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DATA PROCESSING ROUTINES

Extracting Columnar Data from DOE-2 Hourly Output Reports

DOE-2 yields hourly data on specific variables provided the user specifies the

HOURLY-REPORT instruction. Analyzing the simulation results with hourly data gives a more

detailed picture of how well the model is predicting the monitored energy consumption. The

difficulties of using hourly data to calibrate a model are the extraction of data from DOE-2's

well documented output reports and processing the data into graphs which are meaningful. This

chapter demonstrates the data processing routines that extract hourly end-use energy

consumption and weather data from DOE-2's hourly output reports and process the data into

three-dimensional plots and temperature-specific humidity carpet plots.

Figure 1 is an outline of the methodology to process the hourly data into single column

data files with a date stamp. Often, to expedite efficient execution of a parametric study the

PARAMETRIC-INPUT instruction is used, requiring additional data processing of the DOE-2

output report. The output report from parametric runs consists of several simulation outputs

appended together into one file. The SEP-PARA.AWK (SEParate PARAmetric runs) routine

(Flag A.2 in Figure 1) divides the output report so that the hourly output from each parametric

run is in a separate file. The command line for SEP-PARA.AWK routine is:

nawk -f sep-para.awk <source> <parameter> <output> <# of parametric runs>

<source> is the name of the DOE-2 output report containing the output from the parametric
runs.

<parameter> is the sub-program name in which the parametric study was performed. If a
parametric study was performed on a LOADS parameter, <parameter> is LDL.
Likewise, <parameter> is SDL for a SYSTEMS parametric run and PDL for a
PLANT parametric run.

Note: The flags ("Al", "A.2", etc.) appended to the blocks representing the routines and data

files in the diagrams label the figure numbers containing examples of the data files and hard

copies of the routines. They are also used as references in the text. As an example, the block

representing the DOE-2 SIMULATION OUTPUT in Figure 1 is flagged with the flag "A.I".

Data Processing Routines to Calibrate a DOE-2 Model (C) Copyright 1992 Texas Engineering Experiment Station
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Figure 1 Processing DOE-2 Output — Flow diagram for processing DOE-2 hourly output
reports into data files with a date stamp and a single data column. If necessary, a routine
separates the output from a parametric study. Other routines create contiguous data files by
removing the columnar headers and footers in the DOE-2 output report. These hourly data files
are used to create the comparative plots. The flag labels of "A.I", "A.2", etc. in the diagram '
denotes the figure number containing an example of the data file or routine.

Data Processing Routines to Calibrate a DOE-2 Model (C) Copyright 1992 Texas Engineering Experiment Station
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<output> is a unique name given to the files containing the separated parametric run output.
Output from the first parameter run will be printed to a file called
<output>"-l.out" and the output from the second parameter run will printed to a
file called <output>-2.out", etc..

<# of parametric runs> is the number of parametric run performed by the simulation.

DOE-2's hourly output reports contain formatted column headers, footers, and summaries

which make them easily to read. The column headers, footers, and summaries need to be

removed so that the hourly data is a contiguous columnar data file and ready to be processed into

graphical data files. The RAWEXTR.AWK (RAW data EXTRaction) routine (Flag A.3) extracts

the hourly data from between the columnar headers and footers, creating a contiguous

multi-column hourly data output file. The command line for the RAWEXTR.AWK routine is:

nawk -f rawextr.awk <source> <reportl> <report2> <report3> <report4>

<source> is the name of the DOE-2 output file.

<reportl>, <report2>, etc. are the U-names of the HOURLY-REPORT in the sub-programs.
If hourly data needs to be extracted from less than four HOURLY-REPORTs,
unused <reports?> need to be filled in with an ambiguous names, i.e., "XXXX".

Example:

nawk -f rawextr.awk Fig-Al.txt HR-3 XXXX XXX XX

Fig-A.l.txt is a two day segment of a DOE-2 hourly output report; shown in Figure A.I. The

RAWEXTR.AWK routine generates an output file called "HR-3.out" which is Figure A.4 or

Fig-A4.txt. Depending on the number of variables the user requested in the HOURLY-REPORT

instruction, the continuous hourly data output file contains an equal number of hourly data

columns plus a Gregorian date stamp without a year designator. This output file requires further

processing to generate the graphical data files.

The next routine, OUTJPROC. AWK (OUTput PROCessed data) (Flag A.5), calculates a

decimal date from the Gregorian date stamp, removes any daylight savings shift in the data, and

writes the desired columns of hourly data to separate single data column files. The single data

column files can be given either the LoanSTAR date stamp (Figure A.7) or only the decimal

date (Flag A.6). Hourly data monitored in the LoanSTAR project is given a seven field date

stamp show in Table 1 which is placed at the beginning of each hourly data record. The

command line for the OUT PROC.AWK routine is:

Data Processing Routines to Calibrate a DOE-2 Model (C) Copyright 1992 Texas Engineering Experiment Station
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nawk -f outproc.awk <source> <stamp> <yr> <begins> <ends> <col> <factor> <output>

<source> is the contiguous multi-column hourly data file generated by RAWEXTR.AWK.

<stamp> "0" or "1" to indicate the desired date stamp - "1" for the LoanSTAR date stamp
- "2" for only the Decimal date.

<yr> the year that the data represents, i.e., "89".

<begins> Julian Date for the first day of daylight savings - First Sunday in April.

<ends> Julian Date for the last day of daylight savings - Last Sunday in October.

<col> is the data column's position from the farthest right column.

<factor> is a conversion factor that the data column is multiplied by.

<output> is output file name for the single data column.

Example:

nawk -f out_proc.awk HR-3.out 2 89 91 302 2 0.000001 cl.dat

The hourly cooling load data is copied to a single column data file with only the decimal date

date stamp; "cl.dat" is generated which is Figure A.6 or Fig-A.6.txt. To extract more than one

column from the contiguous multi-column data file, repeat <col> <factor> <output> columns

as many times necessary.

OUT_PROC.AWK routine processes the DOE-2 hourly data into a format identical to

the monitored data. Identical format of the predicted and monitored data files facilitates the

creation of subsequent data processing tools that handled all the data files without concern for

their origin. With the hourly data processed into a contiguous file and with the desired date

stamp, other routines are used to create the three-dimensional residual plots and the temperature-

specific humidity carpet plots.

