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1.0 Executive Summary

Traditionally, Energy Management and Control Systems (EMCSs) have been used to control
HVAC, lighting, fire and security systems in buildings. Few EMCSs are used for long term
trending and analysis of energy use (i.e., the storage and display of contiguous hourly data
over one year).

I • :

Developments in three closely related fields may influence the way EMCSs are used in
buildings in the future. First, efforts by researchers are beginning to show that continuous
monitoring and analysis of a building's energy use can improve the performance of HVAC
retrofits, and help to assure the persistence of the retrofit by constantly checking to see if the
retrofit is performing as expected. Second, recent advances in computer technology are now
bringing laboratory computing capabilities to the desks of building operators who will
eventually inherit today's research in the form of improved building control.

Third, common communications protocol standards by ASHRAE and others will eventually
allow for easy access to a vast plethora of control and communications systems. However, in
order to accomplish this, EMCSs must be tapped for their ability to serve dual functions.
First, they must be easy to use, dependable control systems; and second they must also begin
to serve as effective sources of long term monitored data. This report provides a summary of
efforts by several researchers to investigate whether EMCSs can be used to perform long
term remote monitoring of energy use and environmental conditions in buildings, including
an assessment of the use of EMCSs to provide data for the Texas LoanSTAR program.

The Texas LoanSTAR Monitoring and Analysis Program (MAP) is responsible for
monitoring energy conservation retrofits at various sites throughout Texas. An important
part of this program is gathering pertinent energy consumption and weather data from a site
to determine the effectiveness of the retrofit projects. For this purpose, LoanSTAR
researchers have installed dedicated data loggers at over 60 retrofit sites which now generate
over 2,500 channels of hourly data. Most of the field data recorders in use in the LoanSTAR
program are devices that are specifically designed to collect energy and/or weather data from
appropriate sensors, store the data, and transmit the data via a telephone modem when
polled, a task they perform quite well.

Although data loggers have proven effective in the data gathering process, it has been
observed that many of these same functions may be accomplished by Energy Management
and Control Systems (EMCSs). While it would seem obvious that an EMCS should not be
installed strictly for monitoring energy usage, an existing EMCS may provide an alternative
monitoring solution to the installation of a dedicated data logger in sites so equipped. The
purpose of this project is to determine the monitoring capabilities of various EMCSs, and to
identify advantages and disadvantages of utilizing existing systems for energy monitoring at
LoanSTAR sites.
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This EMCS Performance Monitoring project consists of three major tasks:

(1) review the monitoring capabilities of EMCSs identified in previous research,

(2) perform new case studies of retrofit monitoring with existing EMCSs, and

(3) develop recommendations for EMCS monitoring and ways of improving EMCS
monitoring capabilities based upon the results of (1) and (2).

All three tasks focus on the LoanSTAR program, but generalize results where possible.
i

This report was originally published in September 1991 and has undergone two revisions.
The July 1992 revision included the information about the potential for LoanSTAR-type
monitoring at the USDOE Forrestal and Germantown facilities, and the March 1993 revision
included new information about the Teletrol EMCS in use at the Texas State Capitol.
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2.0 Introduction

The Texas LoanSTAR Monitoring and Analysis Program (MAP) is responsible for
monitoring energy conservation retrofits at various sites throughout Texas. Additional
information about the program can be found in Verdict et al. (1990), Turner (1990), O'Neal
et al. (1990), Nutter et al. (1990), Haberl and Lopez (1991), Katipamula and Claridge
(1991), Haberl et al. (1990), Claridge et al. (1990), and Claridge et al. (1991), as well as the
additional reports provided in the bibliography in Section 9.

An important part of the LoanSTAR program is gathering pertinent energy consumption and
weather data from a site to determine the effectiveness of the retrofit projects. For this
purpose, LoanSTAR researchers have installed dedicated data loggers at over 60 retrofit
sites, which now receive over 2,500 channels of hourly data. These devices are designed
specifically to collect energy and/or weather data from appropriate sensors, store the data,
and transmit them via a telephone modem when polled, a task they perform quite well.

Although data loggers have proven effective in the data gathering process, it has been
observed that many of their functions may be accomplished by Energy Management and
Control Systems (EMCSs). While it is obvious that an EMCS should not be installed strictly
for monitoring energy usage, an existing EMCS may provide an alternative monitoring
solution to the installation of a dedicated data logger in sites so equipped. The purpose of
this project is to determine the monitoring capabilities of various EMCSs, and to identify
advantages and disadvantages of utilizing existing systems for energy monitoring at
LoanSTAR sites.

This EMCS Performance Monitoring project consists of three major tasks: (1) review the
monitoring capabilities of EMCSs identified in previous research, (2) perform new case
studies of retrofit monitoring with existing EMCSs, and (3) develop recommendations for
EMCS monitoring and recommend ways of improving EMCS monitoring capabilities based
upon the results of (1) and (2). All three tasks will focus on the LoanSTAR program, but
will generalize results where possible.

2.1 Approach

The approach used to investigate whether or not long-term monitoring data could be obtained
from EMCSs was to closely investigate several case studies, summarize what was learned,
and make recommendations concerning EMCS systems in general.

To accomplish this, four sites were chosen in Texas. Later, sites were added in the
Washington D.C. area at the request of DOE, and one site was added in Austin at the
request of the Texas Governor's Energy Office. The four original sites in Texas include: the
Texas Tech University Health Sciences Center Lubbock; the Zachry Engineering Center at
Texas A&M University in College Station; the Prairie View A&M Campus west of Houston;
and the University of Texas Southwestern Medical Center (UTSMC) in Dallas. The two
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sites that were added to this study include the USDOE Forrestal Building in Washington,
D.C., and the USDOE Germantown Facilities in Germantown, Maryland. The Austin site is
the Texas State Capitol.

About midway through the study the University of Texas Southwestern Medical Center site
was dropped and the Zachry Engineering Center was added. There were two primary
reasons for this. First, the UTSMC administration decided to decline the LoanSTAR energy
conservation loan. Second, since the Zachry Engineering Center contained the same EMCS
as the UTSMC and also contained a LoanSTAR monitoring system it was seen as being a
unique site where (eventually) side-by-side tests could be performed that compared data from
the EMCS with data from the LoanSTAR monitoring system.

I
The two federal sites were added to the study to assist DOE in determining what measures
could be taken in buildings that did not have an operable EMCS, a common occurrence in
many state and federal facilities.

2.2 LoanSTAR Data Reporting procedures.

Traditionally, the only monitored whole-building energy data has been the monthly utility
bill. In many instances, this bill was sent to the accounting department and ignored by
everyone except the accountants. In recent years, as energy management has become a
visible activity, this billing data is sometimes examined by the energy manger, and in special
cases may be normalized for weather, building area, etc. However, many large
organizations such as government agencies, universities, etc., often have an entire complex
of buildings on a single meter, significantly complicating the use of billing data for energy
management.

I
During the last ten years, with the growth of demand side management programs, and the
declining cost of data acquisition equipment and computers, there has been an increasing
number of programs where a non-utility third party monitors a number of channels of energy
and related data and archives the information for later analyses. The data may recorded in
monthly increments, but it is generally recorded more frequently, typically in daily or hourly
increments. The general pattern for collecting and reporting these data has been to poll the
data acquisition equipment at the building site by phone modem and archive the data on
permanent medium for later analysis.

These data can also be used to provide near-term feedback to building operators. The use of
consumption data to provide near-term feedback to owners and operators to increase
operating efficiency has emerged in the last few years. Methods which provided real-time
feedback on energy costs to homeowners were investigated in the 1970s (Seligman et al.
1978) but failed to catch on as concerns about energy costs waned. During the later
portion of the 1980's, as energy costs began to rise again, researchers began to renew their
investigations into the benefits of regular feedback.
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In several of these case studies (Haberl and Claridge 1987; Haberl and Vajda 1988; Haberl
and Komor 1990a, 1990b) it was shown that 5 to 15% of a building's energy use could be
saved by providing building operators with timely feedback on their energy use so that they
could assess the impact of their day to day operation and maintenance procedures. One study
by Komor et al. (1990) investigated the different forms of feedback including monthly, daily,
and hourly time series plots of consumption, and 3-dimensional time series plots. What was
discovered was that specific formats for reporting energy use are better than others and that
the time interval (i.e., monthly, daily, or hourly) used in the reporting had a significant
impact on the kind of information the building operator was able to extract from the graph.

To this extent, the LoanSTAR program has developed several methods that are used to
report the energy use in a building, specifically: (1) weekly inspection plots, (2) monthly
energy consumption reports, (3) specially prepared data for browsing, and (4) special
purpose graphics. Additional information regarding the reporting procedures can be found in
Claridge et al. (1992).

Figure 2.1.2 is an example of the data path used to process incoming information from one
of the LoanSTAR sites. Date are polled once per week and archived in both raw and
processed format. Various modules have been developed for removing extraneous
characters, checking for missing data, calculating derived weather channels, and producing
various graphs.

j
Currently, the LoanSTAR program is collecting data from over 60 buildings and NWS
weather stations which amounts to roughly 2,500 channels of data or about 2.5 Mbytes of
information that must be processed each week. All data are processed with the ARCHIVE
program (Feuerman and Kempton 1987) which provides for static high and low limits checks
as well as other columnar processing. Additional information about acquiring the data can be
found in Haberl and Lopez (1992), and in the LoanSTAR Monitoring Workbook (Haberl et
al. (1992).

Data quality control is essential if the measured savings are to be meaningful. At most sites
the monitoring equipment is installed by a subcontractor who checks initial readings from the
system against hand measurements. High-low limits for each channel are checked with the
ARCHIVE program. In addition, hard copy time series plots of all data collected are
generated each week with a total of over 700 plots produced each week. The number of
plots is somewhat smaller than the total number of channels collected since most electricity
consumption is measured using two or three channels for three-phase service. A summary
page of typically 10 plots is produced for each building as shown in Figure 2.1.3.

The summary page (Figure 2.1.3) shows whole-building electricity use, ambient dry-bulb
temperature, relative humidity, and global horizontal solar radiation. It includes time series
plots of hourly chilled water Btu (or chiller electricity), condensate Btu (or other heating
quantity) as well as air handler/pump electricity and lighting/receptacles (a derived channel)
whenever these are available. Cross plots of heating, cooling and sometimes air handler
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energy use as functions of ambient temperature are also included. Additional plots may be
included in the remaining slots as needed.

These plots are used for data quality control and as a diagnostic tool for examining unusual
consumption. The inspection plots are first used by the installation subcontractors
immediately following installation for range checking. They are scanned on a weekly basis
by project personnel using a checklist to detect data problems.

A six page energy consumption report is sent monthly to each facility monitored. This report
contains two pages of tables and text and four pages with graphs of consumption data for the
previous month. The first page of the report provides a concise tabular summary of current
energy consumption, retrofit savings and a comments section. The second page provides
daily chilled water and hot water (or steam condensate) consumption as a function of daily
average dry-bulb temperature. The third page of the report gives time series plots of the
hourly chilled water and hot water consumption for the month. The fourth page provides a
time series trace of the electricity use and the hourly dry bulb and humidity conditions for
each site. |

Figure 2.1.4 is an example of page four of the monthly report for the Zachry Engineering
Center. The fifth page of the report gives two views of a three-dimensional surface plot of
the whole-building electricity consumption. The sixth page contains a summary of the
characteristics for each site and the current status of the retrofit. After the first consumption
report is sent to the agency and operators a session is scheduled where personnel from the
monitoring program meet with representatives from the agencies to discuss the report format,
answer questions, and gather feedback from the agencies about the report format, and
suggestions for improvements.

I
After several of these meetings had been scheduled it became clear that the agencies
participating in the program wanted more feedback than was being provided by either the
monthly report (and in some cases the weekly inspection plots). In fact, several of the
agencies requested to "browse" through all the data collected for their sites and create their
own graphs. |

To accomplish it was decided to distribute data in a pre-compiled format that would facilitate
the use of a commercially available, PC-based data browsing software (Lantern 1990). This
software was originally developed to help organize and examine meteorological data, but is
capable of handling most kinds of time series and geographically distributed data. It provides
multiple window viewing and zoom-in capabilities by utilizing a cross-indexed, compiled
data base structure. Data collected from each building monitored are precompiled by the
LoanSTAR personnel and distributed once-per-month on diskette along with the monthly
report. Agency personnel load the current month's data into the browsing software (which
has been previously installed in the computer at their site) and are then able to create virtually
any kind of graph they need.

Energy Systems Laboratory, Texas A&M University March 1993
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Other types of special purpose graphics are routinely in use in the LoanSTAR program
including comparative 3-D plots (Figure 2.1.6) and temperature-specific humidity carpet
plots (Figure 2.1.7). The comparative 3-D plots have proven useful for determining how
well a model of non-weather dependent energy usage fits actual usage, for example a simple
model of lighting and receptacle use for the ZEC is compared to the actual lighting and
receptacle electricity use. Additional information on the use of these plots can be found in
Haberl and Komor (1990a, 1990b), and in Bronson et al. (1991) where they have proven
useful in calibrating the DOE-2 energy simulation program.

