL circulation loop, from
which it either absorbs or rejects heat. This chiller is discussed as a separate sub-
topic below.

A chiller which cools a chilled-water circulation-loop, and simultaneously heats a
hot-water loop. It is also coupled to a LAKE/WELL circulation-loop that
provides the necessary heat balance. This chiller is discussed as a separate sub-
topic below.

Not actually a chiller; this specifies a water-side economizer utilizing a heat-
exchanger to cool a CHW loop using a CW loop. This model has many limitation
and you should carefully examine the section below which desctibes this feature
(see ) and how to use it propetly.
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Like other chillers, this chiller may have a pump on either the CHW or CW side.
The CW flow may be either constant or variable; the higher dT associated with
variable improves the tower performance somewhat and gives slightly better
results.

CONDENSER-TYPE
Takes a code-word that defines the type of the chillet's condenser.

WATER-COOLED Water-cooled condenser. The chiller’s performance curves are defined relative to
the entering condenser water temperature (leaving cooling tower temperature).
Any type of chiller may be water-cooled. Water-cooled condenser are described in
the section Water-Cooled Condenser.

AIR-COOLED Air-cooled condenset. The chillet’s performance curves are defined relative to the
outdoor drybulb temperature. All energy consumption associated with the
condenser fans is included in the chiller’s ELEC-INPUT-RATIO and associated
performance curves; there are no separate keywords describing the condenser
fans. Only electric chillers and the heat-pump chiller may be air cooled; all others
must be water-cooled.

REMOTE-AIR-COOLED A remotely located, ait-cooled condenser. The chillet’s performance curves are
defined relative to the saturated condensing temperature. Temperature control of
the remote condenser, and the energy consumption of its fans, are defined using a
separate set of keywords within the CHILLER component. In other words, the
chiller’s ELEC-INPUT-RATIO and associated performance curves apply to the
chiller compressor only.

Only conventional electric chillers may have a remote condenser.
Remote condensers are described in the section Renzote Air-Cooled Condenser.

REMOTE-EVAP-COOLED A remotely located, evaporatively-cooled condenser. The chiller’s performance
curves are defined relative to the saturated condensing temperature. Temperature
control of the remote condenser, and the energy consumption of its fans, are
defined using a separate set of keywords within the CHILLER component. In
other words, the chiller’s ELEC-INPUT-RATIO and associated performance
curves apply to the chiller compressor only.

Only conventional electric chillers may have a remote condenser.
Remote condensers are described in the section Rewote Evaporatively-Cooled
Condenser.

Rated vs. Design Conditions
The program allows chillers to be specified at either the:

Rated conditions — as specified by ARI or other rating organizations. For all chiller types, ARI rates the
evaporator conditions as 54°F enteting and 44°F leaving chilled water (which cotresponds to 2.4 gpm/ton).
For water-cooled chillers, the condenser conditions are 85°F entering condenser water at a flow of 3
gpm/ton. Air-cooled chillers are rated at 95°F enteting outdoor drybulb temperature. Chillers with remote
condensers, ate rated at 125°F saturated-condensing temperature.

Design conditions — the actual conditions at which the chiller is sized and designed to operate.
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When specifying a chiller, it is important to distinguish whether the stated chiller performance (capacity and energy
consumption) are defined at the rated or actual conditions. Most chiller types can be specified at either the ARI rated
conditions, or the actual design conditions. However, for centrifugal chillers, it may not make sense to specify
performance at the ARI rated conditions, as the chiller way not be able to actually operate at those conditions.

For example, consider a water-cooled centrifugal chiller serving a building in a relatively cool, dry climate. The
engineer specifies the chiller capacity and efficiency at 46°F leaving chilled water and 76°F entering condenser water.
To achieve the specified efficiency at minimum cost, assume the chiller manufacturer configures the the impeller
and heat-exchangers to exactly meet the design conditions. If this chiller is then operated at the more extreme ARI
conditions of 44°F/85°F, the compressor may not be able to overcome the pressure differential between the
evaporator and condenser, and the chiller will surge if it tries to deliver water at 44°F. To operate successfully at
85°F entering condenser water, it will have to deliver water warmer than 44°F.

For this reason, the program defaults assume that centrifugal chillers are specified at the design conditions. All other
chiller types are assumed to be specified at the rated conditions, unless you specify otherwise.

The next set of keywords describe the design conditions of a chiller:

DESIGN-CHW-T
The leaving chilled-water temperature at the design conditions. The default is the same as the DESIGN-COOL-T
of the chilled-water loop to which this chiller is attached.

DESIGN-COND-T
The condenser temperature at the design conditions. The meaning of this keyword varies according to the
condenser type:

Water-cooled — The entering condenser water temperature. The default is the same as the DESIGN-COOL-T
of the condenser water loop to which this chiller is attached.

Air-cooled — The entering air temperature. The default is the maximum entering air temperature encountered
during cooling.

Remote condenser — The saturated condensing temperature. The default is 125°F for ait-cooled, and 105°F for
evaporatively cooled.

DESIGN-PLR

For centrifugal chillers only, specifies the ratio of the design capacity to the maximum capacity. The maximum
capacity of a centrifugal chiller is often greater than the design capacity; either because of the components used to
build up the chiller, or in order to meet the efficiency requirements at the specified conditions.

For example, consider a chiller specified to deliver 500 tons at 44°F chilled water, 80°F entering condenser water at
3 gpm/ton, and 0.6 kW /ton power consumption. The chiller manufacturet’s selection program might determine
that the least expensive chiller that meets the specifications is actually one having a maximum capacity of 550 tons
and a power consumption of 0.64 kW /ton at full load. However, when unload to 500 tons, the efficiency of the
chiller improves, and the part load power consumption is 0.6 kW/ton; thereby meeting the engineet’s specifications.
(Centrifugal chillers are most efficient when running at part load.)

To specify the above chiller in DOE-2, set
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SPECIFIED-AT DESIGN-CONDITIONS

CAPACITY = 6. $ 500 tons *12000 Btu/ton / 1000000
ELEC-INPUT-RATIO = 0.171 $ 0.6 kW/ton * 3413 Btu/kW / 12000 Btu/ton
DESIGN-PLR = 0.91 $ 500 design tons / 550 maximum tons

The capacity and power performance curves are always relative to the maximum capacity, not the design capacity.
The DESIGN-PLR keyword identifies the design point relative to the maximum operating point on the
petformance cutves.

The next set of keywords describe the rating conditions of a chiller, either ARI or other:

RATED-CHW-T

The chilled-water temperature at the rated conditions, either ARI or other. This is the value at which the chiller
performance curves are normalized. Normally, you should not change the default value of this keyword unless you
are also specifying the chiller performance curves, and the curves are normalized to a different value.

RATED-COND-T

The condenser temperature at the rated conditions, either ARI or other. The default varies by condenser type. This
is the value at which the chiller performance curves are normalized. Normally, you should not change the default
value of this keyword unless you are also specifying the chiller performance curves, and the curves are normalized to
a different rating condition.

RATED-CW-FLOW

For a water-cooled condenser, specifies the condenser flow at the rated conditions, either ARI or other. This is the
value at which the chiller performance curves are normalized. The default for ARI-rated chillers is 3.0 gpm/ton.
Normally, you should not change the default value of this keyword unless you are also specifying the chiller
performance curves, and the curves are normalized to a different rating condition.

Why is this keyword relevant? Chiller manufacturers normally report performance as a function of the enzering
condenser water temperature, and the DOE-2 performance curves conform to this convention. However, the kaving
condenser water temperature is actually a more important determinant of chiller performance, and must be taken
into account when simulating a chiller with a condenser flow other than the rated flow. The program uses this
keyword to bias the entering condenser temperature for off-rated and/or vatiable condenser flows.

For example, assume a chiller operating at a 3 gpm/ton condenser flow has a 9°F rise through the condenser at
rated conditions. In this case, an 85°F enteting condenser temperatute cortesponds to 94°F leaving temperature. If
the condenser flow is reduced to 2 gpm/ton, then the rise will be approximately 15°F and the leaving temperature
will be 100°F. To account for this increase in leaving temperature, the program will bias the entering temperature by
6°F, so that the value used in the curves for entering condenser temperature is 91°F instead of 85°F. (This example
oversimplifies the problem,; the program iterates to find the balance point between the biased entering condenser
temperature, and the impact of that temperature on capacity, power consumption, rejected heat, and leaving
temperature.)

SPECIFIED-AT
accepts a code-word specifying the conditions (capacity and power) at which the user is specifying a chiller.

RATED-CONDITIONS  the default for all non-centrifugal chillers, indicates the user-specified chiller is
defined at the ARI or other rated conditions; RATED-CHW-T, RATED-
COND-T, etc.
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DESIGN-CONDITIONS  the default for centrifugal chillers, indicates that the user-specified chiller is defined
at the actual design conditions; DESIGN-CHW-T, DESIGN-COND-T, etc. The
program converts the specified design capacity to the corresponding rated
capacity. The rated capacity is displayed in all reports.

On an houtly basis, the rated capacity is converted to the actual capacity using the CAPACITY-FT performance
curve. Similatly, the rated power is converted to the actual power using the EIR-FT and EIR-FPLR, and/or the
HIR-FT and HIR-FPLR performance curves.

Note that, for an auto-sized chiller, the program always selects the size based on the design conditions, and then
translates that size to the rated conditions. However, other parameters, such as the ELEC-INPUT-RATIO, may be
at cither the rated or design conditions.

Chiller Design and Operating Capacity
The next set of keywords desctibes the chillet's desigh and operating capacity.

CAPACITY
The cooling capacity of the chiller. The SPECIFIED-AT keyword indicates whether the specified capacity is at the
RATED-CONDITIONS or the DESIGN-CONDITIONS.

If you do not specify CAPACITY, it defaults to the chilled water loop capacity times CAPACITY-RATIO. If no
CAPACITY-RATIO is input, the capacity will default to the loop capacity divided by the number of chillers
attached to the loop.

CAPACITY-RATIO

The fraction of the design loop capacity that the chiller will be sized to meet. This keyword is allowed only if
CAPACITY is not specified. If you are defining two chillers of identical size that exactly meet the design loop load,
set each chiller's CAPACITY-RATIO to 0.5. To include a 20% safety factor, set each chiller's CAPACITY-RATIO
to 0.6. If neither CAPACITY nor CAPACITY-RATIO is specified, the chiller capacity will default to the loop
capacity divided by the number of chillers attached to the loop.

MAX-RATIO

For centrifugal chillers, this keyword has replaced with DESIGN-PLR, which has a different meaning than MAX-
RATIO had. For all other chiller types, the program assumes that the maximum capacity is identical to the rated
capacity.

MIN-RATIO
The minimum fraction of rated load at which the chiller can operate continuously. If the load is between zero and
MIN-RATIO the chiller will cycle on and off. When cycled on, the chiller will run at the MIN-RATIO.

CAPACITY-FT

Takes the U-name of a curve that adjusts the capacity of the chiller as a function of the leaving evaporator water
temperature and the condenser temperature. This curve should be normalized to 1.0 at the rated conditions
(RATED-CHW-T, RATED-COND-T, etc.).

The meaning of condenser temperature varies according to the type of condenser:
Water-cooled — the entering condenser water temperature (leaving cooling-tower temperature). For condenser

flows other than the RATED-CW-FLOW, the program will bias the entering condenser temperature to
account for the off-rated flow. Refer to the section Rated vs. Design Conditions for more information.
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Air-cooled — the outdoor air drybulb temperature
Remote condenser — the saturated condensing temperature

HGB-RATIO

The fraction of design capacity below which the chiller uses hot-gas bypass. Used only for electric chillers and engine
chillers. To be meaningful, the HGB-RATIO must be greater than the MIN-RATIO; otherwise the chiller will cycle
off before initiating the hot-gas bypass. For example, assume the HGB-RATIO=0.4, and the MIN-RATIO=0.25:

If the actual PLR is 0.5, then the chiller is running continuously with no hot-gas bypass.

If the PLR drops to 0.3, then the chiller is running continuously, but below the point at which hot-gas bypass
initiates. Power consumption calculated using PLR=0.4 to model the false load due to the hot-gas bypass.

If the PLR drops to 0.15, then the chiller is cycling and hot-gas bypassing simultaneously. The fraction of the
hour operating is Frac = 0.15/0.25 = 0.6. When cycled on, the chiller runs at PLR=0.4 to model the hot-
gas bypass.

START-UP-TIME

The number of hours of equivalent full-load time required to bring the chiller on-line. For example, if it takes the
equivalent of 15 minutes of full load fuel consumption to bring an absorption chiller on-line, then this entry should
be 0.25 (hours).

If a chiller is to be used in the current hour, but did not operate the previous hour, then a start-up load is assumed to
exist. The equivalent full-load run time added to the cutrent hour's load vaties according to how many hours the
chiller has been shut down:

e 1 hour: 50% of this value
e 2hours 80% of this value
e 3 or more hours 100% of this value

SHUT-DOWN-TIME
The number of hours of equivalent full-load time required to shut a chiller down. This value is currently used only
for the absorption chillers, and represents the time the solution pump must run during the dilution cycle.

STANDBY-TIME

The number of hours of equivalent full-load time required to maintain a chiller at temperature, when the cooling
load is zero. When operating below the MIN-RATIO, the chiller is assumed to be cycling. When cycled on, the
chiller will operate at the MIN-RATIO. When off, losses and energy are determined using this keyword. The
program interpolates between energy consumed at the MIN-RATIO, and energy in full standby mode; based on the
fraction of the time the chiller is cycled on.

Chiller Energy Consumption

The following keywords define the energy consumption of the chiller. Not all keywords are used for every chiller
type. For example, an electric chiller does not consume any heat or fuel and so does not have an HIR. However, an
absorption chiller may have electrical usage, such as for a spray pump, and the electrical consumption of this pump
may vary with load. Consequently, the heat- and fuel-chillers use both the EIR and HIR set of keywords

The program uses the following relationship to calculate the electricity input to the chiller each hour:
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Caphour = Capacity * CAPA(t1,t2)

PLR = Load / Caprour

dT =t2-tl

Elechour = Caphou ¥ EIR * EIRf(t1,t2) * EIRf(PLR,dT) / 3413 Btu/kW
where

Caphour hourly capacity, Btuh

Capacity rated capacity, Btuh

CAPA(t1,62) cotrrection to capacity for temperatures, curve CAP-FT

tl leaving chilled-water temperature, °F

2 condenser temperature, °F

PLR Part load ratio

Load Houtly load, Btuh

dT Temperatute differential across chiller, °F

Elechour electric input to the chiller, kKW

EIR rated electric input ratio

EIRf(t1,t2) correction to EIR for temperatures, curve EIR-FT

EIRf(PLR,dT) correction to EIR for part-load ratio and dT, curve EIR-FPLR

The meaning of the condenser temperature (t2) varies according to the type of condenser:

Water-cooled — the entering condenser water temperature (leaving cooling-tower temperature). Note that, for
condenser flows other than the rated flow, the entering condenser temperature is biased based on leaving
temperature to correct the error in the curves that would result otherwise.

Air-cooled — the outdoor air drybulb temperature
Remote condenser — the saturated condensing temperature

If you change any one of the above curves you should either change the others or verify that they are reasonable
over the expected range of operating conditions.

Thermal energy consumption of absotption and engine chillers is calculated in a similar manner.

ELEC-INPUT-RATIO

The electric input ratio (EIR) is the ratio of electric input power to capacity (i.e., the inverse of the coefficient of
petformance (COP)). The EIR is dimensionless, so the same units for input and capacity should be used. The
SPECIFIED-AT keyword indicates whether the specified EIR is at the RATED-CONDITIONS or the DESIGN-
CONDITIONS.

For absorption chillers (TYPE = ABSOR-1, ABSOR-2 or GAS-ABSOR), ELEC-INPUT-RATIO includes the
primary power consumption of the chiller and the electrical power consumption of the solution pumps. For these
chillers, the program will overtide ELEC-INPUT-RATIO if you specify either SOLUTION-PUMP-KW and/ot
GAS-COMB-FAN-KW. In this case, the program will recalculate the ELEC-INPUT-RATIO as (SOLUTION-
PUMP-KW + GAS-COMB-FAN-KW) * 3413 Btu/kW / (CAPACITY*106). Note that GAS-COMB-FAN-KW
is the combustion blower power for the gas-fired chiller, and applies only to that chiller type.chiller, and applies only
to that chiller type.
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EIR-FT

Takes the U-name of a curve that adjusts the electric input ratio as a function of the leaving chilled water
temperature and the condenser temperature. This curve should be normalized to 1.0 at the ARI point (RATED-
CHW-T, RATED-COND-T, etc.).

The meaning of condenser temperature varies according to the type of condenser:

Water-cooled — the entering condenser water temperature (leaving cooling-tower temperature). For condenser
flows other than the RATED-CW-FLOW, the program will bias the entering condenser temperature to
account for the off-rated flow. Refer to the section Rated vs. Design Conditions for more information on this
topic.

Air-cooled — the outdoor air drybulb temperature

Remote condenser — the saturated condensing temperature

EIR-FPLR

Takes the U-name of a curve that adjusts the electric input ratio as a function of

e  The partload ratio (PL.R) — The PLR is defined as the ratio of the houtly load to the houtrly capacity;
Load / Caprou

e The evaporator/condenser dT - The temperature differential between the condenser and leaving
chilled-water. The meaning of the condenser temperature varies according to condenser type.

For most chillers, the dT has a relatively small effect on part-load performance. However, for variable-speed
centrifugal chillers, the effect of dT is as important as the PLR. This is because the pressure tise across the impeller
is proportional to the square of the impeller’s speed. Unless some form on condenser temperature relief is
employed to reduce the temperature (and pressure) differential across the chiller at part load, the performance of a
variable-speed chiller may not be significantly different than that of a constant-speed chiller.

To model power consumption as a function of the PLR only, use a CURVE-FIT of TYPE = QUADRATIC or
CUBIC. To model as a function of both PLR and dT, use a BIFQUADRATIC-RATIO&DT curve. The cutve
must be normalized to 1.0 at full load and the rated temperature differential.

Note that, for centrifugal chillers, ‘full load’ is defined as the ‘maximum capacity’, not the ‘design capacity’. Refer to
the DESIGN-PLR keyword for more information.

VARIABLE-SPEED

for the centrifugal chiller types, accepts the value YES or NO indicating whether the chiller utilizes a variable-speed
drive. If YES, then the program will select a different default EIR-FPLR performance curve from the library to
model part-load performance; this keyword has no other effect.

For the hermetic centrifugal chiller only (ELEC-HERM-CENT), two additional codewords are available to model
small frictionless compressors. Selecting either of these will modify the full load ELEC-INPUT-RATIO and the
capacity and EIR performance curves:

Sml-Frictionless-Water-3F  Specifies a frictionless compressor with a water-cooled condenser. Both the
evaporator and condenser are sized for a 3°F (1.67°C) approach. This selection is
appropriate for a new chiller. Either a single-compressor or dual-compressor
chiller may be modeled by specifying COMPRESSORS/CKT = ONE or TWO;
a different default EIR-FPLR curve will be selected accordingly.
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Sml-Frictionless-Water-10F  Specifies a frictionless compressor with a water-cooled condenser. Both the
evaporator and condenser are sized for a 10°F (5.5°C) approach. This selection is
appropriate for a retrofit to an existing reciprocating chiller. Either a single-
compressor or dual-compressor chiller may be modeled by specitying
COMPRESSORS/CKT = ONE or TWO; a different default EIR-FPLR curve
will be selected accordingly.

Part-load capacity reduction in a variable-speed centrifugal chiller utilizes a combination of impeller speed and inlet
vanes. To maximize the part-load efficiency of a variable-speed centrifugal chiller, some form on condenser
temperature relief must be employed at part load to reduce the temperature (and pressure) differential across the
chiller. Otherwise, the performance of a variable-speed chiller may not be significantly different from that of a
constant-speed chiller. This is because the pressure rise across the impeller is proportional to the square of the
impeller’s speed. If the condenser temperature never drops below the design value, then the pressure differential
between the evaporator and condenser will remain almost constant, no significant impeller speed reduction will be
possible, and most of the capacity reduction will be accomplished via the inlet vanes.

COMPRESSORS/CKT

For a hermetic centrifugal chiller with a small frictionless compressor (CHILLER:VARIABLE-SPEED = Sml-
Frictionless-Water-3F, or Sml-Frictionless-Water-10F), accepts the values ONE or TWO indicating whether the
chiller has a single compressor, or two compressors sharing a common evaporator and condenser. A two-
compressor machine has better part-load performance, and can also unload further than a single-compressor chiller.

For electric chillers other than centrifugal, accepts the values ONE, TWO, THREE, and FOUR indicating the
number of compressors on each circuit. Based on the number of compressors per circuit, the program will select a
typical default EIR-FPLR performance curve from the library to model part-load performance; this keyword has no
other effect.

The default curves are based on chillers having two independent refrigerant circuits, and up to four compressors per
circuit. Notall chiller types have curves for three or four compressors; if you specify more compressors than exist in
the performance curves for that chiller type, then the program will select the curve representing the maximum
number of compressors for which a curve exists.

More compressors does not always represent better part-load performance; actual performance depends on the
chiller configuration, the staging order of compressors, the use of cylinder unloaders or slide valves, the type of
expansion valves, etc.

ELEC-TO-COND

Accepts a numeric input that specifies the fraction of the electrical power that is rejected through the condenser.
The default varies by chiller type. Generally, for hermetic compression chillers, this entry should be 1.0, as all of the
motor power must be rejected through the condenser. For open compression chillers, the default is roughly the
same as the motor efficiency, but may be somewhat higher to account for the motor heat that conducts into the
chiller via the motor shaft.

HEAT-INPUT-RATIO

The ratio of fuel heat input to chiller cooling capacity at full load (i.e, at the rated conditions). Used only for fuel-
consuming chillers. Note that this is a dimensionless ratio, so you must convert heat input and cooling capacity to
the same units before dividing.

HIR-FT
Takes the U-name of a curve that gives the chiller HIR as a function of the exiting chilled water temperature and the
entering condenser water temperature. This curve should be normalized to 1.0 at the ARI rating point.
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The meaning of condenser temperature varies according to the type of condenser:

e Water-cooled — the entering condenser water temperature (leaving cooling-tower temperature). For
condenser flows other than the RATED-CW-FLOW, the program will bias the entering condenser
temperature to account for the off-rated flow. Refer to the section Rated vs. Design Conditions for more
information on this topic.

e Air-cooled — the outdoor air drybulb temperature

e Remote condenser — the saturated condensing temperature

HIR-FPLR
Takes the U-name of a curve that gives the chiller HIR as a function of:

e  The part load ratio (PLR) — The PLR is defined as the ratio of the hourly load to the houtly capacity;
Load / Capnour

o  The temperature differential between the condenser and leaving chilled-water (dT) — The meaning of
the condenser temperature varies according to condenser type.

For most chillers, the dT has a relatively small effect on part-load performance. However, for variable-speed
centrifugal chillers, the effect of dT is as important as the PLR. This is because the pressute tise across the impeller
is proportional to the square of the impeller’s speed. To maximize the efficiency at part load, some form on
condenser temperature relief must be employed to reduce the temperature (and pressure) differential across the
chiller at part load.

To model power consumption as a function of the PLR only, use a CURVE-FIT of TYPE = QUADRATIC or
CUBIC. To model as a function of both PLR and dT, use a BI-QUADRATIC-RATIO&DT curve. The curve
must be normalized to 1.0 at full load and the rated temperature differential.

HEAT-TO-COND

The fraction of the thermal or fuel energy that is rejected to the condenser. This value should normally be 1.0 for all
hot-water or steam absorption chillers. For gas-fired chillers, this value should be the same as the burner efficiency.
For engine chillers, this value should be the same as the engine efficiency, but may be somewhat higher to account
for additional engine heat that conducts into the chiller compressor via the shaft.

AUX-KW

Auxiliary electrical consumption, such as for a control panel or crankcase heater.

AUX-MODE

Accepts a code-word specifying when the AUX-KW is consumed.
ALWAYS Auxiliary power is consumed all hours.
WHEN-ON Auxiliary power is consumed only during the hours the chiller is operating,
WHEN-OFF Auxiliary power is consumed only during the hours the chiller is off.
SCHEDULED The power consumption is scheduled (see AUX-SCH).
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AUX-SCHEDULE
When AUX-MODE = SCHEDULED, takes the U-name of a schedule of TYPE = MULTIPLIER that varies the
AUX-KW on an houtly basis.

AUX-METER
Takes the U-name of the AUX-METER to which the auxiliary electricity consumption of the chiller is assigned.

ELEC-METER
Takes the U-name of the ELEC-METER to which the electricity consumption of the chiller is assigned. The default
is the MASTER-METER: COOL-ELEC-METER.

FUEL-METER
Takes the U-name of the FUEL-METER to which the fuel consumption of the chiller is assigned. The default is the
MASTER-METER: COOL-FUEL-METER.

Attachment to Chilled-Water Loop

The following keywords describe how the chiller is attached to a chilled-water loop. If the chiller evaporator has a
dedicated pump in a equipment loop, the pump is attached to the chiller from within the chiller command.

CHW-LOOP
Takes the U-name of the primary CHW loop to which this chiller is attached.

CHW-PUMP

Takes the U-name of a PUMP directly attached to the chillet's evaporator. Usually, this pump will be a equipment-
recirculation pump and will act to decouple the flow of the chiller from the loop. In this case, the pump may have
CHW-FLOW-CTRL = CONSTANT-FLOW or VARIABLE-FLOW, and will remove the chiller evaporator head
requirement from the primary loop. If the loop does not have its own pumps, then this pump will also power the
loop. In this case, the head of this pump will be the sum of the maximum coil head, the loop distribution head
(including static head), and the chiller's evaporator head. The houtly flow of the pump (and chiller) will be
determined based on the loop flow and the number of other chillers running (CHW-FLOW-CTRL does not apply
in this case).

CHW-DT

The design temperature change of the chilled water through the chiller. The default is the LOOP-DESIGN-DT of
the chilled-water loop. The program uses this keyword to determine the chiller's design flow, which in turn is used to
size the equipment-recirculation pump, if any, on the evaporator, and calculate the houtly pressure drop. If no
equipment-recirculation pump exists, then the flow through the chiller is based on the LOOP-DESIGN-DT.

CHW-HEAD
The head loss through the chiller at design flow.

CHW-STATIC-HEAD
The static head of the chiller (non-varying with flow). Normally, this value should be allowed to default to zero.

CHW-FLOW-CTRL

Takes a code-word that specifies the type of flow through the chillet's evaporator. While many manufacturers
recommend that the flow through the evaporator be constant, others have incorporated controls that allow the
chiller to operate safely with variable flow. This keyword applies only when the CHW-PUMP is acting as a
equipment-recirculation pump. If the CHW-PUMP is also powering the loop, or the chiller does not have a pump,
then this keyword is ignored.
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CONSTANT-FLOW Indicates that the evaporator flow is independent of the chiller load. Note that
unless a CHW-PUMP exists the flow through the chiller evaporator will depend
on the primary loop flow. For example, if the flow in the primary loop is variable,
then the flow through the chiller will also be variable.

VARIABLE-FLOW The evaporator flow varies linearly with the chiller load.

CHW-MIN-FLOW

When CHW-FLOW-CTRL = VARIABLE-FLOW, specifies the minimum allowable fraction of the design flow
through the evaporator. Typically, the minimum flow should be above the point where the flow transitions from
turbulent to laminar.

CHW-MAX-FLOW

The ratio of the maximum allowable flow ratio to the design flow ratio. This keyword is used as a check when
allocating loads to the chillers, and is best illustrated using an example. Assume that a chilled-water loop is constant
flow (3-way valves on all coils) and has two chillers attached, each sized to meet 50% of the design load. In the
current hour under consideration, the cooling load is 40% of design. Based on load, one chiller is all that is needed.
However, since the loop is constant flow, one chiller operating would have to handle twice its design flow (at
approximately four times its design head). A flow rate this high would probably result in severe tube erosion in the
evaporator, and could void the manufacturet's warranty. In addition, the excessively high pressure drop through the
evaporator would probably not allow the pump to meet the required flowrate. Each hour, the program first allocates
the load to the equipment (by default or through the COOL-EQUIP-CTRL defined by you). It then checks to see if
the flow through each equipment component does not exceed the CHW-MAX-FLOW. If the flow exceeds this
limit, then the program reallocates the load to as many equipment units as required to meet the flow requirements.

In the above example, a 40% loop load would be met by both chillers running, each operating at 20% capacity. To
prevent the program from reallocating the load based on flow, set the CHW-MAX-FLOW to a higher value. (A
value of 2.0 or higher in the above example would suffice). The pump head should also be manually set, as the
program does not anticipate equipment operating head higher than design.

Attachment to Hot-Water Loop

For absorption chillers, the next set of keywords describe how this chiller is attached to a hot-water or steam loop. If
the chiller has a dedicated hot-water pump in a equipment loop, the pump is attached to the chiller using the PUMP
command.

HW-LOOP

Takes the U-name of the HW loop to which this chiller is attached. This is a mandatory entry for hot-water/steam-
fired absorption chillers, and optional for a gas-fired chiller/heater. Note that a hot water absorption chiller is a
demander on the HW-LOOP (similar to a heating coil), whereas a chiller/heater is a suppliet to the HW-LOOP
(similar to a boilet). As such, a chiller/heater can attach to the same loop types as a boiler.

HW-PUMP

Similar to CHW-PUMP. For a hot-water absotption chiller, this pump will overcome the head of the chiller's
generator only; it cannot be used to power the hot water loop. If not specified, the head of the generator will be
passed onto the loop. For a chiller/heater, the chiller is a supplier to the heating loop and is functionally identical to
a boiler. A pump attached through this keyword may act either as a equipment-recirculation pump (assuming the
loop has its own pumps), or may power the loop (if the loop does not have its own pumps).

HW-DT
The design temperature change of the hot water through the absorption chiller. The program uses this keyword to
determine the component's design flow, which in turn is used to size the equipment-recirculation pump, if any, on
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the component, and to calculate the hourly pressure drop. Defaults to the LOOP-DESIGN-DT of the hot water
loop.

HW-HEAD
The hot water pressure drop through the absorption chiller at the design flow rate due to friction (i.e., not including
any static head).

HW-STATIC-HEAD
The hot water pressure drop through the absorption chiller that is independent of flow. (Use HW-HEAD to specify
the head loss due to friction.)

HW-FLOW-CTRL

Takes a code-word that specifies the type of hot water flow through the absorption chiller. While many
manufacturers recommend that the flow through the evaporator be constant, others have incorporated controls that
allow the chiller to operate safely with variable flow.

CONSTANT-FLOW The hot water flow is independent of the chiller load.
VARIABLE-FLOW The hot water flow varies linearly with the load.
HW-MIN-FLOW

When HW-FLOW-CTRL = VARIABLE-FLOW, specifies the minimum allowable fraction of the design flow
through the chiller. Typically, the minimum flow should be above the point where the flow transitions from
turbulent to laminar flow.