Three-Dimensional Residual Plots

The methodology to create the three-dimensional residual plots is outlined in Figure 2.

Data for the three-dimensional residual plots are the difference between the monitored (Flag

A.8) and the predicted (Flag A.9) whole-building electricity consumption data. The

RESIDUAL.C routine (creates RESIDUAL data files, Flag A. 10) generates these data files The

command line for RESIDUAL.C routine is:

residual <predicted> <monitored> <positive> <negative>

Data Processing Routines to Calibrate a DOE-2 Model (C) Copyright 1992 Texas Engineering Experiment Station



Beta Release p. 9

Figure 2 Creating a Three-Dimensional Residual Plot -- Flow diagram for producing a
three-dimensional residual plot. Residual data files are generated on the UNIX system and then
file transferred (ftp) to the PC along with the hourly monitored and predicted electricity
consumption data. On the PC the data files are processed into a matrix where they are then
imported into LOTUS which, together with the 3DGRAPHIC Add-In package and a LOTUS
instruction macro, generates the four *.PIC files that create the plot.

Data Processing Routines to Calibrate a DOE-2 Model (C) Copyright 1992 Texas Engineering Experiment Station
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<predicted> is name of the predicted whole-building electricity consumption, (Flag A.8).

<monitored> is name of the monitored whole-building electricity consumption, (Flag A.9).

<positive> is name of the outfile for the positive residual data file.

<negative> is name of the outfile for the negative residual data file.

Example:

residual Fig-A9.txt Fig-A8.txt p-resid.dat n-resid.dat

Two residual data files are generated; "p-resid.dat" and "n-resid.dat" are the positive residual

data file (Figure A. 11) and a negative residual data file (Figure A. 12), respectively. The values

in the positive residual graph data file represent the hourly occurrences when the model

overestimates whole-building electricity consumption. In a like manner, the values in the

negative residual graph data file represent the hourly occurrences when the model

underestimates whole-building electricity consumption.

The residual graph data files are created on the UNIX system. The two residual graph

data files and the monitored and predicted whole-building electrical load data files are then

transferred to the PC. A batch file, 3DGRAPH.BAT (Flag A.13), processes each graph data file

into a 3D graph using the COLROW3D program and the LOTUS spreadsheet package with the

Intex Solutions 3D-Graphics Add-In software to create three-dimensional graphs. The command

line for the 3DGRAPH.BAT routine is:

3dgraph <source> <0 or 1> <macro name>

<source> is the name for the hourly columnar data file without its *.dat extension.

<0 or 1> Choose "0" to process one year's worth of data, filling in missing data if
necessary. Choose "1" to generate the smallest n x 24 matrix containing the input
data.

<macro name> name of the 123AUTO.WK1 macro without its *.std extension.

Example:

3dgraph Fig-A8 1 3delec

COLROW3D converts columnar data into a matrix format (Flag A. 14) which in the format

required by the Intex Solutions 3D-Graphics software. The matrix consists of 25 columns. The

first column is the day-of-the-year followed by 24 columns for each hour-of-the-day. For a non-

leap year, the matrix can have up to 366 rows; one row for each day of the year present in the

data file and one row along the top for graphic labels. The data matrix file is imported into

LOTUS and three-dimensional graphs are automatically generated using a three-dimensional

Data Processing Routines to Calibrate a DOE-2 Model (C) Copyright 1992 Texas Engineering Experiment Station
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add-in package, 3D GRAPHICS, and a 123AUTO.WK1 macro (Flag A. 15). The

123AUTO.WK1 macro performs the keystrokes necessary to retrieve a matrix file and select,

label, and scale the data ranges to generate a three-dimensional graph.

Temperature-Specific Humidity Carpet Plots

The data files used to create the temperature-specific humidity carpet plots originate from

five hourly data files extracted from the DOE-2 simulation output (Flag A.9 and Flags A. 16 to

A. 19). Figure 3 outlines the required data processing to create the data files for the temperature-

specific humidity carpet plot. First, the hourly outdoor dry bulb temperature and specific

humidity data are used by DOE-WEA.C (DOE-2 WEAther, Flag A.20) to create a single

weather data file containing the decimal date, outdoor dry bulb temperature, specific humidity,

and relative humidity. The command line for DOE-WEA.C routine is:

doe-wea <pressure> <temperature> <humidity> <output>

<pressure> is the building's standard atmospheric pressure (psia).

<temperature> is the hourly dry bulb temperature data file.

<humidity> is the hourly specific humidity data file.

<outfile> is the name of the outfile.

Example:

doe-wea 14.55 Fig-A16.txt Fig-A17.txt weather.dat

The DOE-WEA.C routine generates a data file called "weather.dat" which is Figure A.21. Next,

the hourly energy load data files are merged with the weather data file by ADD-LOAD.C (ADD

LOADs, Flag A.22) to create a single graph data file containing weather and energy

consumption data (Flag A.23). The command line for ADD-LOAD.C routine is:

add-Ioad <weather> <cooling> <heating> <electricity> <output>

<weather> is the hourly weather data file generated by DOE-WEA.C

<cooling> is the hourly chilled water energy consumption data file.

<heating> is the hourly hot water energy consumption data file.

<electricity> is the hourly whole-building electricity energy consumption data file.

<outfile> is the name of the outfile.

Example: '

add-load weather.dat Fig-A18.txt Fig-A19.txt Fig-A9.txt wea-lds.dat

Data Processing Routines lo Calibrate a DOE-2 Model (C) Copyright 1992 Texas Engineering Experiment Station
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Figure 3 Creating a Temperature-Specific Humidity Carpet Plot - Flow diagram for
producing a temperature-specific humidity carpet plot. The graph data files of hourly weather
data and energy consumption for the carpet plot are generated on the UNIX system and then
transferred (ftp) to the PC. On the PC a batch routine calls GRAPHER to generate the graph
files, and then copies, scales, and positions the graphs in the proper order on the page.

Data Processing Routines to Calibrate a DOE-2 Model (C) Copyright 1992 Texas Engineering Experiment Station
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The ADD-LOAD.C routine generates a weather and energy consumption data file called "wea-

lds.dat" which is Figure A.23. This weather and energy consumption data file is used to create

five of the graphs in temperature-specific humidity carpet plot. The file contains the hourly data

used to plot ambient conditions on a psychrometric chart template, to create a cooling and

heating load versus outdoor dry bulb temperature graph, and cooling and heating load versus

outdoor specific humidity graph.