The temperature-specific humidity carpet plots (Tukey 1988, Tufte 1990) have proven useful
for determining how thermal energy use varies with both temperature and humidity — two
variables that tend to be intercorrelated (i.e., one variable is related to the other). The plots
shown in Figure 2.1.7 are being used to help assess the progress of calibrating the weather
dependent energy use of the ZEC as simulated by the DOE-2 program (Haberl et al. 1991).

In general, the LoanSTAR program is attempting to provide a vast array of graphics to
building operators and researchers ~ all of which assume a common format for the building
data. One can then imagine that it is important to be able to translate into/out of this format
easily. The majority of the LoanSTAR buildings are using dedicated data loggers which have
a known data format and therefore can readily be provided with the graphs that have been
discussed.

The remainder of this report describes the efforts that were undertaken to translate data in
various EMCS formats into the LoanSTAR format. In each case special software routines
had to be created for each EMCS vendor ~ with the resultant final product being the standard
LoanSTAR format data file from which any of the previously described routines can be
developed. A summary is provided that pulls together information from the lessons that have
been learned from this excursion into the EMCS world.

Energy Systems Laboratory, Texas A&M University March 1993
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Figure 2.1.1: EMCS Case Study Sites. This figure shows the current EMCS case study sites
including: the Texas Tech Health Sciences Center (Lubbock), the Zachry Engineering
Center at Texas A&M University (College Station), the Prairie View A&M campus (near
Houston), and the USDOE Forrestal Building (D.C.), and USDOE Germantown Complex
(Germantown, M.D.).
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Figure 2.1.2: Typical LoanSTAR datapath. This figure is an example of the data path used
to process incoming information from one of the LoanSTAR sites. Date are polled once per
week and archived in both raw and processed format. Various modules have been developed
for removing extraneous characters, checking for missing data, calculating derived weather
channels, and producing various graphs.

Energy Systems Laboratory, Texas A&M University March 1993
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Figure 2.1.3: Typical LoanSTAR inspection plots. This figure shows typical inspection plots
that are produced each week to view and inspect the incoming data. The format for these
plots is produced in a similar fashion for each site to better facilitate the identification of
erroneous data.
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Figure 2.1.4: Typical LoanSTAR Monthly Consumption Report. This figures shows page 4
of the LoanSTAR Monthly Consumption Report for the Zachry Engineering Center. The
upper graphs shows whole-building electricity use, lighting and equipment electricity use, air
handler energy use, and central computer energy use. The lower graph shows the hourly
temperature and relative humidity data. The VAV retrofit for this site became operational in
March 1991, resulting in a distinct drop in fan energy use.
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Figure 2.1.5: Special LoanSTAR Browsing Graphics. Special-purpose browsing graphics
are used by selected LoanSTAR agencies to allow the building operator the ability to create
any type of 2-D and time series graph using the Voyager software (Lantern 1990). Each
month specially prepared Voyager files are distributed to the agencies with the standard
monthly report.

Energy Systems Laboratory, Texas A&M University March 1993
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Figure 2.1.6: Special LoanSTAR Graphics: Comparative 3-D plots. Since all data collected
are in a standard format, special- purpose graphics can easily, and routinely be produced for
viewing certain characteristics. Comparative 3-D graphics represent one such graphic tool
that can be used to evaluate how well a simulated non-weather dependent electricity profile
matches the actual electricity profile (Branson et al. 1991).

Energy Systems Laboratory, Texas A&M University March 1993
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Figure 2.1.7; Special LoanSTAR Graphics: Carpet plots for temperature/humidity
evaluation. This figure displays chilled water, hot water and electricity use data in a carpet
plot format which helps facilitate the evaluation of the effect of temperature and humidity

Energy Systems Laboratory, Texas A&M University March 1993
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3.0 Monitoring Capabilities of EMCS Versus Dedicated Monitoring Systems.

The monitoring of energy usage can be defined by four primary steps: measurement, storage,
access, and data processing (Heinemeier & Akbari 1991). The procedures used to accomplish
these steps can vary significantly between dedicated monitoring systems and EMCSs (Table
3.1.1).

3.1 Monitoring with a Dedicated Monitoring System.

In a dedicated monitoring system, or Data Acquisition System (DAS) the measurement,
storage, access and processing of data are usually the sole purposes of the system. Prices of
dedicated monitoring systems can vary from one manufacturer to another; however the
hardware usually runs in the $500 to $5,000 range for a basic system that can monitor 4 to
40 channel systems (excluding sensors & installation). Including installation and sensors,
such systems are in the $l,000/point to $2,500/point range. The sampling of data channels,
conversion to engineering units, and data transfer are usually performed by the same
microprocessor. Remote polling is usually accomplished via a directly connected modem.

DASs are usually meant to be very flexible, and can usually accept digital, analog, and
sometimes direct power measurements. The specification and installation of sensors is
usually performed by the researcher. This allows for greater control over sensor accuracy and
placement, however, it can contribute substantially to the cost per point when special high
accuracy sensors are specified. Connecting the sensors to the DAS usually requires direct
wiring, which also contributes significantly to the price of the installed system.

The DAS to be used for monitoring must be specified, installed and programmed by the
researcher. (Often, this can require considerable time learning a particular manufacturer's
programming language and can change from one manufacturer to the next.)

The storage capacity of the DAS usually varies from one manufacturer to the next, and can
vary according to other "internal" variables, for example: how many channels are being
monitored, the accuracy of the stored variable, recording interval, etc. The amount of
"onboard" storage is a critical variable since it determines the polling frequency. Since the
memory structure in most DASs is usually configured like an electronic "Rolodex", when the
memory becomes full it begins overwriting previously stored data. Therefore, one must
transfer the data from the remote DAS memory to a central polling site before it is
overwritten and lost — hence the need for periodic polling to/from a central site. In the case
where weekly polling is being used 168+ hourly records must be stored for each channel.

3.2 Monitoring with an EMCS.

In an EMCS, the measurement, storage, access and processing of data are not the sole
purposes of the system. In fact, even the name "Energy Management and Control Systems"
gives one a sense of their primary purpose - the efficient management and control of HVAC
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systems. To this extent, it is difficult, if not impossible to determine the cost of an energy
management system installed solely for the purpose of monitoring since such systems rarely
exist. However, it is fair to say that fully configured EMCSs (i.e., 1,000 to 2,000 points) are
much more expensive than dedicated monitoring systems; usually in the $500,000 to
$1,000,000 range, including installation. EMCSs usually require considerably more training
and upkeep than DASs, although both systems should have some periodic recalibration of
sensors. |

The higher cost of EMCSs is due to several obvious reasons. First, they are usually
performing very important control functions which means their internal software is far more
complex (and more robust). Second, they usually are much more complex, and have many
more points (which tends to make their cost per point less than a dedicated DAS). Their
operating software can have several "modes" of operation including, emergency interrupts,
network capabilities, training sessions, and even multi-user, multifunction tasks.

The sampling of data channels, conversion to engineering units, and data transfer can be
performed by any one of several microprocessors contained within the EMCSs, or even by
microprocessors located closer to the sensor (often at a remote location of the building) and
transferred to the central EMCS for transfer to the polling computer via modem. Remote
polling is usually accomplished via modem, although the connection of the modem can be at
almost any point in the EMCS network.

EMCSs are also meant to be very flexible; virtually any signal that can be conditioned to a
4-20 mA or pulse signal can be evaluated and controlled by the EMCS. However, if the
case study buildings are any indication, the specification and installation of sensors at a
particular site is usually under the control of the EMCS contractor ~ especially when service
of the sensors is included. This can be a potential source of problems when the EMCS
contractor installs sensors that do not meet the specifications of the researcher (although this
was not experienced in the case study buildings). Connecting the sensors to the EMCS also
requires direct wiring. However, if the EMCS is already installed, wiring can be substantially
reduced because the EMCS's network can be utilized.T
The installation and programming of the EMCS is usually not performed by the researcher.
This can also require considerable time although for different reasons than those concerning
the dedicated monitoring system. Installation, and fine-tuning of an EMCS is usually far
more complicated than the installation of a dedicated monitoring system. This can be problem
when time constraints are tight. In some cases the programming of EMCSs can be more
complicated than the programming of DASs.

The "capture" of data in an EMCS is usually treated in an entirely different fashion than is
used on a DAS. For the most part, EMCSs capture data using their "trending" files, which
can contain extraneous data (e.g., ASCII headers and footers) that must be removed before
the file can be processed by the researcher. Sometimes, these data are Change of Value
(COV) data which are data that are recorded at intervals that are dictated by when a variable
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changes. COV data may not be useful for monitoring purposes and almost always require
further processing before they can be used by researchers as monitored hourly data.
Additional information about the EMCS COV data is contained in the report by Heinemeier
and Akbari (1991). Data which are trended by an EMCS must also be periodically
transferred via polling to a centralized computer.

3.3 Why Investigate Monitoring with an EMCS?

EMCSs have made tremendous strides in improving control capacity, user I/O, connectivity,
and electronic storage capacity, and other important features. However, very little has been
published about their ability to serve as long-term monitoring equipment. Capabilities for
monitoring vary greatly from one manufacturer to the next, and even among different
systems from the same manufacturer.

Clearly, in the case where a fully functioning EMCS already exists in a building, and the on-
site personnel have the knowledge and ability to make the modifications to allow the system
to serve as a monitoring system it would be to the researchers advantage to investigate the
use of the EMCS for monitoring purposes.

Energy Systems Laboratory, Texas A&M University March 1993
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Table 3.1.1: Comparison ofEMCS-Based Monitoring Capabilities. This table lists the
differences between the monitoring capabilities of dedicated and EMCS-based systems
(Heinemeier and Akbari 1991).

Energy Systems Laboratory, Texas A&M University March 1993
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4.0 EMCS Case Study Sites

Originally, three case study sites were investigated for the EMCS project (Figure 1). They
included the University of Texas Southwest Medical Center in Dallas, the Texas Tech Health
Sciences Center in Lubbock, and the Prairie View A&M campus near Houston. A few
months into the project, it was decided that the Zachry Engineering Center on the Texas
A&M campus would replace the University of Texas Southwest Medical Center since the
Zachry Engineering Center also contained a 50 channel data acquisition system and could
eventually be used to compare data collected by the EMCS against similar data collected by
the data logger.

Two additional sites were also added to the project in mid-course - the USDOE Forrestal
Building in Washington, D.C., and the USDOE Germantown complex in Germantown,
Maryland. These last two sites were added to study buildings that do not have operable
EMCSs and are being evaluated for the installation of dedicated monitoring systems typical
of those being installed in the Texas LoanSTAR program.

During the Summer of 1992 the EMCSs at the Texas State Capitol were studied to see if they
could provide consistent format into LoanSTAR type plotting routines.

Energy Systems Laboratory, Texas A&M University March 1993
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4.1 Texas Tech University Health Sciences Center.

The Texas Tech University Health Sciences Center (TTHSC) is a large medical research
building located in Lubbock, Texas. The 811,131 square foot facility is scheduled to receive
Energy Conservation Retrofit Measures (ECRMs) including lighting controls and retrofits,
variable-speed air handler conversions, HVAC economizers, night setback controls, steam
trap repairs, pipe insulation, and a new heating and chilled water pump controls. Additional
ECRMs planned for the heating and cooling plant serving the facility include a chiller
replacement, variable speed chilled water pumping, and steam-driven electrical generation at
a pressure-reducing station. Expected savings from the measures total $919,586 per year.

To date, only real-time information has been gathered from the EMCS there, though a
software enhancement will soon allow trended energy information to be collected via modem.
TTHSC staff have used the EMCS to collect energy consumption information for the medical
center for the past several years.

Table 4.1.1 summarizes the EMCS capabilities at the Texas Tech Health Science Center
(Heinemeier and Akbari 1991). The TTHSC has a Honeywell Delta 1000 EMCS that has
about 1,800 to 2,000 points. The primary instrumentation for energy monitoring is at four
mechanical "pods" serving the four different buildings. These points include chilled water
supply and return temperatures and flow, condensate flow, and electrical consumption for
each pod. Weather sensors and condensate meter points were added as part of the
LoanSTAR program. |

The TTHSC staff have used the EMCS to collect and store energy consumption information
for the past several years. At the beginning of our analysis of this site a portion of these data
were transferred and analyzed for use as historical data. However, it was found that a
significant amount of the data that was collected could not be used for analysis because it
contained data in the wrong format. For example, "snapshot" readings of hourly electric
demand had been recorded for several years as shown in Figure 4.1.4. Such data is virtually
worthless to the energy analyst because it does not represent the average energy consumption
over the hour (or period of interest). Portions of the data were useful, including cumulative
readings of steam and temperature data. However, the cumulative steam readings required
additional processing to deliver consumption per hour because the were in a "odometer reset"
format (i.e., one whereby the numbers accumulate up until it reaches a number like 9999 and
then rolls over to 0).