HW-MAX-FLOW

The ratio of the maximum allowable flow ratio to the design flow ratio. Similar to CHW-MAX-FLOW, but applies
only to chiller/heaters where the chiller acts in a capacity identical to a boiler on the hot water loop. The program
will check to see that the maximum flow through each piece of equipment is not exceeded, and if it is, will turn on
more equipment as required to meet the loop flow.

Water-Cooled Condenser

The following set of keywords describes how the chiller is attached to a condenser water loop. If the chiller has a
dedicated condenser-water pump in a equipment loop, the pump is attached to the chiller from within the PUMP
command. These keywords apply only to water-cooled condensers (CONDENSER-TYPE = WATER-
COOLED).

CW-LOOP
When CONDENSER-TYPE = WATER-COOLED, takes the U-name of the CW loop to which this chiller is
attached.

CW-PUMP

Takes the U-name of a PUMP directly attached to the chillet's condenser. This pump may be either a equipment-
recirculation pump, or may power the loop. If you have more than one chiller attached to a given CW loop, and the
loop does not have a pump, then each chiller must have a condenser pump.

CW-DT

The design temperature change of the water flowing through the condenser. The program uses this keyword to
determine the component's design flow, which in turn is used to size the equipment-recirculation pump, if any, on
the component, and to calculate the hourly pressure drop. Default is the LOOP-DESIGN-DT of the condenser
loop.
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Note that the CW-DT will usually result in a calculated design flow somewhat different than the rated flow,
RATED-CW-FLOW. Chiller manufacturers normally report performance as a function of the enzering condenser
water temperature, and the DOE-2 performance curves conform to this convention. However, the #aving condenser
water temperature is actually a more important determinant of chiller performance, and must be taken into account
when simulating a chiller with a condenser flow other than the rated flow. The program corrects for off-rated
condenser flows, either fixed or variable, by biasing the entering condenser water temperature. Please refer to the
section Rated vs. Design Conditions for more information on this topic.

CW-HEAD
The pressure drop through the condenser at the design flow rate.

CW-STATIC-HEAD
The static head of the condenser (non-varying with flow).

CW-FLOW-CTRL
Takes a code-word that specifies the type of flow through the chiller.

CONSTANT-FLOW Indicates that the condenser flow is independent of the chiller load.

VARIABLE-FLOW The condenser flow vaties linearly with the load, in accordance with CW-MIN-
FLOW and CW-MIN-PLR. If the leaving condenser temperature exceeds the
MAX-COND-T, then flow will be increased, up to the design flow, to maintain
setpoint.

PLRratio = (PLR — CW-MIN-PLR) / (1.0 — CW-MIN-PLR)
FlowRatio= CW-MIN-FLOW + (1. — CW-MIN-FLOW) * PLRratio

To prevent the water flow from falling off as rapidly as the load, make the CW-
MIN-PLR smaller than the CW-MIN-FLOW.

CW-MIN-FLOW

When CW-FLOW-CTRL = VARIABLE-FLOW, specifies the minimum allowable fraction of the design flow
through the evaporator. This flow is assumed to occur at the part-load ratio corresponding to the CW-MIN-PLR,
and is linear between full load and this part load. Typically, the minimum flow should be above the point where the
flow transitions from turbulent to laminar.

Note that the flow will be increased, up to design, if the leaving condenser temperature exceeds the MAX-COND-
T.

CW-MIN-PLR
When CW-FLOW-CTRL = VARIABLE-FLOW, specifies the minimum part load ratio at which the minimum
flow occurs. The default is the same as the CW-MIN-FLOW, so that condenser flow is exactly proportional to load.

Note that the flow will be increased, up to design, if the leaving condenser temperature exceeds the MAX-COND-
T.

MAX-COND-T

When CW-FLOW-CTRL = VARIABLE-FLOW, specifies the temperature that acts as an upper limit on the
leaving condenser temperature. Normally, the flow will be reset linearly according to the chiller’s part-load ratio
(PLR), the CW-MIN-FLOW and the CW-MIN-PLR. However, if the leaving condenser temperature exceeds the
MAX-COND-T, then the flow will be controlled, up to design, to maintain the MAX-COND-T.
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MIN-COND-T

Specifies the minimum allowable condensing temperature setpoint. This value will override any of the control
schemes to maintain the setpoint at or above this value. Some chillers may require a certain pressure differential
between the evaporator and the condenser in order to maintain full refrigerant flow through an expansion valve. If
the condenser pressure drops too low, then chiller capacity will be adversely affected.

e  Tor water-cooled condensers, this value represents the minimum entering condenser water
temperature.

e For air-cooled chillers, this value represents the minimum entering air temperature
e  For remote condensers, this value is the minimum allowable saturated condensing temperature.

Remote Air-Cooled Condenser

A remote condenser is a sub-component of a CHILLER. Its keywords are contained within the CHILLER
component, but it has its own temperature control sequences, and the power consumption of its fans are calculated
separately from the chiller’s ELEC-INPUT-RATIO and associated performance curves.

Since a remote condenser is essentially separate from its chiller, the chiller’s performance curves must be defined in
terms of the saturated condensing temperature of the condenser. The outdoor drybulb has no direct impact on the
chiller, as the condenser has its own temperature control strategy. Note however, that the condenser temperature
will float up if overloaded, and this will affect the chiller performance.

COND-CAPACITY

Specifies the capacity of the condenser at a given temperature differential between saturated condensing temperature
and ambient drybulb temperature, SCT-AMB-DT. If you do not specify the capacity, it will default to the design
heat rejection load of the chiller. The program will not allow you to specify the condenser’s capacity unless you also
specify the chiller’s capacity.

SCT-AMB-DT
Specifies the differential between the saturated condensing temperature and the outdoor drybulb temperature at
which the COND-CAPACITY is specified.

e When COND-CAPACITY is specified, this keyword is required

o  When COND-CAPACITY is not specified, you may define this keyword. If you do not, the program
will default it to be the difference between the DESIGN-COND-T and the maximum outdoor
drybulb temperature encountered during cooling.

COND-SETPT-CTRL
Accepts a code-word specifying the saturated condensing temperature setpoint control:

FIXED the default, specifies that the temperature setpoint is constant all hours.

VARIABLE specifies that the condensing temperature setpoint varies according to the hourly
drybulb temperature, plus a fixed differential; the differential being specified by
COND-SETPT-DT.

AMBIENT specifies that the condenser fans are staged according to the hourly drybulb
temperature. The fraction of the condenser that is active is defined by the curve
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AMB-FRAC-FT. The actual condensing temperature then floats according to the
load, the outdoor temperature, and the fraction of the condenser that is active.

COND-SETPT-T

When COND-SETPT-CTRL is FIXED, specifies the saturated condensing temperature (SCT) setpoint. The
condenser will hold this setpoint all hours, unless the load or outdoor temperature is such that the SCT must float
upward. In this case, the program will iterate to find the balance point between the SCT and the chiller
performance.

COND-SETPT-DT
When COND-SETPT-CTRL is VARIABLE, specifies the saturated condensing temperature setpoint differential.

For example, if a chiller has an air-cooled condenset, this keyword is 20°F, and the drybulb temperature is 84°F,
then the current condensing temperature setpoint is 104°F.

MIN-COND-T

Specifies the minimum allowable condensing temperature setpoint. This value will override any of the control
schemes to maintain the setpoint at or above this value. Some chillers may require a certain pressure differential
between the evaporator and the condenser in order to maintain full refrigerant flow through an expansion valve. If
the condenser pressure drops too low, then chiller capacity will be adversely affected.

e  For water-cooled condensers, this value represents the minimum entering condenser water
temperature.

e For air-cooled chillers, this value represents the minimum enteting air temperature

e Tor remote condensers, this value is the minimum allowable saturated condensing temperature.

COND-FAN-CTRL

When COND-SETPT-CTRL is FIXED or VARIABLE, accepts a code word specifying the mechanism by which
the fans are controlled to hold the setpoint. The value of this code word is used to select a curve from the library
that modifies the fan power consumption as a function of the condenser load (COND-PWR-FPLR).

PRESSURE-SWITCHES  the default, specifies that the fans are staged/cycled according to the condensing
pressure (temperature) . Power consumption is assumed to be linear with load.
The default curve is Rcond-Fan-Pwr-fPLR-ACpress.

DAMPER-MODULATION specifies that fans run continuously, with air flow modulated by discharge
dampers. The default curve is Rcond-Fan-Pwr-fPLR-Damper.

TWO-SPEED-FANS specifies a condenser having two-speed fans. The default curve is Rcond-Fan-
Pwr-fPLR-2speed.
VFD-ON-FANS specifies a condenser with a variable-speed drive. The default curve is Rcond-

Fan-Pwr-fPLR-VFDair or Rcond-Fan-Pwt-fPLR-VEFDevap.

AMB-FRAC-FT

when COND-SETPT-CTRL is AMBIENT, accepts the U-name of a curve that defines the fraction of the
condenser that is active as a function of the outdoor drybulb or wetbulb temperature. This curve approximates the
effect of staging or modulating fans directly as a function of ambient temperature, without regard to the actual
condensing temperature.
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COND-FAN-EIR-TD

is the electric input to nominal capacity ratio for the component fan expressed as
FanEIR = (Fan electric power in Btuh) / (Condenser capacity in Btuh/TD)
where TD is the SCT-AMBIENT-TD.

The default for air-cooled condensers is 0.55 Btu-TD/Btu, which cotresponds to approximaly 0.28 HP per 15,000
Btuh at 10°F TD.

COND-PWR-FPLR
accepts the U-name of a curve that modifies the condenser fan energy consumption as a function of the condenser
part load ratio.

Remote Evaporatively-Cooled Condenser

An evaporatively-cooled remote condenser consists of a refrigerant-to-water heat-exchanger, a fan to circulate air the
heat-exchanger, and a pump that sprays water to evaporatively cool the air and refrigerant. A remote condenser is a
sub-component of a CHILLER. Its keywords are contained within the CHILLER component, but it has its own
temperature control sequences, and the power consumption of its fans are calculated separately from the chiller’s
ELEC-INPUT-RATIO and associated performance curves.

Since a remote condenser is essentially separate from its chiller, the chiller’s performance curves must be defined in
terms of the saturated condensing temperature of the condenser. The outdoor wetbulb has no direct impact on the

chiller, as the condenser has its own temperature control strategy. Note however, that the condenser temperature
will float up if overloaded, and this will affect the chiller performance.

Capacity

This following set of keywords describe how the condenser capacity is defined.

DESIGN-WETBULB
Specifies the design wetbulb temperature of the condenser.

COND-CAPACITY

Specifies the capacity of the condenser at either the rated conditions or the design conditions. If you do not specify
the capacity, it will default to the design heat rejection load of the chiller. The program will not allow you to specify
the condenser’s capacity unless you also specify the chiller’s capacity.

The SPECIFIED-AT keyword determines whether the user-specified capacity is at the rated conditions or the
design conditions:

e The rated conditions (to which the COND-CAP-FT curve is normalized) are 105°F saturated
condensing temperature and 78°F outdoor wetbulb temperature (40.5°C/25.5°C).

e The design conditions are the DESIGN-COND-T and the DESIGN-WETBULB. If you specify the
capacity at the design conditions, the program will translate the capacity to the rated conditions. The
rated capacity will be modified houtly according to the actual conditions.

COND-CAP-FT
Accepts the U-name of a curve that modifies the design condenser capacity as a function of the saturated
condensing temperature and the wetbulb temperature. This curve should be normalized to the rating conditions.
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The default curve assumes rating conditions of 105°F saturated condensing temperature and 78°F outdoor wetbulb
temperature (40.5°C/25.5°C).

Power Consumption

The following set of keywords define the condenser power consumption, and how that power varies hourly.

COND-FAN-EIR
specifies the electric input ratio (EIR) of the condenser fan(s), where the EIR is a dimensionless ratio of the fan
enetgy consumption to the condenser capacity:

ElIRfan = Fan power, Btu/hr / Condenser capacity, Btu/hr

You may specify the fan EIR at either the rated or design condenser capacity, according to the SPECIFIED-AT
keyword. If you specify the EIR at the design capacity, the program will translate it to the rated capacity.

The hourly fan energy is calculated as:
kWfan = RatedCap * EIRfan * f(PLR) * Frac

where RatedCap is the rated capacity of the chiller, f{(PLR) is a curve that modifies fan energy as a function of the
condenser part load ratio (COND-PWR-FPLR), and Frac is the fraction of the hour the chiller is operating.

COND-PUMP-EIR
specifies the electric input ratio (EIR) of the condenser spray pump(s), where the EIR is a dimensionless ratio of the
pump energy consumption to the condenser capacity:

EIRpump = Pump power, Btu / Condenser capacity, Btu

You may specify the pump EIR at cither the rated or design condenser capacity, according to the SPECIFIED-AT
keyword. If you specify the EIR at the design capacity, the program will translate it to the rated capacity.

The condenser pump energy is independent of condenser load, but will cycle on/off if the chiller is also cycling.

COND-PWR-FPLR
accepts the U-name of a curve that modifies the condenser fan energy consumption as a function of the condenser
part load ratio.

Temperature Control

The next set of keywords describes how the saturated condensing temperature is controlled.

COND-SETPT-CTRL
Accepts a code-word specifying the saturated condensing temperature setpoint control:

FIXED the default, specifies that the temperature setpoint is constant all hours.

VARIABLE specifies that the condensing temperature setpoint varies according to the hourly
wetbulb temperature, plus a fixed differential; the differential being specified by
COND-SETPT-DT.

AMBIENT specifies that the condenser fans are staged according to the hourly wetbulb
temperature. The fraction of the condenser that is active is defined by the curve
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AMB-FRAC-FT. The actual condensing temperature then floats according to the
load, the outdoor temperature, and the fraction of the condenser that is active.

COND-SETPT-T

When COND-SETPT-CTRL is FIXED, specifies the saturated condensing temperature (SCT) setpoint. The
condenser will hold this setpoint all hours, unless the load or outdoor temperature is such that the SCT must float
upward. In this case, the program will iterate to find the balance point between the SCT and the chiller
performance.

COND-SETPT-DT
When COND-SETPT-CTRL is VARIABLE, specifies the saturated condensing temperature setpoint differential.

For example, if a chiller has an evaporatively-cooled condenser, this keyword is 10°F, and the wetbulb temperature
is 74°F, then the current condensing temperature setpoint is 84°F.

MIN-COND-T

Specifies the minimum allowable condensing temperature setpoint. This value will override any of the control
schemes to maintain the setpoint at or above this value. Some chillers may require a certain pressure differential
between the evaporator and the condenser in order to maintain full refrigerant flow through an expansion valve. If
the condenser pressure drops too low, then chiller capacity will be adversely affected.

e  For water-cooled condensers, this value represents the minimum entering condenser water
temperature.

e For air-cooled chillers, this value represents the minimum entering air temperature

e Tor remote condensers, this value is the minimum allowable saturated condensing temperature.

COND-FAN-CTRL

When COND-SETPT-CTRL is FIXED or VARIABLE, accepts a code word specifying the mechanism by which
the fans are controlled to hold the setpoint. The value of this code word is used to select a curve from the library
that modifies the fan power consumption as a function of the condenser load (COND-PWR-FPLR).

PRESSURE-SWITCHES  the default, specifies that the fans are staged/cycled according to the condensing
pressure (temperature) . Power consumption is assumed to be linear with load.
The default curve is Rcond-Fan-Pwr-fPLR-ACpress.

DAMPER-MODULATION specifies that fans run continuously, with air flow modulated by discharge
dampers. The default curve is Rcond-Fan-Pwr-fPLR-Damper.

TWO-SPEED-FANS specifies a condenser having two-speed fans. The default curve is Rcond-Fan-
Pwr-fPLR-2speed.
VFD-ON-FANS specifies a condenser with a variable-speed drive. The default curve is Rcond-

Fan-Pwr-fPLR-VEFDair or Rcond-Fan-Pwr-fPLR-VEFDevap.

AMB-FRAC-FT

when COND-SETPT-CTRL is AMBIENT, accepts the U-name of a curve that defines the fraction of the
condenser that is active as a function of the outdoor drybulb or wetbulb temperature. This curve approximates the
effect of staging or modulating fans directly as a function of ambient temperature, without regard to the actual
condensing temperature.
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Heat Recovery to Hot-Water Loop

The following keywords define heat recovery available from the chiller. Any chiller is capable of heat recovery in a
temperature range similar to its design condensing temperature. For higher temperature heat recovery, a chiller of
type ELEC-HTREC should be defined.

For heat recovery, it is assumed that the chiller has a second condenser that attaches to a loop (often called a double-
bundle condenser). When heat recovery is active, the condenser loop temperature controls are overridden so that
heat is rejected at the HTREC temperature setpoint. Any heat not taken by the heat-reclaim loop will be rejected to
the condenser-water loop.

MAX-HTREC

The fraction of design condenser heat that is available for heat recovery. The default is 0.0 for all chillers except the

ELEC-HTREC, whose default is 0.95. The amount of heat reclaimed on an houtly basis will not exceed this value.

For the engine chiller, this keyword does not apply as no condenser heat is assumed recoverable. Instead, heat from
the engine jacket and exhaust is recovered.

HTREC-LOOP
When MAX-HTREC is non-zero, takes the U-name of a HW, WLHP, or DHW loop to which this chiller will
attempt to provide recovered heat.

MAX-RECOVER-T

The maximum temperature at which heat can be recovered. The default is 105F (40.5C) for the ELEC-HTREC,
200F (93.3C) for the engine chiller, and 95F (35C) for all other chiller types. Heat will be recovered whenever the
HTREC-LOOP's return temperature is less than this value. The amount recovered will depend on the loop flow,
the return temperature, and the lesser of the loop's supply temperature or the MAX-RECOVER-T. Note that the
HTREC-LOOP's supply temperature setpoint must be compatible with the MAX-RECOVER-T for heat to be
recovered. For example, the default supply setpoint for the DEFAULT-HW loop is 180F (82.2C) and it is highly
unlikely that the return temperature will ever be less than the MAX-RECOVER-T for a chiller. As a result, no heat
will be recovered unless the supply temperature is reduced to the 90-120F (32.2-48.9C) range.

HTREC-PUMP
Takes the U-name of a PUMP that acts on the HTREC-HEAD and HTREC-STATIC-HEAD of this chiller. If
not specified, the head will be passed on to the loop.

HTREC-DT
The design temperature change of the water through the heat recovery heat-exchanger. The default is the LOOP-
DESIGN-DT of the attached loop.

HTREC-HEAD

The head of the heat recovery heat-exchanger. Note that all heat recovery devices are in parallel with each other, and
the head on the loop attributable to heat recovery devices is the maximum head of any of the heat recovery devices.
If all of the heat recovery devices have their own HTREC-PUMPs, then the heat recovery head on the loop is zeto.
Otherwise, the design head on the loop is equal to the maximum coil head, plus the piping head, plus the maximum
equipment head (boilers, etc.), plus the maximum heat recovery head. In other words, the heat recovery devices are
in parallel with each other, but are in series with the boilers or other heating devices.

HTREC-STATIC-HEAD
The static head of the chiller’s heat-recovery heat-exchanger (non-varying with flow).

HTREC-FLOW-CTRL
Takes a code-word that specifies the type of flow through the chiller.
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CONSTANT-FLOW The heat recovery flow is independent of the chiller load. Note that unless a
HTREC-PUMP exists, the flow through the exchanger will be dependent on the
primary loop flow. For example, if the flow in the primary loop is variable, then
the flow through the heat-exchanger will also be variable.

VARIABLE-FLOW The heat recovery flow varies lineatly with the chiller load.

HTREC-MIN-FLOW

When HTREC-FLOW-CTRL = VARIABLE-FLOW, specifies the minimum allowable fraction of the design flow
through the heat recovery heat-exchanger. Typically, the minimum flow should be above the point where the flow
transitions from turbulent to laminar flow.

Heat-recovery chiller (ELEC-HTREC)
The following keywords are specific to this chiller type.

HGB-RATIO-HTREC

The hot gas bypass ratio when in the heat recovery mode. When the chiller is not in the heat recovery mode, the
condensing temperature is assumed to be lower, and the chiller uses the normal HGB-RATIO instead of the HGB-
RATIO-HTREC.

Absorption Chillers (ABSOR-1, ABSOR-2, and GAS-ABSOR)

SOLUTION-PUMP-KW

The electric consumption of the solution pump. The default assumes that the solution pump kW is included in the
ELEC-INPUT-RATIO. The program overrides the ELEC-INPUT-RATIO if you specify the SOLUTION-
PUMP-KW. In this case, the program will recalculate the ELEC-INPUT-RATIO as SOLUTION-PUMP-KW *
3413 Btu/kW / (CAPACITY*100).

For a gas-fired chiller, the program also includes the GAS-COMB-FAN-KW in the recalculated ELEC-INPUT-
RATIO

Gas-Fired Absorption Chiller (GAS-ABSOR)

HEAT/COOL-CAP
The ratio of the design heating capacity to the design cooling capacity.

GAS-HCAP-FPLRC
Takes the U-name of a curve that modifies the heating capacity as a function of the cooling part load ratio. As the
cooling load increases, less of the burner capacity will be available for heating.

GAS-HW-XEFF
The burner efficiency during heating. The burner efficiency for heating is assumed constant for all combinations of
heating/ cooling loads.

GAS-DESC-XEFF

The burner efficiency when regenerating a desiccant system. The burner efficiency for desiccant regeneration is
assumed constant for all combinations of heating/cooling loads. Note that desiccant systems are attached to a GAS-
ABSOR chiller using the SYSTEM:DESC-CHILLER keyword.
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GAS-COMB-FAN-KW

The electric consumption of the combustion blower. The default assumes that the blower kW is included in the
ELEC-INPUT-RATIO. The program overrides the ELEC-INPUT-RATIO if you specify either the GAS-COMB-
FAN-KW and/ot the SOLUTION-PUMP-KW. In this case, the program will recalculate the ELEC-INPUT-
RATIO as (SOLUTION-PUMP-KW + GAS-COMB-FAN-KW) * 3413 Btu/kW / (CAPACITY*100).

GAS-HIR-FDESCT

Takes the U-name of a curve defining the HEAT-INPUT-RATIO as a function of the desiccant regeneration
temperature. When regenerating a desiccant system, the ARI condensing temperature (85 or 29.4C) is substituted
in the HIR-FT cutve to cancel out the effect of the condensing temperature, and the regeneration temperature
(calculated houtly in the desiccant algorithms) is used in this curve to modify the chiller's fuel consumption.

GAS-QREG-FDESCT
Takes the U-name of a curve defining the available regeneration energy as a function of the required regeneration
temperature.

Engine-Driven Chiller (ENGNE)
ENG-HEAT-TO-JAC

The fraction of design fuel consumption that is recoverable from the jacket of an engine-chiller. For energy to be
conserved, the sum of the HEAT-TO-COND, ENG-HEAT-TO-JAC, and ENG-HEAT-TO-EXH should be less
than 1.0.

ENG-HEAT-TO-EXH
The fraction of design fuel consumption that is recoverable from the exhaust of an engine-chiller. Note that this
fraction represents the amount of exhaust heat that is recoverable, not the total exhaust heat. For energy to be

conserved, the sum of the HEAT-TO-COND, ENG-HEAT-TO-JAC, and ENG-HEAT-TO-EXH should be less
than 1.0, as not all of the exhaust heat will be recoverable.

ENG-HTREJ-FT
Takes the U-name of a curve that modifies the amount of recoverable heat as a function of the entering condenser
temperature.

ENG-HTREJ-FPLR
Takes the U-name of a curve that modifies the amount of recoverable heat as a function of the cooling part load
ratio.

Air-to-Water Heat-Pump (HEAT-PUMP, AIR-COOLED)

An air-to-water heat pump serving a 2-pipe fan coil system is simulated using a chiller of TYPE = HEAT-PUMP
and CONDENSER-TYPE = AIR-COOLED. When the 2-pipe circulation-loop is in the cooling mode, the unit
acts identically to an air-cooled electric chiller. When the loop is in the heating mode, a changeover valve causes
chiller to act as a heat pump, heating the loop by absorbing heat from the air. In the heating mode, the chiller can
deliver water as hot as 130°F. Note, however, that the maximum temperature vaties with outdoor temperature.

In the cooling mode, the unit acts identically to an air-cooled electric chiller, and all keywords applicable to an
electric chiller apply to this chiller type, with the following exceptions:

e  Condenser type — The CONDENSER-TYPE should be specified as AIR-COOLED. You may also
specify WATER-COOLED, which is covered in a separate section. No other condenser types are
acceptable.

211 CHILLER



DICTIONARY HVAC

e  Heat recovery — This chiller is offered as a packaged self-contained unit, and heat recovery in the
cooling mode is not available.

In the heating mode, the unit acts as a heat pump, and its performance is may be significantly different than in the
cooling mode. The following keywords define the unit’s performance when heating: Note that, for the sake of
consistency with other chillers, references to “condenser” in the following keywords refer to the heat-exchanger that
rejects heat when in the cooling mode. In the heating mode, this heat-exchanger is actually the evaporator, however
the keywords refer to it as a condenser.

Since this type of chiller is common in Europe, but not in the United States, the performance curves are normalized
at the Eurovent rating conditions, rather than ARI.

DESIGN-HW-T
The leaving hot-water temperature at the heating design conditions. The default is the same as the DESIGN-
HEAT-T of the 2-pipe loop to which this chiller is attached.

DESIGN-COND-T-HT
The air-side heat-exchanger entering air temperature at the design heating conditions. The default is the minimum
outdoor temperature encountered during heating when the building is occupied.

RATED-HW-T

specifies the leaving hot-water temperature at the rated conditions, either ARI or Eurovent (The default is for
Eurovent). This is the value at which the heating mode performance curves are normalized. Normally, you should
not change the default value of this keyword unless you are also specifying the heat-pump performance curves, and
the curves are normalized to a different value.

RATED-COND-T-HT

The air-side heat-exchanger entering air temperature when in the heating mode, at the rated conditions. This is the
value at which the heating mode performance curves are normalized. Normally, you should not change the default
value of this keyword unless you are also specifying the heat-pump performance curves, and the curves are
normalized to a different value.

HEAT/COOL-CAP
Is the ratio of the heating capacity to the cooling capacity at the standard rating conditions.

The chiller’s CAPACITY is the cooling capacity at the standard cooling rating conditions (SPECIFIED-AT =
RATED-CONDITIONS). At the standard heating rating conditions, the heating capacity is usually very close to the
cooling CAPACITY. If, however, the heating capacity was only 80% of the cooling capacity, then this keyword
would have a value of 0.8

When the CAPACITY is allowed to default:

e Cooling capacity - The program looks at the peak cooling requirement at the actual peak conditions,
calculates the capacity at these conditions, and translates the capacity to the rated conditions.

e  Heating capacity — The program looks at the peak heating requirements at the actual peak heating
conditions, calculates the heating capacity at these conditions, and translates the capacity to the rated
condtions.

o  Greater of the two — The program takes the rated heating capacity and calculates an equivalent cooling
capacity by dividing by the HEAT/COOL-CAP. The CAPACITY is the greater of the rated cooling
capacity, or the equivalent cooling capacity required for heating.
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HEAT-CAP-FT

Takes the U-name of a curve the gives the heating capacity of the chiller as a function of the leaving hot water
temperature and the entering air temperature, when the air temperature is warm enongh to prevent frost build-up on the heat-
exchanger. This curve should be normalized to 1.0 at the ARI or Eurovent rating point.

At air temperatures above 39°F (4°C), frost does not typically build up on the heat-exchanger. Below this
temperature, frost build-up may be significant, and a defrost cycle is necessary. The no-frost/frost transition cannot
be accurately modeled using a single bi-quadratic curve, so two curves are used.

HEAT-CAP-FT-FRST

Takes the U-name of a curve the gives the heating capacity of the chiller as a function of the leaving hot water
temperature and the entering air temperature, when the air temperature is cool enongh that frost forms on the heat-excchanger.
This curve should be normalized to the capacity at the ARI or Eurovent rating point.

At air temperatures above 39°F (4°C), frost does not typically build up on the heat-exchanger. Below this
temperature, frost build-up may be significant, and a defrost cycle is necessary. The no-frost/frost transition cannot
be accurately modeled using a single bi-quadratic curve, so two curves are used.

HEAT-EIR
The ratio of electric input power to heating capcacity at the standard heating rating conditions. The HEAT-EIR is
dimensionless, so the same units for electric input and capacity must be used when calculating it.

The program uses the following relationship to calculate the electricity input to the chiller each hour when heating:

Caphou = Capacity * Heat/Cool Ratio * Cap f(Thws,OAT)

dT = Thws - OAT

Elechour = Capnou * EIR * EIR f(PLR,dT) * EIR {(Thws,OAT)
where

Thws leaving hot-water temperature

OAT entering outdoor air temperature

Caphour hourly heating capacity

Capacity rated cooling capacity, CAPACITY

Heat/Cool Ratio ratio of rated heating capacity to rated cooling capacity, HEAT/COOL-CAP
Cap f(Thws,OAT)  correction to capacity for temperatures, curve HEAT-CAP-FT

Elechour electric input to the chiller
EIR rated electric input ratio, HEAT-EIR
EIR {(PLRdT) correction to EIR for part-load ratio, curve HEAT-EIR-FPLR

EIR f(Thws,OAT)  correction to EIR for temperatures, curve HEAT-EIR-FT

If you change any one of the above curves you should either change the others or verify that they are reasonable
over the expected range of operating conditions.

HEAT-EIR-FT

Takes the U-name of a curve that adjusts the HEAT-EIR as a function of the leaving hot water temperature and the
entering air temperature, when the air femperatire is warm enough to prevent frost build-up on the beat-excchanger. This curve
should be normalized to 1.0 at the ARI or Eurovent rating point.

At air temperatures above 39°F (4°C), frost does not typically build up on the heat-exchanger. Below this
temperature, frost build-up may be significant, and a defrost cycle is necessary. The no-frost/frost transition cannot
be accurately modeled using a single bi-quadratic curve, so two curves are used.
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HEAT-EIR-FT-FRST

Takes the U-name of a curve that adjusts the HEAT-EIR as a function of the leaving hot water temperature and the
entering air temperature, when the air temperature is cool enongh that frost forms on the heat-exchanger. This curve should be
normalized to 1.0 at the ARI or Eurovent rating point.

At air temperatures above 39°F (4°C), frost does not typically build up on the heat-exchanger. Below this
temperature, frost build-up may be significant, and a defrost cycle is necessary. The no-frost/frost transition cannot
be accurately modeled using a single bi-quadratic curve, so two curves are used.

HEAT-EIR-FPLR

Takes the U-name of a curve that adjusts the HEAT-EIR as a function of the heating patt load ratio, and possibly
the temperature differential between the hot-water supply temperature and the entering air temperature. The curve
must be normalized to 1.0 at full load and rated heating temperatures.

Well-Water-to-Water Heat-Pump (HEAT-PUMP, WATER-COOLED)

A water-to-water heat pump serving a 2-pipe fan coil system is simulated using a chiller of TYPE = HEAT-PUMP
and CONDENSER-TYPE = WATER-COOLED. When the 2-pipe circulation-loop is in the cooling mode, the
unit acts identically to an water-cooled electric chiller. When the loop is in the heating mode, a changeover valve
causes chiller to act as a heat pump, heating the loop by absorbing heat from a ground-water loop. In the heating
mode, the chiller can deliver water as hot as 130°F. Note, however, that the maximum temperature varies with
ground-water temperature.