The weather and energy consumption data file is also used to create the data files for the

other four graphs in the carpet. The file is used to create the outdoor dry-bulb temperature and

specific humidity histogram data files (Flag A.33 and Flag A.34), the daily average load profile

data file (Flag A.27) and linear regression models of chilled water and hot water consumption

versus outdoor dry-bulb temperature (A.29). The SAS statistical software programs, CHW.SAS

and HTW.SAS (Flag A.28), determine the slope and the y-intercept of the predicted chilled

water and hot water consumption versus outdoor dry bulb temperature. The SAS programs look

for a data file called "input.dat", therefore the weather and energy consumption data file needs to

be copied to "input.dat" before executing the SAS programs. The command lines for the

CHW.SAS and HTW.SAS routines are:

copy wea-Ids.dat input.dat

sas chw.sas

sas htw.sas

Output from CHW.SAS and HTW.SAS routines are files named "chwsas.out" (Figure A.29) and

"htwsas.out" respectively.

The SAS-EQU.AWK routine (SAS EQUations, Flag A.30) extracts the slope and

y-intercept values from the SAS output files and uses them to generate two data files

representing the linear regression models of cooling and heating load versus dry bulb

temperature. The command line for the SAS-EQU.AWK routine is:

nawk -f sas-equ.awk <sas output> <output>

<sas output> is the output file from CHW.SAS and HTW.SAS routines.

<output> is the name of the output data file.

Example:

nawk -f sas-equ.awk Fig-A29.txt cw-line.dat ,

Data Processing Routines to Calibrate a DOE-2 Model (C) Copyright 1992 Texas Engineering Experiment Station
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The SAS-EQU.AWK routine generates a graph data file called "cwline.dat" which is Figure

A.31. These lines reflect the central tendency of the predicted chilled and hot water consumption

versus dry bulb temperature and are plotted in the cooling and heating load versus dry bulb

temperature graph as solid lines labeled CW Model and HW Model.

The daily average energy load profile graphs require daily-averaged dry bulb temperature

to sort the hourly energy consumption according to daily-averaged temperature less than or

greater than 60 °F (Flag A.25). DAILY-AV.AWK (creating DAILY AVerage data from hourly

data, Flag A.24) generates a daily-averaged dry bulb temperature data file from the hourly data.

The command line for the DAILY-AV.AWK routine is:

nawk -f daily-av.awk <source> <output>

<source> is the hourly dry bulb temperature data file.

<output> is name of the created daily average data file.

Example:

nawk -f daily-av.awk Fig-A16.txt db.ave

The DAILY-AV.AWK routines generates a daily-averaged data file called "db.ave"

which is Figure A.25. LDS-PROF.C (Flag A.26) uses the daily-averaged dry bulb temperature

data file and the weather and energy consumption data file (Flag A.21) to generate daily-average

load profiles. Daily-average weekday and weekend load profiles are generated from the hourly

cooling, heating, and electricity load data for days with a daily-averaged temperatures above and

below 60 °F. The command line for the LDS-PROF.C routine is:

Ids-prof <daily-average> <source> <outfile>

<daily-average> is the daily average dry bulb temperature file.

<source> is the weather and energy consumption data file.

<outfile> is the name of the outfile data file.

Example:

Ids-prof db.ave wea-lds.dat ldspf.dat

The LDS-PROF.C routine generates a graph data file called ldspf.dat which is Figure A.27.

Data Processing Routines to Calibrate a DOE-2 Model (C) Copyright 1992 Texas Engineering Experiment Station
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The graph data files for the two histograms are generated using the routine HISGEN3

(Flag A.32). The command line for the HISGEN3 routine is:

nawk -f hisgen3 <source>

<source> is the weather and energy consumption data file.

Example:

nawk -f hisgen3 wea-lds.dat

HISGEN3 generates two output files, "tmp.dat" (Figure A.33) and "w.dat" (Figure A.34),

which are the graph data files for the temperature and specific humidity histograms, respectively.

In all, six graph data files are required to create the temperature-specific humidity carpet

plot. The carpet plots are created using the GRAPHER graphics software. The six data graphs

files are transferred from the UNIX system to the PC. The six graph data files need to be copied

to the file names which are expected by the graphing batch routine DOE-LDS.BAT (DOE-2

LoaDS graphing routine Figure A.35) and in the resident directory of the GRAPHER graph data

files (*.grf) and scaling and positioning files (*.tem). The weather and energy consumption data

file from ADD-LOAD.C (wea-lds.dat) needs to be copied to raw-wea.dat. The graph data files

representing the cooling and heating load linear regression models generated by SAS-

EQU.AWK need to be copy to cwline.dat and hwline.dat, respectively. The daily average load

profiles data file from LDS-PROF.C needs to be copied to Idspf.dat. The two histogram data

files, tmp.dat and w.dat, do not need to be renamed. DOE-LDS.BAT generates the GRAPHER

files, copies, scales, and positions the graphs in proper order to create a temperature-specific

humidity carpet plot. The command line for the DOE-LDS.BAT routine is:

doe-Ids <date 1> <date 2>

<date 1> and <date 2> are the Gregorian or similar date stamp that represents the beginning
and ending dates of the data. These dates are the X-axis title of all the time series
graphs. An AWK routine called CHANGEX (Figure A.36) edits the *.grf time
series files to include the correct X-axis title.

Example:

doe-Ids Sept-1/1989 Sept-2/1989

DOE-LDS.BAT generates a postscript output file called DOE-LDS.OUT. Figure A.37 shows the

proper combination of graph data files and GRAPHER files to create each graph in the plot.

Data Processing Routines to Calibrate a DOE-2 Model (C) Copyright 1992 Texas Engineering Experiment Station
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TACKING1 SITE MONITORED WEATHER DATA INTO TRY

A methodology to pack site monitored weather data into an existing TRY (Test

Reference Year) weather file has been developed using a FORTRAN program called

LS2TRY.FOR (LoanSTAR weather data into a Test Reference Year weather file) and the

DOE-2 weather packer developed by Lawrence Berkeley Laboratory. Site monitored weather

data in the format shown in Table 1 is processed into a binary file usable by the DOE-2 program.