_ !
In order to facilitate the transfer of hourly trend data over the phone lines the Energy Auditor
program was purchased and installed. The Energy Auditor program allows trending of up to
999 points and has the capabilities to allow for transfer of the data to the hard disk on the PC
on which the software is running. In general, the procedure that was used was to poll the
PC that had the Energy Auditor running on it, command the Energy Auditor to poll the
Honeywell Delta 1000, transfer the data to the PC containing the Energy Auditor package
and then transfer the data to the LoanSTAR computers.
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In order to accomplish this the Texas Tech personnel established hourly trend points for
electrical power, cooling energy, steam energy use, and weather conditions on the Delta
1000 which were then transferred for analysis using the Energy Auditor software.

On the Delta 1000 systems, trending begins as soon as the points are initialized and continues
at one hour increments from the point of initialization. Unfortunately, this means that if one
is not careful to initialize trending exactly on the hour, the trending will be off by any
difference established during initialization. This problem also occurred each time that the
Delta 1000 lost power for any significant period.

Data were retrieved from the Delta 1000 using the Energy Auditor software and either the
United States Mail (USPS) or the campus Internet as shown in Figure 4.1.2. The procedure
that was established was to call the Energy Auditor software using phone lines from Texas
A&M, and have the Energy Auditor software poll the Delta 1000 which transferred the data
to the hard disk in .DIF (Data Interchange Format - originally developed by Visicalc) on the
PC that was running the Energy Auditor software as shown in Table 4.1.3. The keystrokes
for accomplishing this are shown in Table 4.1.2.

Transferring the data back to Texas A&M then followed one of several paths. Initially, the
quickest procedure was to have the operators copy the data onto a floppy and mail it to Texas
A&M (the USPS route in Figure 4.1.2). An improved procedure was established to transfer
the data via the internet that connected Texas Tech and Texas A&M. Eventually, working
with Honeywell, a procedure was established to have the Energy Auditor poll the Delta 1000
and then deliver the data to Texas A&M over the phone lines.

Once the data were successfully transferred back to Texas A&M they were then translated
into the LoanSTAR format. Although .DIF format can be read by many programs, it is
bulky and cumbersome to manage. To accomplish this the Microsoft Excel program was
used to translate into ASCII text format. Once in the ASCII text format the file was worked
on by an AWK (we use Gnuware version of AWK or GAWK) script that removed
unnecessary headers and non-numeric information as shown in Figure 4.1.3. (The programs
for translating this file are contained in the appendix to this report.)

Once the data were in ASCII columnar format with headers, etc. removed they were then
passed to the ARCHIVE program with the appropriate channel table to convert them to the
LoanSTAR format for further processing. Table 4.1.4 contains the ARCHIVE channel table
for the TTHSC. Table 4.1.5 shows the TTHSC data once it has passed through the
ARCHIVE program. Table 4.1.6 contains the .LOG file that ARCHIVE produces each
week that the data are processed. This log file contains instances where data have gone
outside pre-established upper/lower limits and other useful information.

After the data are successfully processed with ARCHIVE they are then plotted with a
commercial graphics package as shown in Figure 4.1.4. Each week these inspection plots
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are produced and circulated to the TTHCS building operators to help troubleshoot the data
that are being collected. The commercial graphics package that was used for these plots is
the Graphed software by Golden Software (see the Bibliography for a complete description of
all software used in this project).

Table 4.1.1: Texas Tech EMCS Capabilities. This table illustrates the capabilities of the
Texas Tech EMCS (Heinemeier and Akbari 1991).
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Table 4.1.2 : Operator keystrokes for retrieving data.

THE PROCESS OF TRANSMISSION OF DATA IS ACCOMPLISHED IN TWO PHASES: PHASE I THE UPLOADING

OF DATA FILES FROM THE PC AT TEXAS TECH. TO THE MAINFRAME COMPUTER. PHASE U THE

TRANSMISSION OF THE DATA FROM THE MAINFRAME TO A&M VIA THE INTERNET. PHASE H BEGIN WITH

THE PC BOOTED AND AT THE COMMAND PROMPT C:>\, THE DATA ON 3.5 OR 5.25 FLOPPY AND IN THE

FLOPPY INSERTED IN THE RESPECTIVE DRIVE.

FOLLOW THE INSTRUCTIONS BELOW. TYPE EVERYTHING IN BOLDFACE AS

THEY ARE.

PHASE I

CONNECT 2400

PLEASE ENTER THE PASSWORD FOR THIS CONSOLE

xxxxxx
PLEASE ENTER YOUR INITIALS

XXX

PLEASE ENTER YOUR IDENTIFICATINO CODE FOR THIS TERMINAL

XXXXXX

PDC PLUS - MAIN MENU

1 - LOGICAL GROUPS

2 - DELTA 1 0 0 0 DIRECT

3 - DPC SYSTEM PROGRAMMING

4 - HISTORICAL ACTIVITY REPORTS

5 - ENERGY AUDITOR OPTION

6 - DPC SYSTEM UTILIES

7 - DELTA 1 0 0 0 ENGUSH LANGUAGE PROGRAMMING

8 - DELTA 1 0 0 0 ALARM SUMMARY LOG

9 - INTECOM

ENTER YOUR CHOICE: 5

ENERGY AUDITOR OPTION

1 - TREND DEFINITION/MAINTENANCE

2 - TRENDED DATA REPORTS

3 - TREND FILE TO ".DIF" FILE CONVERSION

4 - DISPLAY/EDIT OPTIONS

(DEPRESS "ESC" THEN "ENTER" RETURN TO THE PREVIOUS MENU) 2

the energy auditor then transferred the delta 1000 data.
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Table 4.1.2 (cont) : Operator keystrokes for retrieving data.

PHASE n ,
l .TELIX I
2. < ENTER > (initializes the TELK program)
3. ALTD (this displays the telephone number menu for the modem connection)
4. select the phone number (modem connects to the mainframe vax system for logon)
5.T
6. ID <TAB>
7. password <TAB>
8. VM
9. KERMIT
10. RECEIVE (file name example-012 DIF A)
11. <PAGEUPKey>
12. Select KERMIT
13. A: or B:012.dif (in dialog box)

data will now be uploaded to the mainframe computer when the
transmission has been completed the screen will return to KERMIT.

14. QUIT
15. ftp Ioanstar.tamu.edu
16. xxxxxx (user ID)
17. xxxxx (password)
18. sendsite
19. put O12.dif

file will be transferred to the A&M computer on completion of transfer subsequent files may be transferred with the
PUT command

20. BYE
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Table 4.1.3:Texas Tech EMCS data file in the .DIF format. This table contains Texas Tech
data in the Data Interchance Format (DIF) that is used by the EMCS for transferring data
from the EMCS.
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Table 4.1.4: ARCHIVE channel table for the Texas Tech site. The ARCHIVE channel table
for the Texas Tech site is shown in this table. All data used in the LoanSTAR program are
processed with the ARCHIVE program to assure a uniform data base structure. ARCHIVE
performs useful data and time transformations and can perform high-low limit checks each
time a site is polled.

DATE Time Raw Raw Arch Name of Archive
MM/DD/YY HH:mm Line coin pos Channel Units

Arch Conv'n Calib. or Error Limatation Channel
Format Code Constants Code Constants Description
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Table 4.1.5 : Texas Tech EMCS data file in the LoanSTAR format. Texas Tech EMCS data
that has been processed by the ARCHIVE program is shown in this table. The first column is
the site number, and the six columns that immediately follow are calender and time values in
different formats. Energy use data for this site begins in the eight column. The "-99.00" is
inserted by ARCHIVE to identify data that fell outside the preset high-low limits.
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Table 4.1.6: .LOG file produced by the ARCHIVE program for the Texas Tech data. This
.LOG file is produced each time ARCHIVE processes data for a site. It includes some basic
statistics about which file has been read, which channel table was used, and the names of the
.LOG and output files. It also includes information about how many lines were processed
(not shown), how many processing errors and missing data occurred and where those errors
occurred in the input file.

I

Log of Archive, version: 1.41 of 15 June 1987, processed on 15 Jul 1991

Files:

RAW DATA goutput.txt
CHANNEL TABLE O12.tbl

ARCHIVE goutput.ach
LOG goutput.log

Archive delimiter is " ".
Missing or bad data values are replaced by the value -99.000 .

Line errors: are identified by their line number in the raw data file.
Data errors: are identified by the channels name, line and position

within the case: "name "(line in case/position in line).
Line numbers in raw data file are shown as | number | or as *number*

| numbers | indicates a line of data, "numbers* is a comment line.

First case on raw data: 91 176 00:40

BeginDate: 91 001 00:00 First output case: 91 176 00:40

Data Error:
111 6 25 91 040 288 983 644 243.7 333.3 9999 102.5 166.6 112.9 13.38
Value out of bounds: "tsc "(1/10);

Data Error:
| 2 | 6 25 91 140 902 741 562 243.7 9999 9999 102.7 166.6 113 13.38
Value out of bounds: "tsb "(1/9); "tsc "(1/10);

Data Error:
131 6 25 91 240 509 471 453 243.7 333.3 9999 102.9 166.6 113.2 13.38
Value out of bounds: "tsc "(1/10);

Date Error:
| 4 | 6 25 91 340 114 196 355 243.7 333.3 9999 103.1 166.6 113.4 13.38
Value out of bounds: "tsc "(1/10);

Data Error: I
151 6 25 91 440 732 923 262 243.7 9999 9999 103.2 166.6 113.6 13.39
Value out of bounds: "tsb "(1/9); "tsc "(1/10);

Energy Systems Laboratory, Texas A&M University March 1993



USDOE EMCS Report p. 27

Figure 4.1.1: The Texas Tech University Health Sciences Center. The Texas Tech
University Health Sciences Center (TTHSC) is a large 811,131 square foot medical research
building located in Lubbock, Texas.
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Figure 4.1.2: Hardware configuration for the Texas Tech site. This figure illustrates the
data paths for the Texas Tech site that are either currently in use or are being planned for
use. Data are extracted from the EMCS by a control PC which places the information into
.DIF files for transfer. For the prototype data were transferred to A&M for further
processing via U.S.Mail (USPS), or via an email connection through the statewide campus
ethernet campus connection. Direct communication (excluding data transfer) via modem
connection is possible with the hardware at the Texas Tech site.

HARDWARE CONFIGURATION
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Figure 4.1.3: Data processing stream for the Texas Tech site. This figure shows the data
processing streams that are required to translate the Honeywell data into LoanSTAR format
once the data have been received. ,

DATA PROCESSING STREAM
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Figure 4.1.4: LoanSTAR-type inspection plots for Texas Tech. This figure contains an
example of the inspection plots that are produced each week when the Texas Tech data are
retrieved from the site. (NOTE: The data shown represent early attempts to poll the site.
Several channels are obviously indicating problematic traces — one of the values of using
graphical inspection plots).
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4.2 The Texas A&M Zachry Engineering Center.

The Zachry Engineering Center is a large, multipurpose building which contains classrooms,
laboratories, faculty-staff offices, and a large central computer facility. It is located on the
Texas A&M University campus in central Texas about two hours Northwest of Houston.
The ZEC, (and 250+ other buildings) on the central campus receive steam, hot water,
chilled water, electricity, and communication services from a centralized utility distribution
system.

The four story, 324,400 square foot facility was built in the early 1970's. The building
measures 339 feet (the long axis) by 221 feet and is 60 feet in height. The long axis is
oriented in a Northeast to Southwest direction and the building is not shaded by any other
structures. Parking is provided under the facility for 82 cars. Figure 4.2.1 shows the
building (#223) as it is located on the Texas A&M campus. One of the distinguishing
features of the building is a large centralized three story atrium in the Southwestern half of
the building which provides access to the surrounding classrooms, and offices. About 2,500
square feet of Northeast facing clerestory lighting helps to illuminate the central staircase and
computing facility.

The building can be characterized as an internal load dominated, high mass structure with 6-
inch concrete walls. Only about 9% of the exterior envelope is glazed. This consists of about
2,500 square feet of single pane glazing between exterior concrete utility chaseways.

The building has a maximum occupancy of 2,300 occupants which occurs during peak
periods each semester. The occupancy profiles are characterized by an 8:00 a.m. to 7:00
p.m. weekday schedule. Significant evening usage of the building occurs during the
weekdays between 7:00 p.m. and midnight. Weekend usage is moderate.

!
The building's average air-change rate is strongly driven by the 10-20% fresh air that is
supplied to the air-handling units (AHUs). Internal lighting loads (2 W/ft2) and equipment
loads (2.4 W/ft2) peak during the weekdays in the early afternoon. Considerable electricity
is consumed in the evening by the central computing facility.

The building was built with 12 constant volume, dual-duct AHUs which provide 330,500
CFM to the 90+ zones in the building. These were retrofit with variable speed drives and
variable flow terminal boxes in early 1991. The AHUs are located in the parking garage
with return air paths provided by the concrete chaseways that encircle the exterior of the
building. Control of the ventilation systems is provided by 90+ zone thermostats. Prior to a
recent VAV retrofit the AHUs operated continuously. Secondary chilled water pumps and
hot water pumps are manually switched on to provide for varying levels of cooling or heating
capacity. A detailed description of the HVAC system is provided in the papers by
Katipamula and Claridge (1991; 1992).