In the cooling mode, the unit acts identically to an water-cooled electric chiller, and all keywords applicable to an
electric chiller apply to this chiller type, with the following exceptions:

e  Condenser type — The CONDENSER-TYPE should be specified as WATER-COOLED. You may
also specify AIR-COOLED, which is covered in a separate section. No other condenser types are
acceptable. While the condenser of a conventional chiller can attach to loops of TYPE = CW, WLHP,
ot LAKE/WELL, this chiller can attach only to a loop of TYPE = LAKE/WELL.

e Attachment to lake/well loop - The condenser keywords (CW-LOOP, CW-PUMP, CW-HEAD, etc.)
are used in the same manner as for conventional chillers, and describe the attachment to the lake /well
loop. In the heating mode, the condenser reverses its function and becomes the evaporator; drawing
heat from the lake/well loop.

e Heat recovery — This chiller is offered as a packaged self-contained unit, and heat recovery in the
cooling mode is not available.

In the heating mode, the unit acts as a heat pump, and its performance may be significantly different than in the
cooling mode. The following keywords define the unit’s performance when heating. Note that, for the sake of
consistency with other chillers, references to “condenser” in the following keywords refer to the heat-exchanger that
rejects heat when in the cooling mode (the well-side heat-exchanger. This heat-exchanger is actually the evaporator
in the heating mode, however the keywords still refer to it as a condenser, as this is the heat-exchanger coupled to
the CW-LOOP.

Since this type of chiller is common in Europe, but not in the United States, the performance curves are normalized
at the Eurovent rating conditions, rather than ARL

DESIGN-HW-T
The leaving hot-water temperature at the heating design conditions. The default is the same as the DESIGN-
HEAT-T of the 2-pipe loop to which this chiller is attached.
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DESIGN-COND-T-HT
The entering lake/well temperature at the design heating conditions. The default is the DESIGN-HEAT-T of the
lake/well loop.

CwW-DT

The design temperature change of the lake/well water when in the cooling mode. The default is 90°F (32°C) minus
the CW-LOOP:DESIGN-COOL-T. For example, if the design cooling temperature of the lake/well loop is 60°F,
then the design temperatute change will be 30°F.

The expansion valve of the heat pump is sized for the high pressure differential that normally exists in the heating
mode. In the cooling mode, if 60°F water were to enter the heat pump with only a 10°F rise, then the condensing
pressure would be too low to maintain refrigerant flow through the expansion valve. For this reason, flow is
normally reduced through the condenser when in the cooling mode. This is accomplished via a solenoid valve in
parallel with a restricting valve. During cooling, the solenoid valve is closed, and condenser flow is restricted
through the balance valve (thereby achieving the CW-DT). During heating, the solenoid valve is open, allowing full
flow.

CW-DT-HT
The design temperature change of the lake/well water when in the heating mode. The default is 9°F (5°C).

The expansion valve of the heat pump is sized for the high pressure differential that normally exists in the heating
mode. In the cooling mode, if 60°F water were to enter the heat pump with only a 10°F rise, then the condensing
pressure would be too low to maintain refrigerant flow through the expansion valve. For this reason, flow is
normally reduced through the condenser when in the cooling mode. This is accomplished via a solenoid valve in
parallel with a restricting valve. During cooling, the solenoid valve is closed, and condenser flow is restricted
through the balance valve (thereby achieving the CW-DT). During heating, the solenoid valve is open, allowing full
flow.

RATED-HW-T

specifies the leaving hot-water temperature at the rated conditions, either ARI or Eurovent (The default is for
Eurovent). This is the value at which the heating mode performance curves are normalized. Normally, you should
not change the default value of this keyword unless you are also specifying the heat-pump performance curves, and
the curves are normalized to a different value.

RATED-COND-T-HT
The entering lake/well temperature when in the heating mode, at the rated heating conditions. This is the value at
which the heating mode performance curves are normalized. Normally, you should not change the default value of

this keyword unless you are also specifying the heat-pump performance curves, and the curves are normalized to a
different value.

RATED-HT/CL-FLOW

specifies the ratio of the flow during heating to the flow during cooling at the rated conditions. Heating and cooling
petformance is usually rated at a constant CW-LOOP temperature change of 9°F (5°C). Howevet, because the heat
taken or rejected to the CW-LOOP is not the same in both modes, the rated flow used to develop the performance
curves is different in each case; usually with the heating flow smaller than the cooling flow.

Normally, you should not change the default value of this keyword unless you are also specifying the heat-pump
performance curves, and the curves are normalized to a different value.

HEAT/COOL-CAP
Is the ratio of the heating capacity to the cooling capacity at the standard rating conditions.

215 CHILLER



DICTIONARY HVAC

The chiller’s CAPACITY is the cooling capacity at the standard cooling rating conditions (SPECIFIED-AT =
RATED-CONDITIONS). At the standard heating rating conditions, the heating capacity is usually very close to the
cooling CAPACITY. If, however, the heating capacity was only 80% of the cooling capacity, then this keyword
would have a value of 0.8

When the CAPACITY is allowed to default:

e Cooling capacity - The program looks at the peak cooling requirement at the actual peak conditions,
calculates the capacity at these conditions, and translates the capacity to the rated conditions.

e  Heating capacity — The program looks at the peak heating requirements at the actual peak heating
conditions, calculates the heating capacity at these conditions, and translates the capacity to the rated
condtions.

o  Greater of the two — The program takes the rated heating capacity and calculates an equivalent cooling
capacity by dividing by the HEAT/COOL-CAP. The CAPACITY is the greater of the rated cooling
capacity, or the equivalent cooling capacity required for heating.

HEAT-CAP-FT

Takes the U-name of a curve the gives the heating capacity of the chiller as a function of the leaving hot water
temperature and the enteting lake/well temperature. This curve should be normalized to 1.0 at the ARI or Eurovent
rating point.

HEAT-EIR
The ratio of electric input power to heating capcacity at the standard heating rating conditions. The HEAT-EIR is
dimensionless, so that the same units for electric input and capacity must be used when calculating it.

The program uses the following relationship to calculate the electricity input to the chiller each hour when heating:

Caphour = Capacity * Heat/Cool Ratio * Cap f(Thws, T'wws)

dT = Thws - Twws

Elechour = Capnou: ¥ EIR * EIR f(PLR,dT) * EIR {(Thws, Twws)
where

Thws leaving hot-water temperature

Twws entering lake/well water temperature

Caphour houtly heating capacity

Capacity rated cooling capacity, CAPACITY

Heat/Cool Ratio ratio of rated heating capacity to rated cooling capacity, HEAT/COOL-CAP
Cap f(Thws,Twws)  correction to capacity for temperatures, curve HEAT-CAP-FT

Elechour electric input to the chiller
EIR rated electric input ratio, HEAT-EIR
EIR {(PLRdT) correction to EIR for part-load ratio, curve HEAT-EIR-FPLR

EIR f(Thws,Twws) correction to EIR for temperatures, curve HEAT-EIR-FT

If you change any one of the above curves you should either change the others or verify that they are reasonable
over the expected range of operating conditions.

HEAT-EIR-FT
Takes the U-name of a curve that adjusts the HEAT-EIR as a function of the leaving hot water temperature and the
enteting lake/well temperature. This curve should be normalized to 1.0 at the ARI or Eurovent rating point.
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HEAT-EIR-FPLR
Takes the U-name of a curve that adjusts the HEAT-EIR as a function of the heating part load ratio. The curve
must be normalized to 1.0 at full load.

Loop-to-Loop Heat-Pump (LOOP-TO-LOOP-HP)

This chiller is attached to a both a chilled-water loop and a hot-water loop (Figure 30). The chiller actively supplies
cooling and/or heating to the two loops. A lake/well water loop supplies the necessary heat balance via two heat-
exchangers in series with the evaporator and condenser loops.

GROUND/WELL WATER-WATER HEAT PUMP: COOLING

Cooling coils Heating coils

= =

= =

No service
Heat exchanger
BPAF ) e
IC-EV

BSSF BSSC
Ground

water, river

Drainage

Valve open /
Heat pump

Heat exchanger

Figure 30. Loop-to-Loop Heat Pump

The chiller requires both evaporator and hot-water pumps, and these pumps must be able to operate independently
of the chilled and hot-water loops. For this reason, the chilled-water and hot-water loops must have their own
pumps, in addition to the chiller pumps. The evaporator and condenser pumps operate in a constant-flow mode,
variable-flow operation is not permitted. However, the circulation-loop chilled-water and hot-water loop pumps
may be either constant-flow or variable-flow.

The lake/well-water loop (condenser loop) interfaces with the two heat-exchangers. It can be pumped identically as
described for other chillers. Most commonly, the lake/well loop will have its own pump. However, the chiller may
have a condenser pump in addition to, or in lieu of, the well pump. If the condenser pump is in lieu of a pump
directly attached to the lake/well loop, then it will power the loop. Otherwise it will act only to overcome the head
of the chiller’s heat-exchangers. The condenser flow may be modulated using either two-way or three-way valves,
the default is two-way, resulting in variable —volume condenser flow.

The following describes the four modes of operation. In all four modes, both the evaporator and hot-water pumps
must run to circulate fluid through the evaporator and condenser.
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1. Cooling only (Figure 31) — In this mode, the chiller tracks the demand of the chilled-water loop. The
heat is rejected from the hot-water loop to the well-water loop via heat-exchanger IC-CD. The heat-
exchanger is controlled to maintain a leaving hot-water temperature of approximately 85°F (leaving the

heat-exchanger; entering the chiller condenser).

GROUND/WELL WATER-WATER HEAT PUMP: COOLING

=

=

=]

=]

BSSE No service BSSC
86°F
C ] ‘ )
53 °F 0% evaporator flow rate 44 °F 86°F 100% condenser flow rate 6°F
BPAF BPAC
IC-EV
53 0F > — 7/7‘Valveclose
s3°F [ - o
Ground ,  _ _ ______________'__
water, river 64 °F
,,,,,,,,,,,, oo
Drainage
IC-CD 950F 86°F
82 °F Valve open 86°F
Figure 31. Loop-to-Loop Heat Pump
Cooling Only
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2. Heating only (Figure 32) — In this mode, the chiller acts the same as a boiler and tracks the demand of
the hot-water loop. Heat is made up from the well-water loop to the evaporator loop via heat-
exchanger IC-EV. The heat-exchanger is controlled to maintain a leaving chilled-water temperature of
approximately 53°F (leaving the heat-exchanger, entering the evaporator).

WATER-WATER HEAT PUMP: HEATING

=

=

>

>

125°F

NO SERVICE BSSF BSSC
)
46°F 100% evaporator flow rate 46°F 113°F 0% condenser flow rate
BPAF Soac
IC-EV
46°F 64°F
53°F 8
Grounde40F T
water, river 550F —
Drainagei
e - IC-CD 125°F 113°F
e
Valve close 125°F

Figure 32. Loop-to-Loop Heat-Pump

Heating Only
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3. Cooling dominated (Figure 33) — Simultaneous heating and cooling loads exist, with cooling being the
dominant load. Excess heat is rejected from the hot-water loop via heat-exchanger IC-CD. The heat-
exchanger is controlled to maintain the supply temperature of the hot-water loop. Since the
temperature returning from the hot-water loop and entering the condenser may be substantially higher
than in the cooling-only mode, the capacity and energy efficiency of the chiller are reduced.

COOL ING&HEATING: SURPLUS COOLING

BSSF

BSSC

53°F
BPAF
s30F IC-EV / Valve close

77°F
IC-CD 125°F 115°F

115°F
BPAC

122°F

Valve open 122°F

Figure 33. Loop-to-Loop Heat-Pump

Cooling Dominated
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4. Heating dominated (Figure 34) — Simultaneous heating and cooling loads exist, with heating being the
dominant load. Additional heat from the well loop is made up to the evaporator loop via heat-
exchanger IC-EV. The heat-exchanger is controlled to maintain the supply temperature of the chilled-
water loop. Since the temperature leaving the evaporator may be substantially lower than in the
heating-only mode, the capacity and energy efficiency of the chiller are reduced.

COOL ING&HEATING: DEFICIT HEATING

=
=

BSSF BSSC

I
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113°F 1250F
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Figure 34. Loop-to-Loop Heat-Pump
Heating dominated

Most of the keywords for this chiller are identical to the keywords used for conventional electric chillers. The
following summarizes the differences:

o  Condenser type — The CONDENSER-TYPE is not used, as the condenser is always water-cooled.
While the condenser of a conventional chiller can attach to loops of TYPE = CW, WLHP, or
LAKE/WELL, this chiller can attach only to a loop of TYPE = LAKE/WELL.

e Attachment to lake/well loop- The condenser keywords (CW-LOOP, CW-PUMP, CW-HEAD, etc.)
are used in the same manner as for conventional chillers, and describe the attachment to the lake/well
loop. The chiller may either draw heat from or reject heat to the lake/well loop, depending on whether
the chiller is cooling or heating dominated.

e  Hot and chilled-water pumps — As described previously, this chiller must have dedicated evaporator
and condenser-water pumps, which operate in either a constant-flow mode. The loops they serve must
have their own pumps, which may be either constant-flow or variable-flow. The well-water
attachment (CW-LOOP, etc.), may optionally have a condenser pump, which may be in lieu of the
well loop pump, and by default is variable-flow.

e Heat-recovery loop — This chiller actively heats a HW loop, similar to a boiler. Therefore, the heat-
recovery keywords (HTREC-LOOP, etc.) are not valid.

e  DPerformance data — Unlike the two-pipe heat-pump chiller (HEAT-PUMP), this chiller does not have
a reversing valve; all heating/ cooling effects are controlled via the two well-water heat-exchangers. For
this reason, the program can use the cooling performance curves that describe the evaporator and
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compressor motor performance to calculate the resulting heating performance. In other words, there is
no separate set of keywords that describe the chiller performance when in the heating mode. It is
critical that the performance curves be valid over the entire range of evaporator and hot-water
temperatures which may be encountered.

For example, consider a chiller attached to a lake, operating in the heating mode in the winter. If the
entering lake-water temperature is 45°F, then the leaving evaporator temperature may be on the order
of 35°F. Simultaneously, the hot-water return temperature (entering condenser-water temperature)
may be on the order of 120°F. The performance curves must be valid for this extreme range.

Since this type of chiller is common in Europe, but not in the United States, the performance curves are normalized
at the Eurovent rating conditions, rather than ARI.

DESIGN-HW-T
The leaving hot-water temperature at the heating design conditions. The default is the same as the DESIGN-
HEAT-T of the hot-water loop to which this chiller is attached.

DESIGN-COND-T

The entering condenser temperature at the design wolzng conditions. This is the temperature leaving the condenser-
side heat-exchanger and entering the chiller condenser. The default is the DESIGN-COOL-T of the lake/well
water loop, plus 5°F.

When autosizing a chiller, the default assumes that heating does not occur simultaneously with peak cooling. If
heating does occur simultaneously with peak cooling, change this value to approximate the hot-water return
temperature at the peak cooling conditions.

The following keywords desctibe the properties of the heat-exchangers. The heat-exchangers are assumed to be
counterflow.

EVAP-HX-DESIGN-T
The design temperature of the water leaving the evaporator-side heat-exchanger (heating mode). The default is the
DESIGN-HEAT-T of the lake/well loop, minus 5°F. This value is used in the design heating calculations.

EVAP-HX-SETPT-T

When the chiller is in the heating-only mode and heat-exchanger IC-EV is adding heat to the evaporator loop,
specifies the temperature setpoint of the chilled-water /aving the heat-exchanger and entering the evaporator. The
default is the same as the EVAP-HX-DESIGN-T.

The program uses this setpoint, together with the hourly load, UA product and chilled-water flow, to calculate the
chilled-water temperature and required well-water flow. Note that this setpoint may not be maintained if the well-
water is too cold. For example, if the setpoint is 60°F but the well-water is only 50°F, then it will be impossible to
meet the setpoint, and the evaporator temperature will float somewhere below 50°F.

This keyword applies to the heating-only mode. In all other modes involving cooling, the heat-exchanger is controlled
so that the temperature requirement of the chilled-water loop (chilled-water supply temperature) is met.

EVAP-HX-TD

is the design temperature differential between the chilled-water and well-water streams entering the evaporator-side
heat-exchanger (IC-EV in the diagrams). The differential is the differential when the chiller is operating in the
heating-only mode, which represents maximum heat-exchanger loading. The program uses this value, together with
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the design evaporator load in the heating mode, and the design chilled-water and well-water flows, to calculate the
UA product of the heat-exchanger.

The default is calculated as

TD = Twell — (Tsetpt+dTchw)

where
TD the design entering temperature differential
Twell the DESIGN-HEAT-T of the well water loop

Tsetpt the EVAP-HX-SETPT-T
dTchw the design chilled water temperature rise, CHW-DT

COND-HX-SETPT-T

When the chiller is in the cooling-only mode and heat-exchanger IC-CD is removing heat from the hot-water loop,
specifies the temperature setpoint of the hot-water /aving the heat-exchanger and entering the condenser. The
default is the same as the DESIGN-COND-T.

The program uses this setpoint, together with the houtly load, UA product and chilled-water flow, to calculate the
condenser-water temperature and required well-water flow. Note that this temperature may not be maintained if the
lake /well-water is too warm. For example, if the setpoint is 75°F but the chiller is attached to a lake that peaks at
80°F, then it will be impossible to meet the setpoint.

This keyword applies to the woling-only mode. In all other modes involving heating, the heat-exchanger is controlled
so that the temperature requirement of the hot-water loop (hot-water supply temperature) is met.

COND-HX-TD

is the design temperature differential between the hot-water and well-water streams entering the condenser-side heat-
exchanger (IC-CD in the diagrams). The differential is the differential when the chiller is operating in the cooling-
only mode, which represents maximum heat-exchanger loading. The program uses this value, together with the
design condenser load in the cooling mode, and the design hot-water and well-water flows, to calculate the UA
product of the heat-exchanger.

The default is calculated as

TD = Tsetpt+dTcw - Twell

where
TD the design entering temperature differential
Tsetpt the CO ND-HX-SETPT-T
dTcw the design condenser-water temperature rise, CW-DT
Twell the DESIGN-COOL-T of the well water loop

Chiller Water-Economizer

A water-side economizer provides “free cooling” by allowing cooling tower water to bypass the chiller(s) and
directly cool a chilled-water loop. The cooling is not actually “free”, as energy must still be expended in the cooling
tower fans and pumps. Water-side economizers may be divided into three principal configurations:
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Direct injection — The condenser water is filtered and directly injected into the chilled-water loop. While this
method maximizes the effectiveness of the economizer, it introduces oxygen and other contaminants into
the piping. These contaminants may ultimately corrode and/or foul the piping and coils; thereby degrading
the performance of the system and shortening its life.

Indirect heat-exchanger — A plate-and-frame heat-exchanger to indirectly cools the chilled-water loop. The heat-
exchanger prevents the relatively dirty condenser water from fouling the chilled-water components. Since
the effectiveness of a heat-exchanger is always less than 1.0, this method cannot achieve the same
performance as direct injection.

Thermocycle — A chiller can be configured so that its heat-exchangers and refrigerant act as a passive heat
transfer mechanism. Like the indirect method, this method prevents cross-contamination of the chilled and
condenser loops. However, it does not usually achieve the same cooling capacity for a given temperature

differential.

The capability to simulate a water-side economizer was omitted from eatlier versions of DOE-2 because of the lack
of funding necessary to implement this component propetly. Nevertheless, many high-rise buildings utilize water-
side economizers, and many users have expressed the need to simulate these components.

The program now partially remedies this problem by introducing a new type of chiller that is a simple plate-and-
frame heat-exchanger. This is not a complete implementation, and the following rules must be understood:

The program assumes a water-side economizer is used in an “all or nothing”” mode. If the water-side
economizer can handle the entire cooling load, then it will be used. Otherwise, the loop will use its other
chillers. A water-side economizer cannot precool the return flow prior to entering the chillers.

The “all or nothing” mode precludes the use of an EQUIP-CTRL sequence to coordinate the operation of
an economizer chiller with other chillers. If you list a water-side economizer chiller in an EQUIP-CTRL
sequence, it will be ignored.

There must be a one-to-one correspondence between a CHW loop, a water-side economizer, and a CW loop.
A CHW loop may be supplied by only one water-side economizer, and a CW loop may supply only one
water-side economizer. In other words, a plant may have any number of chilled water loops having water-
side economizers, but those economizers cannot draw from the same CW loop. The program will generate
an error if this condition is not met.

It a CW loop supplies a water-side economizer, it may also supply chillers serving the same CHW loop as the
economizer. However, it cannot supply chillers serving other CHW loops. The program will generate an
error if this condition is not met.

A CW loop supplying a water-side economizer should have only one cooling tower. More than one cooling
tower is allowed, however only the first tower defined will be checked to see if sufficient free cooling
capacity is available. Once free cooling is allocated to a CW loop, the program may use any combination of
towers to satisfy it. The program may underpredict the water-side economizer savings if more than one cooling tower serves a
given CW loop. To minimize the underprediction, define the largest tower first.

If there is any water-cooled packaged equipment in the SYSTEM command, this equipment will be ignored
when determining whether the tower has sufficient free cooling capacity. This may canse the program to
overpredict water-side economizer savings.
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For maximum effectiveness, the CHW loop should have COOL-SETPT-CTRL = LOAD-RESET. This
allows the CHW temperature setpoint to rise during periods of low loads, maximizing the effectiveness of
the watetr-cooled economizet.

WATER-ECONO-EFF

for a WATER-ECONOMIZER, specifies the effectiveness of the heat-exchanger. The simple heat-exchanger
model in this component assumes a constant effectiveness for all chilled-water and condenser-water flows. It is used
in the following equation for load:

Qecono = Mt * Cpet * Ef * (Trctura - Tew)

where

Qecono maximum load the economizer can handle
Menw chilled-water mass flow rate

Cpehw chilled-water specific heat

Eff heat-exchanger effectiveness

Treturn chilled-water return temperature

Tew condenser-water supply temperature

The default effectiveness is 0.8. To model direct-injection (strainer cycles), specify an effectiveness of 1.0.

Miscellaneous

COST-DATA
Takes the U-name of a MATERIALS-COST command, which allows you to define first costs, maintenance costs,
etc. for this chiller.

EQUIPMENT-REPORTS
Takes the code-words YES or NO. When report PS-H of the PLANT-REPORTS is enabled, a report will print for
the chiller unless this keyword is set to NO.

225 CHILLER



DICTIONARY HVAC

CHW-METER

Defines the parameters for a meter that supplies chilled water from a utility. This meter attaches to a loop and
provides the required cooling to the loop. The meter may meet all of the load (no other cooling equipment attached
to the loop), or be coordinated with other primary equipment to provide only part of the load. The program passes
the meter consumption data to the ECONOMICS program so that costs can be determined.

Rules:
e Multiple CHW-METERSs may be defined.

e Any given loop can have at most one CHW-METER attached to it. A 2-pipe loop may have a CHW-
METER and a STEAM-METER attached to it.

e Ifyoudefine a UTILITY-RATE of TYPE = CHILLED-WATER, but do not list the meters, the
default will be all meters of the correct type.

e A meter may be the sole source of energy to a CIRCULATION-LOOP, or there may also be other
equipment (boilers, chillers, etc.) By default, the program will allocate as much of the loop load to the
primary equipment as possible, with the meter making up the remainder. You can override this default
control sequence by defining an EQUIP-CTRL sequence for the loop.

CIRCULATION-LOOP
Takes the U-name of the CIRCULATION-LOOP to which this meter is attached. The loop must be of a
compatible type. For example, a CHW-METER can attach to chilled-water loop but not a hot-water loop.

CAPACITY

The size of the meter service. The program assumes that the capacity of the meter is limited by the piping serving
the site, and that any loads larger than this capacity will result in an overload condition. If you do not specify this
keyword, the capacity will default to the loop capacity, adjusted by the CAPACITY-RATIO. If no CAPACITY-
RATIO is input, then the capacity will default to the loop capacity.

CAPACITY-RATIO
It CAPACITY is not entered, this is the fraction of the design loop capacity that the meter will be sized to meet.

ENERGY/UNIT
The size of the billing unit in Btu or Wh in which consumption is measured.

UNIT-INDEX

An integer value that defines the billing unit as listed in the units table (see Appendix A). This value is used in the
reports, and allows English units to be converted to the correct metric units. The default is 50, which corresponds to
MBtu in English units and MWh in metric units.

DEM-UNIT-INDEX

An integer value that defines the billing unit of peak demand as listed in the units table (see Appendix A). This value
is used in the reports and allows English units to be converted to the correct metric units. The default is 34, which
cotresponds to MBtu/hr in English units and MW in metric units.

SOURCE-SITE-EFF
The ratio between the energy delivered to the building site and the source energy (the energy used by the utility to
generate the energy delivered to the building).
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INTERIOR-POWER

Accepts a list of up to10 values of hourly energy consumed by miscellaneous uses inside the building that do not
show up anywhere else. This energy shows up as a load on the meter, but does not appear as either a space load or
as a circulation loop load. Note that most process loads should be entered as such on a CIRCULATION-LOOP,
rather than here. This is so that the program can account for thermal losses and pumping energy. Use INTERIOR-
SCH, below, to schedule interior power.

INTERIOR-SCH
Accepts a list of up to 10 U-Names of schedules with TYPE = MULTIPLIER that modify the INTERIOR-
POWER values on an houtly basis.

INTERIOR-EU

Accepts a list of up to 10 code-words specifying the end-use category of the INTERIOR-POWER. The code-
words correspond to the end-use categories in the end-use reports (PS-E, PS-F, BEPS, BEPU). Acceptable entries
are LIGHTS, TASK-LIGHTS, MISC-EQUIP, SPACE-HEATING, SPACE-COOLING, HEAT-REJECT,
PUMPS&AUX, VENT-FANS, REFRIG-DISPLAY, HT-PUMP-SUPPLEM, DOMEST-HOT-WTR, and EXT-
USAGE.

Note that, while exterior energy can be entered via the EXTERIOR-POWER keyword, it may also be entered via
the INTERIOR-POWER and INTERIOR-EU = EXT-USAGE keywords.

EXTERIOR-POWER

Accepts a list of up to 10 values of hourly energy consumed by miscellaneous uses outside the building that do not
show up anywhere else. This energy shows up as a load on the meter, but does not appear as either a space load or
as a circulation loop load. Note that most process loads should be entered as such on a CIRCULATION-LOOP,
rather than here. This is so that the program can account for thermal losses and pumping energy . Use
EXTERIOR-SCH, below, to schedule extetior power.

EXTERIOR-SCH
Accepts a list of up to 10 U-Names of schedules with TYPE = MULTIPLIER that modify the EXTERIOR-
POWER values on an houtly basis.

EXTERIOR-EU

Accepts a list of up to 10 code-words specifying the end-use category of the EXTERIOR-POWER. The code-
words correspond to the end-use categories in the end-use reports (PS-E, PS-F, BEPS, BEPU, TDV1 TDV2).
Acceptable entries are LIGHTS, TASK-LIGHTS, MISC-EQUIP, SPACE-HEATING, SPACE-COOLING,
HEAT-REJECT, PUMPS&AUX, VENT-FANS, REFRIG-DISPLAY, HT-PUMP-SUPPLEM, DOMEST-HOT-
WTR, and EXT-USAGE.

Note that, while exterior energy can be entered via the EXTERIOR-POWER keyword, it may also be entered via
the INTERIOR-POWER and INTERIOR-EU = EXT-USAGE keywords. The same is true for REFG-POWER.

HX-HEAD
The pressutre drop through the metet's heat-exchanger, if one exists. The default value assumes that there is no heat-
exchanger, i.e., that the building uses chilled water directly.

HX-STATIC-HEAD
The static head that the meter creates on the loop (non-varying with flow). Normally, this value will be zero for
virtually all systems.
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METER-REPORT
Accepts code-words YES and NO. When report PS-F of the PLANT-REPORTS is enabled, a report will print for

this meter unless this keyword is set to NO.
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CIRCULATION-LOOP

Defines the operating parameters of a fluid (usually water) circulation loop. U-name is required. This U-name will be
referenced by any pumps, primary equipment, and coils attached to this loop. It is also used as the identifier in the
heading of the loop report.

A CIRCULATION-LOOP command must precede the input of any element (such as a zone, system or plant
component) that is attached to the loop.

Example Input:

HEATING-LOOP-1 = CIRCULATION-LOOP
TYPE = HW
LOOP-PUMP = "HEATING PUMP" ..

TYPE
Takes a code-word that specifies the type of the loop. This is a required keyword. Acceptable values are:

CHW A chilled-water loop. On the demand side a CHW loop attaches to cooling coils
or to process cooling loads defined within a space. On the supply side this loop
attaches to chillers and/or a chilled-water utility.

HW A hot-water loop. On the demand side a hot-water loop attaches to heating coils,
preheat coils, reheat coils, baseboard heaters, floor panels, supplementary heating
loads (from a heat pump), or to process heating loads defined within a space. It
may also attach to an absorption chiller. On the supply side this loop attaches to
boilers, heat-recovery devices, and/or a hot-water/steam utility.

PIPE2 A 2-pipe heating and cooling loop. A 2-pipe loop supplies both chilled water and
hot water to coils, but never during the same hour. When the loop is in the
heating mode, any cooling loads which may coexist will not be met, and the
temperature of the zones that demand cooling will float accordingly. The same is
true for heating loads once the loop has switched over to cooling. The loop may
switch from heating to cooling on the basis of an indoor or outdoor temperature,
or according to a schedule. You specify the switching parameters using the
LOOP-OPERATION keyword. The demand and supply connections are any of
the connections defined for the HW and CHW loop types.

WLHP A water-loop heat-pump loop. A WLHP loop is primarily intended to serve
water-loop heat-pump systems (system type HP). Individual WLHP units operate
according to their zone thermostats, and reject heat to or take heat from this loop.
Depending on the relative number of units operating in the heating or cooling
mode, the loop will be thermally unbalanced and the loop temperature will either
rise or fall. One or more boilers and one or more cooling towers operate to keep
the loop within specified limits. In addition to WLHP units, any cooling unit with
a water cooled condenser may be assigned to this loop. For example, a DX
cooling unit serving a computer room can reject its heat to a WLHP loop so that
the computer room heat can be recovered by a WLHP unit. Chillers may also be
assigned to this loop, although this is uncommon. On the demand side a WLHP
loop attaches to WLHP units, to water-cooled DX cooling units, or chillers. On
the supply side this loop connects to boilers, cooling-towers, heat-recovery
devices, and/or hot-water utility, and/or a chilled-water utility.
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DHW

CW

LAKE/WELL

SUBTYPE

HVAC

A domestic hot water loop that supplies potable heated water to kitchens,
bathrooms, etc. Heating coils may also attach. This is sometimes done in
apartments or small houses located in relatively mild climates. The water heater
then provides heat both for domestic purposes as well as space heating. On the
supply side this loop attaches to DHW heaters, boilets, ot to a hot-watet/steam
utility.