The methodology is outlined in Figure 1. In Figure 1, the blocks representing the data files and

programs in the methodology are appended with flags to identify the figure numbers containing

examples of the data files and hard copies of the programs.

A command procedure (PACKWEATHER.COM) was written to perform the necessary

steps to pack the site monitored weather data. The command procedure does file management,

then executes LS2TRY.F0R, and finally calls the DOE-2 weather packer. The DOE-2 weather

packer resides on the University VAX, therefore it's used to pack the site monitored weather

data. The command line to pack monitored weather data is:

@PACKWEATHER <Monitored Data> <Base TRY> <LS2TRY Instruction <Packer Instruction

<Monitored Data> is the site-monitored weather data file (B.3).

<Base TRY> is the base TRY weather file (B.4). The base TRY weather file is in the
ASCII format and contains one-whole year of data.

<LS2TRY Instruction> is the program instruction file (B.2) for LS2TRY.F0R. The instruction
file gives the methodology the flexibility to process weather data from
different weather sites.

<Packer Instruction> is the DOE-2 weather packer instruction file (B.5).

Example:

@PACKWEATHER Fig-B3.txt Fig-B4.txt Fig-B2.txt Fig-B5.txt

where Fig-B3.txt is the two day example the monitored data file shown in Figure B.3.

To pack site monitored weather data, these four data files and PACKWEATHER.COM

need to be in the same directory. To complete a successful run, the Monitored Data file needs to

have several attributes. The Monitored Data file, <Monitored Data>, needs to be in columnar

format with a 1-24 hour time stamp. The monitored data file can be as small as one hourly data,

record but no larger than one year (365 days). The data needs to be in sequence from the earliest

time stamp to the latest; based on the Month, Day-of-the-Month, Hour-of-the-Day fields. The

Data Processing Routines lo Calibrate a DOE-2 Model (C) Copyright 1992 Texas Engineering Experiment Station
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TABLE 1 Format of the ZEC Monitored Weather Data File

Data Processing Routines to Calibrate a DOE-2 Model (C) Copyright 1992 Texas Engineering Experiment Station
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Figure 1 Methodology to Incorporate Site Monitored Weather Data -- Flow diagram of
the procedure to incorporate site monitored data into a DOE-2 readable binary weather file on f

the University VAX. One command procedure, PACKWEATHER.COM, performs the data file
management, runs the FORTRAN program LS2TRY.FOR, and calls the DOE-2 weather packer
to incorporate site monitored data into a binary weather file.

Data Processing Routines lo Calibrate a DOE-2 Model (C) Copyright 1992 Texas Engineering Experiment Station
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year which the data comes from is not significant to the order which it appears in the data file.

The procedure requires the data records to be marked with whole hours, i.e. zero minutes. This is

the format of the TRY weather files and the Hour-of-the-Day field needs to be in the format of

HHMM. There should be no records with identical time stamps and all non-existing monitored

weather data should be marked as '-99.0'. The monitored data file should be robustly processed

using data processing routines that check for missing hourly records, duplicate records, and

hourly records out of sequence.

The Base TRY weather file, <Base TRY> is any TRY weather file in ASCII format

containing 365 days of data. The DOE-2 weather packer requires the weather file to contain one

full year of data. Actual weather data is laid-into the base weather file to assure the resulting

weather file contains a full year of data.

The program instruction file, <LS2TRY Instructions was created to give the methodology

the flexibility to process weather data from different weather sites. The instruction file consists

of two records. The first record, detailed in Table 2, is data instruction for the

WEATHER_PROCESS subroutine and the second record, detailed in Table 3, consists of Y's

and N's for yes and no to tell the LAYIN subroutine whether or not to replace a weather

parameter on the base weather file with actual data. All numeric data except the STATION

NUMBER is input as a real variable, the decimal place specified: the STATION NUMBER is

input as an integer.

The instruction file for the DOE-2 weather packer, <Packer Instruction>, contains the

necessary data to pack an ASCII weather file. For more information on creating an instruction

file, reference the DOE-2 Reference Manual, Part 2, Appendix VIII.C, pp VIII.37 to VIII.38

(LBL 1982).

Data Processing Routines lo Calibrate a DOE-2 Model (C) Copyright 1992 Texas Engineering Experiment Station
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Table 2 Description of the Program Instruction File's First Record

First Record Description
The standard meridian for the local time zone (i.e. Central
Time Zone is 90.0°)
The longitude of the weather station in degrees west
The latitude of the weather station in degrees north*
The station's standard atmospheric pressure for the station's
altitude [psia]
First day of Daylight Savings [Julian date], first Sunday in
April**
Last day of Daylight Savings [Julian date], last Sunday in
October**
5 digit number specifying the STATION NUMBER***
Dominant Wind Direction - '999' if missing wind direction
data

* LS2TRY.FOR code is for weather stations in the Northern Hemisphere.
** The value of these two parameters should be set to 0.0 for a monitored weather file that
does not have a Daylight Saving time shift.
*** This STATION NUMBER needs to be the same number specified in the data instruction
file for the DOE-2 weather packer.
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APPENDIX A

Data Processing Routines' Example Data Files and Routine Hard-copies
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1 LoneSTAR Project ZEC
Energy Systems Laboratory
HR-3 = HOURLY-REPORT

DOE-2.1D 4/23/1992
Texas A&M University

15:45:07 PDL RUN 1
JDB

PAGE 1- 1

Figure A. 1 Two Day Example of DOE-2 HOURLY-REPORT Output
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1 LoneSTAR Project ZEC
Energy Systems Laboratory
HR-3 = HOURLY-REPORT