The ZEC is equipped with a Landis Gyr EMCS. The system has the potential for
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approximately 30,000 points, and is interconnected for energy monitoring via the campus
phone system. Points include chilled water Btu, hot water Btu, and whole building
electricity, as well as many other points that are associated with conditions in the air-
handling units. |

Since the ZEC is located on the same campus as the polling computer, communications with
the Landis and Gyr system were easier to accomplish than polling remote sites. The close
proximity of the ZEC EMCS and the presence of a separate Landis Gyr communications
network on campus allowed for communications by several means. Polling could be
accomplished via modem through the campus phone system or by RS232 connection to the
EMCS in the building that contained the polling computer which allowed for communication
to the ZEC EMCS via the Landis Gyr campus network. This report will discuss the polling
that was accomplished via the campus phone system.

Table 4.2.1 contains a listing of the main points that are being monitored by the Landis Gyr
system. Figure 4.2.2 is a diagram of the polling arrangement using the campus phone
system and modems at both the polling computer and the EMCS. Table 4.2.2 contains
keystrokes from a typical polling session with the ZEC EMCS via the campus phone lines.
Polling was accomplished with a commercial communications package (Procomm) one of
many different such packages that are available for such purposes. Table 4.2.3 shows a trend
file from a polling session. Obviously, a rather rigorous AWK script was necessary to strip
unnecessary header and non-numeric data prior to passing the data to the ARCHIVE
program. (The programs for translating this file are contained in the appendix to this report.)
Figure 4.2.3 illustrates the data processing scheme that was needed to convert the data from
EMCS to LoanSTAR format and Figure 4.2.4 shows an inspection plot of the data that have
successfully passed through the LoanSTAR conversion.

Table 4.2.4 contains the ARCHIVE channel table for processing data from the ZEC's
EMCS. Table 4.2.5 shows the ZEC EMCS data in the LoanSTAR format and Table 4.2.6
shows the .LOG file produced by the ARCHIVE file for the ZEC EMCS data. Figure
4.2.4 is a LoanSTAR-type inspection plot for the ZEC EMCS data.

Although the polling and access to the Landis Gyr was simplified because the building was
close at hand other problems began to plague the process. For example, since polling was
accomplished through a node that was also used for troubleshooting and/or operation, often
times a significant amount of dialing and redialing was needed to catch the phone line when it
was not busy. Obviously, another modem or off-hour phone calls could have eliminated this
problem. The final solution was to connect the appropriate EMCS node via the Landis Gyr
campus network. This was accomplished by directly connecting to the RS232 port on a local
Landis EMCS (located down the hall from the polling computer). A significant amount of
programming in Landis Gyr's PPCL programming language was necessary to capture the
necessary trend data. Furthermore, the PPCL uses Change of Variable values to record
energy use and this may lead to inaccuracies if the user selects energy change values that
result in time intervals that are greater than one hour.
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Table 4.2.1: EMCS Capabilities
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Table 4.2.2 : Operator keystrokes for retrieving data. This table contains the typical operator
keystrokes that are required for polling and retrieving the data from the Zachry Engineering
Center EMCS (ZEC) using the Procomm communications package.

Key Strokes for the Landis and Gvr EMCS at the Zachry Engineering. Center.

NOTE - PROCOMM IS A STANDARD COMMUNICATION SOFTWARE, FOLLOW THE INSTRUCTIONS BELOW FROM

THE PROCOMM DIRECTORY. TYPE EVERY THING IN BOLD FACE AS THEY ARE.

1. PROCOMM

2. A L T D

3. Revise.

4. choose number.

5. name : ZACHRY ENGG. CENTER

6. number : XXX-XXX-XXXX,,,,,,,,,XXX

7. save entry[y],

8. = > enter number

9. Voint.

10. Trend.

11. Multipoint.

13. Here.

14. enter hours (ex. 168 HOURS= = 1 WEEK;

15. enter sample rate ( ex. 60 MINj i

16. enter point names (ex. WATT = WHOLE BUILDING ELECTRIC)

17. press PAGEDOWN

18. press 7.

19. enter data file name.

20.hit return to start polling.

21. after completion press ESC

22. ALTH

23. ALTX
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Table 4.2.3 : Zachry EMCS data file in raw format. This table shows the raw data format
for the data that are received from the ZEC EMCS prior to processing into the LoanSTAR
format.

B6CDS
> Point name?B6SPD
> Point name?B7CDS
> Point name?B7SPD
> Point name?
Command successful

Trend Multi-point Report 14:12 O3-Sep-91
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Table 4.2.4: ARCHIVE channel table for the Zachry site. The ARCHIVE channel table for
the ZEC EMCS is shown in this table. All data used in the LoanSTAR program are
processed with the ARCHIVE program to assure a uniform data base structure. ARCHIVE
performs useful data and time transformations and can perform high-low limit checks each
time a site is polled.

DATE Time Raw Raw Arch Name of Archive
MM/DD/YY HH:mm Line coin pos Channel Units

Arch Conv'n Calib. or Error Limatation Channel
Format Code Constants Code Constants Description
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Table 4.2.5: Zachry EMCS data file in the LoanSTAR format. Zachry EMCS data that has
been processed by the ARCHIVE program is shown in this table. The first column is the site
number, and the six columns that immediately follow are calender and time values in
different formats. Energy use data for this site begins in the eighth column.
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Table 4.2.6: .LOG file produced by the ARCHIVE program for Zachry data. A .LOG file is
produced each time ARCHIVE processes data for a site. It includes some basic statistics
about which file has been read, the channel table used, and the names of the LOG and output
files. It also includes information about how many lines were processed, how many
processing errors and missing data occurred and where those errors occurred in the input file.

Log of Archive, version: 1.41 of IS June 1987, processed on 20 Sep 1991

Files:

RAW DATA zach.out
CHANNEL TABLE zach.tbl

ARCHIVE zach.ach
LOG zach.log

Archive delimiter is " ".
Missing or bad data values are replaced by the value -99.000 .

Line errors: are identified by their line number in the raw data file.
Data errors: are identified by the channels name, line and position

within the case: "name "(line in case/position in line).
Line numbers in raw data file are shown as | number | or as "number*

| numbers | indicates a line of data, 'numbers* is a comment line.

First case on raw data: 91 243 15:10

BeginDate: 91 001 00:00 First output case: 91 243 15:10

Line Error: less channels than 8, as expected from channeltable:
| 1 | 8 31 91 1510

etc.

Line Error: less channels than 8, as expected from channeltable:
1201 9 01 91 1010

•*• • • • No further line errors will be listed for errors of this type • • • •*•

EndDate: 99 001 00:00 Last output case: 91 246 14:10

STATISTICS:
73 lines read from beginning of raw data file.
73 lines processed between Begin and End dates.

(including 0 comments and 1 all-blank lines)
72 line errors detected.
0 data errors, and 288 missing data detected, itemized below:

Arc Channel Error Missing
pos name count count
8 CDS 0 72
9 SPD 0 72
10 MAT 0 72
11 CDT 0 72
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Figure 4.2.1: The Zachry Engineering Center on the Texas A&M University Campus. The
ZEC is shown in lower right corner of the campus (building #223).
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figure 4.2.2: Hardware configuration for the Zachry site. This figure shows the hardware
configuration for the ZEC. Since the site was located close to the office where the polling
computer was located the data were collected via modem over the campus phone system.

HARDWARE CONFIGURATION
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Figure 4.2.3: Data processing stream for the Zachry site. This figure shows the data
processing streams that are required to convert the Landis Gyr data into LoanSTAR format
once the data have been received.

DATA PROCESSING STREAM

Energy Systems Laboratory, Texas A&M University March 1993



USDOE EMCS Report p. 42

Figure 4.2.4: LoanSTAR-type inspection plots for the Zachry Engineering Center (ZEC).
This figure shows the LoanSTAR inspection plots for four channels of data collected from
the ZEC.
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4.3 Prairie View A&M Campus •• i

The Prairie View A&M Campus is a located about 50 miles west of Houston and contains
1,945,952 square feet of conditioned space in 46 buildings (Figure 4.3.1). Most of these
buildings receive electricity (1,876,851 sqft.), heating (1,695,176 sqft.) and chilled water
(1,423,408 sqft.) from a centralized distribution system. Energy conservation measures
recommended for funding by the LoanSTAR program include: improved lighting controls
and retrofit of inefficient fixtures, variable speed pumping for the main chilled water loop
and hot water loop in the central plant, a chiller upgrade, an extensive steam leak repair
effort, and automatic controls to operate several large pumping stations during off-peak
hours. The expected payback for these measures is $298,000 per year. The final selection
of retrofits has yet to be determined.

In 1987 Prairie View A&M University started a large scale energy management program
with Johnson Controls. By April of 1990 this energy management program was saving
$80,000 per month. A large portion of these savings are attributable to the installation and
use of the Johnson Controls EMCS which was used in this study. Additional information
about the Prairie View energy management program, including an analysis that uses
normalized sliding indicators can be found in the report by Haberl et al. (1991).

The Prairie View A&M campus (PVAM) is equipped with a Johnson Controls JC 85/40
EMCS that is connected to over 2000 points throughout the campus. Table 4.3.1 includes a
summary of the types of points that are being monitored. Of importance to this study,
Johnson Controls connected whole-building electric and thermal monitoring to over 35
buildings as part of their shared savings service contract with PVAM University. Sites such
as PVAM are an ideal case study because of their economies of scale. If it could be shown
that the EMCS can effectively be made to serve a dual purpose, namely, as a building
control system for the PVAM operators and as a remote data acquisition system for
monitoring the savings from an energy retrofit then the extra effort expended to translate data
are justified.

Since Johnson Controls has an energy management contract with PVAM University it was
necessary to work extensively with Johnson Controls during this prototype effort. The JC
85/40 can trend up to 99 points and can store 3000 samples for each point within its memory
(a limit set by the size of the PC on which the software is running). The JC 85/40 EMCS at
PVAM consisted of a Johnson Controls TI 990-12 minicomputer, the actual processor that
performs the control functions, and a PC that is used for administrative functions and
trending. As such, the equipment at PVAM only allowed for the trending of 200 points for
each channel being sampled.

The JC 85/40 also allows for trending at the remote control units or Digital System
Controllers (DSCs). Up to 400 points can be trended at this level. However, only 64
samples of data points can be stored before the memory is overwritten which would
necessitate the need for a periodic uploading to the JC 85/40.
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As with almost all EMCSs the JC 85/40's performance degrades as points are added to the
trend file, so the number of points and the trending rate is carefully watched by the EMCS
operators least they end up with a very slow system response rate. This was not a problem at
PVAM.

One major limitation to using the EMCS at PVAM University is that the Johnson Controls
operators use the trending facility to troubleshoot the system and for their maintenance logs.
During the time that the prototype was being investigated this averaged 30 to 40 channels,
and could go as high as 80 of the 99 channels.

For the purposes of the prototype the data collected by the JC 85/40 included whole-building
thermal and electric data for one building. At the time that the prototype was being
assembled the JC 85/40 only had the capabilities of trending hourly samples of energy use.
For example, the electrical energy use was measured using a pulse counter, where each
pulse represents a given amount of energy use. The hourly sample, which was recorded in
the trend, only represented the number of pulses that had been recorded in the previous
minute, rather than the previous hour. Although the JC 85/40 had a facility for totalizing
energy use from such pulses into daily counts for reporting purposes, the current version of
the software would not allow for mixed hourly totalized and averaged information to be
trended. The programming of the trending did allow for data to be captured on the hour
regardless of when the trending was initialized.

I
In a similar fashion to the Honeywell Delta 1000, direct polling of trend data from the JC
85/40 was not immediately accomplished. However, thanks to some clever programming by
the Johnson Controls operators, this was eventually accomplished by declaring the modem to
be a printer and having the JC 85/40 print the trend data to the printer/modem. Capture of
the data by the polling computer was then accomplished by echoing the data on the screen to
the disk for storage. i

Data are retrieved from Prairie View by modem from Texas A&M as shown in Figure 4.3.2.
At Prairie View the modem is directly connected to the JC 85/40 although a PC could have
been configured for this purpose using additional software from Johnson Controls. Table
4.3.2 contains the operator keystrokes for retrieving the data from the JC 85/40. A
commercial communications package was used for this purpose (PROCOMM).

As with most of the EMCS sites, once communications have been established one must go
through a series of EMCS-specific commands to reach the necessary data in the trend file.
For the JC 85/40 this is illustrated in Table 4.3.2 with the resultant capture file being shown
in Table 4.3.3. This capture file required additional preprocessing once it was received at
A&M as shown in Figure 4.3.3. (The programs for translating this file are contained in the
appendix to this report.)