A condenser water loop. A CW loop takes the heat rejection loads of chillers,
packaged direct expansion (DX) HVAC systems with water-cooled condensers,
water-side economizers, and electrical generators. The loop rejects the condenser
heat to one or more cooling towers.

A loop that circulates ground water from a lake or well to a chiller condenser. A
GROUND-LOOP-HX of TYPE = LAKE/WELL provides the water to this
loop.

Takes a code-word defines the subtype of the loop. Acceptable entries are:

PRIMARY

SECONDARY

DESIGN-HEAT-T

Is the most basic loop, and the only mandatory component of a loop system. A
primary loop can serve the demands of zero or more coils and zero or more
secondary loops. It may also have zonal process loads attached, as well as a
process load not specific to any zone (such as a manufacturing load). To meet
these loads, the primary loop may have zero or more pieces of central plant
equipment attached, or be attached to the appropriate utility energy source. A
primary loop always has a pump, and always has a temperature control setpoint.

Defines a loop that is identical to a ptimary loop, except that it is supplied by a
primary loop rather than primary central plant equipment. A secondary loop may
have zero or more coils attached, as well as the process loads not specific to any
zone (such as a manufacturing load). It is attached to a primary loop that handles
all of the secondary loop loads. A secondary loop may not be attached to another
secondary loop.

A secondary loop may or may not have its own circulation pumps. When a
secondary pump exists, the secondary loop may have its own operation schedules
and temperature setpoints, subject to the availability and temperature of the
energy in the primary loop. When a secondary pump does not exist, then the
secondary loop operates in a purely passive fashion: it passes its load, temperature,
flow, and head requirements onto the primary loop. This pump-less secondary
loop is in actuality an extension of the primary loop; its main value is in allowing
different legs of a primary loop to be in different zones so that the program can
more accurately model the thermal losses. In addition, the coil and piping head
losses can be assigned more accurately.

For loops that can heat, specifies the design hot-water supply temperature. This value may be used in the design
calculations for various components, such as boilers and chillers.

For a LAKE/WELL loop this is the design temperature used for components that draw heat from the loop, such as
a CHILLER of TYPE = HEAT-PUMP. As such, this value should represent the winter condition.
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DESIGN-COOL-T
For loops that can cool, specifies the design chilled-water temperature. This value is used in the design calculations
for various components, such as chillers.

For a CW and WLHP loops, this is the design temperature that the cooling towers or fluid coolers can deliver. For
LAKE/WELL loops, this is the design temperature used for components that reject heat to the loop; as such this
value should represent the summer condition.

LOOP-DESIGN-DT

The design temperature change of the loop. This value is used in calculating the flow when the loop is sized based
on the primary equipment. In addition, this keyword acts as the default temperature change through a coil if that
change was not defined within the secondary HVAC system, and also as the default temperature change for the
attached primary equipment.

To illustrate the overall default hierarchy, consider a reheat coil in a zone. If you do not specity the HW-COIL-DT
at the ZONE level, then it will default to the HW-COIL-DT at the SYSTEM level. However, if you did not specify
this value at the SYSTEM level either, then the temperature change through the reheat coil defaults to the attached
LOOP-DESIGN-DT.

For a HW loop, the default recognizes that lower temperature loops typically have smaller temperature drops
through the loads than higher termperature loops. DESIGN-HEAT-T. At a DESIGN-HEAT-T of 180°F, the dT
is assumed to be 40°F (180°F supply, 140°F return). At 120°F, the dT'is assumed to be 10°F. The dT varies linearly
between these limits.

SIZING-OPTION
Takes a code-word that specifies which sizing method is to be applied to the loop. Acceptable values are:

SECONDARY Specifies that the design loop load is to be based on the design loads of the coils,
processes, etc., that are attached. Design flows are also taken from the secondary
equipment.

PRIMARY Specifies that the design loop load is to be based on the sum of the primary

equipment capacities that are attached to this loop. In order for this code-word to
be valid, you must enter the capacity of the boilers, chillers, etc. that supply this
loop. Otherwise, the program will give a warning message that this keyword will
be ignored, and will size the loop based on the secondary loads instead.

LOOP-SIZE-RATIO

The safety factor for loop sizing. (Note that safety factors could have already been specified within the secondary
HVAC systems attached to this loop). This keyword is used only when SIZING-OPTION = SECONDARY-
EQUIP; it is ignored for the PRIMARY-EQUIP sizing method. When primary equipment is to be auto-sized by the
program, this keyword modifies the default capacity assigned. Note that this keyword affects only the auto-sizing of
the primary equipment based on secondary loop loads. It has no effect on the design loop flow; the loop flow is
based on the sum of the coil flows or other loads attached to the loop. However, the design pump flow can be
modified via keywords in the PUMP command.

Loop Fluid and Flow Characteristics
The following set of keywords define some of the fluid and flow characteristics of the loop:
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FLUID-VOLUME
The total volume of the fluid in the loop. Used to determine the heat capacity of the loop, which is used to modify
the loop loads as the loop temperature changes.

AVG-CIRC-TIME

The average time it takes for the fluid to circulate through the loop at the design flow rate. When the FLUID-
VOLUME is not defined, the program calculates a default volume based on the design flow rate multiplied by the
circulation time. For example, assume the loop's design flow rate is 100 gallons/min (378 liters/min). If the average
citculation time is 3.0 minutes, then the total loop volume is 100 gallons/min * 3.0 min = 300 gallons (or 378
liters/min * 3.0 min = 1134 liters).

LOOP-MIN-FLOW
The minimum flow fraction in the loop. The meaning of this keyword varies depending on the type of loop:

e  Forall loops except DHW, the default is 0.05. For loops serving coils with 3-way valves or constant-
flow condensers, the loop flow will be constant, and this keyword has no meaning. For loops serving
coils with 2-way valves or water-cooled condensers having condenser valves, the loop flow will be
variable and may drop to a very small fraction of the design load, or even zero. When this happens, the
circulation pump may cause a very large temperature tise in the fluid, or may overheat and fail. The
LOOP-MIN-FLOW prevents this from happening by opening a bypass valve as required to maintain
the minimum loop flow. An alternate way of preventing this problem would be to assign 3-way valves
to one ot more of the coils attached to this loop.

e For DHW loops having a recirculation pump, the default is zero. This keyword specifies the minimum
fraction of design flow in the supply leg of the loop. As the process flow vaties, (the flow assumed to go
down the drain), the return flow will be modulated so that the resulting supply flow does not drop
below this value. For example, if the design process flow is 15 gpm and this keyword is 0.33, then the
minimum flow in the supply leg will be 5 gpm. If the process flow is currently 2 gpm, then 3 gpm will
bypass into the return leg so that the supply flow is 5 gpm. If the process flow is 10 gpm, then no flow
will pass into the return leg, and the circulation pump will be off.

This control strategy is useful in minimizing circulation pump energy consumption, and thermal losses
in the return leg. To model a constant recirculation flow, specify the LOOP-RECIRC-FLOW.

LOOP-RECIRC-FLOW
The flow that recirculates in the loop at all times that the pump is running. The meaning of this keyword varies

depending on the type of loop:

e  For all loops other than DHW, this value represents the flow through a constant-flow device (such as a
Griswold) that bypasses fluid from the supply directly back to the return. In these types of loops, this is
another method that can be used to ensure that a variable-volume loop never has a zero-flow
condition. Note that the amount of fluid bypassed is constant every hour.

e Fora DHW loop, this value represents the flow that returns to the water heater, and is usually the only
flow in the return leg (unless an HVAC coil is also attached). This is commonly done to keep the loop
supply leg hot. This keyword is mandatory when a DHW loop has a pump, however you may specify a
value of 0.0, in which case there is no recirculation flow. However, you must provide for some return
flow, as the pump is assumed to act only on the return flow, not the supply. Return flow may also be
provided via the LOOP-MIN-FLOW (variable-flow recirculation), or by attaching one or more of the
airside HW-LOOP:s to this loop.
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PIPE-HEAD

The pressute loss of the piping due to friction. The default value is AVG-CIRC-TIME * 14.4 ft/min (AVG-CIRC-
TIME * 4.39 m/min). The factor of 14.4 ft/min (4.39 m/min) is based on an average pipe size of 2in (5.1 cm) , 4
ft/s (1.22 m/s) average fluid velocity, and a head loss of 3 ft / 100 ft (0.91 m / 30.5 m), doubled for fittings. The
default AVG-CIRC-TIME is 1.5 min, yielding a default PIPE-HEAD of 21.6 ft (6.6 m). This value represents the
head of the piping only. You specify the head of the coils and of the primary equipment in the definitions of those
components.

STATIC-HEAD

The pump head that is independent of fluid flow. A pump incurs static head when it must move a fluid that is at
atmospheric pressure into a loop that is pressurized. Such loops are called open loops and may be encountered
where open cooling towers are used, or in some thermal storage systems. A typical hot- or chilled-water loop is a
closed loop and does not have any static head. For example, assume that a thermal storage tank is at ground level
and is not pressurized (it is at atmospheric pressure). Fluid is to be moved from this tank to an air-handler coil in the
penthouse of a five-story building (70 ft [21.3 m]) above the fluid level in the storage tank). The residual pressure at
the coil is to be 15 psig (103.3 kPa). The static head of this system is

Static = 70 ft + 15 psig * 2.3 ft/psig = 104.5 ft (21.34 m + 103.3 kPa * 0.102 m/kPa = 31.88 m)

It is important that static heads be specified correctly where they exist, as they can have a major effect on the annual
energy consumption of the pump. When the static head is equal to the friction head, a variable-speed pump will
have to run at 70% speed just to overcome the static head in a no-flow condition; all non-zero flows will require a
greater speed. The program takes the effect of static head into account when computing pump speeds. It is also
important that a static head be specified only for the pump that incurs the head. If the static head is specified in
more than one place, the head will be double-counted. For example, assume that the thermal energy storage tank
described above has its own pump, separate from the loop pump. The tank pump injects fluid into the (pressutized)
loop, and the loop pump circulates the fluid to the coils. In this case, the circulating loop is closed and does not have
a static head (even though some of the coils may be on the top of buildings). The tank loop is open and experiences
the static head described previously. In this example, the static head should be specified only in the definition of the
tank's pump, not the circulation loop pump. Static heads can often be reduced or eliminated by coupling equipment
to loops via a HEAT-EXCHANGER (heat-exchanger not implemented in current version).

Secondary Loop to Primary Loop Connection

The following set of keywords describes the connection between a secondary loop and its primary loop. These
keywords are all specified within the secondaty loop, as multiple secondary loops may be on the same primary loop,
and each secondary may have a different type of connection.

PRIMARY-LOOP
Takes the U-name that references the primary loop to which this secondary loop is attached. There is no default.
The primary loop type is always the same as the secondary type.

PRIMARY-FLOW-PCT

The percentage of the secondary flow that transfers to the primary flow at the design conditions. This value is used
in the sizing calculations to determine the primary loop flow required to satisfy a secondary loop. For
primary/secondary loops that operate at the same temperature, this value should be 1.0. If a hot-water primary
operates at a significantly higher temperature than an attached secondary, than the primary flow created by the
secondary demand may be significantly less than the flow circulating within the secondary loop itself.

For example, assume that a secondary loop has a supply setpoint of 160F, and a return temperature of 120F. The
primary loop operates at a supply temperature of 250F. The secondary loop design load is 1 million Btuh. The
design secondary flow is:
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GPM2 = 1x106Btu / (1.0Btu/Ib-F*8.34lb/gal * 60min/hr * (160-120F)) = 50 gpm
The primary flow required to meet the design secondary load is:

GPM1 = 1x106Btu / (1.0Btu/Ib-F*8.34lb/gal * 60min/hr * (250-120F)) = 15.4 gpm
Therefore, PRIMARY-FLOW-PCT = 154 / 50 * 100% = 31%

The same logic applies to chilled-water primary/secondary loops. Note that this keyword is used only in the design
calculations to size the pump of the primary loop. You must specify primary and secondary loop temperature
setpoints consistent with this keyword's value for the houtly simulation to be correct. Note also that this keyword
applies to secondary loops having their own circulation pumps. A secondary loop without a pump must operate at
the same temperature as the primary.

PRIMARY-TRANSFER
Takes a code-word specifies the type of heat transfer between a secondary loop and its primary loop.

DIRECT Indicates that the primary fluid flows directly into the secondary loop; the fluids
intermix. In this mode, both loops must have the same fluid characteristics. If you
enter different fluid properties for the primary and secondary loops, the program
will issue a warning and override the secondary specification with the primary. If
the static pressure of the loops different, one of the loops must have a STATIC-
HEAD defined.

HEAT-EXCHANGER (not implemented this version) Indicates that the secondary loop is coupled to the
primary using a heat-exchanger. In this case, the fluids are kept separate and may
have different characteristics. Note that, when a heat-exchanger is specified, the
secondary loop must have its own pump. If a secondary pump is not specified,
then the program will issue a caution and specify the pump.

PRIMARY-HX-DT

(not implemented this version) When PRIMARY-TRANSFER = HEAT-EXCHANGER, this is the difference
between the primary loop temperature entering the heat-exchanger, and the secondary loop temperature leaving the
heat-exchanger. The program uses this value, together with the secondary design load and the primaty/secondary
flows, to compute the effective FcUA product of the heat-exchanger. This value is used in the hourly calculations to
determine the temperature relationship between the primary and secondary loops. Normally, the secondary loop will
control to its own hourly setpoint unless the heat-exchanger cannot provide fluid at the desired temperature; if not,
the secondary supply temperature will float with the load.

PRIMARY-HX-HEAD

(not implemented this version) When PRIMARY-TRANSFER = HEAT-EXCHANGER, this is the head of the
heat-exchanger. The head is assumed to be the same on both sides of the heat-exchanger, so that the head
requirements of both the primary as well as the secondary pumps are increased by this value.

VALVE-TYPE-2ND

Accepts a code-word that specifies the type of valve that meters the primary fluid into the secondary loop or heat-
exchanger. This valve is assumed to exist whenever the secondary loop has its own pump. If not, the secondary flow
into the primary is always equal to the sum of the secondary coil loads.

TWO-WAY Specifies a two-way valve. The flow from the primary to the secondary is variable.
The secondary loop flow may be either constant or variable, depending on the
type of valves defined for the connected colils.
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THREE-WAY Specifies a three-way valve. Any fluid not metered into the secondary is bypassed
into the primary return, so that the primary flow is constant. The secondary loop
flow may be either constant or variable, depending on the type of valves defined
for the connected coils.

VALVE-HEAD-2ND

The head of the mixing valve that meters fluid between the primary and secondary loops. This valve is assumed to
exist whenever the secondary loop has its own pump. If not, the secondary flow into the primary is always equal to
the sum of the secondary coil loads. The head of this valve adds to the head of the primary pump only. Its head is
additive to the PRIMARY-HX-HEAD, if a heat-exchanger exists.

Loop Availability

The following set of keywords describes how the loop operates over time. In the following discussions, a heating-
type loop refers to a loop that delivers heating (HW, PIPE2, WLHP, DHW, LAKE/WELL). A cooling-type loop
refers to a loop that delivers cooling or heat rejection (CHW, PIPE2, WLHP, LAKE/WELL).

LOOP-OPERATION

Takes a code-word that describes when or how the loop is activated. When activated, the loop pump, if any, runs
and the specified primary equipment operates to deliver fluid at the specified temperature setpoints. When
deactivated, the pump and all primaty equipment are off. A deactivated loop will overtide the heating/cooling
schedules of any secondary HVAC system coils that are attached. In other words, when a loop is active, an attached
coil can draw enetgy from the loop according to the coil's heating/ cooling schedules and temperature setpoint.

However, when the loop is inactive, all attached coils are deactivated as well, regardless of their heating/cooling
schedules.

STANDBY Causes the loop to be active whenever an attached system is running (fan on) and
the system's heating/cooling schedule allows the coil to operate. Note that, in this
mode, the system's coil may not actually be calling on the loop for the loop to be
active.

DEMAND-ONLY Causes the loop to be active only when a coil or process load actually exists. This
is the most energy-efficient mode of operation. For example, if an attached system
is running and the system's cooling schedule allows for cooling, the CHW loop
will not activate until there is actually a cooling load (the system could be using
economizer cooling so that there is no cooling load that hour).
DEMAND-ONLY operation is allowed for a WLHP, but is unrealistic.

For a DHW loop, this option will cause a recirculation pump, if specified, to
operate only when there is an end-use load.

SNAP A control mode where the loop operation snaps on or off according to a
monitored temperature. SNAP has slightly different meanings depending on the

type of loop:

0 For a heating-type loop, this keyword will cause the loop to activate when a
specified temperature sensor is below the SNAP-T value. An outside-air
lockout is another way of thinking of this control mode; however, the
temperature causing the lockout may be either the outdoor air temperature, or
a zone temperature. You specify the location of the temperature sensor using
the SNAP-LOCN and SNAP-ZONE keywords.
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SCHEDULED

SUBHOUR-DEMAND

HVAC

0 Cooling-type loops are similar to heating-type loops, except that the loop will
activate when the monitored temperature is above the SNAP-T value.

0 2-pipe loops will be in the heating mode below SNAP-T, and in the cooling
mode above SNAP-T. In other words, the SNAP-T is the changeover
temperature. Note, however, that a changeover temperature deadband can be
specified using the HEATING-SCH and COOLING-SCH described under
the next code-word.

0 WLHP loops will enable the heating equipment when below the SNAP-T,
and the heat-rejection equipment above the SNAP-T. In practice, this is a
dangerous control mode for WLHP's as the loop may go to an extreme
temperature when either type of primary equipment is disabled.

Causes the loop to activate according to a schedule. Heating-type loops refer to
the HEATING-SCH and cooling-type loops refer to the COOLING-SCH.
PIPE2 and WLHP loops refer to both schedules, as they will have both heating
and cooling equipment attached. As with SNAP control, SCHEDULED loop
control is very dangerous for WLHP systems.

The schedules use the standard schedule values of 0 to indicate an OFF condition,
and a 1 to indicate an ON condition. In addition, a value other than 0 or 1 is
assumed to be an outdoor air lockout temperature. For a HEATING-SCH, an
outdoor temperature below the schedule value will activate the loop. For a
COOLING-SCH, an outdoor temperature above the schedule value will activate
the loop. If desired, a zone temperature can be substituted for the outdoor
temperature through the use of the SNAP-LOCN and SNAP-ZONE keywords.
For all loops types except PIPE2 and WLHP, the schedule will activate the loop's
pumps as well as the loop's primary equipment. For the PIPE2 loop, the
HEATING-SCH will activate the heating equipment and loop pump and
COOLING-SCH will activate the cooling equipment and loop pump. If outdoor
temperatures are put into both schedules, there may be an outdoor temperature
range where both the heating equipment, cooling equipment, and pump are off. If
the schedules conflict, the HEATING-SCH will take precedence.

The WLHP loop operates in a similar fashion to the PIPE2 loop, except that the
pump will continue to run regardless of the values of the heating and cooling
schedules. To force off the pump (and all of the connected WLHP units), use the
loop's PUMP-SCH. As with the SNAP mode, locking out eithet the boilers or the
cooling towers can be a dangerous practice.

specifies that the loop pump will cycle during the as required to meet loop flows
less than design. This control mechanism applies to WLHP and CW loops only. If
this control mechanism is specified for any other type loop, the program will reset
the mechanism to DEMAND.

For WLHP and CW circulation loops only, the loop flow and pump are capable
of cycling during the hour. This allows for better performance calculations when
one or a few DX units are attached to a loop, and the loop pump cycles off
whenever the unit(s) is not operating,. In this situation, the program calculates the
flow using the actual flow passed through the DX units when operating, adjusted
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by a diversity factor that takes into account the fact that the operation of various
units on the loop do not necessarily coincide.

This mechanism works with either 2-way and/or 3-way valves on the DX units.
For units with 3-way valves, flow will pass through the unit during the period the
pump is active, regardless of whether the unit is active.

This control mechanism works only if the pump is directly attached to the loop; it
will not work for pumps attached to boilers, towers, etc.

Only the pump cycles; the program does not extend this control strategy to
boilers, towers, etc. The exception is that the temperature exiting a ground-loop
heat-exchanger will be affected by the cycling period (for a given houtly load, as
the load is compressed into a smaller fraction of the hour, the rate at which heat is
extracted from or rejected to the ground increases, thereby affecting the
temperature.)

A secondary loop can also simulate cycling, however the diversity will not be passed on to
the primary loop.

HEATING-SCHEDULE

When LOOP-OPERATION = SCHEDULED, takes the U-name of a schedule with TYPE = ON/OFF/TEMP
that enables the primary heating equipment attached to a loop. If not defined, the primary equipment is enabled
whenever the loop is active. A schedule value of O disables the heating equipment, and a value of 1 enables it. A
value other than 0 or 1 indicates that the outdoor air temperature is to be used to enable the heating equipment. The
equipment will be enabled whenever the outdoor temperature is below the schedule value. If desired, a zone
temperature can be substituted for the outdoor temperature using the SNAP-LOCN and SNAP-ZONE keywords.

COOLING-SCHEDULE

When LOOP-OPERATION = SCHEDULED, takes the U-name of a schedule with TYPE = ON/OFF/TEMP
that enables the primary cooling or heat-rejection equipment attached to a loop. If not defined, the primary
equipment is enabled whenever the loop is active. A value of O turns disables the equipment, and a value of 1
enables it. A value other than 0 or 1 indicates that the outdoor air temperature is to be used to enable the equipment.
The equipment will be enabled whenever the outdoor air temperature is above the schedule value. If desired, a zone
temperature can be substituted for the outdoor temperature through the use of the SNAP-LOCN and SNAP-
ZONE keywords.

PUMP-SCHEDULE

Takes the U-name of a schedule with TYPE = ON/OFF that defines the operation of the pump. If not defined,
the pump will run whenever the loop needs to be activated. A value of 0 disables the pump, and a value of 1 enables
it. Usually, the PUMP-SCH should not be defined, except for DHW loops or WLHP loops. For all other loops, the
pump will operate whenever the loop is active according to the LOOP-OPERATION criteria. For all loops other
than DHW, the PUMP-SCH acts as an override to the LOOP-OPERATION to force the loop oft during the
specified times. The PUMP-SCH cannot force a loop to be active. For example, if the LOOP-OPERATION is
DEMAND-ONLY, then the loop will be active whenever there is an active demand on the loop. The PUMP-SCH
could be used to force the loop to be inactive during evenings or weekends even though the heating and cooling
system schedules are specified to be on. As noted previously, the attached coils are forced inactive whenever the
loop is inactive, although the system fans will continue to operate. WLHP units and water-cooled DX units will be
forced off if their condenser loop is forced inactive.

For the DHW loop and LOOP-OPERATION = STANDBY (or undefined), the PUMP-SCH indicates when the
recirculation pump, if any, is operating. A DHW loop delivers water to an end-use, where the water leaves the loop.
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Only a small portion of the total flow is circulated back to the water heater, and this is only so that the loop piping
stays hot during periods of low demand. The PUMP-SCH allows the recirculation pump to be shut off during
specified hours, even though there may still be process demands on the loop. The return leg will then cool, and
thermal losses will be reduced or eliminated. Note that a DHW demand can exist even though the recirculation
pump is off. In this case, the flow of the dhw demand will warm the supply side of the loop. The recirculation side
will remain cool.

SNAP-T
When LOOP-OPERATION = SNAP, this is the temperature setpoint at which the snap will occur.

SNAP-LOCN
Takes a code-word that indicates the location of the snap-acting temperature sensor used in conjunction with the
SNAP-T or the HEATING-SCH and COOLING-SCH. Allowed code-words are:

OUTDOOR Indicates that the outdoor air temperature is used.
ZONE Indicates that a zone temperature is used. You specify the zone using SNAP-
ZONE.
SNAP-ZONE

When SNAP-LOCN = ZONE, takes the U-name of the zone containing the zone temperature. The default is the
first conditioned zone found in the first system defined that is conditioned by this loop. Since this default is
somewhat ambigous, it is best to specify the zone.

Loop Temperature Control

The following set of keywords defines the loop temperature controller. The HEAT- keywords apply to heating-type
loops and the COOL- keywords apply to cooling-type loops. PIPE2 and WLHP loops use both sets according to
the mode in which they are operating.

LAKE/WELL loops do not utilize temperature control, as their temperature is strictly a function of the
GROUND-LOOP-HX that supplies the ground-water. Note, however, that the DESIGN-COOL-T is used as the
design condenser water temperature for any attached chillers, and the DESIGN-HEAT-T is used as the design
“condenser” water temperature for any attached water-source heat-pump chillers.

When a process load exists, the program assumes that the load occurs at the loop’s design supply temperature,
DESIGN-HEAT-T or DESIGN-COOL-T. For this reason, the program does not allow the loop’s supply
temperature to be reset any hour that the process load is non-zero. The loop supply temperature can be reset during
hours when the process load is zero.

The loop temperature control is applicable to primary loops, and to secondary loops having their own pump.

HEAT-SETPT-CTRL
Accepts a code-word that specifies the loop temperature control sequence. This keyword is valid only if the pumps
have some means of capacity modulation, such as staging, two-speed, or variable-speed.

FIXED The loop supply temperature is controlled to a fixed value specified by the
HEAT-SETPT-T.

OA-RESET The loop supply temperature is reset on outdoor air temperature according to
HEAT-RESET-SCH.
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SCHEDULED

LOAD-RESET

HEAT-SETPT-T

HVAC

The loop supply temperature is controlled to a schedule specified by HEAT-
SETPT-SCH.

The loop supply temperature is reset so that the valve of the worst-case coil is fully
open. The maximum reset temperature for a heating-type loop is the MAX-
RESET-T. Similarly, the minimum reset temperature for a cooling-type loop is
MIN-RESET-T.

LOAD-RESET is applicable to any loop serving a hot water coil (HW, PIPE2).
This mode maximizes the efficiency of the primary equipment and minimizes the
loop's thermal losses, but at the expense of pumping enetgy in a vatiable-flow
loop. You should refer to LOOP-FLOW-RESET for information on how to
minimize the pumping penalties associated with this control scheme.

The heating setpoint when HEAT-SETPT-CTRL = FIXED. The default is the DESIGN-HEAT-T.

HEAT-RESET-SCH

Accepts a U-name of a reset schedule (of TYPE = RESET-TEMP) when HEAT-SETPT-CTRL = OA-RESET.

HEAT-SETPT-SCH

Accepts a U-name of a schedule of TYPE = TEMPERATURE when HEAT-SETPT-CTRL = SCHEDULED.

COOL-SETPT-CTRL

Code word specifies the loop temperature control sequence:

FIXED

OA-RESET

SCHEDULED

LOAD-RESET

specifies that the loop supply temperature is controlled to a fixed value, specified
by the COOL-SEPT-T

specifies that the loop supply temperature is reset on outdoor air according to the
COOL-RESET-SCH.

specifies that the loop supply temperature is controlled to a schedule specified by
the COOL-SETPT-SCH.

specifies that the loop supply temperature is reset so that the valve of the worst-
case coil is fully open. The minimum reset temperature for a cooling-type loop is
MIN-RESET-T. LOAD-RESET is applicable to any loop serving a chilled-water
coil (CHW, PIPE2). It is also applicable to a condenser-water loop; here this
control mode will enable the cooling tower temperature to float with the load and
wet-bulb temperature as described in the cooling tower sections.

Since a WLHP loop also uses a cooling tower, LOAD-RESET is applicable to the
heat-rejection side of a WLHP loop. It does not apply, however, to the heating
setpoint of a WLHP loop.

This mode maximizes the efficiency of the primary equipment and minimizes the
loop's thermal losses (but at the expense of pumping energy in a variable-flow
loop). Refer to LOOP-FLOW-RESET for information on how to minimize the
pumping penalties associated with this control scheme.
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COOL-SETPT-T
Accepts a numeric value which defines the cooling setpoint when COOL-SETPT-CTRL = FIXED. The default is
the DESIGN-COOL-T.

For a CW loop having COOL-SETPT-CTRL = LOAD-RESET, this value acts as an upper limit on the floating
temperature control. If the floating loop temperature exceeds this value, the fans will modulate as requird to prevent
the loop temperature from exceeding this value. Refer to the cooling tower sections for more information.

COOL-RESET-SCH
Accepts a U-name of a reset schedule (of TYPE = RESET-TEMP) when COOL-SETPT-CTRL = OA-RESET.

COOL-SETPT-SCH
Accepts a U-name of a schedule of TYPE = TEMPERATURE when COOL-SETPT-CTRL = SCHEDULED.

LOOP-SETPT-RNG

The throttling range of the loop temperature controller. To approximate proportional + integral control, set this
value to a very small number (<<1.0). This keyword is ignored when the *-SETPT-CTRL = LOAD-RESET, as
this control sequence assumes that a digital control system is controlling the HVAC systems.

LOOP-FLOW-RESET

The fraction of the design flow to which the flow in a vatiable-volume loop will be reduced prior to initiating a
temperature reset. This keyword is used only when the HEAT-SETPT-CTRL or COOL-SETPT-CTRL = LOAD-
RESET. In most loops, resetting the temperature as a function of load will increase the primary equipment
efficiency and reduce the loop's thermal losses. However, in a vatiable-flow loop, the reset temperature will cause the
coils to demand more flow than they normally would, and this will be at the expense of pump energy. In many
cases, the increased pumping energy may more than offset any primary equipment savings. Specifying the LOOP-
FLOW-RESET to a value less than 1.0 will cause the reset algorithm to attempt to drop the flow in the worst-case
coil to the fraction specified prior to adjusting the loop supply temperature. This approach allows pump energy to be
saved concurrently with the temperature reset. You must determine the best value in a trial-and-error fashion. A
reasonable first try would be a value around 0.7 (the default).

MAX-RESET-T
When COOL-SETPT-CTRL = LOAD-RESET, places an upper limit on the CHW or PIPE2 supply temperature.

MIN-RESET-T

When HEAT-SETPT-CTRL = LOAD-RESET, places a lower limit on the HW or PIPE2 supply temperature.
When COOL-SETPT-CTRL = LOAD-RESET in a CW loop, this keyword is the lower limit on the CW supply
temperature.

MAX-ALARM-T
For WLHP loops, when the supply temperature exceeds this value, an alarm is triggered and the WLHP units are
shut down.

MIN-ALARM-T
For WLHP loops, when the supply temperature falls below this value, an alarm is triggered and the WLHP units are
shut down.

RESTART-AIR-T

For WLHP loops, specifying this keyword causes the loop to restart and run to provide freeze protection for a fluid
cooler. When shut down, the loop will restart whenever the outdoor dry-bulb temperature drops below this value.
You should refer to the section on fluid coolers for more information on using this keyword and the following
RESTART-SETPT-T.
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RESTART-SETPT-T

When RESTART-AIR-T' causes a WLHP loop to restart, this keyword specifies the heating setpoint of the loop
when operating in this mode. If the loop is already operating, then this keyword is ignored. You should refer to the
section on fluid coolers for more information on using this keyword and the above RESTART-AIR-T.