DOE-2.ID 4/23/1992
Texas A&M University

15:45:07 PDL RUN 1
JDB

PAGE 2- 1

Figure A.1 Continued
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# ! /usr/local/bin/gawk -f
# %W% %G%
^ ***************************************************************************
# Copyright (c) 1990, Texas Enginnering Experiment Station
#
# Program: SEP-PARA.AWK
# Version: %I%
# Last Update: %G%
#
# Description:
# This program divides the DOE-2 output from parametric study into
# seperate files.
#
# Usage:
# SEP-PARA.AWK <source> <parameter> <output> <# of runs>
#
# <source> is the name of the DOE-2 output file
# <parameter> is the name of the sub-program in DOE-2; LDL for LOADS,
# SDL for SYSTEMS, and PDL of PLANT which the PARAMETRIC-INPUT
# instruction was used
# <output> output file name - a numeral is attach to this output file
# name to distinguished between PARAMETRIC-INPUT instructions
# <# of runs> number of PARAMETRIC-INPUT instructions
#
#
# History:
# Design: Doug Bronson
# Code: Doug Bronson
#
# Distribution Rights
# DEVELOPED BY: Energy Systems Laboratory, Mechanical Engr. Dept.,
# Texas A & M University., College Station, Texas 77843-3123,
# (409)- 845-1560
# SUPPORTED BY: State of Texas Governor's Energy Management Center
#
# COPYRIGHT NOTICE: This program bears a copyright notice to prevent rights
# from being claimed by any other party. Texas A & M University intends
# that the program be placed in the public domain and grants
# permission for it to be used and redistributed, provided that:
# 1) the source code is distributed
# 2) this notice is retained in all copies of the source code, and
# 3) the program is not sold for profit without written approval
# from TEES.
# The program is distributed "as is". TEES provides no warranty or
# support service unless special arrangements have been made to do so.
# Certain manufacturers and trade names are mentioned in this code for
# the purpose of describing their communications protocol. This does
# not constitute an endorsement or recommendation of such equipment,
# but is provided for informantional purposes only.
#
$*****************************************************************************

# SEP-PARA.AWK seperates DOE-2 parametric runs into seperate files to be
# processed by OUT_PROC.AWK
#
# input form
# gawk -f sep-para.awk
# 1 source file with extension
# 2 the parameter run made LDL for LOADS, SDL for SYSTEMS and PDL for PLANT
# 3 a 3-4 letter code word for naming the runs
# 4 the number of runs - 1,2,3, etc '
#

Figure A.2 Hard-copy of the SEP-PARA.AWK Routine
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Figure A.2 Continued
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# ! /usr/local/bin/nawk -f
# %W% %G%
# ***************************************************************************
# Copyright (c) 1990, Texas Enginnering Experiment Station
#
# Program: RAWEXTR.AWK
# Version: %I%
# Last Update: %G%
#
# Description:
# This program removes the column headers and footers from the DOE-2 hourly
# report to create contiguous hourly data file.
#
# Usage:
# RAWEXTR.AWK <source> <reportl> <report2> <report3> <report4>
#
# <source> name of the DOE-2 output file
# RAWEXTR.AWK is setup to extract hourly data from four DOE-2 hourly reports.
# <reportl>, <report2>, etc. are the U-names of the HOURLY-REPORT in the
# subprograms. If hourly data needs to be extracted from less than four
# HOURLY-REPORTS, unused <outfile?> need to be filled in with an ambiguous
# names, i.e., "XXXX"
#
# History:
# Design: Doug Bronson
# Code: Doug Bronson
#
# Distribution Rights
# DEVELOPED BY: Energy Systems Laboratory, Mechanical Engr. Dept.,
# Texas A & M University., College Station, Texas 77843-3123,
# (409)- 845-1560
# SUPPORTED BY: State of Texas Governor's Energy Management Center
#
# COPYRIGHT NOTICE: This program bears a copyright notice to prevent rights
# from being claimed by any other party. Texas A & M University intends
# that the program be placed in the public domain and grants
# permission for it to be used and redistributed, provided that:
# 1) the source code is distributed
# 2) this notice is retained in all copies of the source code, and
# 3) the program is not sold for profit without written approval
# from TEES.
# The program is distributed "as is". TEES provides no warranty or
# support service unless special arrangements have been made to do so.
# Certain manufacturers and trade names are mentioned in this code for
# the purpose of describing their communications protocol. This does
# not constitute an endorsement or recommendation of such equipment,
# but is provided for informantional purposes only.
#
$*****************************************************************************

# RAWEXTR.AWK
# THIS FILE EXTRACT DATA FROM A STANDARD DOE2.1 OUTPUT FILE AND PLACE
# IT IN TO A FILE SOURCE_NAME.AWK
#
# input format
# gawk -f rawextr.awk
# 1 source_file
# 2 reportl
# 3 report2
# 4 report3
# 5 report4 '
# a designator must be at each report location, real or false

Figure A.3 Hard-copy of the RAWEXTR.AWK Routine
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Figure A.4 Two Day Example of Raw Columnar DOE-2 Output without Header and Footers
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# ***************************************************************************
# Copyright (c) 1990, Texas Enginnering Experiment Station
#
# Program: OUT_PROC.AWK
# Version: %I%
# Last Update: %G%
#
# Description:
# This program extracts the multi-columns in the contiguous DOE-2 hourly
# output file in to single column data files with either the LoanSTAR date
# stamp or just the decimal date.
#
# Usage:
# OUT_PROC.AWK <source> <stamp> <year> <begins> <ends> <column> <factor>
<output>
#
# <source> the contiguous multi-column data file
# <stamp> - 1 for the LoanSTAR date stamp - 2 for only the Decimal date
# <yr> the year that the data represents
# <begins> Julian Date for the first day of daylight savings - First Sunday in
April
# <ends> Julian Date for the last day of daylight savings - Last Sunday in
October
# <col> data column's position from the farthest right column
# <factor> conversion factor to multiple the data column by
# <output> output file name that the single data column is printed out to
#
# the extract more than one column from the contiguous multi-column data file,
# repeat <column> <factor> <output> columns for each one
#
# History:
# Design: Doug Bronson
# Code: Doug Bronson

# Distribution Rights
# DEVELOPED BY: Energy Systems Laboratory, Mechanical Engr. Dept.,
# Texas A & M University., College Station, Texas 77843-3123,
# (409)- 845-1560
# SUPPORTED BY: State of Texas Governor's Energy Management Center
#
# COPYRIGHT NOTICE: This program bears a copyright notice to prevent rights
# from being claimed by any other party. Texas A & M University intends
# that the program be placed in the public domain and grants
# permission for it to be used and redistributed, provided that:
# 1) the source code is distributed
# 2) this notice is retained in all copies of the source code, and
# 3) the program is not sold for profit without written approval
# from TEES.
# The program is distributed "as is". TEES provides no warranty or
# support service unless special arrangements have been made to do so.
# Certain manufacturers and trade names are mentioned in this code for
# the purpose of describing their communications protocol. This does
# not constitute an endorsement or recommendation of such equipment,
# but is provided for informantional purposes only.
#