I
Once the data were properly prepared they were then processed with the ARCHIVE program
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using the appropriate channel table. Table 4.3.4 contains the ARCHIVE channel table for
the Prairie View site. Table 4.3.5 contains the JC 85/40 data in LoanSTAR format, and
Table 4.3.6 contains a typical log session produced each time the file is run through the
ARCHIVE program. In a similar fashion to the other EMCS sites the end result of all this
processing each week is to produce an inspection plot such as that shown in Figure 4.3.4.
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Table 4.3.1: EMCS Capabilities. The EMCS capabilities for the Prairie View A&M are
shown in this report as determined by Heinemeier and Akbari (1991).

Energy Systems Laboratory, Texas A&M University March 1993



USDOE EMCS Report p. 47

Table 4.3.2: Operator keystrokes for retrieving data. This table contains the typical
operator keystrokes that are required for polling and retrieving the data from the Prairie View
EMCS using the Procomm communications package.

Key Strokes for the Johnson Controls EMCS at PRAIRIE VIEW A & M UNIV.

N O T E - PROCOMM IS A STANDARD COMMUNICATION SOFTWARE. FOLLOW THE INSTRUCTIONS BELOW

FROM THE PROCOMM DIRECTORY. TYPE EVERY THING IN BOLD FACE AS THEY ARE. THE USER MUST

KNOW THE POINT NUMBERS.

1. PROCOMM

2. ALTD

3. Revise

4. choose number

5. name : PRAIRIE VIEW A & M UNIV.

6. number: XXX-XXX-XXXX

7. after you see "pvam university " hit return

8. after you see "log in " enter XXXX

9. press PAGEDOWN

10. press 7

11. enter data file name

12. for each point type "O,SUM,TREND,VAL,(pomf number)"

VS. print "HC4"

14. print Y,for execute

14. after all the points have been polled type QUIT

15. press ESC

16. ALTH

17. ALT X
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Table 4.3.3: Prairie View EMCS data file in raw format. This table illustrates the raw data
format for data retrieved from the Prairie View EMCS.

SYSTEM INFORMATION - TREND VALUE SUMMARY PGM DAY 5 THU 8 AUG 1991 15:54:58 PAGE: 1

POINT NUMBER : 41 SAMPLE STATUS : BEG
POINT ID : H LIB - JB COLEMAN BLG - BUILDING BTU - KBTU/HR CALC SAMPLE RATE : 1 HR
SAMPLE # BEGIN TIME: 11:00 ON 8/05/91 END TIME: ON LAST SAMPLE : 77

SYSTEM INFORMATION - TREND VALUE SUMMARY PGM DAY 5 THU 8 AUG 1991 15:55:34 PAGE: 1

POINT NUMBER : 42
POINT ID : H LIB - JB COLEMAN
SAMPLE tt BEGIN TIME: 11:00 ON

SAMPLE STATUS : BEG
BLG - BUILDING KW - KW READING SAMPLE RATE

8/05/91 END TIME: ON LAST SAMPLE :
: 1 HR
77

SYSTEM INFORMATION - TREND VALUE SUMMARY PGM DAY 5 THU 8 AUG 1991 15:57:24 PAGE: 1

POINT NUMBER : 43 SAMPLE STATUS : BEG
POINT ID : H LIB - IB COLEMAN BLG - BUILDING TON - CHW TONNAGE SAMPLE RATE : 1 HR
SAMPLE # BEGIN TIME: 11:00 ON 8/05/91 END TIME : ON LAST SAMPLE : 77
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Table 4.3.4: ARCHIVE channel table for the Prairie View site. The ARCHIVE channel
table for the Prairie View site is shown in this table. All data used in the LoanSTAR
program are processed with the ARCHIVE program to assure a uniform data base structure.
ARCHIVE performs useful data and time transformations and can perform high-low limit
checks each time a site is polled.

DATE Time Raw Raw Arch Name of Archive Arch Conv'n Calib. or Error Limatation Channel
MM/DD/YY HH:mm Line coin pos Channel Units Format Code Constants Code Constants Description
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Table 4.3.5: Prairie View EMCS data file in the LoanSTAR format. Prairie View EMCS
data that has been processed by the ARCHIVE program is shown in this table. The first
column is the site number, and the six columns that immediately follow are calender and time
values in different formats. Energy use data for this site begins in the eighth column. The "-
99.00" is inserted by ARCHIVE to identify data that fell outside the preset high-low limits.

Energy Systems Laboratory, Texas A&M University March 1993



USDOE EMCS Report p. 51

Table 4.3.6: .LOG file produced by the ARCHIVE program for the Prairie View EMCS data.
This .LOG file is produced each time ARCHIVE processes data for a site. It includes some
basic statistics about which file has been read, which channel table was used, and the names
of the .LOG and output files. It also includes information about how many lines were
processed (not shown), how many processing errors and missing data occurred and where
those errors occurred in the input file.

Log of Archive, version: 1.41 of 15 June 1987, processed on 10 Oct 1991

Files:

RAW DATA prv.out
CHANNEL TABLE prv.tbl

ARCHIVE prv.ach
LOG prv.log
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Figure 4.3.2: Hardware configuration for the Prairie View site. This figure shows the
hardware configuration required to obtain data from the Johnson Controls EMCS. A future
configuration showing the addition of a PC running the Extended Application Workstation is
also indicated.

HARDWARE CONFIGURATION
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Figure 4.3.1: The Prairie View A&M University Campus. This figure shows an aerial-view
of the Prairie View A&M University Campus near Houston which contains about 40
buildings that are controlled by a centralized EMCS. i
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Figure 4.3.3: Data processing stream for the Prairie View site. This figure shows the data *
processing stream that is required to convert the Johnson Controls data into LoanSTAR
format once the data have been received.

DATA PROCESSING STREAM
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Figure 4.3.4: LoanSTAR-type inspection plots for the Prairie View site. This figure shows
the LoanSTAR inspection plots for four channels of data collected from the Prairie View site.
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4.4 USDOE Forrestal Building

The USDOE Forrestal building, located at 1000 Independence Avenue, was originally built
in 1970 for the Department of Defense. The building was named by President Lyndon
Johnson after the first Secretary of Defense, James Forrestal. Since April, 1978 the Forrestal
building has served as the headquarters for the Department of Energy.

The Forrestal building is actually comprised of a north, south and west wing connected by
underground corridors and aerial walkways. Figure 4.4.1 illustrates the layout of the
building and shows the location of the proposed loggers. The north wing is elevated 4 stories
above street level and is comprised mostly of executive offices. The south building is
connected to the north building with four aerial walkways and to the west building with
underground corridors. The south building surrounds an interior courtyard and contains
office space, several small cafeterias and an employee gym. The west building is comprised
mostly of a cafeteria and related services.

The building is primarily constructed of precast and cast-in-place concrete. Precast recessed
windows units, encasing 1/4 inch plate glass, are the most prominent feature of the envelope.
A poured-in-place shear wall on the south side and north side of the south building are the
only exterior walls that do not contain the recessed window units.

The 1,632,000 square foot facility contains 315,430 square feet of parking and 1,316,570
square feet of office space and corridors. In general, the exterior of the building is
composed of cast-in-place concrete with minimum insulation. A large portion of the building
(668,150 square feet) is actually below grade.

The Forrestal building receives steam and chilled water from the Central heating and
refrigeration plant (located at 12th. and C streets, SW). Steam is metered at the Forrestal
building with an insert-type turbine meter, chilled water is metered at the Central plant
(although a new ultrasonic chilled water meter was installed recently in the Forrestal
building). Electricity, natural gas and potable water are provided by local utilities and are
separately metered within the facility.

Energy consumption for the period 1985 to 1986 was approximately 185,000 MBtu per year
or about 140,000 Btu/sqft (excluding the parking area). During this period utility costs
totaled $4,065,785, consisting of $2,206,657 for electricity (demand + usage), $838,564
for purchased steam, $1,018,719 for purchased chilled water, and $1,844 for natural gas.

The Forrestal building is heated and cooled by two primary types of systems: four-pipe fan
coil units (south and west exposures) and two-pipe fan coil units. Other specialty systems
include reheat coils, baseboard units (cafeterias and corridors), north building (fourth floor)
hydronic slab heating, heating and ventilating unit heaters (garage), and specialty computer
room cooling systems. Ventilation for the building is provided by a low pressure air
distribution system serviced by air handling units located in 22 mechanical rooms. Hot water
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is supplied by four domestic water converters. Three supply 105F water for lavatories and
one supplies 140F water for kitchen use. Normal business hours are 8:30 a.m. to 5:30 p.m.,
Monday through Friday. The building is usually not used on the weekend. Additional
information including an energy analysis on the building can be found in the report by Haberl
(1988).

At the present time the USDOE Forrestal building does not have a functional EMCS. Water,
natural gas, electricity, steam and chilled water are monitored daily at the building
boundaries for internal tracking purposes. In order for the Forrestal staff to effectively
analyze savings from energy retrofits, a multi-logger data acquisition system was
recommended based on systems that are installed in the Texas LoanSTAR program.

Four separate proposals were presented that investigated the installation of a data acquisition
system for monitoring the energy use in the Forrestal building: (1) a fully-configured
monitoring system, (2) a system to monitor lighting loads only, (3) a system to monitor
whole-building loads and weather conditions only, and (4) a system to monitor the daycare
facility and weather conditions only. In the table that follows the full proposal is spelled out.

The preliminary engineering of a fully configured monitoring system that would be capable
of monitoring both whole building thermal and electric and sub-metering on the lighting
loads and the daycare center was completed by Texas A&M with the help of the National
Center for Appropriate Technology (Neat) and submitted to the DOE in the March 1991
Preliminary Engineering Survey (Claridge et al. 1991). The purpose of such a system would
be to allow the DOE to have a showcase monitoring system that would make near-real-time
data accessible to the national labs and interested others for studying the HVAC and lighting
systems in the Forrestal building.

I
Such a system would be capable of monitoring the following points:

1. Whole-building electricity.
2. Whole-building natural gas.
3. Whole-building potable water.
4. Whole-building chilled water.
5. Whole-building steam and condensate.
6. Weather conditions (temperature, humidity, solar, wind).
7. Sub-metering of lighting.
8. Sub-metering of motor control centers.
9. Sub-metering of elevators.
10. Sub-metering of kitchen electric loads.
11. Selected sub-metering of computer centers.
12. Sub-metering of the daycare whole-building electricity.
13. Sub-metering of the daycare photoelectric electricity.
14. Sub-metering of the daycare heat pump electricity.
15. Sub-metering of the daycare lighting loads.
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16. Sub-metering of the daycare interior conditions.
17. Sub-metering of the daycare solar water heating.

Such a system could be installed in 6 months for about $243,174, and would include all
necessary software/hardware for polling and archiving the data. The fully configured system
would utilize at least five loggers as shown in Figure 4.4.1. Each of the loggers would
primarily be placed in the electrical vaults to better utilize access to the electrical risers. A
minimum of five loggers would be needed to avoid long communication line runs through
troublesome ceiling tiles. Table 4.4.1 through 4.4.4 list the proposed channels for each of
the loggers. Details concerning the alternative systems that were specified for the Forrestal
building can be found in the Preliminary Engineering Survey.

In addition to an engineering survey, a proof-of-concept monitoring system was installed in
the Forrestal building in September of 1991. The prototype system utilized mostly whole-
building monitoring of thermal and electric loads as shown in Figure 4.2.2 and 4.2.3.
Energy consumption recorded by the prototype system is merged with hourly weather data
from the National Weather Service's National Airport station at Texas A&M through a
connection to the NWS via the campus internet. Measurements from the NWS include dry
bulb temperature, wet bulb temperature and wind speed.

Whole-building electricity was provided by PEPCo through an extension of their KYZ pulse
for monitoring purposes. Whole-building steam and chilled water took advantage of existing
meters, GSA's steam meter and a newly installed ultrasonic chilled water meter. The
monitoring also included an arbitrary sampling of several motor control centers, a lighting
panel, and an elevator panel to illustrate several different load profiles. Whole-building
electricity for the daycare center is also being recorded with the prototype system. One
prototype system was located in the C Vault and one system in the A Vault as shown in
Figure 4.4.2. Whole-building thermal monitoring is being recorded through the C Vault.

Each week both loggers are called in the Forrestal building in a similar fashion as loggers
are called in the LoanSTAR program using modems that are connected to the loggers as
shown in Figure 4.4.4. Even the LoanSTAR data needs a slight amount of preprocessing
before passing to the ARCHIVE program as shown in Figure 4.4.5. This is mainly to
remove "/" ":" and non-numeric characters. The operator keystrokes for retrieving the data
are shown in Table 4.4.6. Data in raw format from the Synergistics logger is shown in Table
4.4.7 with the ARCHIVE channel table shown in Table 4.4.8 and the resultant LoanSTAR
output file in Table 4.4.9. The accompanying log file is then shown in Table 4.4.10. The
resultant weekly inspection plot for the Forrestal building is shown in Figure 4.4.6.
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Table 4.4.1: Forrestal Data Logger ffl & ff2 Configuration. This table shows the proposed
configurations of data logger #1 (Switchboard D), and data logger #2 (Switchboard E) in the
southeast building of the USDOE Forrestal Complex.
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Table 4.4.2: Forrestal Data Logger #3 Configuration. This table shows the proposed
configuration of data logger #3 (Switchboard A) in the north building of the USDOE
Forrestal Complex. j
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Table 4.4.3: Forrestal Data Logger #4 Configuration. This table shows the proposed
configuration of data logger # 4 (Switchboard B) in the north building of the USDOE
Forrestal Complex. |
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Table 4.4.4: Forrestal Data Logger #5 Configuration. This table shows the proposed
configuration of data logger #5 (Switchboard C) in the USDOE Forrestal Complex.