Loop Circulation Pumps

The following set of keywords defines the operation of the loop's circulation pumps, if any, and the pumps'
differential head pressure controller, if any. This controller is located somewhere on the loop, and measures the
difference between the head on the supply side of the loop, and the head on the return side. As the differential head
varies from its setpoint, this controller will stage pumps, vary their speed, etc. These keywords are relevant only
when the loop is variable-flow, and the pumps have a capacity control mechanism other than "riding the curve".
This controller applies to primary loops, and to secondary loops having their own pumps.

All loops must have a pump, however the pump does not always have to be attached directly to the loop. The
following are also acceptable configurations:

e CHW, HW, and PIPE2 loops may have pumps attached directly to the loop, and/or attached to each
primary equipment unit that supplies the loop. For example, if a chilled-water loop has two chillers,
the loop does not have a pump, but each chiller has a pump attached to its evaporator
(CHILLER:CHW-PUMP), then the evaporator pumps will be sized and operate to overcome the head
of the evaporator, loop, and coils. If in addition to the evaporator pumps, the loop also has a pump,
then the loop pump will be sized and operated to overcome the head of the loop and coils, and the
evaporator pumps will be sized and operated to overcome the head of the evaporator only.

o CW loops are similar to the above, except that the equipment pumps may be attached to the condensers
of chillers. If the loop does not have a pump, then the condenser pumps will power the loop. This
allows condenser pumps to be staged with chillers. However, this configuration does not work if other
demanders are on the condenser-water loop, such as water-cooled DX HVAC systems, as those
components do not model pumps. Pumps attached to cooling towers never power the loop.

e  WLHP loops must always have a pump directly attached to the loop.
Please refer to the Topies Manual for more information on pumping configurations.

LOOP-PUMP
Accepts a U-name of the PUMP attached to this loop. You should use this keyword to attach a pump directly to a
loop.

HEAD-SETPT-CTRL
Takes a code-word that specifies the type of control sequence used for controlling the head setpoint of the loop
circulation pumps.

FIXED The differential head pressure is controlled to a constant setpoint, specified as
HEAD-SETPT. The location of the differential pressure sensor is HEAD-
SENSOR-LOCN.

VALVE-RESET A fixed head setpoint is not used. Instead the pumps are controlled so that the

system head is just enough to provide the required flow to the worst-case coil,
with that coil's control valve fully open. In other words, this control sequence
monitors the position of the control valves of all coils attached to this loop, and
adjusts the head so that the worst-case coil valve is fully open. This minimizes the
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pump energy wasted through valve throttling. Normally, this control sequence will
require a direct-digital control system.

HEAD-SENSOR-LOCN
When HEAD-SETPT-CTRL = FIXED, accepts a code-word that specifies the location of the differential head
pressure sensof.

AT-COILS The differential pressure sensor is located at the far end of the loop, near the
takeoffs to the coils. This is the most energy-efficient location (although VALVE-
RESET control is better still).

ENTERING-LOOP The differential pressure sensor is at the beginning of the loop, but downstream of
any primary equipment.

AT-PUMP Indicates that the sensor is right at the pump, upstream of the primary equipment.
This is the least energy-efficient location.

HEAD-SETPT

The differential head pressure setpoint when HEAD-SETPT-CTRL = FIXED. If you enter a value for the HEAD-
SETPT, the program will compare this value to the default value. If your value is not at least as large as the default, a
warning will be issued. The defaults depends on the value of HEAD-SENSOR-LOCN:

AT-COILS the default is the maximum design head of any attached coil or attached secondary
loop, plus half of the throttling range.

ENTERING-LOOP the default is the maximum design head of any attached coil or attached secondary
loop, plus the loop piping head and static head, plus half of the throttling range.

AT-PUMP the default is the maximum design head of any attached coil or attached secondary
loop, plus the loop piping head and static head, plus the primary equipment head,
plus half of the throttling range.

HEAD-SETPT-RATIO
A safety factor that multiplies the default HEAD-SETPT when HEAD-SETPT-CTRL = FIXED. This keyword
has no eftect if you specifty HEAD-SETPT.

HEAD-SETPT-RNG
The throttling range of the controller when HEAD-SETPT-CTRL = FIXED.

Loop Thermal Losses

The next set of keywords defines the thermal (conduction) losses of the circulation loop. If these keywords are not
entered, the loop piping is assumed to be adiabatic, i.e., to have no losses. The loop losses may vary considerably
depending on the length of the loop and the temperature difference between the loop and its environment. This
discussion uses the term "thermal loss" rather than heat loss because cooling-type loops experience a heat gain
rather than a heat loss. Thermal loss is, therefore, an undesirable heat transfer into or out of the loop.

SUPPLY-UA

The conductivity of the loop on the supply side. 1f not defined, and the SUPPLY-LOSS-DT is also not defined,
then the loop will experience no loss. This value should include losses through the pipe insulation, as well as any
bypass effects due to the pipe hangars, crushed insulation, etc. When the UA is specified, the program will calculate
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the losses on an houtrly basis as a function of the pipe UA product, the actual supply temperature, the actual
environmental temperature, and the actual flow through the loop.

SUPPLY-LOSS-DT

The difference between the entering loop temperature and the loop temperature at the attached coils and/or
secondary loop takeoffs. This temperature difference is assumed to occur when the loop is at its design flow, the
loop supply temperature is the LOOP-SETPT-T, and the loop's environment is at its design temperature.

This keyword is an alternative to specifying the LOOP-SUPPLY-UA. If both are input, this keyword is ignored. The
value represents the average temperature difference due to losses of all fluid delivered. In actual systems, coils
turther from the central plant (on longer pipe runs) will normally experience larger losses than coils closer to the
central plant. This effect is not explicitly modeled. The program uses this value to calculate a supply piping UA
product at the design conditions. This UA is used to calculate the hourly losses as previously described. Through
experimentation, you may find that the overall HVAC energy consumption is relatively sensitive to the loop losses.
This may be especially true for a system with a large number of distributed coils, such as reheat systems. In these
cases, it is essential that you input an accurate value for the pipe loss.

RETURN-UA

The conductivity of the loop on the return side. This value should include losses through the pipe insulation, as well
as any bypass effects due to the pipe hangars, crushed insulation, etc. When the UA is specified, the program will
calculate the losses on an hourly basis as a function of the pipe UA product, the actual supply temperature, the actual
environmental temperature, and the actual flow through the loop.

RETURN-LOSS-DT

The same as LOOP-SUPPLY-DT, but for the return side of the loop. For the supply side, the program calculates
the loop UA assuming that the temperature entering the pipe is at the LOOP-SETPT-T. On the return side, the
program calculates the temperature entering the return loop as a function of the LOOP-SETPT-T, the loop load
and flow, and the supply-side loop loss. For loops that can provide both heating and cooling, this keyword should
have a different value depending on whether the piping UA product is to be calculated with LOSSES-BASED-ON
= HEATING-MODE or COOLING-MODE.

LOOP-LOCN
Takes a code-word that specifies the location of the loop piping.

OUTDOORS Loop piping is outdoors. The loss calculations use the houtly outdoor air
temperature as the pipe's environmental temperature.

ZONE Loop piping is located in a zone specified by LOOP-LOSS-ZONE. The loss
calculations use the houtly zone temperature as the pipe's environmental
temperature. The piping losses will influence the zone temperature as well.

TUNNEL Loop piping is located in a tunnel. The loss calculations use the LOOP-
TUNNEL-T or the hourly LOOP-TUNNEL-SCH.

UNDERGROUND Loop piping is butied. The loss calculations use the monthly ground temperature
from the weather file or as specified in the SITE-PARAMETERS command.

LOOP-LOSS-ZONE

When LOOP-LOCN = ZONE, takes the U-name of the zone containing the loop. The zone may be conditioned,
unconditioned, or a plenum. There is no default. Note that the pipe thermal loss will show up as a heating or cooling
load on the zone, and will influence the zone temperature.
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LOOP-TUNNEL-T

HVAC

The annual average tunnel temperature when LOOP-LOCN = TUNNEL.

LOOP-TUNNEL-SCH

When LOOP-LOCN =TUNNEL, takes the U-name of a schedule of TYPE = TEMPERATURE that defines the
hourly tunnel temperature. When a schedule is defined, the LOOP-TUNNEL-T is ignored. Note, however, that the
LOOP-TUNNEL-T is used in the design calculations.

LOSSES-BASED-ON

For loops that can do both heating and cooling (PIPE2 and WLHP), takes a code-word that specifies whether the
design UA is to be calculated on the basis of the heating or cooling mode of operation. This keyword applies when
you specify the losses using the SUPPLY-LOSS-DT and/or RETURN-LOSS-DT in lieu of the SUPPLY-UA.

COOLING-MODE

HEATING-MODE

ASSIGN-LOSSES-TO

The design UA is to be calculated based on the COOLING-ENVIR-T and the
SUPPLY-LOSS-DT, where the SUPPLY-LOSS-DT is assumed to be the
temperature change of the pipe at the design cooling conditions.

Specifies that the design UA value is to be calculated based on HEATING-
ENVIR-T and SUPPLY-LOSS-DT, where SUPPLY-LOSS-DT is the
temperature change of the pipe at the design heating conditions.

Accepts a code-word that specifies the end-use category in which the thermal losses should be included. The
program reports energy usage by end-use category in reports PS-E, PS-F, BEPS and BEPU. The default is SPACE-
HEAT/COOQOL for all loops except domestic hot watet, which defaults to DOM-HOT-WATER.

SPACE-HEAT/COOL

DOM-HOT-WATER

MISC-EQUIP/PROCESS

The default for most loop types, specifies that the losses will be included in the
heating end-use category whenever the loop is in the heating mode, and the
cooling end-use category whenever the loop is in the cooling mode.

The default for the domestic hot water loops, specifies that the losses will be
included in the domestic water heating category. Normally, you would specify this
category only for domestic hot water heating loops.

Specifies that the losses will be included in the miscellaneous equipment end-use
category. Normally, you would specify this category only if the predominant load
on the loop is a process load.

Whether the UA is calculated for the heating or the cooling mode, you should specify reasonable values for both the
HEATING-ENVIR-T and COOLING-ENVIR-T. This is because the program also uses these variables to
calculate the actual magnitude of both heating and cooling losses at the design conditions, and includes these losses
in the design loop loads when auto-sizing the primary plant equipment.

HEATING-ENVIR-T

The design temperature of the pipe's environment when the loop is in a heating mode. This keyword is used by all
loop types that can provide heating or domestic hot water, including 2-pipe and water-loop heat pump loops. If not
specified, the temperature used in the design loop calculations depends on LOOP-LOCN:

OUTDOORS

ZONE

the default is the minimum annual outdoor temperature.

the default is the DESIGN-HEAT-T of the LOOP-LOSS-ZONE.
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TUNNEL the default is LOOP-TUNNEL-T.
UNDERGROUND the default is the minimum annual ground temperature.

For loops that can do both heating and cooling (PIPE2 and WLHP), if the HEATING-ENVIR-T is not specified,
but the COOLING-ENVIR-T is specified, then the piping UA will be based on the cooling mode temperatures. If
neither HEATING-ENVIR-T nor COOLING-ENVIR-T is specified, then the piping UA will be calculated using
the default values for heating according to the LOOP-LOCN.

COOLING-ENVIR-T

The design temperature of the pipe's environment when the loop is in a cooling mode. This keyword is used by all
cooling-type loops. If not specified, the temperature used in the design loop thermal loss calculation depends on
LOOP-LOCN:

OUTDOORS the default is the minimum annual outdoor temperature.

ZONE the default is the DESIGN-HEAT-T of the LOOP-LOSS-ZONE.
TUNNEL the default is LOOP-TUNNEL-T.

UNDERGROUND the default is the minimum annual ground temperature.

For loops that can do both heating and cooling (PIPE2 and WLHP), if the HEATING-ENVIR-T is not specified,
but the COOLING-ENVIR-T is specified, then the piping UA will be based on the cooling mode temperatures. 1f
neither HEATING-ENVIR-T nor COOLING-ENVIR-T is specified, then the piping UA will be calculated using
the default values for heating according to the LOOP-LOCN.

Process Load Attached to a Loop
The next set of keywords allows you to specify a process load attached directly to a loop.

When a process load exists, the program assumes that the load occurs at the loop’s design supply temperature. For
this reason, the program does not allow the loop’s supply temperature to be reset any hour that the process load is
non-zero. The loop supply temperature can be reset during hours when the process load is zero.

PROCESS-LOAD
For all loops other than DHW, specifies the process load attached directly to the loop. This entry should be the peak
load. The houtly load is calculated using this value and PROCESS-SCH.

DHW loops do not use this keyword. Instead, they use the PROCESS-FLOW together with the DHW-INLET-T
or DHW-INLET-T-SCH and the loop temperature setpoint to calculate the process load. This load is modified
houtly by the PROCESS-SCH.

For most loop types, the sign of the process load is disregarded; the program will convert the load to the correct sign
(negative for heating loads, positive for cooling or heat rejection). For example, when you enter a process load for a
hot-water loop, and enter the value as a positive number, the load will be converted to a negative load internally. For
WLHP loops, the sign of the load is important, as this type of loop may have either a positive process load (heat
taken from the process load and added to the loop), or a negative load (heat taken from the loop and given to the
process). PIPE2 loops may not have a process load assigned, as the loop must be able to change over from heating
to cooling according to the changeover critetia.
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PROCESS-FLOW

For all loops other than DHW, specifies the flow associated with the PROCESS-LOAD. If not specified, the peak
flow is calculated as a function of the PROCESS-LOAD, the PROCESS-LOAD-DT, and the fluid characteristics.
The PROCESS-LOAD must be specified for this keyword to be used; otherwise it is ignored.

For DHW loops, the PROCESS-LOAD is not used; this keyword specifies the process flow, and the process load is
calculated as a function of this flow, the supply temperature, and the make-up water temperature. This flow assumes
no thermal losses in the piping; the actual load will be the sum of the load associated with this flow, plus the thermal
losses. If the PROCESS-T is specified, and is less than the houtly loop heating setpoint temperature (HEAT-
SETPT-T), then mixing of hot and cold water is assumed to occur. The hot water is at the heating setpoint
temperature, the cold water is at the DHW-INLET-T, and the mixed temperature is at the PROCESS-T. The
PROCESS-FLOW is at the mixed temperature, so that the hot-water flow leaving the water heater is actually less
than the PROCESS-FLOW.

PROCESS-SCH
Takes the U-name of a schedule with TYPE = MULTIPLIER that defines the usage profile for the process load. If
not specified, the process load is constant all hours.

PROCESS-LOAD-DT

1f PROCESS-FLOW is not defined, this is the change in temperature of the fluid serving the process load. The
program uses this value to calculate the design fluid flow for the process load. If not specified, the default is the
LOOP-DESIGN-DT. The sign of the temperature change is irrelevant; the program will make sure the calculated
flow is positive.

PROCESS-T

For DHW loops, specifies the temperature of the end-use load. By default, the PROCESS-T is assumed to be the
same as the houtly loop setpoint temperature. If the process T is specified, and is less than the houtly loop heating
setpoint temperature, then mixing of hot and cold water is assumed to occur. The hot water is at the heating
setpoint temperature, the cold water is at the DHW-INLET-T, and the mixed temperature is at the PROCESS-T.
Note that the PROCESS-FLOW is at the mixed temperature, so that the hot-water flow leaving the water heater is
actually less than the PROCESS-FLOW.

Loop Auxiliary Load

The next set of keywords allows you to define an auxiliary load. This load may be associated with controls, heat
tracing on pipes, etc. The auxiliary load consumes electricity, but does not appear as a load on the loop.

LOOP-AUX-KW

The auxiliary electrical load associated with this loop. The value entered should be the maximum (design) value.
Hourly values are adjusted by the LOOP-AUX-SCH. This electrical load may be associated with controls, heat
tracing on a pipe, or similar uses. The load is assumed to disappear; it does not show up as a load on the pipe, nor as
a load in the space in which the pipe is located.

LOOP-AUX-SCH
Takes the U-name of a schedule with TYPE = MULTIPLIER that adjusts the LOOP-AUX-KW on an houtly
basis. If you do not input a schedule, the load is constant all hours.

LOOP-AUX-METER
Accepts a code-word that specifies the electrical meter to which the LOOP-AUX-LOAD is attached. The default is
MASTER-METER: ELEC-AUX-METER.
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CIRCULATION-LOOP and the EQUIP-CTRL Command

By default, a circulation-loop will automatically allocate its load to the attached primary equipment. Alternatively, you
can explicity control the staging of equipment via one or more EQUIP-CTRL sequences.

Each CIRCULATION-LOOP can directly reference an EQUIP-CTRL command, and its associated control
sequences, without the need for linking the EQUIP-CTRL command through a LOAD-MANAGEMENT
command. This is convenient when you want to override the default load allocation logic for that loop, but you have
no need to ever switch control sequences for this loop on a time of day or building peak load basis. 1f you want to
switch sequences to control building peak loads, then the EQUIP-CTRL commands must be linked through the
LOAD-MANAGEMENT command. Alternatively, you can attach an EQUIP-CTRL sequence locally, and then
override the sequence under certain conditions via the LOAD-MANAGEMENT command.

You can attach an EQUIP-CTRL command directly to the CIRCULATION-LOOP and additionally link EQUIP-
CTRL commands to the same CIRCULATION-LOOP through the LOAD-MANAGEMENT command. In this
case, the LOAD-MANAGEMENT takes precedence over the directly referenced EQUIP-CTRL commands; in
other words, if the LOAD-MANAGEMENT command activates a EQUIP-CTRL for a loop, any local EQUIP-
CTRL commands for that loop will be ignored for that hour.

HEAT-EQUIP-CTRL

Takes the U-name of an EQUIP-CTRL command that specifies the control of the primary heating equipment
attached to this loop. If not defined, the program will select the combination of equipment whose capacity best
matches the load on an houtly basis. An EQUIP-CTRL sequence specified here may be overridden by a different
EQUIP-CTRL sequence selected by a LOAD-MANAGEMENT instruction on either a time, temperature, or load
basis. This keyword applies to heating-type loops only. A cooling-type loop uses the COOL-EQUIP-CTRL
keyword. A PIPE2 or WLHP loop may have both HEAT-EQUIP-CTRL and COOL-EQUIP-CTRL specified.

COOL-EQUIP-CTRL

Takes the U-name of an EQUIP-CTRL command that specifies the control of the primary cooling equipment
attached to this loop. If not defined, the program will select the combination of equipment whose capacity best
matches the load on an houtly basis. An EQUIP-CTRL sequence specified here may be overridden by a different
EQUIP-CTRL sequence selected by a LOAD-MANAGEMENT instruction on either a time, temperature, ot load
basis. This keyword applies to cooling-type loops only. A heating-type loop uses the HEAT-EQUIP-CTRL
keyword. A PIPE2 or WLHP loop may have both HEAT-EQUIP-CTRL and COOL-EQUIP-CTRL specified.

For heating-only or cooling-only loops, only the appropriate keyword is legal. The equipment referenced by the
EQUIP-CTRL must be attached to this loop, and for this reason the same EQUIP-CTRL sequence cannot be
attached to more than one CIRCULATION-LOOP; doing so will cause an ERROR to be issued.

For dual-mode loops that can provide, on a mutually exclusive basis each hourt, heating and cooling/heat rejection
(2-pipe and WLHP), either or both keywords can be specified. If only one EQUIP-CTRL command is specified for
these dual-mode loops, then the program will default the equipment operation when in the other mode. (As
described under EQUIP-CTRL, heating and cooling equipment cannot be mixed in the same EQUIP-CTRL
command).

Other Loop Keywords

DHW-INLET-T
For DHW loops, the inlet temperature of the water supply to the heaters. The default is the hourly value of DHW-
INLET-T-SCH, if defined, or the monthly ground temperature if not.
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DHW-INLET-T-SCH
For DHW loops, takes the U-name of a schedule of TYPE = TEMPERATURE that gives the inlet temperature of
the water supply to the heaters. The default is the DHW-INLET-T, if defined, or the monthly ground temperature

if not.

COST-DATA
Takes the U-name of a MATERIALS-COST command. This command allows you to define first costs,

maintenance costs, etc. for the loop.

EQUIPMENT-REPORTS
Accepts code-words YES or NO. When report PS-H of the PLANT-REPORTS is enabled, a report will print for

this component unless this keyword is set to NO.
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CURVE-FIT

Specifies the coefficients of a performance curve, or specifies a set of data points that the program will fit to
determine the coefficients of a curve. The curve can then be assigned to a particular piece of HVAC equipment by
referencing the U-name of the curve. This command should be used only if you find that the default curve is
inappropriate. If CURVE-FIT is used with DIAGNOSTIC=COMMENTS, an output listing of the curve
coefficients, input or calculated, will be printed.

TYPE

Takes a code-word that specifies the form of the curve.

LINEAR

BI-LINEAR

QUADRATIC

BI-QUADRATIC

CUBIC

BI-LINEAR-T

QUADRATIC-T

The curve is linear in a single independent variable. It has the form
f(r) = cl + 2%,
where c1 and c2 are the coefficients and t is a dimensionless vatiable.
The curve is bi-linear in 2 independent vatiables. It has the form
f(r1,62) = ¢l + c2%r1 + c4*12,
wherte cl, ¢2, and c4 are coefficients and r1 and 12 are dimensionless variables.
Note that a bi-linear curve is treated by the program as if it were bi-quadratic with
zero coefficients on the non-linear terms. Thus 4 coefficients should be input for
a bi-linear curve; the 3rd coefficient ¢3 is ignored.
The curve is quadratic in one independent variable. It has the form
f(r]) = cl + c2#1 + c3*12,
where c1, ¢2, and c3 are coefficients and r1 is a dimensionless vatiable.
The curve is bi-quadratic in 2 independent vatiables. It has the form

f(r1,62) = ¢l + c2%r1 + c3*12 + cA*2 + 55122 + cO*r1*r2,

where cl, 2, c3, ¢4, c5, and c6 are coefficients and r1 and 2 are dimensionless
variables.

The curve is cubic in one independent variable. It has the form

fr]) = cl + 2%l + c3*12 + c4*¢13,
where cl, 2, c3, and c4 are coefficients and r1 is a dimensionless variable.
The curve is bi-linear in 2 independent vatiables. It has the form

f(T1,T2) = cl + c2¥T1 + c4*¥T2,

where c1, c2, and c4 are coefficients and T'1 and T2 are variables with units of
temperature.

The curve is quadratic in one independent variable. It has the form
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f(T1) = ¢l + 2¥T'1 + c3*T12,
where cl, c2, and c3 are coefficients and T1 is a variable with units of temperature.
BI-QUADRATIC-T The curve is bi-quadratic in 2 independent variables. It has the form
f(T1,T2) = 1 + 2*¥T1 + c3*T12 + cA¥T2 + c5%T22 + cO¥TT¥T2,

where cl, 2, ¢3, ¢4, 5, and c6 are coefficients and T1 and T2 are variables with
units of temperature.

BI-QUADRATIC-DT&T  The curve is bi-quadratic in 2 independent variables. It has the form

f(dT1,12) =cl + c25dT1 + c3*dT12 + c4¥T2 + c5+T22
+ cO*dT1¥T2,

where cl, 2, c3, ¢4, c5, and c6 are coefficients and dT'1 and T2 are variables with
units of temperature difference and temperature, respectively.

BI-QUADRATIC-RATIO&T The cutve is bi-quadratic in 2 independent variables. It has the form
fr1,T1) = 1 + c2*%1 + 3112 + c4*¥T1 + 5*T12 + c6*1*T1,

where cl, 2, ¢3, ¢4, c5, and c6 are coefficients. R1 is a dimensionless variable. T'1
is a variable with units of temperature.

CUBIC-T The curve is cubic in one independent variable. It has the form
f(T1) = cl + c2¥T1 + c3¥T12 + A4¥T15,

where cl, 2, ¢3, and c4 are coefficients and T'1 is a vatiable with units of
tempetature.

BI-QUADRATIC-T&RATIO The curve is bi-quadratic in 2 independent variables. It has the form
f(T1,e1) = ¢l + c2¥T1 + c3¥T12 + c4*1 + 5*r12 + c6*T1#1,

where cl, 2, c3, c4, ¢5, and c6 are coefficients. T1 is a variable with units of
temperature and r1 is a dimensionless variable.

QUADRATIC-DT The curve is quadratic in one independent variable. It has the form
f(DT1) =cl + c2*DT1 + 3*DT12,

where c1, c2, and c3 are coefficients and DT is a variable with units of
temperature difference.

CUBIC-DT The curve is cubic in one independent variable. It has the form
f(dT1) = cl + 2*dT1 + 3*dT12 + c4*dT13,

where cl, 2, ¢3, and ¢4 are coefficients and dT1 is a variable with units of
temperature difference.
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BI-QUADRATIC-RATIO&AT The curve is bi-quadratic in 2 independent vatiables. It has the form
f(t1,dT) = cl + 2%l + 3112 + cA*¥dT + 5*dT2 + c6*¢1*dT,

where cl, 2, c3, ¢4, c5, and c6 are coefficients. R1 is a dimensionless vatiable. dT
is a variable with units of delta temperature.

INPUT-TYPE
Denotes whether the curve will be specified by coefficients or by data.

COEFFICIENTS The curve will be specified by inputting coefficients. The COEFFICIENTS
keyword, as described below, should be used.

DATA The curve will be specified by inputting data. The keywords INDEPENDENT
and DEPENDENT (for 1 independent variable) or INDEPENDENT-1,
INDEPENDENT-2, and DEPENDENT (for 2 independent variables) should
be used.

OUTPUT-MIN
The lower limit of the value of the curve. When the curve is evaluated in the simulation, if the result is less than
OUTPUT-MIN, it is set to OUTPUT-MIN.

OUTPUT-MAX
The upper limit of the value of the curve. When the curve is evaluated in the simulation, if the result is greater than
OUTPUT-MAX, it is set to OUTPUT-MAX.

INPUT-TYPE = COEFFICIENTS

COEFFICIENTS

Required when INPUT-TYPE=COEFFICIENTS. Takes a list of up to 6 coefficients - these correspond to c1 - c6
in the description of the keyword TYPE above. If too few coefficients are entered for a given curve TYPE, an error
message will be issued. If too many are entered, the extra values will be ignored.

INPUT-TYPE = DATA

Up to 20 data points can be input to define a curve (The program will fit a curve of the specified TYPE through the
points, arriving at a set of coefficients). A data point consists of a value for the dependent variable and 1 or 2 values
for the independent variable(s). The keyword DEPENDENT is used to specify the set of values for the dependent
variable. If there is only one independent variable, the keyword INDEPENDENT is used to specify the values for
the independent variable. If there are 2 independent variables, the keywords INDEPENDENT-1 and
INDEPENDENT-2 are used to specify the values of the first and second independent variables respectively. The
abbreviations and the units for INDEPENDENT, INDEPENDENT-1, and INDPENDENT-2 vary depending
upon the curve TYPE.

DEPENDENT

Alist of up to twenty values of the dependent variable. The minimum number of values required depends on the
TYPE of the curve to be fit to the data. A LINEAR curve requires at least 2 points, a QUADRATIC at least 3, and
so forth. If not enough values have been entered, an error message will be issued.
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INDEPENDENT
Used for all curves having only one independent variable. A list of up to twenty values of the independent variable.
The number of values should be the same as for DEPENDENT.

INDEPENDENT-1
Used for all curves having two independent variables. A list of up to twenty values of the first independent variable.
The number of values should be the same as for DEPENDENT.

INDEPENDENT-2

Used for all curves having two independent variables. A list of up to twenty values of the second independent
variable. The number of values should be the same as for DEPENDENT.

Example 1: defining a curve by inputting a set of data points.

A packaged system (PZS) has cooling performance significantly different from that used in the default model. The

manufacturer lists the data shown in Table 46, for cooling capacity, at 2000 cfm design air flow rate, as a function of
outside dry-bulb temperature and entering wet-bulb temperature.

Table 47 Cooling capacity (kBtu/hr) vs. temperature

Outside Entering Wet-bulb

Dry-bulb 72F 67F 62F
85F 69 65 60
95F 68 63 (ARI) 57
105F 65 60 53
115F 62 55 49

In this example the independent variables are the entering wet-bulb temperature and the outside dry-bulb
temperature. Because there are two independent variables and they have units of temperature, we input a curve of
TYPE BI-QUADRATIC-T using the given data points. The dependent variable is not the cooling capacity listed in
the table but rather the cooling capacity divided by the cooling capacity at the ARI rating point (95 F outside dry-
bulb and 67 F entering wet-bulb). In other words, the capacities should be normalized to the ARI rating point., as
shown in Table 47

Table 48 Normalized capacity vs. temperature

Outside Entering Wet-bulb

Drty-bulb 72F 67F 62F
85F 1.095 1.032 0.952
95K 1.079 1.0 (ART) 0.905
105F 1.032 0.952 0.841
115F 0.984 0.873 0.778

The CURVE-FIT input will look like the following:
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CAP-CURVE-1 = CURVE-FIT

TYPE = BI-QUADRATIC-T
INPUT-TYPE = DATA
DEPENDENT = (1.000,1.079,0.905,1.032,0.952,0.841,
0.984,0.873,0.778,1.095,1.032,0.952) ..
IN-TEMP1 = ( 67, 72, 62, 72, 67, 62,
72, 67, 62, 72, 67, 62) ..
IN-TEMP2 = (C 95, 95, 95, 105, 105, 105,

115, 115, 115, 85 85, 85) ..
Example 2: Defining a curve by inputting coefficients

We want a furnace to have a constant efficiency as a function of part load. To do this we must replace the default
FURNACE-HIR-FPLR with a curve that will give a constant efficiency. The curve TYPE is QUADRATIC in the
part load ratio (PLR). PLR correction curves are always multiplied by the unit capacity, not the load, to obtain the
energy (fuel or electricity) use. Thus the curve we want is: 0.0 + 1.0°PLR + 0.0*PLR*PLR. The input will look like:

New-Furnace-HIR-fPLR = CURVE-FIT

TYPE = QUADRATIC
INPUT-TYPE = COEFFICIENTS
COEFFICIENTS = (0.0,1.0,0.0) ..

Then in the SYSTEM command we include:

FURNACE-HIR-FPLR = New-Furnace-HIR-TfPLR
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DW-HEATER

This command defines the operating parameters of a domestic water heater. Normally, the heater comes with a
storage tank but you can also simulate instantaneous water heaters by setting the tank volume to a very small
number. These heaters attach to a CIRCULATION-LOOP of TYPE=DHW and provide heated water for
domestic purposes such as dish washing, showers, etc.

A U-name is mandatory for this command. .

Example Input:

DHW-1 = DW-HEATER

TYPE = GAS
CAPACITY = 0.03 $MBtu/hr
DHW-LOOP = DHW-LOOP-1
TANK-VOLUME = 100 $Gallons
TYPE
Takes a code-word that specifies the type of water heater. Available types are:
GAS A gas-fired water heater.
ELEC An electric resistance water heater.
HEAT-PUMP A heat pump water heater with electric resistance backup.