# OUT PROC.AWK

Figure A.5 Hard-copy of the OUT_PROC.AWK Routine
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Figure A.5 Continued
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Figure A.5 Continued
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Figure A.5 Continued
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Figure A.5 Continued
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Figure A.6 Two Day Example of Predicted Chilled Water Energy Consuinption Data
with Decimal Date Stamp
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Figure A.7 Two Day Example of Predicted Chilled Water Energy Consumption Data
with LoanSTAR Date Stamp
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Figure A.8 Two Day Example of Monitored Whole-building Electiieity Consumption Data
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Figure A.9 Two Day Example of Predicted Whole-building Electricity Consumption Data
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Figure A. 10 Hard-copy of the RESIDUAL.C Routine
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Figure A. 10 Continued
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Figure A. 11 Two Day Example of Positive Residual Whole-building

Electricity Consumption Data
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Figure A. 12 Two Day Example of Negative Residual Whole-building

Electricity Consumption Data
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Figure A. 13 Hard-copy of the 3DGRAPH.BAT Batch File
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Figure A. 14 Two Day Example of Monitored Whole-building Electricity Consumption Data

in Matrix Format
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Figure A. 15 Hard-copy of a 123AUTO.WK1 Macro - 3DELEC.STD
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Figure A. 16 Two Day Example of Hourly Outdoor Dry Bulb Temperature Data
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Figure A. 17 Two Day Example of Hourly Outdoor Specific Humidity Data
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Figure A. 18 Two Day Example of Hourly Chilled Water Consumption Data
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Figure A. 19 Two Day Example of Hourly Hot Water Consumption Data

Data Processing Routines to Calibrate a DOE-2 Model (C) Copyright 1992 Texas Engineering Experiment Station



Beta Release p. 49

/* ! /usr/local/bin/ */
/* %W% %G% */
/ * *********************************************************************** */
/* Copyright (c) 1990, Texas Enginnering Experiment Station */
/* */
/* Program: DOE-WEA.C */
/* Version: %I% */
/* Last Update: %G% */
/* */
/* Description: */
/* This program uses hourly dry bulb temperature (F) data and specific */
/* humidity (lbw/lba) data to create a weather data file consisting of */
/* a decimal date date stamp and hourly dry bulb temperature, relative */
/* humidity and specific humidity */
/* */
/* Usage: */
/* DOE-WEA.C <pressure> <temperature> <humidity> <outfile> */
/* */
/* <pressure> is the building's standard atmospheric pressure (psia) */
/* <temperature> is the hourly dry bulb temperature data file */
/* <humidity> is the hourly specific humidity data file */
/* <outfile> is the name of the output data file */
/* */
/* History: */
/* Design: Doug Bronson */
/* Code: Doug Bronson */
/* */
/* Distribution Rights */
/* DEVELOPED BY: Energy Systems Laboratory, Mechanical Engr. Dept., */
/* Texas A & M University., College Station, Texas 77843-3123, */
/* (409)- 845-1560 */
/* SUPPORTED BY: State of Texas Governor's Energy Management Center */
/* */
/* COPYRIGHT NOTICE: This program bears a copyright notice to prevent */
/* rights from being claimed by any other party. Texas A & M University */
/* intends that the program be placed in the public domain and grants */
/* permission for it to be used and redistributed, provided that: */
/* 1) the source code is distributed */
/* 2) this notice is retained in all copies of the source code, and */
/* 3) the program is not sold for profit without written approval */
/* from TEES. */
/* The program is distributed "as is". TEES provides no warranty or */
/* support service unless special arrangements have been made to do so. */
/* Certain manufacturers and trade names are mentioned in this code for */
/* the purpose of describing their communications protocol. This does */
/* not constitute an endorsement or recommendation of such equipment, */
/* but is provided for informantional purposes only. */
/* */
I * ************************************************************************ *i
#include <stdio.h>
#include <math.h>
/* doe-wea.c uses hourly dry-bulb temperature and specific humidity */
/* and calculates the relative humidity. The output file is decimal date,*/
/* dry bulb temperature, relative humidity, and specific humidity */
/* input form */
/* doe-wea */
/* 1 station atmosphere pressure in psia */
/* 2 dry-bulb temperature - decimal date, data column */
/* 3 specific humidity - decimal date, data column */
/* 4 output file name */ '

Figure A.20 Hard-copy of the DOE-WEA.C Routine
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Figure A.20 Continued
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Figure A.21 Two Day Example of the Weather Data File

Data Processing Routines to Calibrate a DOE-2 Model (C) Copyright 1992 Texas Engineering Experiment Station



Beta Release p. 52

/* ! /usr/local/bin */
/* %w% %G% */
/* ************************************************************************ *i
I* Copyright (c) 1990, Texas Enginnering Experiment Station */
/* */
/* Program: ADD-LOAD.C */
/* Version: %I% */
/* Last Update: %G% */
/* */
/* Description: */
/* This routine merges hourly cooling, heating, and electricity consumption */
/* data to the weather data file created by DOE-WEA.C */
/* */
/* Usage: */
/* add-load <weather> <cooling> <heating> <electricity> <outfile> */
/* */
/* <weather> is the hourly weather data file generated by DOE-WEA.C */
/* <cooling> is the hourly cooling load energy consumption data file */
/* <heating> is the hourly heating load energy consumption data file */
/* <electricity> is the hourly whole-building electricity consumption data */
/* file */
/* <outfile> is the name of outfile data file */
/* */ ' .
/* History: */
/* Design: Doug Bronson */
/* Code: Doug Bronson */
/* */
/* Distribution Rights */
/* DEVELOPED BY: Energy Systems Laboratory, Mechanical Engr. Dept., */
/* Texas A & M University., College Station, Texas 77843-3123, */
/* (409)- 845-1560 */
/* SUPPORTED BY: State of Texas Governor's Energy Management Center */
/* */
/* COPYRIGHT NOTICE: This program bears a copyright notice to prevent */
/* rights from being claimed by any other party. Texas A & M University */
/* intends that the program be placed in the public domain and grants */
/* permission for it to be used and redistributed, provided that: */
/* 1) the source code is distributed */
/* 2) this notice is retained in all copies of the source code, and */
/* 3) the program is not sold for profit without written approval */
/* from TEES. */
/* The program is distributed "as is". TEES provides no warranty or */
/* support service unless special arrangements have been made to do so. */
/* Certain manufacturers and trade names are mentioned in this code for */
/* the purpose of describing their communications protocol. This does */
/* not constitute an endorsement or recommendation of such equipment, */
/* but is provided for informantional purposes only. */
/* */