Logger 05 Synergistics C180 with 16 kWh, 16 digitals, & 16 analog inputs.
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Table 4.4.4: Forrestal Data Logger #5 Configuration(cont).
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Table 4.4.5: Forrestal operator keystrokes for retrieving data. This table contains the typical
operator keystrokes that are required for polling and retrieving the data from the Forrestal
data loggers using the Synernet communications package.

THE PROCESS OF TRANSMISSION OF DATA IS ACCOMPLISHED IN ONE PHASE. THE FOLLOWING

INSTRUCTIONS ARE TYPICAL OF THE KEYSTOKES THAT ARE NECESSARY FOR POLLING ANY OF THE

LOANSTAR SITES WITH THE MANUFACTURER'S SOFTWARE. THIS PROCEDURE ASSUMES THE AT USER IS

IN THE MANUAL MODE OF POLLING. THIS MODE OF POLLING IS USED SO THAT EXACTLY ONE WEEK OF

CAN BE RETRIEVED, 168 RECORDS FROM MIDNIGHT ON MONDAY TO MIDNIGHT ON THE NEXT MONDAY.

1. CD\S YNER (this is in the case that the software is kept in the \SYNER directory)

2. PARSET (this initiates the polling software which is part of several programs. This software is menu driven, hence

the following commands are in response to the menu selection. Prior to this the user would have had to setup the site with the QUEUE

command).

3. LOGGER(S) (this is the first menu selection that is chosen which leads to another menu).

4. PICK FROM EXISTING LOGGERS.

5. 905/A/.../A ...this is the site number, etc.

6. CONNECT ...this is echoed back by PARSET

7. PHONE DIALER ...this is the next selection on the menu '

DIAL PREFIX

PHONE NUMBER nnn,nnn,nnnn ....enter the phone number

DIAL SUFFIX •

8. TERMINAL ...once the connection has been established the user goes to the Terminal menu selection

9. READ STATUS DATA ...this is the first thing that must be done each week is to check the logger clock against the PC clock

10. <ESC> ...this breaks back into the terminal mode

...This next step assumes that the user has written down the last TSR from the previous week's

polling session. Otherwise, one needs to check the TSRs in the logger and make sure that

the TSR being asked for is for midnight.

11. READ TSR .. .this is the menu choice that activates the reading of the Time Series Records (TSR).

ENTER STARTING TSR INDEX: NNN .. .this is where the user needs to know the previous weeks ending TSR.

ENTER ENDING TSR INDEX: NNN ... this number would be the previous weeks ending TSR + 168 records.

(S)creen or (F)ile F .. .this choice tells the polling PC to place the records in a file

Output File Name: 9050201.RAW ....this is typical of the kind of name for the raw data from site 905 taken on 2/1/92

File Type: (R)eal ...this is a choice of variable type

Header Titles: (N)one ....this avoids having the headers in the output file

ESC ...this ends the Terminal Session

12. CONNECT ....the user then needs to select connect to disconnect the logger.

DISCONNECT AND HANG UP

QUIT |

The user now has 168 records on the PC disk in the file named 90S0201 .RAW that can be processed for graphing.
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Table 4.4.6: Forrestal data file in raw format. This table illustrates the raw data format for
data retrieved from one of the Forrestal data loggers that were installed for proof of concept
monitoring. j

NOTE: Selected data values have been trimmed to facilitate an improved presentation in this table.
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Table 4.4.7: ARCHIVE channel table for the Forrestal site. The ARCHIVE channel table
for the Forrestal site is shown in this table. All data used in the LoanSTAR program are
processed with the ARCHIVE program to assure a uniform data base structure. ARCHIVE
performs useful data and time transformations and can perform high-low limit checks each
time a site is polled.

Date Time Raw-Data Arch Name of Archive Arch Conv'n Conv'n Error Error Channel
MM/DD/YY HH:mm lin coin coin Channel Unite Format Code Constants Code Constants Description
(YY DDD) pos pos pos
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Table 4.4.8: Forrestal data file in the LoanSTAR format. Forrestal data that has been
processed by the ARCHIVE program is shown in this table. The first column is the site
number, and the six columns that immediately follow are calender and time values in
different formats. Energy use data for this site begins in the eighth column. The "-99.00" is
inserted by ARCHIVE to identify data that fell outside the preset high-low limits.
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Table 4.4.9: .LOG file produced by the ARCHIVE program for the Forrestal data. This
.LOG file is produced each time ARCHIVE processes data for a site. It includes some basic
statistics about which file has been read, which channel table was used, and the names of the
.LOG and output files. It also includes information about how many lines were processed
(not shown), how many processing errors and missing data occurred and where those errors
occurred in the input file.

I
Log of Archive, version: 1.41 of 15 June 1987, processed on 15 Jan 1992

Files:

RAW DATA 90592014.dat
CHANNEL TABLE 4_4_8.tbl

ARCHIVE 90592014.ach
LOG 90592014.log
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Figure 4.4.1: Floor plan of the USDOE Forrestal Building. This figure shows the floor plan
for the USDOE Forrestal building and includes the location of the data loggers. '

James Forrestal Building
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Figure 4.4.2: kWh Monitoring Diagram for the Forrestal Building. This figure is a
diagram of the electricity monitoring system that has been installed in the Forrestal building
that monitors whole-building electricity, and selected submetered channels, including motor
control centers, elevators, lights and receptacles, and the whole-building feed from the
daycare center.
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Figure 4.4.3: Thermal Monitoring Diagram for the Forrestal Building. This figure is a j
diagram of the thermal monitoring at the Forrestal building which includes whole-building
chilled water, and whole-building steam use. Weather data (i.e., dry-bulb temperature, wet-
bulb temperature, and wind speed) are being imported from the National Weather Service.

Energy Systems Laboratory, Texas A&M University March 1993



USDOE EMCS Report p. 72

Figure 4.4.4: Hardware configuration for the Forrestal site. This figure shows the hardware
configuration for the Forrestal site. Data are collected via modem over long distance campus
phone lines.
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Figure 4.4.5: Data processing stream for the Forrestal site. This figure shows the data
processing streams that are required to convert the Synergistics data into LoanSTAR format
once the data have been received.
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Figure 4.4.6: LoanSTAR-type inspection plots for the Forrestal site. This figure shows the
LoanSTAR inspection plots for the channels from the Forrestal building.
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4.5 The USDOE Germantown Facilities :

The USDOE Germantown complex is located on a large 100 acre complex in Germantown,
Maryland. The main building and support buildings were completed in 1958 for the United
States Atomic Energy Commission. The entire complex is composed of a main building, an
auditorium, a boiler house, an equipment storage building, a maintenance building sewer
ejector and water pumping stations, a radio building and a large water tower. Figure 4.5.1
shows the layout of the main building and the locations of the proposed data loggers.

The entire ground floor of the main building was originally designed to serve as a blast
shelter for the complex during a time of a national emergency. Hence, special ventilation
systems for heating, and cooling systems, independent electrical systems, material supply,
blast doors and solid concrete construction were added features for this portion of the
building. The computer center, wings "F, G, H, and J" of the main building and the
maintenance building were added to the complex in 1973.

The main building is composed of numerous inter-connecting narrow wings of five stories
each. The primary construction is masonry and concrete with a brick veneer, single pane
glazing and minimal insulation , typical of 1950s construction. The main and adjunct
buildings comprise 596,000 square feet of which 390,000 square feet are office space for
administrative personnel and support staff.

The Germantown complex uses about 104,300 MBtu per year or about 267,300 Btu/sqft
(using net square footage). Utility costs for 1986 to 1987 totaled $1,168,000 or about
$2.99/sqft. Electricity represented $871,013 and heating oil for the boilers amounted to
$297,016.

The main building at the Germantown complex uses 125 psig steam for heating and chiller
water for cooling. The boiler house has two 14,000 lb/hr and one 8,000 lb/hr Babcock and
Wilcox water tube, forced draft boilers that can burn #6 or #2 oil supplied by two 30,000
gallon underground storage tanks. Chilled water is provided by two 750-ton chillers and one
350-ton chiller. Three 75-ton chillers (originally installed for the shelter and configured to
operate using pond water) could also be used with certain modifications. Condensing water
is provided by one 4.2 MBtu and one 18 MBtu condensing tower.

The primary heating/cooling systems are perimeter induction units. Ventilation is supplied
by air-handling units located throughout the complex. Domestic water heating is provided by
steam converters for restroom and kitchen end-use requirements. Normal business hours for
the Germantown complex are from 8:30 a.m. to 5:00 p.m., Monday through Friday.
Additional information including an analysis of the energy consumption can be found in the
report by Haberl (1988).

At the present time the USDOE Germantown complex does not have a functional EMCS.
Water, electricity, steam and oil are monitored daily at the complex boundaries for internal
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tracking purposes. In order for the Germantown staff to effectively analyze savings from
energy retrofits, a multi-logger data acquisition system was recommended based on systems
that are installed in the Texas LoanSTAR program. ;

Three separate proposals were presented that investigated the installation of a data acquisition
system for monitoring the energy use at the Germantown complex, including: (1) a fully-
configured monitoring system, (2) a system to monitor whole-complex loads and weather
conditions only, and (3) a system to monitor only the daycare facility and weather conditions.
In tables that follow the full proposal is spelled out.

The preliminary engineering of a fully configured monitoring system that would be capable
of monitoring both whole building thermal and electric and sub-metering on the lighting
loads and the daycare center was completed by Texas A&M with the help of the National
Center for Appropriate Technology (Neat) and submitted to the DOE in the March 1991
Preliminary Engineering Survey (Claridge et al. 1991). The purpose of such a system would
be to allow the DOE to have a showcase monitoring system that would make near-real-time
data accessible to the national labs and interested others for studying the HVAC and lighting
systems in the Germantown complex.

i

Such a system would be capable of monitoring the following points: •

1. Whole-complex electricity.
2. Whole-complex oil use.
3. Whole-complex potable water.
4. Whole-complex chilled water.
5. Whole-complex steam, condensate and boiler water.
6. Weather conditions (temperature, humidity, solar, wind).
7. Sub-metering of motor control centers.
8. Sub-metering of Emergency Power Generators and fuel use.
9. Selected sub-metering of computer centers.
10. Sub-metering of the daycare whole-complex electricity.
11. Sub-metering of the daycare photoelectric electricity.
12. Sub-metering of the daycare heat pump electricity.
13. Sub-metering of the daycare lighting loads.
14. Sub-metering of the daycare interior conditions.
15. Sub-metering of the daycare solar water heating.

Such a system could be installed in 6 months for $221,680 and would include all necessary
software/hardware for polling and archiving the data. The fully configured system would
utilize at least seven loggers as shown in Figure 4.5.1. A minimum of seven loggers would
be needed to avoid long communication line runs. Table 4.5.1 through 4.5.4 list the
proposed channels for each of the loggers. Details concerning the alternative systems that
were specified for the Germantown Complex can be found in the Preliminary Engineering
Survey.
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Table 4.5.1: Germantown Data Logger #1 Configuration. This table shows the proposed
configuration of data logger #1 (Boiler Room) at the USDOE Germantown Complex.
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Table 4.5.2: Germantown Data Logger #2 & #3 Configuration. This table shows the
proposed configurations of data loggers #2 and #3 (Equipment & Daycare buildings) at the
USDOE Germantown Complex.

Energy Systems Laboratory, Texas A&M University March 1993



USDOE EMCS Report p. 79

Table 4.5.3: Germantown Data Logger #4 Configuration. This table shows the proposed
configuration of data logger #4 (Load Centers 2 and 3) at the USDOE Germantown
Complex. j
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Table 4.5.4: Germantown Data Logger #5, #6, & #7 Configuration. This table shows the
proposed configuration of data logger #5 (Load Center #4), data logger #6 (Load Center #1),
and data logger #7 (Emergency Generator Room).
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Figure 4.5.1: Plan view of the USDOE Germantown Facility. This figure show a plan view
of the USDOE Germantowri Facility; DOE's classified facility located in Germantown,
Maryland.
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4.6 The Texas State Capitol Complex. • j I

At the request the Texas Governor's Energy Office, the Texas State Capitol Complex was
studied to see if the installed EMCSs could be made to be compatible with the LoanSTAR
trend logging and graphics that currently have been developed with dedicated DASs. During
the Summer of 1992 the EMCSs in the Texas State Capitol Complex were studied in detail
and the results reported by Heinemeier and Akbari (1992).