TANK-VOLUME

The volume of the heatet's storage tank. If not specified, the storage volume will default to the houtly capacity of the
burner, immersion heater, or heat pump providing heat to the tank, at the design loop supply and inlet (makeup)
temperature. This value will be rounded up to the nearest commonly available size (30, 40, 50, 75, 100, 150 gal, etc.)

CAPACITY

The heating capacity of the burner, immersion heater, or heat pump used to meet the DHW load and charge the
tank. If you do not specify this keyword, the capacity will default to the design loop load, adjusted by the
CAPACITY-RATIO. If no CAPACITY-RATIO is input, then the capacity will default to the loop capacity, divided
by the number of DW-HEATERS attached to the loop.

CAPACITY-RATIO

When CAPACITY is not specified, this is the fraction of the design loop capacity that this heater will be sized to
meet. There is no default. If you are defining two heaters of identical size that should just meet the design loop load,
then CAPACITY-RATIO should be set to 0.5 for each heater. If you want to include a 20%, then the CAPACITY-
RATIO of each heater is 0.6. If you do not specify either the CAPACITY or the CAPACITY-RATIO, then the
capacity will default to the loop capacity divided by the number of heaters attached to the loop.

CAPACITY-FT

Takes the U-name of a curve that modifies the heatet's capacity as a function of the supply temperature and the
heater's environmental temperature. There is no default curve for GAS and ELEC heaters, so if CAPACITY-FT is
not specified for these types, their capacity will be constant for all temperature conditions. For HEAT-PUMP water
heaters, the default is curve DW-HeatPump-Cap-fSupplyT&EDB.
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Energy Consumption

The next set of keywords defines the energy consumption of the water heater. Not all keywords are used for every
heater type. For example, an electric water heater does not consume any fuel and so does not have an HIR.
However, a fuel-fired heater may have electrical usage, such as for a draft fan, and the electrical consumption of this
fan may vary with load. Consequently, the fuel-fired heaters may use both the EIR and HIR set of keywords

AQUASTAT-SETPT-T

The setpoint of the domestic hot water heater's internal aquastat. The effective supply temperature is the latger of
this value and the setpoint of the attached DHW loop. Range is 55.0 to 350.0 IF (12.8 to 176.6 C) and the default is
the attached DHW loop’s HEAT-SETPOINT-T.

ELEC-INPUT-RATIO

The ratio of electric input power to nominal heater capacity. The EIR is dimensionless, so the same units for input
and capacity should be used when calculating it. Note that "capacity” for a water heater refers to the burner, element,
ot heat-pump capacity and excludes the storage capacity of the tank.

EIR-FT

Takes the U-name of a curve that modifies the electric consumption as a function of the supply temperature and the
environmental temperature. There is no default curve for GAS and ELEC heaters, so if EIR-FT is not specified for
these types, their EIR will be constant for all temperature conditions.

EIR-FPLR

Takes the U-name of a curve that gives the EIR as a function of the heater part load ratio. If not specified, a default
curve from the library will be used for electric and heat-pump water heaters. This curve must be normalized to 1.0 at
full load.

HEAT-INPUT-RATIO

For GAS heaters only, this is the ratio of fuel heat input to heater capacity at full load (i.e., at the rated conditions).
This is a dimensionless ratio, so you must convert heat input and heating capacity to the same units before dividing.
Note that "capacity” for a water heater refers to the burner, element, or heat-pump capacity and excludes the storage
capacity of the tank.

HIR-FT

Takes the U-name of a curve that modifies the HIR as a function of the supply temperature and the environmental
temperature. There is no default. If HIR-FT is not specified, the HIR will be constant for all temperature conditions.
The LOCATION keyword, below, determines whether the environmental temperature is the outdoor air
tempetrature of a zone temperature.

HIR-FPLR
For GAS heaters only, takes the U-name of a curve that modifies the HIR as a function of the heater part load ratio.
This curve must be normalized to 1.0 at full load.

TANK-UA

The overall heat loss coefficient (UA) of the heater. The heat loss is calculated as this value times the temperature
difference between the water in the heater and the environmental temperature. TANK-UA should include
conductive losses through the tank skin, as well as steady-state losses during times the burner is not firing. The
default is calculated as follows:

For GAS heaters, the default is TANK-VOLUME (in gallons) times 0.3 Btu/ht-gal-F or TANK-VOLUME (in
liters) times 0.042 W/1-K.
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For ELEC and HEAT-PUMP heaters, the default is TANK-VOLUME (in gallons) times by 0.1 Btu/hr-gal-F or
TANK-VOLUME (in liters) times 0.042 W /I-K This is 1/3 the default loss of a gas heatet.

LOCATION

Takes a code-word that specifies the location of the heater:

OUTDOOR The heater is located outdoors or possibly in an unconditioned space, such as a
garage, that has an average temperature close to the outdoor temperature.

ZONE The heater is located in the zone specified by ZONE-NAME, below. (Partially
implemented; the program will use the ome temperature when calcnlating the tank. losses or the
performance of a HEAT-PUMP water heater, however these interactions do not have any effect
on the zone temperature. For beat-pump water heaters, this can result in serious errors.)

ZONE-NAME

Takes the U-name of the zone containing the heater when LOCATION = ZONE. You must specify the zone; if
not, LOCATION will default to OUTDOOR. (Partially inplemented; the program will nse the Zone tenperature when
calcnlating the tank losses or the performance of a HEAT-PUMP water heater, however these interactions do not have any effect on the
gone temperature. For beat-pump water heaters, this can result in serious errors.)

AUX-KW
The auxiliary electrical consumption, such as for an internal pump that you do not wish to model explicitly, a draft
fan, and/or controls.

AUX-MODE

Takes a code-word that specifies when the AUX-KW is consumed:
ALWAYS Auxiliary power is consumed all hours.
WHEN-ON Auxiliary power is consumed only during the hours the heater is operating.
WHEN-OFF Auxiliary power is consumed only during the hours the heater is off.
SCHEDULED Auxiliary power consumption is scheduled according to AUX-SCH.

AUX-SCHEDULE
When AUX-MODE = SCHEDULED, takes the U-name of a schedule of TYPE = MULTIPLIER that varies the
AUX-KW on an houtly basis.

AUX-METER
Takes the U-name of a meter that supplies the auxiliary energy. This keyword defaults to the same meter as the
heater's ELEC-METER.

ELEC-METER
Takes the U-name of the ELEC-METER to which the electricity consumption of the heater is assigned. Default is
the MASTER-METER: DHW-ELEC-METER.

FUEL-METER
Takes the U-name of the FUEL-METER to which the fuel consumption of the heater is assigned. Default is the
MASTER-METER: DHW-FUEL-METER.
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Attachment to DHW Loop

DHW-LOOP
Takes the U-name of the primary DHW loop to which this heater is attached.

DHW-PUMP

Takes the U-name of a PUMP directly attached to the heater. Usually, if a domestic water loop has a pump, it will be
a very small pump sized to circulate a small amount of water sufficient to offset the loop losses. This pump is
located on the return leg of the loop (it does not pump the main supply flow, only the smaller recirculation flow).
This type of pump should normally be specified within the CIRCULATION-LOOP command. If the heater has a
pump that provides internal circulation, then this pump should be specified here. This pump would be in addition to
the loop pump and would act to circulate water within the heater and not the loop. Also, if the loop has multiple
heaters attached and each heater has its own loop recirculation pump (very unusual), then this pump should be
specified here and no pump should be attached within the CIRCULATION-LOOP command. This pump will
then act to circulate water within the heater and through the loop.

DHW-HEAD

The head loss through the heater at design flow. The default assumes that the relevant flow is for pumping the
recirculated flow, not the supply flow (the program assumes that the pressure in the water main moves the supply
flow).

DHW-STATIC-HEAD
The static head of the heater (non-varying with flow).

DW-MIN-FLOW

The minimum allowable fraction of the design recirculation flow for the pump.

DW-MAX-FLOW
The ratio of the maximum allowable supply flow to the design supply flow. The program will try to use more
heaters if the flow is greater than this value.

HEAT-PUMP Water Heater

HP-SUPP-CAPACITY
For the HEAT-PUMP water heater only, this is the capacity of the backup immersion heater. The default is
CAPACITY.

MAX-HP-TANK-T

For the HEAT-PUMP water heater only, this is the maximum water temperature that the heat pump can provide.
Any additional boost to the supply temperature will be provided by the backup immersion heaters. For example,
assume that a heater must provide 140F (60C) water to the DHW loop, the makeup water (inlet) temperature is 50F
(10C) and the MAX-HP-TANK-T is 100F (37.8C). The heat pump will raise the temperature of the water entering
the heater from 50F to 100F (10C to 37.8C) and the immersion heater will provide the final boost from 100F to
140F (37.8C to 60C).

Heat Recovery from Superheat

The next keyword defines the size of the tank-mounted heat-exchanger that recovers heat from the superheat of a
direct-expansion air conditioning unit.
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MAX-HTREC-RATE

The maximum houtly rate at which heat can be recovered. The default is no maximum limit. Heat will be recovered
at this rate or the amount of superheat available, whichever is smaller, until the tank is heated to its
CIRCULATION-LOORP setpoint temperature. This heater is referenced via the SYSTEM component from which
desuperheat will be accomplished. See discussion under SYSTEM keyword WASTE-HEAT-USE.

Energy for domestic water heating can also be recovered from the condensers of CHILLERS or the cooling jacket
ot exhaust of ELEC-GENERATORs. Unlike DX superheat recovery, this heat does not go directly into a water
heatet's storage tank; instead it is recovered on the makeup/return side of a domestic hot water CIRCULATION-
LOOP and preheats the water entering the attached water heaters. Because the heat is recovered to the loop, no heat
can be recovered during hours there is no loop flow. As a result, during times there is no loop flow, the burner in a
DW-HEATER will have to operate to recharge the tank and/or offset thermal losses even though there may be
waste heat available from the heat recovery devices.

For chiller heat recovery, refer to the HTREC keywords in the CHILLER component. For generators, refer to the
HTREC keywords in the ELEC-GENERATOR component.

Space Heating from a Domestic Water Heater

Usually, hot water coils used for space heating are attached to a CIRCULATION-LOOP of TYPE = HW or
PIPE2. There are some systems, however, that use the heat from a domestic water heater to provide space heating.
These systems are typically in homes or apartments in climates requiring relatively little heating. To simulate this type
of system, specify HEAT-SOURCE, ZONE-HEAT-SOURCE, PREHEAT-SOURCE, and/or BASEBOARD-
SOURCE in the SYSTEM command to be of type DHW-LOOP. Then attach the coil to a domestic water loop
using the SYSTEM's DHW-LOOP keyword or the ZONE's DHW-LOOP keyword (for a zonal coil). The
program will take into account the required coil capacity when sizing the loop and auto-size the domestic water
heaters attached to the loop. You should review the sizing parameters to make sure they are reasonable. Also, you
should make sure that the heating coils entering water temperature is at least 10F (5.0K) warmer than the leaving air
temperature, otherwise the program will not be able to size the coil correctly. Domestic water loops without any
heating coils or recirculation do not need to be pumped; the program assumes the water main pressure is sufficient.
The addition of heating coils to the loop requires the loop to be pumped. For DHW loops, this pump is located on
the return side of the loop; it does not pump water that is used for dish washing or other domestic water uses, only
water that returns to the water heaters. The pump is attached within the CIRCULATION-LOOP component, or
alternatively, to each of the water heaters attached to the loop.

Miscellaneous

COST-DATA
Takes the U-name of a MATERIALS-COST command, which allows you to define first costs, maintenance costs,
etc. for this heater.

EQUIPMENT-REPORTS
Accepts the code-words YES or NO; the default is YES. When report PS-H of the PLANT-REPORTS is enabled,
a report will print for this component unless the code-word is set to NO.
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ELEC-GENERATOR

ELEC-GENERATOR defines all of the operating parameters of an electric generator. As with other plant
components (boilers, chillers, etc.), each generator is specified separately, and has its own performance
characteristics. In addition, generators may be stored in the library.

The generator is controlled with keywords in the ELEC-METER, EQUIP-CTRL, LOAD-MANAGEMENT, and
CIRCULATION-LOOP commands. The ELEC-METER command contains keywords that control the operation
of a generator and is analogous to a CIRCULATION-LOOP controlling the operation of a boiler. Depending on
the specifications in these commands, the generator may be either off, tracking an electric load, tracking a thermal
load, tracking the greater or lesser of an electric or thermal load, or may be running at maximum output.

The generator has distinctly different personalities, depending on its control mode. When tracking an electric load,
the generator output is controlled by its ELEC-METER, and as a by-product produces waste heat that may be
recovered to a heating CIRCULATION-LOOP and/ ot rejected to a heat rejection CIRCULATION-LOOP.
When tracking a thermal load, the generator behaves like a boiler, is controlled by its CIRCULATION-LOOP, and
as a "by-product” produces "waste" electricity that may be "recovered" to its ELEC-METER, and/or "rejected" to
an electric utility via its SURPLUS-METER. The generator may switch control modes on an houtly basis.

U-name is required. This U-name will be used in the heading of the generator report to identify the generator.

TYPE
Accepts a code-word that specifies the type of generator. Available types are:

ENGINE-GENERATOR  specifies an engine-driven generator. The program does not distinguish between
types of engines, but diesels may perform differently than natural-gas engines, etc.
Therefore, you should confirm that the default performance data is representative
of your engine.

GAS-TURBINE-GENERATOR specifies a gas-turbine generator.
STEAM-TURBINE-GENERATOR.  specifies a steam-turbine generator.

PV-ARRAY specifies a direct-current to alternating-current inverter, supplied with DC power
via one or more PV-MODULE:s. See the section describing this component for
mote information.

Note, for steam turbines, the program does not currently model steam loops. Instead, you attach the generator to a
hot-water loop. The efficiency of the boiler should take into account the losses associated with de-aerators, blow
down, etc.

CAPACITY
Accepts the capacity of the generator in kW. This is a mandatory entry, as the program does not size electrical loads.

CAPACITY-FT
Accepts the U-NAME of a curve that modifies the generator capacity as a function of the outdoor temperature.

MIN-RATIO

Accepts a numeric entry that specifies the ratio of the minimum possible output to the houtly operating capacity.
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MAX-RATIO
The maximum fraction of rated load the generator is allowed to handle. If the generator is allowed to overload,
MAX-RATIO may be greater than 1.0.

START-UP-TIME

Accepts a numeric entry specifying the equivalent amount of full-load run time necessary to bring the equipment up
to operating conditions. If a generator is to be used in the current hour, but did not operate the previous hour, then
a start-up load is presumed to exist. The equivalent full-load run time added to the current hout's load vaties
according to how many hours the generator has been shut down:

e 1 hour: 50% of this value
e 2hours 80% of this value
e 3 or mote houts 100% of this value

Enerqgy Consumption of the Generator
HEAT-INPUT-RATIO

Accepts a numeric entry specifying the ratio of design fuel consumption to design electrical output, when both are in
the same units.

This keyword applies only to fuel consuming generators, i.e., engine-generators and gas-turbine generators. It does
not apply to steam-turbine generators (see the section describing steam-turbine keywords for more information).

Note that this entry is in terms of the higher heating value of the fuel. Most generator data is tabulated in terms of
the lower heating value, which allows fuel consumption to be relatively independent of the fuel type. The program
does not correct for fuel type. Therefore, if you are specifying a generator that can use more than one fuel type, you
must calculate fuel consumption rate for the actual fuel to be used, adjust it to the higher heating value, and base the
HEAT-INPUT-RATIO on this value.

HIR-FT

Accepts the U-name of a curve that modifies the fuel consumption as a function of the outdoor temperature. There
is no default; the HEAT-INPUT-RATIO is assumed constant for all temperature conditions if this keyword is not
specified.

HIR-FPLR

Accepts the U-name of a curve that modifies the fuel consumption as a function of the part load ratio, where the
part load ratio is defined as the ratio of the houtly load divided by the houtly operating capacity. For steam-turbine
generators, this curve has a similar meaning, but modifies the steam consumption as a function of part load.

AUX-KW

Accepts a numeric entry that specifies any auxiliary electrical load associated with this generator. The default is 0.
The value entered should be the maximum (design) value. Houtly values are adjusted by the AUX-SCH. This
electrical load may be associated with controls, a heat-recovery pump, a heat-rejection radiator, or similar uses. The
heat associated with the AUX-KW is presumed to disappear; it does not show up as a load on any component, nor
as a load in the space in which the generator is located.

AUX-MODE
Accepts a code-word specifying when the AUX-KW is consumed.

ALWAYS the default, indicates that the auxiliary power is consumed all hours.
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WHEN-ON Indicates that auxiliary power is consumed only during the hours the generator is
operating,

WHEN-OFF indicates that auxiliary power is consumed only during the hours the generator is
off.

SCHEDULED indicates that the power consumption is scheduled.

AUX-SCHEDULE
Accepts the U-name of a schedule (TYPE=FRACTION or MULTIPLIER) that adjusts the AUX-KW on an
houtly basis. If you do not input a schedule, then the load is constant all hours.

AUX-METER
Accepts a code-word that specifies the electrical meter to which the AUX-KW is attached. The default is the
MASTER-METER:AUX-ELEC-METER.

ELEC-METER
Accepts a code-word specifying the electric meter the generator will supply. The electric meter must be of type
UTILITY or ELECTRIC-SALE. A generator cannot be attached to a BUILDING or SUB-METER level meter.

When this meter is of type UTILITY, power produced by the generator will be consumed on-site to meet this
metet's demands. Depending on the operating mode of the generator(s), it might be possible for the generator(s) to
produce more power than is demanded by this meter. In this case, you should also specify a SURPLUS-METER so
that the power can be sold; otherwise the surplus power will be lost.

When this meter is of type ELECTRIC-SALE, then all power produced by the generator will be sold; none will be
consumed on-site.

SURPLUS-METER

Accepts a code-word specifying the electric meter through which surplus power generation will be sold. The meter
specified here must be of type ELECTRIC-SALE. The generator uses this keyword only if the meter specified
under ELEC-METER is of type UTILITY. In this case, the generatot's output will first be used to satisfy the
demands of the ELEC-METER, with any surplus sold through the SURPLUS-METER.

FUEL-METER

Accepts a code-word specifying the fuel meter that supplies an engine generator or gas-turbine generator. The
program does not adjust the generator's performance on the basis of fuel type; you should refer to the HEAT-
INPUT-RATIO keyword for a discussion of the higher vs. lower heating value of a fuel.

Exhaust Heat Recovery to a Hot-Water, WLHP, or DHW Loop

EXH-LOOP
Accepts the U-name of the HW, WLHP or DHW loop to which this generator will recover exhaust heat. The
default is that no heat will be recovered.

EXH-RCVR
Accepts a numeric entry specifying the fraction of full load fuel consumption that is recoverable from the exhaust
gases.

EXH-RCVR-FPLR
Accepts the U-name of a CURVE-FIT instruction that specifies the variation in full-load recoverable exhaust heat
with part load ratio. This curve must be normalized to 1.0 at a part load ratio of 1.0. When specifying this curve you
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should verify that your curve is coordinated with the HIR-FPLR curve. Otherwise, the program may get into an
unreal situation where more heat is being recovered at low loads than is consumed in fuel.

Jacket Heat Recovery to a Hot-Water, WLHP, or DHW Loop

JAC-LOOP
Accepts the U-name of the HW, WLHP or DHW loop to which this generator will recover engine jacket heat. The
default is that no heat will be recovered.

JAC-RCVR

Accepts a numeric entry specifying the fraction of full load fuel consumption that is recoverable from the engine-
jacket gases. This value should be coordinated with the HEAT-INPUT-RATIO and the EXH-RCVR keywords to
keep the simulation realistic.

JAC-RCVR-FPLR

Accepts the U-name of a CURVE-FIT instruction that specifies the variation in full-load recoverable engine-jacket
heat with part load ratio. This curve must be normalized to 1.0 at a part load ratio of 1.0. When specifying this curve
you should verify that your curve is coordinated with the HIR-FPLR curve. Otherwise, the program may get into an
unreal situation where more heat is being recovered at low loads than is consumed in fuel.

JAC-SETPT-T
Specifies the temperature setpoint of the engine temperature control. When coupled to a condenser water loop, the
program uses this value to calculate the required flow through the engine jacket.

RCVR-TRACK-LOOP
Accepts a code word specifying the basis for the thermal tracking modes. The tracking mode is controlled by the

electric meter specified in the ELEC-METER keyword.

TRACK-EXH-LOOP specifies that, when thermal tracking, the engine will track the EXH-LOOP load.
If jacket heat is recovered to the same loop as the exhaust, then it will track
according to both. If jacket heat is recovered to a separate loop, then the engine
will actively track the exhaust loop thermal demand, and heat-recovery to the
jacket loop will be passive.

TRACK-JAC-LOOP specifies that, when thermal tracking, the engine will track the JAC-LOOP load.
If jacket heat is recovered to the same loop as the exhaust, then it will track
according to both. If jacket heat is recovered to a separate loop, then the engine
will actively track the jacket loop thermal demand, and heat-recovery to the
exhaust loop will be passive.

TRACK-BOTH-LOOPS  specifies that the engine will thermal track both the engine and the jacket loop.
Normally the thermal load requiring the greater capacity will be selected on an
houtly basis. However, if the ELEC-METER:COGEN-TRACK-MODE =
TRACK-LESSER, then the load requiring the smaller capacity will be selected.

Heat Rejection to a CW or WLHP Loop

CW-LOOP

Accepts a code-word specifying the circulation loop to which waste heat will be rejected. The loop must be of type
CW or WLHP. This is an optional keyword; if you do not specify a waste-heat loop, then the heat-rejection device is
assumed to be integral to the generator, and the energy consumed to reject heat is assumed to be included in the
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generatot's petformance charactetistics. For an engine-generator, only jacket heat is rejected to this loop. The model
assumes that surplus exhaust heat will be diverted around the heat-exchanger and rejected to the outdoors.

CwW-DT
Accepts a numeric value specifying the temperature change through the fluid that accepts the waste heat. This value
is used to calculate the design loop flow. The default is the CIRCULATION-LOOP:LOOP-DESIGN-DT.

CW-HEAD

Accepts a numeric value which specifies the pressure drop of the coolant through the engine jacket or heat-
exchanger at the design flowrate. This value should include the friction losses of any control valves, trim, and any
piping associated with the generator and not included in the pressure drop of the loop which serves this generator.

CW-FLOW-CTRL
Accepts a code-word specifying the type of flow through the engine jacket.

CONSTANT-FLOW the default, indicates that the jacket flow is independent of the heat rejection load.
This is accomplished using a three-way valve.

VARIABLE-FLOW indicates that the jacket flow varies lineatly with the load.

Steam-Turbine Generators
STEAM-LOOP

Accepts a U-name of a circulation-loop that provides steam to the turbine. Since the program does not currently
simulate steam loops, this loop must be of type HW.

STEAM-ENT-PRES
Specifies the steam pressure (pisg) entering the turbine. The program uses this value to calculate both the steam
enthalpy as well as the maximum possible thermodynamic efficiency of the turbine.

STEAM-SUPER-T
Specifies the degrees of superheat above saturation of the steam enteting the turbine. The program uses this value,
together with the STEAM-ENT-PRES, to calculate the steam enthalpy.

STEAM-EXH-PRES
Specifies the steam pressure exiting the turbine. The program uses this value to calculate both the steam enthalpy
(assuming saturated steam) as well as the maximum possible thermodynamic efficiency of the turbine.

STEAM-ENTH-FP&P
Accepts the U-name of a CURVE-FIT that calculates the theoretical steam consumption rate (Ibs/kWh) of the
turbine as a function of the STEAM-ENT-PRES and the STEAM-EXH-PRES.

This theoretical rate assumes an isentropic expansion (reversible, adiabatic) and corresponds to the maximum
possible efficiency of the turbine for the given inlet and outlet pressures. The actual steam rate is adjusted by the
MECH-EFF. For part load performance, the steam rate is further adjusted by the HIR-FPLR curve.

Because the steam turbine algorithm calculates energy consumption using this approach, the HEAT-INPUT-
RATIO is not used.

STEAM-CONDENSATE

Specifies the fraction of steam entering the turbine that returns as condensate.
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MECH-EFF

Specifies the mechanical efficiency of the steam turbine at full load. The overall efficiency of the turbine is the
product of the MECH-EFF and the maximum theoretical efficiency as calculated using the STEAM-ENT-PRES,
STEAM-SUPER-T, STEAM-EXH-PRES, and STEAM-ENTH-FP&P.

Photovoltaic Arrays and Inverters

A photovoltaic "generator" consists of one or more PV-MODULEgs, and a ditect-curtent to alternating-current
inverter. This generator type is treated and controlled in a manner identical to other generators:

e You may specify that power be consumed on-site only, that power is consumed on-site with the
surplus sold, or that all power consumed on-site is bought from the utility at one rate, and all power
generated by the array is sold at a different rate (buy/sell arrangement).

¢ You may specify EQUIP-CTRL sequences to coordinate this "generator" with other generators. For
example, consider a remote facility independent of the power grid that has 24-hour electrical loads. The
facility has a photovoltaic array that typically meets its daytime needs, and an engine-generator that runs
at night and on cloudy days. You will need to use an EQUIP-CTRL sequence to preferentially load the
inverter when it has power available.

e You may specify more than one photovoltaic ELEC-GENERATOR. For example, if a building has
two surfaces covered with photovoltaic modules, and the surfaces face in different directions, then you
should model these as two separate ELEC-GENERATORS, as their performance will be quite
different.

Please refer to the general discussions of the available control strategies in the ELEC-METER and ELEC-
GENERATOR commands. Note that, if you do not specify otherwise, the inverter will track the on-site electrical
load, with no surplus generated or sold.

The inverter capacity (output kW) is always a mandatory entry. The number of inverters, as well as the number of
series vs. parallel photovoltaic modules in the array may be computed in a variety of ways:

¢ You may directly specify all values.

e You may allow the seties/parallel configuration of photovoltaic modules to default based on the
inverter capacity, the number of inverters, and the maximum tracking voltage of the inverter. In this
case, the number of modules in seties is computed as the maximum tracking voltage of the inverter,
divided by the maximum power point voltage of the module, rounded down. The number of modules
in parallel is the total inverter capacity, divided by the product of the capacity/module and number of
modules in seties, rounded down.

¢ You may allow the number of inverters and the seties/parallel module configuration to default based
on a reference to a BUILDING-SHADE or EXTERIOR-WALL component. In this case, the
program calculates the total number of modules and array capacity based on the shading surface area
vs. module area. The number of inverters required is equal to the array capacity divided by the capacity
pet inverter rounded up. The number of modules in seties is the maximum tracking voltage of the
inverter, divided by the maximum power point voltage of the module, rounded down. The number of
modules in parallel is the total number of modules, divided by the number of modules in series.

Because of the complexity of the defaulting sequences, we recommend that you turn on the BDL comments feature
(DIAGNOSTIC COMMENTS ..) prior to entering this command. This will allow you to review the default
number of inverters, the number of series vs. parallel modules, and other defaults.
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Table 48 summatizes the units for both inverters and PV-MODULEs. Note that, for a PV-MODULE, most
performance data other than physical dimensions are reported by the manufacturers only in metric units. For this
reason, most of the module units are metric, even when the rest of the input is in English.

The Sandia Laboratory in Los Alamos, New Mexico, USA maintains a database of PV modules that may be
downloaded from their website. For convenience, the vatiable names used in that database atre included in DOE-2
as the abbreviations to corresponding keywords. Where these variables exist, the Sandia abbreviation is identified
using the format (Sandia database: xxx’)

CAPACITY
specifies the capacity per inverter. This is a mandatory entry

NUM-INVERTERS

specifies the number of inverters that operate in parallel. All inverters have the same capacity (in this component;
other photovoltaic ELEC-GENERATORs may also exist, but connect to a different set of PV modules). The net
generator capacity is the capacity per inverter, multiplied by the number of inverters. If a BUILDING-SHADE or
EXTERIOR-WALL surface is referenced, the number of inverters will default to the capacity required by the
referenced surface. Otherwise, this entry is mandatory.

ELEC-INPUT-RATIO
specifies the ratio of direct-current input power to alternating-current output power. This number is the inverse of
the full-load efficiency, and as such is always greater than 1.0.

EIR-FPLR
accepts the U-name of a curve that modifies the nominal electric input ratio as a function of the houtly part load
ratio. This use of this curve is identical to part-load curves documented elsewhere in this manual.

INVERTER-CTRL
when NUM-INVERTERS is greater than one, specifies the staging control mechanism as the load varies:

RUN-ALL the default, specifies that all inverters are to run, even at very low loads.

RUN-NEEDED specifies that the inverters are to be staged as the load varies. This mechanism is
generally more efficient than running more inverters than is necessary.

MIN-OPER-VOLTS

specifies the minimim input voltage below which the inverter will shut down.

MIN-TRACK-VOLTS

specifies the minimum input tracking voltage at which the inverter can operate efficiently. Below this value, the
inverter can still operate, however its efficiency will drop linearly as a function of the actual input voltage divided by
the minimum tracking voltage.

MAX-TRACK-VOLTS
specifies the maximum input tracking voltage at which the inverter can operate efficiently. Any input voltage above
this value will be limited to this value in the power conversion calculations.

MIN-RATIO
specifies the minimum allowable operating ratio, below which the inverter will shut down. In other words, if the
inverter cannot output at least this fraction of its CAPACITY, then inverter will not operate.
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MAX-RATIO
specifies the maximum allowable operating ratio. The inverter will limit its output to be less than or equal to the
CAPACITY*MAX-RATIO.

PV-MODULE
accepts the U-name of the photovoltaic module that comprises the array. This is a mandatory entry.

MODULES-SERIES
specifies the number of photovoltaic modules wired in series. Wiring modules in series increases the direct current
voltage, with no change in current.

The default is the inverter maximum tracking voltage divided by the module maximum power point voltage.

MODULES-PARALLEL
specifies the number of photovoltaic modules wired in parallel. Wiring modules in parallel increases the current, with
no change in voltage.

The default is the inverter capacity multiplied by the number of inverters, divided by the module capacity at the
maximum power point, divided again by the number of modules in series.

MOUNT-TYPE

accepts a code-word specifying the mounting configuration of the photovoltaic array. This is a mandatory entry.
RACK specifies that the array is mounted on a rack that does not shade the building.
STANDOFF specifies that the array is mounted very closely to another surface, but that the

surface does not shade the building,

INSULATED-RACK specifies that the array is mounted directly to another surface, or that the back of
the array is insulated. The surface does not shade the building,

BUILDING-SHADE specifies that the array is mounted on a rack that shades the building roof and/or
other building surfaces. The program will require you to reference a previously
defined shading surface, and the number of modules will default to a function of
the area of this surface, modified by the ARRAY-FRACTION.

BUILDING-SURFACE specifies that the array is directly mounted on an extetior wall or roof. The
program will require you to reference a previously defined exterior wall or roof,
and the number of modules will default to a function of the area of this sutface,
modified by the ARRAY-FRACTION.