I * ************************************************************************ */
ttinclude <stdio.h>
/* add-load.c attachs the hourly cooling, heating, and electricity */
/* consumption to the output file from doe-wea.c */
/* input format */
/* add-loads */
/* 1 output file from doe-wea.c */
/* 2 hourly cooling load data file, decimal date, data column */
/* 3 hourly heating load data file, decimal date, data column */
/* 4 hourly electrical load data file, decimal date, data column */
/* 5 output file name */ '

Figure A.22 Hard-copy of the ADD-LOAD.C Routine
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Figure A.22 Continued
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Figure A.23 Two Day Example of the Weather and Energy Consumption Data File
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# ! /usr/local/bin/nawk -f

# Copyright (c) 1990, Texas Enginnering Experiment Station
#
# Program: DAILY-AV.AWK
# Version: %I%
# Last Update: %G%
#
# Description:
# This program creates a daily average data file from hourly data
#
# Usage:
# daily-av <source> <outfile>
#
# <source> is the hourly data file.
# <output> is the name of the daily average data file.
#
# History:
# Design: Doug Bronson
# Code: Doug Bronson
#
# Distribution Rights
# DEVELOPED BY: Energy Systems Laboratory, Mechanical Engr. Dept.,
# Texas A & M University., College Station, Texas 77843-3123,
# (409)- 845-1560
# SUPPORTED BY: State of Texas Governor's Energy Management Center
#
# COPYRIGHT NOTICE: This program bears a copyright notice to prevent rights
# from being claimed by any other party. Texas A & M University intends
# that the program be placed in the public domain and grants
# permission for it to be used and redistributed, provided that:
# 1) the source code is distributed
# 2) this notice is retained in all copies of the source code, and
# 3) the program is not sold for profit without written approval
# from TEES.
# The program is distributed "as is". TEES provides no warranty or
# support service unless special arrangements have been made to do so.
# Certain manufacturers and trade names are mentioned in this code for
# the purpose of describing their communications protocol. This does
# not constitute an endorsement or recommendation of such equipment,
# but is provided for informantional purposes only.
#

# DAILY-AV.AWK sums hourly data into daily average data files.
#
# input format
# gawk -f daily-av.awk
# 1 source file with extension - decimal date, data column
# 2 output file containing daily averages
#
BEGIN {

daily_ave_file = ARGV[ARGC-1 ] ;
start = 1;

#
ARGC = 2;

Figure A.24 Hard-copy of the DAILY-AV.AWK Routine
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Figure A.24 Continued
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Figure A.25 Two Day Example of Daily-Averaged Outdoor Dry Bulb Temperature
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/* ! /usr/local/bin */
/* %W% %G% */
/* ************************************************************************ */
/* Copyright (c) 1990, Texas Enginnering Experiment Station */
/* */
/* Program: LDS-PROF.C */
/* Version: %I% */
/* Last Update: %G% */
/* */
/* Description: */
/* This routine generates daily-average load profiles. The hourly cooling, */
/* heating, and electricity consumption data is segregated into weekend and */
/* weekday bins and bins with a daily-averaged dry bulb temperature less */
/* than and greater than 60 F. */
/* */
/* Usage: */
/* Ids-prof <daily-average> <source> <outfile> */
/* */
/* <daily-average> is the daily-averaged dry bulb temperature file */
/* <source> is weather and energy consumption data file */
/* <outfile> is the name of the outfile data file */
/* */
/* History: */
/* Design: Doug Bronson */
/* Code: Doug Bronson */
/* */

/* Distribution Rights */
/* DEVELOPED BY: Energy Systems Laboratory, Mechanical Engr. Dept., */
/* Texas A & M University., College Station, Texas 77843-3123, */
/* (409)- 845-1560 */
/* SUPPORTED BY: State of Texas Governor's Energy Management Center */
/* */
/* COPYRIGHT NOTICE: This program bears a copyright notice to prevent */
/* rights from being claimed by any other party. Texas A & M University */
/* intends that the program be placed in the public domain and grants */
/* permission for it to be used and redistributed, provided that: */
/* 1) the source code is distributed */
/* 2) this notice is retained in all copies of the source code, and */
/* 3) the program is not sold for profit without written approval */
/* from TEES. */
/* The program is distributed "as is". TEES provides no warranty or */
/* support service unless special arrangements have been made to do so. */
/* Certain manufacturers and trade names are mentioned in this code for */
/* the purpose of describing their communications protocol. This does */
/* not constitute an endorsement or recommendation of such equipment, */
/* but is provided for informantional purposes only. */
/* */
/* *********************************************************************** *i
#include <stdio.h>
#include <math.h>

/* LDS-PROF.C creates average daily load profiles for chilled & hot water */
/* consumption and electricity consumption for weekdays and weekends & */
/* vacation and for daily average temperature above and below 60f */

/* input form */
/* Ids-prof */
/* 1 daily average temperature file */
/* 2 hourly weather and energy data file - output from add-loads.c */
/* 3 average daily load profile file */ '

Figure A.26 Hard-copy of the LDS-PROF.C Routine
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Figure A.26 Continued
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Figure A.26 Continued
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Figure A.26 Continued
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Figure A.27 Example of the LDSPF.DAT Graph Data File
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The SAS System 19:19 Tuesday, March 3, 1992

Figure A.29 Example of the Chilled Water Consumption SAS Output
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The SAS System 19:19 Tuesday, March 3, 1992 2