I !'!

Most of the state buildings in Austin are a part of a five million square foot complex of 42
buildings. The complex is currently organized into five geographic zones as shown in Table
4.6.1 and in Figure 4.6.1. At the present time there are six major EMCSs in use at the
complex: A Honeywell security and fire system, a Landis & Gyr Powers System 600, a
Honeywell Excel Classic, an Andover system, a Johnson Controls 85/40, and Teletrol
Integrator 286 systems in two buildings: the Sam Houston building and the (new) Capitol
Extension building.

The Teletrol Integrator 286 is essentially a PC that is very capable of talking to virtually any
other device. The Teletrol system can be programmed in C, and is supplied with a library
of C functions such as schedules, and PID loops, etc. The Teletrol box contains a PC
mother board, A/D boards and a modem. The controller communicates via a 250 kBaud
LAN, phone lines, or RS232 connection to a local workstation. In order for the workstation
to communicate to the Integrator it is best for it to run Teletrol's
Management/Communications Package (MCP). Other packages can also be used to
communicate to the Integrator including PCANYWHERE.

In the Teletrol system any point can be trended using the History facility. Data are stored in
the controller's memory, and can be retrieved to the Workstation at any time. Data that are
trended can be snap-shot, average, minimum or maximum data. COV data can also be
trended. Up to 999 samples can be trended per point or 20,000 samples in total memory.
The time interval and begin point must be specified in order to collect average data. One
must be careful when restarting the system to resynchronize all trend logs (which might
require come additional C code).

It was determined that the existing Teletrol system at the Capitol was not suitable for testing
protocols so a loaner system was borrowed from Teletrol and tested at Texas A&M using a
set up that is diagrammed in Figure 4.6.2. Basically, an Integrator was set up with several
test channels and the data protocol tested and verified using the campus phone lines as shown
to simulate a conversation with a remote field unit.

Table 4.6.2 contains the operator keystrokes for retrieving data from the Teletrol EMCS via
the campus phone lines using the Teletrol Management and Communications Package (MCP)
resident on the polling computer (other software packages such as PCANYWHERE can be
used). Table 4.6.3 gives a look at the raw data from the Teletrol Integrator prior to
processing into LoanSTAR format.
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Raw data from the Teletrol Integrator was not immediately ready for processing by the
ARCHIVE program which meant that a small awk script was necessary (NOTE: a copy of
the awk script for the Teletrol is included in the appendix). Such a script removed any non-
columnar ascii data to prepare the data for input into ARCHIVE. Figure 4.6.3 is a flow
chart of the processing routines.

Once the data had been cleaned by the awk script they were ready for input into the
ARCHIVE program. Table 4.6.4 is the ARCHIVE channel table that was used to process
the raw data from Table 4.6.3 into the ARCHIVE formatted data in Table 4.6.5. The .LOG
file from the sample processing session is listed in Table 4.6.6. Once processed the Teletrol
data can then be plotted in inspection plot format as shown in Figure 4.6.4. Additional
information about how to develop and use inspection plots can be found in the LoanSTAR
Workbook (Haberl et al. 1992).
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Table 4.6.1: State of Texas Capitol Complex EMCSs. This table contains information about
the EMCSs at the Texas Capitol Complex that was collected during the Summer months of
1992 (Heinemeier and Akbari 1992).

ZONE KEY:
CAP = Capitol Zone
REM = Remote Zone
SFA = S.F. Austin Zone
SAN = San Antonio Zone
WIN = Winters Zone

EMCS KEY:
TELE = Teletrol Integrator 286
JC85 = Johnson Controls 85/40
L&GP = Landis & Gytr Powers System 600
EXCL = Honeywell Excel
ANDO = Andover
DELT = Honeywell Delta 1000
PNEU = Pneumatic controls (no EMCS)
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Table 4.6.2 : Operator keystrokes for retrieving data. This table contains the typical operator
keystrokes that are required for polling and retrieving the data from a Teletrol EMCS.

Note : Management and Communications Package (MCP) is a menu driven software that is used
to communicate with the TELETROL EMCS. It is assumed the trending for the desired
channels have been programmed. Everything in italics is the menu option provided by the
program. j . ,

1. At the DOS prompt from the TELETROL directory type MCP. i

2. Enter User name.

3. Enter Password.

4. Choose the appropriate zone. ex. WERC076.

5. Choose Report.

6. From Report choose History Samples.

7. Hit ESC twice.

8. Choose Transfer.

9. Choose Everything.

10. Choose Upload Scorn the bottom right corner of the screen.

11. Specify the data file name to upload the trend information.

12. After successful transfer of data, Choose. File.

13. Choose Exit to DOS.
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Table 4.6.3: Teletrol EMCS data file in raw format. This table shows the raw data format
for the data that are received from the Teletrol EMCS prior to processing into the LoanSTAR
format. j
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Table 4.6.4: ARCHIVE channel table for the Teletrol EMCS. The ARCHIVE channel table
for the Teletrol EMCS is shown in this table. All data used in the LoanSTAR program are
processed with the ARCHIVE program to assure a uniform data base structure. ARCHIVE
performs useful data and time transformations and can perform high-low limit checks each
time a site is polled.

DATE Time Raw Raw Arch Name of Archive
MM/DD/YY HH:mm Line coin pos Channel Units

Arch Conv'n Calib. or Error Limatation Channel
Format Code Constants Code Constants Description
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Table 4.6.5: Teletrol EMCS data file in the LoanSTAR format. Teletrol EMCS data that has
been processed by the ARCHIVE program is shown in this table. The first column is the site
number, and the six columns that immediately follow are calender and time values in
different formats. Energy use data for this site begins in the eighth column.
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Table 4.6.6: .LOG file produced by the ARCHIVE program for the Teletrol data. A .LOG
file is produced each time ARCHIVE processes data for a site. It includes some basic
statistics about which file has been read, the channel table used, and the names of the LOG
and output files. It also includes information about how many lines were processed, how
many processing errors and missing data occurred and where those errors occurred in the
input file.

Log of Archive, version: 1.41 of 15 June 1987, processed on 2 Mar 1993

Files:

RAW DATA telt
CHANNEL TABLE teletrol.tbl

ARCHIVE telt.ach
LOG telt. log

Archive delimiter is " ".
Missing or bad data values are replaced by the value -99.000 .

Line errors: are identified by their line number in the raw data file.
Data errors: are identified by the channels name, line and position

within the case: "name "(line in case/position in line).
Line numbers in raw data file are shown as | number | or as *number*

| numbers | indicates a line of data, ^numbers* is a comment line.

First case on raw data: 92 283 18:00

BeginDate: 91 001 00:00 First output case: 92 283 18:00

EndDate: 93 00100:00

STATISTICS:

100 lines read from beginning of raw data file.
100 lines processed between Begin and End dates,

(including 0 comments and 0 all-blank lines)
0 line errors detected.

0 data errors, and 0 missing data detected

Last output case: 92 287 21:00
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Figure 4.6.1: The State of Texas Capitol Complex. The Texas State Capitol complex is
shown in this figure. Several of the buildings in the complex will be using the Teletrol
system.
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Figure 4.6.2: Hardware configuration for the Teletrol test setup. This figure shows the
hardware configuration for the Teletrol test setup. Since the test was located in the same
office where the polling computer was located the data were collected via modem over the
campus phone system.

HARDWARE CONFIGURATION
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Figure 4.6.3: Data processing stream for the Teletrol test setup. This figure shows the data
processing streams that are required to convert the Teletrol data into LoanSTAR format once
the data have been received.

DATA PROCESSING STREAM
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Figure 4.6.4: LoanSTAR-type inspection plots for the Teletrol EMCS. This figure shows the
LoanSTAR inspection plots for the channels of data collected from the Teletrol EMCS.
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5.0 Evaluation of EMCS Capabilities

Table 5.1.1 contains general information regarding the capabilities of the three EMCSs that
were used in this project (Heinemeier and Akbari 1991). In general, all three EMCSs could
be used to gather acceptable quality monitoring data but required significant custom
programming to accomplish this.

Good cooperation with the EMCS operators was essential.

In each of the following sections are specific details about each of the different systems that
adds to Table 5.1.1.

HONEYWELL DELTA 1000

1. The system has sufficient trend capacity but customizing the trending and data collection
has drawbacks. This is due to the limitations in the menu selection of the version of the CIL
programming language that was resident at the time of the tests.

2. Remote retrieval of data from the PC required a two-step procedure at the time that these
tests were performed. The operator was required to capture the trend data to a disk file and
then separately transfer that file to the polling computer.

3. Data from the EMCS can be retrieved in text format but problems were encountered with
the file transfer of text format. .DIF files were found to be the best means of retrieving and
transferring the data.

4. Data required additional processing to translate into LoanSTAR format.

5. The EMCS has a scan rate of one minute which is adequate for most trend purposes.

LANDIS & GYR POWERS SYSTEM 600 SCU

1. Customized trending and data collection required programming in L&GP's PPCL
language. This task was reasonably straight forward once one master's PPCL.

2. Data must be retrieved at weekly intervals or less since memory limitations will cause the
data to wrap over data that may not have been retrieved.

3. Data retrieval can be performed via an RS232 or RS232/modem port directly into the
SCU (the local controller).

4. Data required additional processing to translate into LoanSTAR format.

5. The system is reported to have a scan rate of one second. It can be programmed to
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record data at larger intervals if needed.

JOHNSON CONTROLS JC/85/40

1. Remote trending can be accomplished but required additional modifications to the
JC/85/40 configuration.

2. Conversion of the raw data into standard LoanSTAR format requires a fair amount of
programming using a GAWK routine.

3. The JC 85/40 is reported to use a continuous scanning system which is capable of
processing 1600 lines per second, this was felt to be adequate for trending purposes.

4. Data required additional processing to translate into LoanSTAR format.

SYNERGISTICS CONTROL SYSTEM C180

1. This is a monitoring-only data acquisition system that is in use in the LoanSTAR
program.

2. The smallest scan rate is once every six seconds. Data can be recorded in intervals as
small as one minute.

3. Data can be retrieved via RS232 or via phone line through an attached modem.

4. Data required additional processing to translate into LoanSTAR format.

TELETROL INTEGRATOR 286

1. Remote trending can be accomplished without additional modifications to the Teletrol
Integrator 286.

2. Conversion of the raw data into standard LoanSTAR format requires a fair amount of
programming using a GAWK routine.
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Table 5.1.1: Characteristics of EMCSs Investigated. This table reports on the characteristics
of the EMCSs investigated as evaluated by Heinemeier & Akbari (1991) .
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6.0 Conclusions/Recommendations

This work has successfully shown that useful trend information can be obtained from Energy
Management and Control Systems. However, much work remains in making this a
transparent and reliable process. Here are some of the conclusions that we have determined:

1. The three EMCSs considered in this study can be used to trend monitoring data.
Each EMCS had its own peculiarities however. In each case significant programming was
necessary to translate the format from each EMCS into a common format. EMCS
manufacturers need to make their systems provide columnar data without headers or footers
for easy processing.

At a minimum EMCS manufacturers should provide hourly trend information on the hour for
a choice of the following variables: snap shot, average hourly, runtime, cumulative
readings. In most cases this must use a separate trend log. Unfortunately, we noticed that
EMCS operators tend to configure and reconfigure trend logs at will which defeats the
purpose of downstream processing.

2. Significant barriers still remain for many existing EMCSs. In the case of one of the sites
trend points were sometimes established at off-hour points. This was due to an initialization
problem, namely, every time that the EMCS lost power it reset the trends to the current
time, a major problem for downstream processing.

In another EMCSs a special algorithm had to be written in the EMCS language to integrate
every 60 seconds and store at the hour. This gave a rough integral and experiences some
problems with overflow since there was no modulus operator or conditional reset of values.
This was worked around by resetting the values to 0 at the end of each hour which relies on
proper timing of the EMCS and the PC running the communications software.

EMCS trend data is not particularly friendly. Sometimes it is in .DIF format, sometimes it
include carriage returns in the middle of data lines (or no carriage return).

In several cases we found that remote access to an EMCS is not designed for efficient
transfer of large amounts of columnar ASCII data. In several cases the EMCS would
actually be locked-up during data transfer — a serious problem when it is also being used for
fire and security.

Trending at one of the EMCSs could only be accomplished using hourly samples of power,
where the sample represented the previous minutes number of pulses. Although the EMCS
had a facility for trending the pulses into daily totals no such capability existed for trending
the information into hourly totals. Obviously, this problem that can be fixed with a new
software release.

In a similar fashion one of the EMCSs had a problem with direct polling of trend data.
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However, thanks to come clever programming by the EMCS operators, this was eventually
accomplished by declaring the modem to be a printer and having the EMCS operator print
the trend data to the printer/modem. Capture of the data by the polling computer was then
accomplished by echoing the data on the screen to the disk for storage. Unfortunately this
meant that all call-ins were treated as printers which caused a problem with control characters
that are used for coloring the screen, etc.