MOUNT-TYPE is not used directly by the program, but affects the default values of other photovoltaic keywords.
Keywords affected include MODULES-PARALLEL, NUM-INVERTERS, ARRAY-FRACTION, MOUNT-
HEIGHT, MOUNT-AZIMUTH, MOUNT-TILT and GND-REFLECTANCE. Note that MOUNT-HEIGHT
in turn affects WIND-COEF-A and WIND-COEF-B, which are used in calculating the back-surface cell
temperature and operating efficiency.

BUILDING-SHADE

when MOUNT-TYPE = BUILDING-SHADE, accepts the U-name of a previously defined shading surface. The
module orientation will default to the orientation of this sutface, and the default number of modules will be a
function of the area of this surface, modified by the ARRAY-FRACTION.
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A building shade may be shaded by other surfaces, and the program will automatically generate a shading report
(report LS-P) for any building shade having an attached PV array. Note however, that the program ignores any
shading effects when calculating the performance of the array. It is important that you review this report to
determine shading will degrade the actual performance of the array.

EXTERIOR-WALL

when MOUNT-TYPE = BUILDING-SURFACE, accepts the U-name of a previously defined exterior wall or
roof. The module otientation will default to the otientation of this surface, and the default number of modules will
be a function of the area of this surface, modified by the ARRAY-FRACTION.

You should specifiy the characteristics of the wall (LAYERS, ABSORPTANCE, ROUGHNESS) taking the effect
of the photocells and their glazing into account. For example, if the average efficiency of the photocells is 0.07, the
ABSORPTANCE of the wall's CONSTRUCTION should be reduced by this amount.

An exterior-wall may be shaded by other surfaces, and the program will automatically generate a shading report for
any wall having an attached PV array (LS-P). Note however, that the program ignores any shading effects when
calculating the performance of the array. It is important that you review this report to determine shading will
degrade the actual performance of the array.

EXTERIOR-ROOF
when MOUNT-TYPE = BUILDING-SURFACE, accepts the U-name of a previously defined exterior wall or
roof. This entry is an alternative to specifying the surface using EXTERIOR-WALL.

An extetior-roof may be shaded by other surfaces, and the program will automatically generate a shading report for
any roof having an attached PV atray (LS-P). Note however, that the program ignores any shading effects when
calculating the performance of the array. It is important that you review this report to determine shading will
degrade the actual performance of the array.

ARRAY-FRACTION

when MOUNT-TYPE = BUILDING-SHADE or BUILDING-SURFACE, specifies the fraction of the surface
that is covered by photovoltaic modules. The default is 1.0, meaning that the entire surface is covered with
photovoltaic modules.

Note that the program defaults the number of photovoltaic modules in series according to the inverter's maximum
tracking voltage divided by the module's maximum powet point voltage, rounded down. The number in parallel is
then defaulted to the total number that will fit on the surface, divided by the number in series, rounded down. For
these reasons, the actual number of modules calculated may not completely cover the surface.

MOUNT-HEIGHT
specifies the average distance between the back of the array and the surface to which it is mounted. The default
varies according to the MOUNT-TYPE.

The defaults for the WIND-COEF-A and WIND-COEF-B vary in accordance with this distance, so that the
mounting height affects the back-surface cell temperature and operating efficiency.

MOUNT-AZIMUTH

specifies the azimuth of the array rack, where 180° is due south, relative to the building coordinate system. If
MOUNT-TYPE = BUILDING-SHADE or BUILDING-SURFACE, the azimuth defaults to the azimuth of the
referenced sutface, relative to the building cootrdinate system. Otherwise, the azimuth defaults to 180°.
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MOUNT-TILT

specifies the tilt of the atray rack, whete 0° is horizontal (sutface outward normal pointing straight up). If MOUNT-
TYPE = BUILDING-SHADE or BUILDING-SURFACE, the tilt defaults to the tilt of the referenced surface.
Otherwise, the tilt is a mandatory entry.

GND-REFLECTANCE

specifies the ground reflectance on the array rack. If MOUNT-TYPE = BUILDING-SHADE or BUILDING-
SURFACE, the ground reflectance defaults to the ground reflectance of the referenced surface. Otherwise, the
default is 0.20.

WIND-COEF-A
This keyword is given the value of the
the Sandia equation:

€, 9
a

coefficient or term used to modify the back-surface cell temperature in

T = B * Exp(A+B*WS) + To

where

T = the back-surface cell temperature, °C

Tab = Ambient air temperature, °C

E = plane-of-array solar irradiance on module, W/m?

WS = wind speed, m/sec

A = empirical coefficient determining upper temperature limit at low wind speeds
B = empirical coefficient determining the temperature drop with wind

The default varies according to the MOUNT-HEIGHT.

WIND-COEF-B
This keyword is given the value of the “b” coefficient or term used to modify the back-surface cell temperature in
the Sandia equation:

Tw = E* Exp(A+B*WS) + Tam
The default varies according to the MOUNT-HEIGHT. See WIND-COEF-A for more information.

WIND-COEF
replaced by WIND-COEF-A and WIND-COEF-B in Aungust 2003.

OFFSET-T
replaced by WIND-COEF-A and WIND-COEF-B in Angust 2003.

CELL-T-COEF
replaced by WIND-COEF-A and WIND-COEF-B in Angust 2003.

ELEC-METER
accepts a code-word specifying the electric meter the generator will supply. The electric meter must be of type
UTILITY or ELECTRIC-SALE. A generator cannot be attached to a BUILDING or SUB-METER level meter.

When this meter is of type ELECTRIC-SALE, then all power produced by the generator will be sold; none will be

consumed on-site.
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When this meter is of type UTILITY, power produced by the generator will be preferentially consumed on-site to
meet this metet's demands. Depending on the operating mode of the generator(s), it might be possible for the
generator(s) to produce more power than is demanded by this meter. During these times, the meter will attempt to
"run backwards", if allowed to by the meter's associated UTILITY-RATE. In this case, the surplus enetgy will be
sold back to the utility at the same energy rate at which energy is bought. Please refer to the UTILITY-RATE
component for more information on running a meter backwards.

1f you wish to preferentially consume the generator power on-site, and sell any surplus at a rate different than which
power is bought, then this meter should be of type UTILITY, and you should also specify the SURPLUS-METER.

SURPLUS-METER

accepts a code-word specifying the electric meter through which surplus power generation will be sold. The meter
specified here must be of type ELECTRIC-SALE. The generator uses this keyword only if the meter specified
under ELEC-METER is of type UTILITY. In this case, the generatot's output will first be used to satisfy the
demands of the ELEC-METER, with any surplus sold through the SURPLUS-METER.
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Table 49 PV Inverter and PV Module Units

HVAC

English English to
Keyword Default English Metric Metric
ELEC-GENERATOR

MIN-OPER-VOLTS none Volts Volts -
MIN-TRACK-VOLTS none Volts Volts -
MAX-TRACK-VOLTS none Volts Volts -
ARRAY-FRACTION 1.0 fraction fraction -

MOUNT-HEIGHT varies feet meters 0.3048
MOUNT-AZIMUTH Surface Az or required degrees degrees -
GND-REFLECTANCE 0.2 fraction fraction -
WIND-COEF-A | vaties w/ mount height CC-m?»/W (CC-m?»/W -
WIND-COEF-B | vaties w/ mount height (°C-sec-m)/W (°C-sec-m)/W -

PV-MODULE

HEIGHT none feet meters 0.3048

WIDTH none feet meters 0.3048
CELL-BACK-DT 2. °C °C -
VOLTS-OPEN-CKT none Volts Volts -
VOLTS/T-OPEN-CKT none Volts/°C Volts/°C -
AMPS-SHORT-CKT none Amps Amps -
AMPS/T-SHORT-CKT none 1/°C 1/°C -
VOLTS-MAX-PWR none Volts Volts -
VOLTS/T-MAX-PWR none Volts/°C Volts/°C -
VOLTS/E-MAX-PWR none Volts/°C Volts/°C -
AMPS-MAX-PWR none Amps Amps -
AMPS/T-MAX-PWR none 1/°C 1/°C -
Co,C1,C2 none none none -
C3 none 1/Volts 1/Volts -
FDIODE none none none -

Miscellaneous
COST-DATA

Accepts the U-name of a MATERIALS-COST command. This command allows you to define first costs,

maintenance costs, etc. for the loop.

EQUIPMENT-REPORTS

Accepts the codewords YES or NO. The default is YES. When report PS-H of the PLANT-REPORTS is enabled,
a report will print for this component unless this keyword is set to NO.
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ELEC-METER

Defines a meter to which an electrical end use can be attached. A meter reports the energy consumption and
demand for the end uses attached to it. Also, you can associate a utility rate schedule to a meter so that the
ECONOMICS program can calculate the energy cost associated with the meter. Multiple meters can be defined,
allowing you to disaggregate energy use and cost.

Three types of meters can be defined: UTILITY, BUILDING, and SUB-METER. These types correspond to three
different levels, with SUB-METER being the lowest, BUILDING being the middle, and UTILITY being the
highest. The intention is that all meters that are to be connected to a UTILITY-RATE should be of TYPE =
UTILITY. (This restriction is not enforced, but if another type of meter is connected to a UTILITY-RATE there
will most likely be double counting of energy consumption by the ECONOMICS program. Note, however, that
you might want to take advantage of listing BUILDING or SUB-METERs in a UTILITY-RATE if submeters exist
for various tenants in a building, and you wish to have the program calculate the charges for each tenant.)

A fourth TYPE of ELEC-METER also exists: ELECTRIC-SALE. This type of meter accepts the output of
clectric generators that will be sold to a utility. It is not possible to attach any electric demands (such as lighting) to
this meter. Only generators can attach to this type of meter, so that their power can be sold. Each meter type,
including ELECTRIC-SALE, can have associated transformers which can include losses and part-load performance
characteristics.

All non-UTILITY types of meters must be attached to an ELEC-METER of a higher level; each SUB-METER
must be attached to one (and only one) BUILDING or UTILITY meter, and each BUILDING meter must be
attached to one (and only one) UTILITY meter. In this way a three-level tree is constructed that contains all the
meters. The consumption/demand for the BUILDING and SUB-METER levels is summed into their parent
ELEC-METER,; thus, reports for UTILITY and BUILDING meters contain the component
consumption/demand of all lower level (child) meters.

This structure allows you to desctibe a site (with a site substation transformer) with multiple buildings, each with its
own BUILDING meter plus transformer and, possibly, floor-by-floor SUB-METERs and transformer.

Example input:

BANKinB1 = ELEC-METER

TYPE = SUB-METER

TRANSFORMER-SIZE = 15 ..
FLOOR2inB1 = ELEC-METER

TYPE = SUB-METER

TRANSFORMER-SIZE = 10 ..
FLOOR3inB1 = ELEC-METER

TYPE = SUB-METER

TRANSFORMER-SIZE = 10 ..

STOREINB2 = ELEC-METER
TYPE = SUB-METER
TRANSFORMER-SIZE = 20 ..

FLOOR2inB2 = ELEC-METER
TYPE = SUB-METER
TRANSFORMER-SIZE = 10 ..
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OFFICE-BUILDING-1 = ELEC-METER

TYPE = BUILDING

TRANSFORMER-SI1ZE = 30

SUB-METERS = (BANKinB1, FLOOR2inBl1, FLOOR3inB1l) ..
OFFICE-BUILDING-2 = ELEC-METER

TYPE = BUILDING

TRANSFORMER-SI1ZE = 25

SUB-METERS = (STOREinB2, FLOOR2inB2) ..
SUBSTATION = ELEC-METER $ utility-owned

TYPE UTILITY $ no transformer;

BLDG/SUB-METERS (OFFICE-BUILDING-1,

OFFICE-BUILDING-2) ..

TYPE
Takes a code-word that defines the level of the meter. This is a required keyword. Allowed code-words are:

UTILITY The meter is intended to be connected to a UTILITY-RATE. Its children are
connected by use of the BLDG/SUB-METERS keyword. This type of meter is
intended to be the main meter for a site (although you may define several meters

of this type).

BUILDING The meter is intended to be one, of possibly many, building or "client" meters at a
site. This type of meter must be connected to an ELEC-METER of TYPE =
UTILITY. Its children are connected by use of the SUB-METERS keyword.

SUB-METER This type of meter should be connected to an ELEC-METER of TYPE =
BUILDING, but may instead be attached to an ELEC-METER of TYPE =
UTILITY. This type of meter is intended to be one, of possibly many, sub-meters
ot "client" meters at a site.

ELECTRIC-SALE This type of meter is a special meter that accepts electricity produced by ELEC-
GENERATORS for sale to a utility. No other types of loads, such as lighting, may
attach to this meter.

UNIT-INDEX

An integer value that defines the billing unit as listed in the units table (see Appendix A). This value is used in the
reports, and allows English units to be converted to the correct metric units. The default is 54, which cotresponds to
kWh in both English and metric units.

DEM-UNIT-INDEX

An integer value that defines the billing unit of peak demand as listed in the units table (see Appendix A). This value
is used in the reports and allows English units to be converted to the correct metric units. The default is 28, which
corresponds to kW in both English units and metric units.

SOURCE-SITE-EFF
The ratio between the energy delivered to the building site and the source energy (the energy used by the utility to
generate the energy delivered to the building).
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INTERIOR-POWER

Accepts a list of up to 10 values of hourly electrical energy consumed by miscellaneous uses inside the building that
do not show up anywhere else. This energy shows up as a load on the meter, but does not appear as either a space
load or as a circulation loop load. Use INTERIOR-SCH, below, to schedule interior power.

INTERIOR-SCH
Accepts a list of up to 10 U-Names of schedules with TYPE = MULTIPLIER that modify the INTERIOR-
POWER values on an houtly basis.

INTERIOR-EU

Accepts a list of up to 10 code-words specifying the end-use category of the INTERIOR-POWER. The code-
words correspond to the end-use categories in the end-use reports (PS-E, PS-F, BEPS, BEPU). Acceptable entries
are LIGHTS, TASK-LIGHTS, MISC-EQUIP, SPACE-HEATING, SPACE-COOLING, HEAT-REJECT,
PUMPS&AUX, VENT-FANS, REFRIG-DISPLAY, HT-PUMP-SUPPLEM, DOMEST-HOT-WTR, and EXT-
USAGE.

Note that, while extetior energy can be entered via the EXTERIOR-POWER keyword, it may also be entered via
the INTERIOR-POWER and INTERIOR-EU = EXT-USAGE keywords. The same is true for REFG-POWER

EXTERIOR-POWER

Accepts a list of up to 10 values of houtly electrical energy consumed by miscellaneous uses outside the building that
do not show up anywhere else. This energy shows up as a load on the meter, but does not appear as ecither a space
load or as a circulation loop load. Use EXTERIOR-SCH, below, to schedule exterior power.

EXTERIOR-SCH
Accepts a list of up to 10 U-Names of schedules with TYPE = MULTIPLIER that modify the EXTERIOR-
POWER values on an houtly basis.

EXTERIOR-EU

Accepts a list of up to 10 code-words specifying the end-use category of the EXTERIOR-POWER. The code-
words correspond to the end-use categories in the end-use reports (PS-E, PS-F, BEPS, BEPU, TDV1 TDV2).
Acceptable entries are LIGHTS, TASK-LIGHTS, MISC-EQUIP, SPACE-HEATING, SPACE-COOLING,
HEAT-REJECT, PUMPS&AUX, VENT-FANS, REFRIG-DISPLAY, HT-PUMP-SUPPLEM, DOMEST-HOT-
WTR, and EXT-USAGE.

Note that, while extetior energy can be entered via the EXTERIOR-POWER keyword, it may also be entered via
the INTERIOR-POWER and INTERIOR-EU = EXT-USAGE keywords.

REFG-POWER

Accepts numeric entry of the houtly electrical energy consumed by miscellaneous refrigeration applications that do
not show up anywhere else. This energy shows up as a load on the meter, but does not appear as either a space load
or as a circulation loop load. Use REFG-SCH, below, to schedule refrigeration power.

REFG-SCH
Accepts the U-Name of a schedule with TYPE = MULTIPLIER that modifies the REFG-POWER value on an
houtly basis.

METER-REPORT
Takes a code-word YES (the default) or NO that determines if reports are to be output for this meter.
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TRANSFORMER-SIZE
The capacity of the transformer for this meter. There is no default; if no value is specified then no transformer is
simulated for this meter (and thus the keywords TRANSFORMER-LOSS and TRANS-LOSS-FPLR are not used).

TRANSFORMER-LOSS
The fraction of output power that is lost at the transformer at full load conditions (full load is equal to
TRANSFORMER-SIZE).

TRANS-LOSS-FPLR

Takes the U-name of a curve that gives the multiplier on TRANSFORMER-LOSS as a function of the part load
ratio (current hour load on the meter divided by TRANSFORMER-SIZE). The transformer loss is calculated
houtly as

(TRANSFORMER-SIZE) x (TRANSFORMER-LOSS) x (TRANS-LOSS-FPLR valuc)

The load is the sum of that due to all directly connected equipment and, for TYPE = UTILITY and BUILDING,
other ELEC-METERSs. The default curve is linear from 0.1 at zero load to 1.0 at full load.

BLDG/SUB-METERS

Accepts a list of U-names of ELEC-METER commands that are supplied from this meter. This keyword is only
used for ELEC-METERs of TYPE = UTILITY. The ELEC-METERS that are in this list can only be of TYPE =
BUILDING or SUB-METER. Each ELEC-METER of TYPE = BUILDING must appear in this list for one of
the ELEC-METERs of TYPE = UTILITY. A BUILDING meter cannot be listed as a child for more than one
UTILITY meter, as this would cause power to be double-counted. The program checks for this condition and will
generate an error if you attempt to do so. Each ELEC-METERs of TYPE = SUB-METER must appear in either
this list for one of the ELEC-METERs of TYPE = UTILITY, or in the SUB-METERS list for one of the ELEC-
METERs of TYPE = BUILDING. As for BUILDING type meters, a given SUB-METER cannot be a child of
more than one meter, or power will be double-counted.

SUB-METERS

Accepts a list of U-names of ELEC-METERs of TYPE = SUB-METER that are supplied from this meter. This
keyword is only used for ELEC-METERs of TYPE = BUILDING. There is no default for this keyword. Each
ELEC-METER of TYPE = SUB-METER must be included in a list for either a BUILDING meter or a UTILITY
meter. Each SUB-METER can only be attached to one higher level meter to avoid double-counting energy.

Electric generators

The following set of keywords applies only to meters having attached electric generators. The program can model
relatively complex cogeneration control schemes. Please refer to the DOE-2.2 Topics for more information on
generator control.

COGEN-TRACK-MODE

For UTILITY and ELEC-SALE types, accepts a code-word that describes how the cogeneration equipment
attached to this meter is to be controlled. This keyword can be overridden by the COGEN-TRACK-SCH keyword.
In the following, each code-word is followed by a number in parenthesis. The code-word applies to this keyword,
and the number in parenthesis the flag value that is equivalent to the code-word when the COGEN-TRACK-SCH
is used:

DONT-RUN (0) Specifies that the generators are shut off. This mode of operation allows a
COGEN-TRACK-SCH to shut off the generators during certain times of the day
or year.
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TRACK-ELEC (1)

TRACK-THERMAL (2)

TRACK-LESSER (3)

TRACK-GREATER (4)

MAX-OUTPUT (5)

COGEN-TRACK-SCH

HVAC

Specifies that the generators are to track the metet's electrical load. This mode
works only for UTILITY electric meters, as ELECTRIC-SALE meters do not
have any demands that can be tracked.

Specifies that the generators are to track the thermal load of an attached
CIRCULATION-LOORP. For this mode to work, each attached generator must
also be attached to a CIRCULATION-LOOP. Note that, while multiple
generators may be on the same ELEC-METER, each of these generators may be
attached to the same or different CIRCULATION-LOOPs, and may therefore be
tracking the same or different thermal loads when operating in this mode.

When using this mode with a UTILITY meter, it is possible that the generators
might produce more electricity than this meter demands. In this case, you should
also attach each generator to a meter of type ELECTRIC-SALE (via the
generator's SURPLUS-SALE keyword); otherwise the surplus power will be lost.

When using this mode with an ELECTRIC-SALE meter (as the ELEC-METER,
not the SURPLUS-METER), all power will be sold. The amount generated and
sold will then be a function of the thermal demands.

Specifies that each generator is to track the smaller of this meter's electric demand,
and the thermal demand of the generator's attached CIRCULATION-LOOP.
This mode works only for UTILITY electric meters, and only when the
generators are also attached to CIRCULATION-LOOP(s).

Specifies that each generator is to track the greater of this metet's electric demand,
and the thermal demand of the generator's attached CIRCULATION-LOOP.
This mode works only for UTILITY electric meters, and only when the
generators are also attached to CIRCULATION-LOOP(s).

When using this mode, it is possible that the generators might produce more
electricity than this meter demands. In this case, you should also attach each
generator to a meter of type ELECTRIC-SALE (via the generator's SURPLUS-
SALE keyword); otherwise the surplus power will be lost.

Specifies that the generators are to run at maximum output. When using this
mode with a UTILITY meter, it is possible that the generators might produce
more electricity than this meter demands. In this case, you should also attach each
generator to a meter of type ELECTRIC-SALE (via the generator's SURPLUS-
SALE keyword); otherwise the surplus power will be lost.

For UTILITY and ELEC-SALE types, accepts the U-name of a SCHEDULE of TYPE = FLAG. Acceptable flag
values are 0, 1, 2, 3, 4, and 5, and have the meaning as described for COGEN-TRACK-MODE. When specified,
this schedule will override any value given for COGEN-TRACK-MODE. This keyword allows the operational
mode of generators to shift according to the time of day or year.

EQUIP-CTRL

For a UTILITY meter, accepts the U-name of an EQUIP-CTRL of TYPE = ELECTRICAL that coordinates the
operation of multiple generators attached to this meter. In addition, this sequence can operate the generator(s) in a
peak shaving mode so that the generators only pick up the load above some upper limit. A LOAD-
MANAGEMENT command can select an EQUIP-CTRL sequence that overrides this sequences on the basis of a
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schedule, outdoor air temperature, etc. This keyword can be used with any of the electric tracking modes (TRACK-
ELEC, TRACK-LESSER, TRACK-GREATER); it is ignored for all of the other modes (DONT-RUN, TRACK-
THERMAL, MAX-OUTPUT). If not specified, then the program will automatically select the mix of generators
that best matches the houtly load. Note that, when tracking thermal loads (TRACK-THERMAL, TRACK-
LESSER, TRACK-GREATER), the generator acts as though it were a boiler, and its operation can be coordinated
with boilers and/or other generators via the HEAT-EQUIP-CTRL keyword in the CIRCULATION-LOOP

command.
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EQUIP-CTRL

Specifies how primary heating and cooling equipment is to be used to meet the loads on a CIRCULATION-LOOP
or ELEC-METER to which this equipment is attached. For example, an EQUIP-CTRL sequence can be defined to
specify the sequence of chillers used for each of several different chilled water load ranges. This command allows
you to override the default load allocation routines (in which the program automatically selects the mix of
equipment with a combined capacity most closely matching the load but preventing an overload condition).

If you wish to use the same EQUIP-CTRL sequence all year for a given CIRCULATION-LOOP or ELEC-
METER, then you can define a single EQUIP-CTRL sequence and reference it directly from the CIRCULATION-
LOOP command. On the other hand, to change control strategies on a time-of-use basis or to implement an
electrical peak shaving strategy, then you must define multiple EQUIP-CTRL sequences for a given loop and use
the LOAD-MANAGEMENT command to select the appropriate sequence on an houtrly basis.

An EQUIP-CTRL command can apply to only one CIRCULATION-LOOP or ELEC-METER. This is a direct
consequence of the fact that any given piece of primary equipment can be attached to only one load.

Example input:

"EM1" = ELEC-METER

TYPE = UTILITY
COGEN-TRACK-MODE = TRACK-ELEC
EQUIP-CTRL = "Gen Ctrl”

"FM1" = FUEL-METER

TYPE NATURAL-GAS ..

MASTER-METERS
MSTR-ELEC-METER
MSTR-FUEL-METER

"EM1™
"FM20™ ..

"Generator 100"

ELEC-GENERATOR

TYPE = GAS-TURBINE-GENERATOR
CAPACITY = 100 $ kw
ELEC-METER = "EM1"

EXH-LOOP = "Heating Loop"

"Generator 200"

ELEC-GENERATOR

TYPE = GAS-TURBINE-GENERATOR

CAPACITY = 200 $ kw

ELEC-METER = "EM1"

EXH-LOOP = "Heating Loop"

"Gen Ctrl" = EQUIP-CTRL

TYPE = ELECTRICAL

ELEC-METER = "EM1"

METER-SEQ-1 =1 $ 1st 30 kw

METER-MAX-LOAD-1 = 30 $ no equipment

GENERATORS-2 = (“'Generator 100") $ ~ 30-100 kw

GENERATORS-3 = (“'Generator 200", $ ~100+ kw
"Generator 100™) $ ~200+ kW

TYPE
Takes a code-word that specifies the type of equipment and circulation loop to which this control sequence will be
linked. This is a required keyword. Allowed values are:
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COOLING Controls CHILLERs, cold THERMAI-STORAGE equipment and CHW-
METERs on loops of type CHW and PIPE2.

HEATING Controls BOILERs, the heating mode of CHILLER/HEATERS, the thermal-
tracking mode of ELEC-GENERATORS, hot THERMAL-STORAGE
equipment and STEAM-METERs on loops of type HW, PIPE2, and WLHP.

DW-HEATING Controls DW-HEATERs, the thermal-tracking mode of ELEC-GENERATORS
and STEAM-METERs on DHW loops.

HEAT-REJECTION Controls COOLING-TWRs and GROUND-LOOP-HXs on loops of type CW
and WLHP.

ELECTRICAL Controls ELEC-GENERATORs and ELEC-METERs.

The following keyword groups, which depend on the control type, are used to define the equipment control
sequence:

TYPE = COOLING

CIRCULATION-LOOP

Takes the U-name of the CIRCULATION-LOOP to which this EQUIP-CTRL applies. This keyword is
mandatory; the program uses this information to ensure that all equipment referenced by this command is also
attached to the same loop.

CHILLERS-1

CHILLERS-2

CHILLERS-3

CHILLERS-4

CHILLERS-5

CHILLERS-n accepts a list of U-names of up to 10 CHILLERs that are to be used to meet the nt load range,
where the load range is the sum of the hourly operating capacities of the equipment listed here. All of the
CHILLERsS listed must be attached to the same loop.

CHILLERS-SEQ-1

CHILLERS-SEQ-2

CHILLERS-SEQ-3

CHILLERS-SEQ-4

CHILLERS-SEQ-5

CHILLERS-SEQ-n accepts a list of integer values between 1 and 10 that correspond to the equipment listed in
CHILLERS-n. These values specify the order in which the equipment is to be started.

MAX-LOAD-1

MAX-LOAD-2

MAX-LOAD-3

MAX-LOAD-4

MAX-LOAD-5

MAX-LOAD-n accepts a list of values that correspond to the equipment listed in CHILLERS-n. These values are
the maximum load that each unit is to be given. The default is no limit. You can specify up to five sets of load range

keywords; the second load range is the sum of the houtly operating capacities of the equipment listed in
CHILLERS-2, etc.
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Example input: Several load ranges using CHILLERS-n and MAX-LOAD-n

Assume a loop has four chillers named CHLR-A, CHLR-B, CHLR-C and CHLR-D. Only three of the chillers are
to be used in the first load range; they are listed as CHILLERS-1 = (CHLR-A, CHLR-B, CHLR-C). Note that
CHLR-D has not been listed because it is not used in this load range. The EQUIP-SEQ-n may have a variety of

values:

(default, or 1, 2, 3)

3,21
1,3,2)

1,1,2)

1,2,1)

CHLR-A will be started first. If CHLR-A cannot handle the entire load then
CHIR-B will also run. If CHLLR-A and CHLR-B cannot handle the load, then
CHLR-C will also run. The load will be prorated to all active units based upon
their capacity. For example, assume that CHLR-A is a 100-ton unit, CHLR-B is a
200-ton unit and CHLR-C is a 500-ton unit. If the load is 90 tons, then only
CHIR-A will run. If the load is 120 tons, then CHLLR-A and CHILLR-B will both
start, and will operate at 40 and 80 tons respectively. If the load is 500 tons, then
all three chillers will run, with loads of 62.5 tons, 125 tons, and 312.5 tons,
respectively. (If in reality you only want CHLR-C operating to handle a 500 ton
load, then this sequence should be entered in a separate load range.)

CHLR-C will start first, then CHLR-B, and finally CHLR-A.
CHLR-A will start first, then CHLR-C, and finally CHLR-B.
CHLR-A and CHLR-B will always start and run together, followed by CHLR-C.
Using the above example, if the cooling load is only 90 tons, then both CHLR-A
and CHLR-B will start and run at 30 tons and 60 tons, respectively, even though

CHLR-A could handle the load by itself.

CHLR-A and CHLR-C will always start and run together, followed by CHLR-B.

EQUIP-MAX-LOAD-1 can now be used to limit the load on each piece of equipment in the above cases. For
example, to limit CHLR-B to a load of 150 tons (1.8x106 Btuh), while the other units are to be unrestricted, you can
input EQUIP-MAX-LOAD = (999.0, 1.8, 999.0). The loop load will then be prorated to each unit on the basis of
unit capacity, or these values, whichever are less.

As mentioned in the above examples, you might want to only allow CHLR-C to run when the load is larger than the
combined capacity of CHLR-A and CHLR-B, and then stage CHLR-A and CHLR-B back on as the load continues
to increase beyond what CHLR-C can handle. The following input illustrates this concept.

CHILLERS-1
CHILLERS-SEQ-1

CHILLERS-2
CHILLERS-SEQ-2

$ Up to 300 tons
100, 200 tons cap
CHLR-A TFirst,
then A+B

(CHLR-A, CHLR-B)
¢ 1, 2)

$

$

$

$ Over 300 tons, use
$ CHLR-C first, then
$ C+B, then C+B+A
(CHLR-A,CHLR-B,CHLR-C)

( 3, 2, 1)

279 EQUIP-CTRL



DICTIONARY HVAC

Assignment of Thermal Storage Equipment

The EQUIP-CTRL command is also used to coordinate the assignment of THERMAL-STORAGE equipment
along with conventional equipment to meet a loop load. An EQUIP-CTRL command must be defined in order to
use a THERMAL-STORAGE device; there are no default allocation algorithms for this class of equipment. The
major difference between the assignment of storage and conventional equipment is that, while a loop may be
supplied by multiple chillers, it may supplied by only one storage device. For this reason, the storage device is not
explicitly named in the EQUIP-CTRL sequences, instead it is attached to the loop through the use of the SUPPLY-
TO-LOOP keyword in a previously defined THERMAL-STORAGE command. The following two keywords are
used for thermal storage devices.

STORE-SEQ-1

STORE-SEQ-2

STORE-SEQ-3

STORE-SEQ-4

STORE-SEQ-5

An integer value that specifies the loading sequence for the storage device. This value must be coordinated with the
values in the CHILLERS-SEQ-1 keyword to allow the storage device to be used in the desired sequence with the
conventional equipment (see the following example).