Plot of CW_WATER*TDB. Legend: A = 1 obs, B = 2 obs, etc.
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# ! /usr/local/bin/gawk -f
# %W% %G%
# ***************************************************************************
# Copyright (c) 1990, Texas Enginnering Experiment Station
#
# Program: SAS-EQU.AWK
# Version: %I%
# Last Update: %G%
#
# Description:
# This routines extracts the slope and y-intercept values from the SAS output
# file and uses them to generate a data file representing the linear
# regression models of the cooling and heating load versus outdoor
# dry bulb temperature
#
# Usage:
# sas-equ.awk <sas output> <output>
#
# <sas output> is the output file from CHW.SAS and HTW.SAS routines.
# <output> is the name of the output data file.
#
# History:
# Design: Doug Bronson
# Code: Doug Bronson
#
# Distribution Rights
# DEVELOPED BY: Energy Systems Laboratory, Mechanical Engr. Dept.,
# Texas A & M University., College Station, Texas 77843-3123,
# (409)- 845-1560
# SUPPORTED BY: State of Texas Governor's Energy Management Center
#
# COPYRIGHT NOTICE: This program bears a copyright notice to prevent rights
# from being claimed by any other party. Texas A & M University intends
# that the program be placed in the public domain and grants
# permission for it to be used and redistributed, provided that:
# 1) the source code is distributed
# 2) this notice is retained in all copies of the source code, and
# 3) the program is not sold for profit without written approval
# from TEES.
# The program is distributed "as is". TEES provides no warranty or
# support service unless special arrangements have been made to do so.
# Certain manufacturers and trade names are mentioned in this code for
# the purpose of describing their communications protocol. This does
# not constitute an endorsement or recommendation of such equipment,
# but is provided for informantional purposes only.
#
$ **************************************************************************
# SAS-EQU.AWK generates the linear regression line from the SAS runs
#
# input format
# nawk -f sas-equ.awk
# 1 source file with extension
# 2 outfile with extension
#
BEGIN {
outfile = ARGV[2];
ARGC = 2;
}
#

Figure A.30 Hard-copy of the SAS-EQU.AWK Routine
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Figure A.30 Continued
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Figure A.31 Example of the Chilled Water Consumption Linear Regression Graph Data File
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# ! /usr/local/bin/nawk -f
# %W% %G%
4+ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

# Copyright (c) 1990, Texas Enginnering Experiment Station
#
# Program: HISGEN3
# Version: %I%
# Last Update: %G%
#
# Description:
# This routine generates the graph data files for the hourly dry bulb
# temperature and specific humidity histograms.
#
# Usage:
# hisgen3 <source>
#
# <source> is the weather and energy consumption data file.
#
# History:
# Design: Doug Bronson
# Code: Doug Bronson
#
# Distribution Rights
# DEVELOPED BY: Energy Systems Laboratory, Mechanical Engr. Dept.,
# Texas A & M University., College Station, Texas 77843-3123,
# (409)- 845-1560
# SUPPORTED BY: State of Texas Governor's Energy Management Center
#
# COPYRIGHT NOTICE: This program bears a copyright notice to prevent rights
# from being claimed by any other party. Texas A & M University intends
# that the program be placed in the public domain and grants
# permission for it to be used and redistributed, provided that:
# 1) the source code is distributed
# 2) this notice is retained in all copies of the source code, and
# 3) the program is not sold for profit without written approval
# from TEES.
# The program is distributed "as is". TEES provides no warranty or
# support service unless special arrangements have been made to do so.
# Certain manufacturers and trade names are mentioned in this code for
# the purpose of describing their communications protocol. This does
# not constitute an endorsement or recommendation of such equipment,
# but is provided for informantional purposes only.
#
^ **************************************************************************
#!/usr/local/bin/nawk -f
# This program read dry-bulb temperature (2 col) and specific humidity (3 col)
# and generates 5 F degree bins between 0 F and 120 F.
# It generates 0.0025 lbw/lba bins between 0.0025 and 0.025
# lbw/lba and one bin for specific humidities below 0.0025 lbw/lba. It will
# flag a error message if either the temperature or the specific humidity is
# out of range. If there if missing data marked with -99.0, for temperature
# the count will be placed in the 115-120 F temperature bin and for humidity
# the count will be placed in the 0.0200-0.0250 (lbw/lba) specific humidity
# bin.

# It then generates two data files (tmp.dat and w.dat) which when used
# along with tmp.grf and w.grf, respectively will produce two historgrams

# ver 1.0 dry-bulb temperature scale 20 - 120 F
# ver 1.1 dry-bulb temperature scale 0 - 110 F '

Figure A.32 Hard-copy of the HISGEN3 Routine
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Figure A.32 Continued
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Figure A.32 Continued
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Figure A.33 Example of the Outdoor Dry Bulb Temperature Histogram Graph Data File
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Figure A.34 Example of the Outdoor Specific Humidity Histogram Graph Data File
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Figure A.35 Hard-copy of the DOE-LDS.BAT Batch File
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Figure A.35 Continued
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Figure A.36 Continued
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Figure A.37 Graph Data and GRAPHER Files in the Temperature-Specific Humidity

Carpet Plot
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APPENDIX B

Example Data Files and Program Hard-copies to Pack Site Monitored

Weather Data into TRY
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Figure B. 1 Hard-copy of the PACKWEATHER.COM Command Procedure
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Figure B.I Continued
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Figure B.2 Example of a Program Instruction File

Figure B.3 Two Day Example of the Monitored Data File

Dala Processing Routines to Calibrate a DOE-2 Model (C) Copyright 1992 Texas Engineering Experiment Station



Beta Release p. 83

Figure B.4 Two Day Example of the Base TRY Weather File
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Figure B.5 Example of a DOE-2 Weather Packer Instruction File
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Figure B.6 Hard-copy of the LS2TRY.F0R Main Program
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Figure B.6 Continued
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Figure B.6 Continued
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Figure B.7 Hard-copy of the WEATHER_PROCESS Subroutine
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Figure B.7 Continued
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Figure B.7 Continued

Data Processing Routines lo Calibrate a DOE-2 Model (C) Copyriglil 1992 Texas Engineering Experiment Station



Beta Release p. 91

Figure B.7 Continued
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Figure B.7 Continued
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Figure B.7 Continued
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Figure B.7 Continued
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Figure B.7 Continued
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Figure B.7 Continued
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Figure B.7 Continued
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Figure B.7 Continued
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Figure B.8 Two Day Example of TRY.OUT
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Figure B.9 Hard-copy of the VARIABLE_FORMAT Subroutine
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Figure B.9 Continued
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FicureB.9 Continued
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TEMPERATURE WIND STATION RADIATION YEAR MM DD HR
(F) DIR SP PRES. HOR. DIR.

Figure B. 10 Two Day Example of TRYFORM.OUT
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Figure B. 11 Hard-copy of the LA YIN Subroutine
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Figure B. 11 Continued
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Figure B. 12 Two Day Example of WEATHER_TRY.WTH
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