STORE-MAX-LOAD-1

STORE-MAX-LOAD-2

STORE-MAX-LOAD-3

STORE-MAX-LOAD-4

STORE-MAX-LOAD-5

The maximum load that the storage device can supply to the loop. If not specified, the device will give up to its
maximum output as specified by the THERMAL-STORAGE command. Unlike chillers, the load assigned to a
storage device is not prorated based on capacity. Instead, the assigned load depends on the order in which the
storage device is activated relative to the other equipment.

For example, assume that CHLR-A and CHLR-B are 100 tons and 200 tons, respectively, and that a cold storage
device is also attached to the loop. If the chillers are to handle the first 300 tons and cold storage is to handle the
load above 300 tons, input is as follows:

CHILLERS-1 = (CHLR-A,CHLR-B)
CHILLERS-SEQ-1 = ( 1, 2) $ CHLR-A first,

$ then A+B
STORE-SEQ-1 = () $ all loads above

$ what the chillers
$ can handle

If, instead, the cold storage device is to handle the first 300 tons, with the rest picked up by the chillers, the input
would be:

CHILLERS-1 = (CHLR-A,CHLR-B)
CHILLERS-SEQ-1 =( 2, 3)
STORE-SEQ-1 = (1) $ The tank loads
STORE-MAX-LOAD-1 = (3.6) $ first up to 300

$ tons; chillers pick
$ up the remainder

Note that, for clarity, the order of these keywords can be changed and give the same result:
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STORE-SEQ-1 = (D $ The tank loads
STORE-MAX-LOAD-1 = (3.6) $ First to 300 tons;
CHILLERS-1 = (CHLR-A,CHLR-B) $ chillers pick up
CHILLERS-SEQ-1 = ( 2, 3) $ the remainder

To force the load to be prorated to all devices, give them the same sequence number:

STORE-SEQ-1 = (D) $ The tank loads
STORE-MAX-LOAD-1 = (3.6) $ simultaneously with
CHILLERS-1 = (CHLR-A,CHLR-B) $ the chillers
CHILLERS-SEQ-1 = ( 2, 3)

Coordinating Equipment Usage with a Chilled-Water Meter

The EQUIP-CTRL command allows equipment usage to be coordinated with a chilled-water meter in a manner
analogous to thermal storage. As with storage, the meter is not explicitly named here but is attached to the loop via
the CHW-METER keyword in the CIRCULATION-LOOP command; a loop can have at most one meter. Note
that, by default, a meter will meet any load not already satisfied by other equipment (typically, there will be no other
equipment when you use a meter). The only time you need to reference the meter within an EQUIP-CTRL
command is when you want to coordinate the meter usage with other equipment.

METER-SEQ-1

METER-SEQ-2

METER-SEQ-3

METER-SEQ-4

METER-SEQ-5

An integer value that specifies the loading sequence for the meter. This value should be coordinated with the values
in the CHILLERS-SEQUENCE-1 keyword.

METER-MAX-LOAD-1

METER-MAX-LOAD-2

METER-MAX-LOAD-3

METER-MAX-LOAD-4

METER-MAX-LOAD-5

The maximum load that the meter can supply to the loop. If not specified, the meter will give up to its maximum
output as specified by the MAX-SUPPLY-RATE keyword in the CHW-METER command. For example, assume
that CHLR-A and CHLR-B are 100 tons and 200 tons, respectively, and that a CHW-METER has been attached to
the loop. If the chillers are to handle the first 300 tons, and the meter is to handle the portion of the load above 300
tons, input is as follows.

CHILLERS-1 = (CHLR-A,CHLR-B) $ 100 and 200 tons
CHILLERS-SEQ-1 = ( 1, 2) $ CHLR-A first,
$ then A+B

In this example the meter could have been listed, but there is no need to do this since, by default, an assigned meter
will always pick up any load not satisfied by other equipment. If, instead, the meter is to handle the first 300 tons,
with the rest picked up by the chillers, the input would be:

METER-SEQ-1 = (D) $ Meter loads first
METER-MAX-LOAD-1 = (3.6) $ up to 300 tons,
CHILLERS-1 = (CHLR-A,CHLR-B) $ chillers pick up
CHILLERS-SEQ-1 = ( 2, 3) $ the remainder
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PRORATE-LOAD
accepts a code-word specifying whether the load should be prorated to all active equipment units, or allocated
according to the sequence number.

When an EQUIP-CTRL sequence finds it necessary to use more than one equipment unit, the program will
normally prorate the load to all units activated based on their houtly operating capacity. For example, if a heating
load is 100,000 Btuh and two boilers are selected having capacities of 50,000 and 75,000 Btuh, then the program will
give the two boilers 40,000 and 60,000 Btuh loads respectively. The following keyword allows you to override this
proration, and load the units according to their sequence number

YES the default, means the load will be prorated. For example, if a heating load is
100,000 Btuh and two boilers are selected having capacities of 50,000 and 75,000
Btuh, then the program will give the two boilers 40,000 and 60,000 Btuh loads
respectively.

NO means the load will not be prorated, but will be assigned in the according to the
sequence number. In the previous example, if the smaller boiler had a sequence
number of 1 and the larger boiler a sequence number of two, then the smaller
boiler would be fully loaded to 50,000 Btuh (or up to the unit’s maximum
operating capacity), and the larger boiler given the remaining 50,000 Btuh.

Note that if two units have the same sequence number, then the program will sequentially load any units having a
lower sequence number, then prorate the load to any units having the same sequence number (up to fully loaded if
necessary), and then sequentially load any remaining units having a higher sequence number.

Other EQUIP-CTRL Types

The above description was for EQUIP-CTRL commands of TYPE = COOLING. Other EQUIP-CTRL types
have identical or similar keywords, with the following exceptions:

TYPE = HEATING

The storage and meter keywords are identical, and have identical functions. Other keywords are:

BOILERS-1

BOILERS-2

BOILERS-3

BOILERS-4

BOILERS-5

BOILERS-n accepts a list of U-names of up to 10 BOILERs that are to be used to meet the n load range, where
the load range is the sum of the houtly operating capacities of the equipment listed here. All of the BOILERSs listed
must be attached to the same loop.

BOILERS-SEQ-1

BOILERS-SEQ-2

BOILERS-SEQ-3

BOILERS-SEQ-4

BOILERS-SEQ-5

BOILERS-SEQ-n accepts a list of integer values between 1 and 10 that correspond to the equipment listed in
BOILERS-n. These values specify the order in which the equipment is to be started.

282 EQUIP-CTRL



DICTIONARY HVAC

CHLR/HTRS-1

CHLR/HTRS-2

CHLR/HTRS-3

CHLR/HTRS-4

CHLR/HTRS-5

CHLR/HTRS-n takes a list of U-names of up to 10 CHILLERS that can actively gperate in a heating mode, and whose
heat output is to be used to the meet the heating load. Actively operate in a heating mode means a chiller that can directly
produce heat that is not a byproduct of cooling, such as a gas-fired chiller/heater, ait-source heat pump, watet-
source heat pump, and loop-to-loop heat pump (GAS-ABSOR, AIR-SOURCE-HP, WATER-SOURCE-HP,
LOOP-TO-LOOP-HP). Heat recovered from other types of chillers is available only as a byproduct of cooling and
is considered passive heat. Passive heat recovery, when available to a loop, is always used prior to boilers, etc. and is
not controlled via an EQUIP-CTRL sequence.

When used together with BOILERS-1 through BOILERS-5, this keyword allows you (1) to enable a CHILLER in
the heating mode, or (2) to coordinate the heat output of chiller/heaters with boilers, electric generators, thermal
storage, and steam meters. Note that this keyword applies only to an EQUIP-CTRL of TYPE = HEATING, and
applies only to the heating output of a chillers that can actively operate in a heating mode. It does not apply to
cooling; for cooling you control a chiller/heater like any other chiller using the CHILLERS-1 through CHILLERS-5
keywords in an EQUIP-CTRLTYPE = COOLING.

CHLR/HTRS-SEQ-1

CHLR/HTRS-SEQ-2

CHLR/HTRS-SEQ-3

CHLR/HTRS-SEQ-4

CHLR/HTRS-SEQ-5

Accept a list of integer values between 1 and 10 that correspond to the equipment listed in CHLR/HTRS-1 through
CHLR/HTRS-5. These values specify the order in which the equipment is to be started.Used in addition to
BOILERS-SEQ-1 through BOILERS-SEQ-5 to coordinate the sequencing of chillers that can actively provide heat
with the other heating equipment that may exist.

CHLR/HTRS-MAX-1

CHLR/HTRS-MAX-2

CHLR/HTRS-MAX-3

CHLR/HTRS-MAX-4

CHLR/HTRS-MAX-5

Accepts a list of values that correspond to the equipment listed in CHLR/HTRS-1 through CHLR/HTRS-5. The
values are the maximum heating load that each unit is to be given.

Coordinating Electric Generators in the Thermal Tracking Mode with Other
Equipment

The following three keywords allow you to coordinate the use of one or more electric generators in the thermal
tracking mode with other generators in the same mode, with boilers, and/or with chiller/heaters. These keywords
apply only when the EQUIP-CTRL:TYPE = HEATING and generators are attached to the loop. These keywords
apply only when the generators are thermal tracking as specifed in their parent ELEC-METER; the electric tracking
mode of these devices is controlled using EQUIP-CTRL:TYPE = ELECTRICAL.
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GENERATORS-1

GENERATORS-2

GENERATORS-3

GENERATORS-4

GENERATORS-5

Accepts a list of U-names of the electric generators whose heating mode will be used to match the sets of load
ranges. There is no default. The equipment listed must be attached to the same loop as this EQUIP-CTRL
sequence; otherwise serious errors will result. Currently, the program does not check to see if this requirement is
met.

GENERATORS-SEQ-1

GENERATORS-SEQ-2

GENERATORS-SEQ-3

GENERATORS-SEQ-4

GENERATORS-SEQ-5

Accepts a list of integers from 1 to 10 corresponding to and entered in the same order as the equipment listed in
GENERATORS-1 through GENERATORS-5. These numbers specify the order in which the equipment will start
to satisfy the load. The default is that the equipment will start in the order listed.

All rules for sequencing described under EQUIP-CTRL:EQUIP-SEQ-1 through EQUIP-SEQ-5 also apply hete.
The program will coordinate the sequence numbers listed here for generators with any sequence numbers entered
for boilers under EQUIP-CTRL:EQUIP-SEQ-1 through EQUIP-SEQ-5 and any sequence number entered for
chiller/heaters under EQUIP-CTRL:CHLR/HTRS-SEQ-1 through CHLR/HTRS-SEQ-5.

GENERATORS-MAX-1

GENERATORS-MAX-2

GENERATORS-MAX-3

GENERATORS-MAX-4

GENERATORS-MAX-5

Accepts a list of values corresponding to and entered in the same order as the equipment listed in GENERATORS-
1 through GENERATORS-5. These numbers specify the maximum load that each equipment unit will be given. If
not specified, the maximum load will default to each unit's maximum houtly operating capacity. If specified, this
value will act as an upper limit on each unit's load. In no case, however, will a unit be assigned a load greater than its
hourly operating capacity.

TYPE = DW-HEATING

No thermal storage keywords are allowed for this TYPE since water heaters already have internal storage tanks.
STEAM-METERS can be controlled using the meter keywords described for cooling. Generators can also provide
heat to domestic hot water loop, and are controlled using the keywords described for HEATING. Other keywords
are:

DW-HEATERS-1

DW-HEATERS-2

DW-HEATERS-3

DW-HEATERS-4

DW-HEATERS-5

For TYPE = DW-HEATING, accepts a list of U-names of the DW-HEATERS that will be used to match the sets
of load ranges. There is no default. The equipment listed must be attached to the same loop as this EQUIP-CTRL
sequence; otherwise setious errors will result. Currently, the program does not check to see if this requirement is
met.
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DW-HEATERS-SEQ-1

DW-HEATERS-SEQ-2

DW-HEATERS-SEQ-3

DW-HEATERS-SEQ-4

DW-HEATERS-SEQ-5

Accepts a list of integers from 1 to 10 corresponding to and entered in the same order as the equipment listed in
DW-HEATERS-1 through DW-HEATERS-5. These numbers specify the order in which the equipment will start
to satisty the load. The default is that the equipment will start in the order listed.

TYPE = HEAT-REJECTION
No thermal storage keywords or meters are used for this TYPE. Other keywords are:

HEAT-REJ-1

HEAT-REJ-2

HEAT-REJ-3

HEAT-REJ-4

HEAT-REJ-5

For TYPE = HEAT-REJECTION, accepts a list of U-names of the HEAT-REJECTION components that will be
used to match the set of load ranges. There is no default. The equipment listed must be attached to the same loop as
this EQUIP-CTRL sequence; otherwise serious errors will result. Currently, the program does not check to see if
this requirement is met.

HEAT-REJ-SEQ-1

HEAT-REJ-SEQ-2

HEAT-REJ-SEQ-3

HEAT-REJ-SEQ-4

HEAT-REJ-SEQ-5

Accepts a list of integers from 1 to 10 corresponding to and entered in the same order as the equipment listed in
HEAT-REJ-1 through HEAT-REJ-5. These numbers specify the order in which the equipment will start to satisfy
the load. The default is that the equipment will start in the order listed.

MAX-LOAD-1
MAX-LOAD-2
MAX-LOAD-3
MAX-LOAD-4
MAX-LOAD-5
are unused for this TYPE = HEAT-REJECTION.

TYPE = ELECTRICAL

ELEC-METER

Takes the U-name of an ELEC-METER command. This keyword is used instead of CIRCULATION-LOOP. The
meter will typically be of TYPE = UTILITY, although it may also by of type BUILDING or SUBMETER. Note
that both the UTILITY and BUILDING meters may actually represent a grouping of submeters.
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GENERATORS-1

GENERATORS-2

GENERATORS-3

GENERATORS-4

GENERATORS-5

GENERATORS-n accepts a list of U-names of up to 10 GENERATORSs that are to be used to meet the n™ load
range, where the load range is the sum of the hourly operating capacities of the equipment listed here. All of the
GENERATORSs listed must be attached to the same loop.

GENERATORS-SEQ-1

GENERATORS-SEQ-2

GENERATORS-SEQ-3

GENERATORS-SEQ-4

GENERATORS-SEQ-5

GENERATORS -SEQ-n accepts a list of integer values between 1 and 10 that correspond to the equipment listed
in GENERATORS -n. These values specify the order in which the equipment is to be started.

MAX-LOADS-1
MAX-LOADS-2
MAX-LOADS-3
MAX-LOADS-4
MAX-LOADS-5
The maximum electrical load corresponding to each generator in GENERATORS-1,5.

Ground-Loop Heat-Exchangers and Fluid Coolers in parallel on WLHP loops

The program can simulate GROUND-LOOP-HXs together with cooling towers. Often, it may not be economical
to size the well field large enough to handle the peak cooling loads, especially for buildings that are cooling-
dominated. In this case, it may be desirable to install a fluid cooler in parallel with the well field. A common control
strategy would be to allocate as much of the flow to the well field as can be cooled to the loop setpoint, and pass the
rest of the flow to the fluid cooler. An example follows.

Note that ground-loop heat-exchangers can be integrated with heat-rejection devices only; they cannot be
satisfactorily integrated with boilers.

The following keywords allow you to coordinate the use of one or more ground-loop heat-exchangers (GLHX)
with one or more heat-rejection components, such as a fluid cooler. These keywords apply only when the EQUIP-
CTRL:TYPE = HEAT-REJECTION. These keywords apply only to the heat-rejection mode of a CW or WLHP
loop; they cannot be used to control GLHXSs in the heating mode.

GLHX-1

GLHX-2

GLHX-3

GLHX-4

GLHX-5

for TYPE = HEAT-REJECTION, accepts a list of U-names of the GLHXs whose heat-rejection mode will be
used in sets of load ranges. There is no default.

The equipment listed must be attached to the same loop as this EQUIP-CTRL sequence. Serious errors will result
otherwise. Currently, the program does not check to see if this requirement is met.

286 EQUIP-CTRL



DICTIONARY HVAC

GLHX-SEQ-1

GLHX-SEQ-2

GLHX-SEQ-3

GLHX-SEQ-4

GLHX-SEQ-5

accepts a list of whole numbers (integer 1-10) corresponding to and entered in the same order as the equipment
listed in GLHX-1,5. These numbers specify the order in which the equipment will start to satisfy the load. The
default is that the equipment will start in the order listed.

All rules for sequencing described under EQUIP-SEQ-1 also apply here. The program will coordinate the sequence
numbers listed here for GLHXs with any sequence numbers entered for fluid coolers.

GLHX-MAX-1

GLHX-MAX-2

GLHX-MAX-3

GLHX-MAX-4

GLHX-MAX-5

accepts a list of values corresponding to and entered in the same order as the equipment listed in GLHX-1,5. These
numbers specify the maximum flow that each equipment unit will be given. If not specified, the maximum flow will
default to each unit’s maximum hourly operating capacity. If specified, this value will act as an upper limit on each
unit’s flow. In no case, however, will a unit be assigned a flow greater than its hourly operating capacity.

Example Input

A building has a ground-loop heat-exchanger that is supplemented by a fluid cooler. When rejecting heat, the well
field is to be loaded as fully as possible, and only the surplus load allocated to the fluid cooler.

"WLHP Pump™ = PUMP

"WLHP Loop” = CIRCULATION-LOOP
LIBRARY-ENTRY "DEFAULT-WLHP""

TYPE = WLHP
LOOP-OPERATION = DEMAND
MIN-ALARM-T = 20
COOL-EQUIP-CTRL = "Htrej Ctrl”

"Fluid Cooler"™ = HEAT-REJECTION

TYPE = FLUID-COOLER
CW-LOOP = "WLHP Loop™
CAPACITY-RATIO =1.0

"Ground Loop HX"™ = GROUND-LOOP-HX

TYPE = VERT-WELL-FIELD
CONFI1GURATION = RECTANGLE-4X3
DEPTH = 225

SPACING = 20
PIPE-OUTSIDE-DIA = 1.315
PIPE-INSIDE-DIA = 1.075
U-TUBE-LEG-SEP =1

PIPE-COND = 0.226
FIELD-MULTIPLIER = 4
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REF-GRND-TEMP = 60
GRND-DIFFUSIVITY = 0.84
GRND-COND =1.4
CIRCULATION-LOOP = "WLHP Loop"

$ Fully load unit having sequence #1, before loading
$ unit having sequence #2

"Htrej Ctrl™ = EQUIP-CTRL
TYPE HEAT-REJECTION

CIRCULATION-LOOP = "WLHP Loop"
PRORATE-LOAD = NO

GLHX-1 = ("Ground Loop HX'")
GLHX-SEQ-1 = (D

HEAT-REJ-1 = ("Fluid Cooler™)
HEAT-REJ-SEQ-1 = ()

Additional EQUIP-CTRL Rules

e Tor 2-pipe loops that do both heating and cooling, or WLHP loops that do both heating and heat-
rejection, you can define two EQUIP-CTRL commands, one for the heating mode and the other for
the cooling or heat-rejection mode. You attach both control sequences to the loop using the HEAT-
EQUIP-CTRL and COOL-EQUIP-CTRL keywords within the CIRCULATION-LOOP command.
If you specify control sequences for ONLY one mode of the loop (such as heating), the operation of
the other mode will default.

e For 2-pipe loops that do both heating and cooling, you may specify a STEAM-METER and/or a
CHW-METER in the CIRCULATION-LOOP command. If you use these meters in the EQUIP-
CTRL sequences, the program automatically selects the correct meter depending on the TYPE of the
EQUIP-CTRL sequence. The same idea applies to WLHP loops, but only a STEAM-METER is
available.
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FUEL-METER

Defines a meter to which fuel use can be attached. A meter reports the energy consumption and demand for the
end uses attached to it. Also, you can associate a utility rate schedule to a meter so that the ECONOMICS program
can calculate the energy cost associated the meter. Multiple meters can be defined, allowing you to disaggregate
energy use and cost.

Example input:

FM20 = FUEL-METER

TYPE NATURAL-GAS

SOURCE-SITE-EFF 0.98 ..
TYPE
The type of fuel being metered. This is a required keyword. Acceptable entries are:
NATURAL-GAS Natural gas
LPG Liquified petroleum gas. The program assumes this is propane
FUEL-OIL Fuel oil
DIESEL-OIL Diesel oil
COAL Coal
METHANOL Methyl alcohol
OTHER-FUEL Allows you to define the characteristics of a less common fuel, such as wood

chips or biomass.

ENERGY/UNIT
The size of the billing unit in Btu or Wh in which consumption is measured.

UNIT-INDEX
An integer value that defines the billing unit as listed in the units table (see Appendix A). This value is used in the
reports, and allows English units to be converted to the correct metric units. The default varies by fuel type.

DEM-UNIT-INDEX
An integer value that defines the billing unit of peak demand as listed in the units table. This value is used in the
reports and allows English units to be converted to the correct metric units. The default varies by fuel type.

SOURCE-SITE-EFF

The ratio between the energy delivered to the building site and the source energy (the energy used by the utility to
generate the energy delivered to the building). The program uses this conversion factor in calculating the source
energy reported in the BEPS report.

INTERIOR-POWER

Accepts a list of up to 5 values of houtly fuel energy consumed by miscellaneous uses inside the building that do not
show up anywhere else. This energy shows up as a load on the meter, but does not appear as either a space load or
as a circulation loop load. Use INTERIOR-SCH, below, to schedule intetior power.

INTERIOR-SCH
Accepts a list of up to 5 U-Names of schedules with TYPE = MULTIPLIER that modify the INTERIOR-
POWER values on an houtly basis.

289 FUEL-METER



DICTIONARY HVAC

INTERIOR-EU

Accepts a list of up to 10 code-words specifying the end-use category of the INTERIOR-POWER. The code-
words correspond to the end-use categories in the end-use reports (PS-E, PS-F, BEPS, BEPU). Acceptable entries
are LIGHTS, TASK-LIGHTS, MISC-EQUIP, SPACE-HEATING, SPACE-COOLING, HEAT-REJECT,
PUMPS&AUX, VENT-FANS, REFRIG-DISPLAY, HT-PUMP-SUPPLEM, DOMEST-HOT-WTR, and EXT-
USAGE.

Note that, while exterior energy can be entered via the EXTERIOR-POWER keyword, it may also be entered via
the INTERIOR-POWER and INTERIOR-EU = EXT-USAGE keywords.

EXTERIOR-POWER

Accepts a list of up to 5 values of houtly energy consumed by miscellaneous uses outside the building that do not
show up anywhere else. This energy shows up as a load on the meter, but does not appear as cither a space load or
as a circulation loop load. Use EXTERIOR-SCH, below, to schedule exterior power.

EXTERIOR-SCH
Accepts a list of up to 5 U-Names of schedules with TYPE = MULTIPLIER that modify the EXTERIOR-
POWER values on an houtrly basis.

EXTERIOR-EU

Accepts a list of up to 10 code-words specifying the end-use category of the EXTERIOR-POWER. The code-
words correspond to the end-use categories in the end-use reports (PS-E, PS-F, BEPS, BEPU, TDV1 TDV2).
Acceptable entries are LIGHTS, TASK-LIGHTS, MISC-EQUIP, SPACE-HEATING, SPACE-COOLING,
HEAT-REJECT, PUMPS&AUX, VENT-FANS, REFRIG-DISPLAY, HT-PUMP-SUPPLEM, DOMEST-HOT-
WTR, and EXT-USAGE.

Note that, while exterior energy can be entered via the EXTERIOR-POWER keyword, it may also be entered via
the INTERIOR-POWER and INTERIOR-EU = EXT-USAGE keywords.

METER-REPORT
Takes a code-word YES (the default) or NO that determines if reports are to be output for this meter.
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GROUND-LOOP-HX

Defines a heat-exchanger between a water loop and the ground, and, with proper choice of keywords, between a
water loop and a pond, river or well.

Water-loop heat-pump systems sometimes use the ground as a heat source and sink. In this case you use
GROUND-LOOP-HX to specify the characteristics of the heat pump's ground loop heat-exchanger. This
command can also be used to specify the heat-exchanger when the ground is used as a heat sink to cool condenser
water.

Chillers may also utilize lake or well water as their heat source/sink. In this case, they utilize a CIRCULATION-
LOOP of TYPE = LAKE/WELL, and a GROUND-LOOP-HX also of TYPE = LAKE/WELL.

You can define one or more GROUND-LOOP-HXs, and these components can be attached to the same or
different CIRCULATION-LOOP:s.

The program models fields of vertical wells as well as trenches containing horizontal piping. Horizontal piping can
consist of either straight runs or "slinky" spirals. The ground models, like the rest of the program, use an houtly time
step to caclulate the ground loop performance.

The models can simulate newly-installed as well as existing systems. You can specify the number of years the system
has been installed to allow more accurate ground field initialization. In this way the effects of ground temperature
drift can be estimated. The initialization of the ground is done using a 24-hour profile of heat exchange to the
ground on the heating and cooling design days. You can provide this profile or let the program calculate it from the
building simulation on the design days. If no design days have been specified then the profiles are set to a constant
value, from hour 7 to hour 18, equal to the steady state peak heating and cooling loop loads calculated during the
sizing of the loop pumps. These heat exchange profiles are used, along with specified heating and cooling peak day
numbets, to create one or more years of "history" for the initialization of the ground coupled system.

You specify the ground loop return water temperature as a schedule (LOOP-TEMP-SCH); otherwise it defaults to
the ground temperature from the weather file.

You can also specify a "field multiplier." This allows you to define large heat-exchanger systems that consist of two
or more identical subsystems with small subsystem-to-subsystem interaction.

Important: unlike other HVAC components, the program cannot currently design a ground loop heat-exchanger
system based on the predicted heating and cooling loads. Except for the design flow, you must input all necessary
design parameters, such as the number and depth of vertical wells, horizontal trenches, etc. Under-specifying these
parameters can result in extreme temperature swings in the outlet temperature of the well field. This may cause the
WLHP loop to shut down (if the outlet temperature exceeds CIRCULATION-LOOP:MAX-ALARM-T or MIN-
ALARM-T), or may cause the heat-pump performance curves to extrapolate to unreasonable values, yielding results
badly in error or possibly fatal to the simulation. You should always specify an hourly report for this component and
review the predicted outlet temperature for both winter and summer intervals.

The ground loop heat-exchanger model is considered a test capability at this time (except LAKE/WELL, which is
well-tested). We suggest it be used for production work only with very careful examination of the results. You
should apply careful engineering judgment to be sure all predictions are reasonable since this feature has not yet
been validated against field measurements.
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Simulation of Vertical Wells

You can simulate a single vertical well or multiple, parallel vertical wells, used with a ground-source heat pump. A U-
tube configuration is assumed. Transient effects in the well and the above-ground loop are neglected. The well is
assumed to be in good contact with soil that has uniform properties and is at a constant far-field temperature.

To simulate a ground-coupled water-loop heat-pump system, you define a CIRCULATION-LOOP of TYPE =
WLHP and attach heat pumps to the loop in a manner identical to conventional WLHP systems. Instead of a
attaching a boiler and tower to the loop, you define a GROUND-LOOP-HX and attach it to the loop. The main
purpose of the simulation is to determine the temperature of the water loop based on the net heat transfer to the
loop during the hour. The ground-loop calculation and the heat pump performance calculation are done separately.
This is because of the structure of the program and the possibility of having multiple heat pumps on the same loop,
some of which may in a cooling mode while others are in a heating mode. The performance of the heat pumps is
based on the ground-loop temperature return temperature at the end of the previous hour. Alternatively, it can be
based on loop temperature setpoints. There are two alternative vertical well modeling methods: a simplified model
developed for DOE-2 with 19 different vertical well configurations; a more detailed model based upon the G-
function approach utilizing G-functions based upon the techniques developed by researcher in Sweden and
calculated via the EED program.

Simulation of Horizontal Loops

You can also simulate a horizontal loop ground heat-exchanger for use with a ground-source heat pump. Both
straight tubes and slinky coils can be modeled. Transient effects in the loop are neglected. The loop is assumed to be
in good contact with a soil that has uniform properties. As with the vertical well, you define a CIRCULATION-
LOOP of TYPE = WLHP and attach heat pumps to the loop in a manner identical to conventional WLHP
systems. Instead of a boiler and tower, you define a GROUND-LOOP-HX and attach it to the loop.

As with vertical loops, the ground loop and heat pump are simulated separately; the heat pump calculation uses the
previous-hour loop temperature or user-specified loop temperature setpoints.

Six different horizontal straight-tube configurations and two slinky configurations are available. Multiple, parallel
trenches can be specified.

Keywords

Care should be taken to specify all parameters relevant to a particular configuration as the program defaults are not

robust. It is also suggested that the SYSTEM command default HP unit performance curves be replaced with ones

that propetly represent the units planned for use; the default curves may not accurately represent the more extreme
temperature deviations that a ground-coupled system may expetience.

TYPE
Accepts a code-word that specifies the type of ground-coupled heat-exchanger. This keyword is required and should
be the first entered. Acceptable values are:

VERT-WELL-FIELD One or more vertical wells in a field of wells.

VERT-WELL-NEW One or more vertical wells in a field of wells. This modeling approach is based on
the G-function method developed by researchers in Sweden and utilized in the
Earth Energy Designer (EED) borehole heat exchanger design software package.

HORIZ-STRAIGHT-LOOP  One or more horizontal trenches with straight-tubes.

HORIZ-SLINKY-LOOP  One or more hotizontal trenches with slinky tubing.

LAKE/WELL The loop return temperature is set equal to the temperature given by LOOP-
TEMP-SCH, if specified. If LOOP-TEMP-SCH is not specified the monthly
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ground temperature from the weather file is used. This option allows you to
simulate water-wells, lakes, and rivers, where the temperature of these sources is
driven by factors other than the loop thermal demands. Since the supply
temperature is fixed by the schedule, all keywords pertaining to the ground field
definition are ignored.

Note that a GROUND-LOOP-HX of TYPE = LAKE/WELL can be attached
to CIRCULATION-LOOPs of TYPE = WLHP, CW (condenser water), or
LAKE/WELL. This allows chillers or other water-cooled components to be
attached to heat sinks like a lake, well, or river rather than a cooling tower or
outside air.

LOOP-TEMP-SCH

When the TYPE is equal to LAKE/WELL, this keyword is the U-name of a SCHEDULE of TYPE equal to
TEMPERATURE. This schedule sets the houtly return temperature from the ground-loop heat-exchanger. If you
do not specify a schedule, the temperature will default to the monthly ground temperature on the weather file.

Vertical Well Systems
The following keywords specify the properties of the well field for a vertical well system.

CONFIGURATION
For TYPE = VERT-WELL-FIELD, accepts a code-word specifying the configuration of the well-field. Acceptable
entries are:

SINGLE-WELL A single well. May be used with one or several heat pumps of relatively low
tonnage. Note that other heat pumps may be attached to other loops and other
GROUND-LOOP-HXs.

LINE-2 2 wells in a line.

LINE-3 3 wells