One of the EMCSs uses Change of Value (COV) variables to record energy use. A COV is a
record structure that records energy use only when a certain preset value of energy has been
consumed. COVs work fine when the period that they report energy use for is significantly
less than one hour. However, when this period exceeds one per hour a significant error can
occur. For more about COVs and EMCS see the report by Heinemeier and Akbari (1991).

In another site the EMCSs used a different package on a PC to download data from the main
computer. This package was unable to download and transfer data over the phone lines. A
work-around solution had to be implemented to download the data and then manually transfer
to the remote computer.

At yet another site the EMCS was periodically rebooted by new operator(s) who were
unfamiliar with the project which meant that routines and data were dumped from the disk.
At this particular no useful data were collected after 12+ months of effort. This is due
mostly to communication problems between the experimenters, the facility operators and the
EMCS field office. Unfortunately, since this site had a retrofit installed during this period,
all PRE retrofit data were permanently lost.

3. In the future EMCS manufacturers will need to provide enhanced graphical viewing for 2-
D. 3-D, and special purpose plots like psychrometric templates. Data should also be
viewable in sub-hourly, hourly, daily and/or monthly summaries. Data should also be
sortable, and statistical functions would be nice. It is not unreasonable to think that in ten
years the need for lifetime building data may arise.

4. Other issues including economies of scale, and maintenance of systems. In general we
find that when one has several buildings connected to an existing EMCS, and plans on
performing some monitoring — it might be in the facilities best interest to consider using the
EMCS for monitoring. In several of the sites that we looked at this would have been an
economically viable solution. However, on a single site basis, use of the EMCS is probably
more expensive than a dedicated logger.

One final issue involves maintenance of the data acquisition systems. In the case that the
EMCS is being used, the maintenance cost would be included in the EMCS contract. For a
dedicated logger, especially in a remote facility, one needs to think seriously about who is
going to maintain the logger, and how that logger will be maintained when it breaks.
Although many of the sensors are reasonably robust (CTs, PTs, etc.), some are not
(humidity, Btu), and will need periodic visits to recalibrate and check on the sensors.
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10.0 Appendix

10.1 LoanSTAR Processing routines

10.1.1 Texas Tech University Health Sciences Center

This section of the appendix contains the data processing routines for preparing the raw data
from the Honeywell Energy Auditor to be translated into LoanSTAR format. In general,
here are the steps that are used in this process:

1. The trended data from the EMCS is in a format called Data Interchange Format (.DIF)
which requires conversion to text format. This is currently done with the Microsoft Excel
spreadsheet.

2. This trended data in the text format contains headers and date delimiters like colons,
backslashes, etc., which are further filtered with GAWK. ARCHIVE is then used to convert
the text file into standard LoanSTAR format which includes appending a site number, Julian
and decimal dates, etc.

3. Inspection plots are generated with Grapher software (from Golden Software, Golden,
Colorado).

4. The batch file executes each of the above listed processes sequentially.

In the pages that follow are the source code that is used to convert the Honeywell data into
LoanSTAR format.
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@echo off
rem ttl.bat 1.1 2/12/92
rem !

rem Copyright (c) 1990, Texas Engineering Experiment Station
rem
rem Program: TTL.BAT
rem Version: 1.1
rem Last Update: 2/12/92
rem
rem DESCRIPTION: This batch file runs the convert routine and archives the
rem resulting data file.
rem
rem HISTORY:
rem Design: Raghu Belur
rem Code: Raghu Belur
rem
rem MODIFICATIONS:
rem
rem HISTORY AND DISTRIBUTION RIGHTS
rem DEVELOPED BY: Energy Systems Laboratory, Mechanical Engr. Dept.,
rem Texas A & M Univ., College Station, Texas 77843-3123,
rem (409) 845-1560
rem SUPPORTED BY: State of Texas Governor's Energy Management Center
rem Copyright Notice

rem This program bears a copyright notice to prevent rights from being claimed by
rem any other party. The Texas Engineering Experiment Station intends that this
rem program be placed in the public domain and grants permission for its
rem unrestricted use and distribution, provided that:

rem 1) the source code is distributed without changes,
rem 2) this copyright notice is retained in all copies of the source code, and
rem 3) the program is distributed free of charge, and is not sold without written
rem approval from the Texas Engineering Experiment Station (TEES).

rem The program is distributed "as is". TEES DOES NOT WARRANT THAT
rem THE OPERATION OF THE PROGRAM WILL BE UNINTERRUPTED
rem OR ERROR-FREE, AND MAKES NO REPRESENTATIONS OR OTHER
rem WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT
rem LIMITED TO THE IMPLIED WARRANTIES OF MERCHANTABILITY
rem AND FITNESS FOR A PARTICULAR PURPOSE. No support service will
rem be provided unless special arrangements have been made to do so. Certain
rem manufacturers and trade names are mentioned in this code for the purpose of
rem describing their communications protocol. Such reference does not constitute
rem an endorsement or recommendation of such equipment, but is provided for
rem informational purposes only.

rem !

cd\
cd work\raghu\ttlbk\process
els
copy c:\work\raghu\ttlbk\tt92%2\%l%2.dif winput.dif > nul
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pront
pause
cd\
win c:\w\conv.rec
gawk -f c:\work\raghu\ttlbk\process\filter.awk c:\work\raghu\ttlbk\process\woutput.txt>
c:\work\raghu\ttlbk\process\goutput.txt
cd\
cd work\raghu\ttlbk\process
archivegoutput.txt %l.tbl
type goutput.ach
rename goutput.ach %1 %2.ach
rename goutput.log % 1 %2.1og
delgoutput.txt >nul
delwoutput.txt >nul
del winput.dif
type %l%2.1og
els
echo copying processed file to disk.
echo please wait...
copy %l%2.1ogb: >nul
copy % 1 %2.ach b: >nul
copy % 19S2.log c:\work\raghu\ttlbk\tt92%2 >nul
copy %l%2.ach c:\work\raghu\ttlbk\tt92 %2 >nul
del %l%2.1og
del %l%2.ach
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#ttl.awk 1.12/12/92

# Copyright (c) 1990, Texas Engineering Experiment Station

# Program: TTL.AWK

# Version: 1.1
# Last Update: 2/12/92
#
# DESCRIPTION: This program converts Texas Tech trending data to
# data format.
#
# HISTORY:
# Design: Raghu Belur
# Code: Raghu Belur
#
# MODIFICATIONS:
# NAME: DATE: VERSION: DESCRIPTION:

# HISTORY AND DISTRIBUTION RIGHTS
# DEVELOPED BY: Energy Systems Laboratory, Mechanical Engr. Dept.,
# Texas A & M Univ., 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. The Texas Engineering Experiment Station intends that this
^program be placed in the public domain and grants permission for its
^unrestricted use and distribution, provided that:

#1) the source code is distributed without changes,
#2) this copyright notice is retained in all copies of the source code, and
#3) the program is distributed free of charge, and is not sold without written
#approval from the Texas Engineering Experiment Station (TEES).

#The program is distributed "as is". TEES DOES NOT WARRANT THAT
#THE OPERATION OF THE PROGRAM WILL BE UNINTERRUPTED
#OR ERROR-FREE, AND MAKES NO REPRESENTATIONS OR OTHER
^WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT
#LIMITED TO THE IMPLIED WARRANTIES OF MERCHANTABILITY
#AND FITNESS FOR A PARTICULAR PURPOSE. No support service will
#be provided 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. Such reference does not constitute
#an endorsement or recommendation of such equipment, but is provided for
^informational purposes only.
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10.1.2 Zachry Engineering Center

This section of the appendix contains the data processing routines for preparing the raw data
from the Landis Gyr system to be translated into LoanSTAR format. In general, here are
the steps that are used in this process:

1. Data are preprocessed using the C code that is attached to append missing columns of data
with -99.00.

2. The file is then filtered with GAWK to append the Gregorian data to the columnar
format.

3. ARCHIVE is then used to convert the file into standard LoanSTAR format.

4. Inspection plots are then produced with Grapher.

5. The batch file then executes each of the above sequentially.

In the following pages are the source code routines that accomplish these tasks.
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remzach.bat 1.19/10/91
rem'
rem Copyright (c) 1990, Texas Engineering Experiment Station
rem
rem Program: ZACH.BAT
rem Version: 1.1
rem Last Update: 9/10/91
rem
rem DESCRIPTION: This script controls the processing of the raw data from
rem Zachry building.
rem
rem HISTORY:
rem Design: Raghu Belur
rem Code: Raghu Belur
rem
rem MODIFICATIONS:
rem NAME: DATE: VERSION: DESCRIPTION:
rem Raghu Belur 09/10/91 1.1 Process Zachry data.
rem
rem HISTORY AND DISTRIBUTION RIGHTS
rem DEVELOPED BY: Energy Systems Laboratory, Mechanical Engr. Dept.,
rem Texas A & M Univ., College Station, Texas 77843-3123,
rem (409) 845-1560
rem SUPPORTED BY: State of Texas Governor's Energy Management Center
rem
rem Copyright Notice

rem This program bears a copyright notice to prevent rights from being claimed by
rem any other party. The Texas Engineering Experiment Station intends that this
rem program be placed in the public domain and grants permission for its
rem unrestricted use and distribution, provided that:

rem 1) the source code is distributed without changes,
rem 2) this copyright notice is retained in all copies of the source code, and
rem 3) the program is distributed free of charge, and is not sold without written
rem approval from the Texas Engineering Experiment Station (TEES).

rem The program is distributed "as is". TEES DOES NOT WARRANT THAT
rem THE OPERATION OF THE PROGRAM WILL BE UNINTERRUPTED
rem OR ERROR-FREE, AND MAKES NO REPRESENTATIONS OR OTHER
rem WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT
rem LIMITED TO THE IMPLIED WARRANTIES OF MERCHANTABILITY
rem AND FITNESS FOR A PARTICULAR PURPOSE. No support service will
rem be provided unless special arrangements have been made to do so. Certain
rem manufacturers and trade names are mentioned in this code for the purpose of
rem describing their communications protocol. Such reference does not constitute
rem an endorsement or recommendation of such equipment, but is provided for
rem informational purposes only.

rem !

els
echo Welcome to the wonderful world of GAWK programming
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echo processing
zachr %1 %2 > zach_pre.out
gawk -f ooh.awk zach_pre.out %2 > zach.out
archive zach.out zach.tbl
del zach_pre.out
del zach.out
type zach.ach | more
els
echo done
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#zach.awk 1.19/10/91

# Copyright (c) 1990, Texas Engineering Experiment Station
#
# Program: ZACH.AWK
# Version: 1.1
# Last Update: 9/10/91
#
# DESCRIPTION: This program converts the Landis & Gyr data to loanstar
# data format.
#
# HISTORY:
# Design: Raghu Belur
# Code: Raghu Belur
#
# MODIFICATIONS:
# NAME: DATE: VERSION: DESCRIPTION:
# Raghu Belur 09/10/91 1.1 Convert data to loanstar
ft format.
#
# HISTORY AND DISTRIBUTION RIGHTS
# DEVELOPED BY: Energy Systems Laboratory, Mechanical Engr. Dept.,
# Texas A & M Univ., 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. The Texas Engineering Experiment Station intends that this
^program be placed in the public domain and grants permission for its
#unrestricted use and distribution, provided that:

#1) the source code is distributed without changes,
#2) this copyright notice is retained in all copies of the source code, and
#3) the program is distributed free of charge, and is not sold without written
#approval from the Texas Engineering Experiment Station (TEES).

#The program is distributed "as is". TEES DOES NOT WARRANT THAT
#THE OPERATION OF THE PROGRAM WILL BE UNINTERRUPTED
#OR ERROR-FREE, AND MAKES NO REPRESENTATIONS OR OTHER
#WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT
#LIMITED TO THE IMPLIED WARRANTIES OF MERCHANTABILITY
#AND FITNESS FOR A PARTICULAR PURPOSE. No support service will
#be provided 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. Such reference does not constitute
#an endorsement or recommendation of such equipment, but is provided for
informational purposes only.
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/•zach.c 1.19/10/91*/

• Copyright (c) 1990, Texas Engineering Experiment Station

• Program: ZACH.C
• Version: 1.1
• Last Update: 9/10/91
*
• DESCRIPTION: This program inserts missing column data from Landis & Gyr
• raw data files.

• HISTORY:
• Design: Raghu Belur
• Code: Raghu Belur
*
• MODIFICATIONS:
• NAME: DATE: VERSION: DESCRIPTION:
• Raghu Belur 09/10/91 1.1 Insert missing column data.
*
• HISTORY AND DISTRIBUTION RIGHTS
• DEVELOPED BY: Energy Systems Laboratory, Mechanical Engr. Dept.,
• Texas A & M Univ., 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. The Texas Engineering Experiment Station intends that this
•program be placed in the public domain and grants permission for its
•unrestricted use and distribution, provided that:

•1) the source code is distributed without changes,
•2) this copyright notice is retained in all copies of the source code, and
•3) the program is distributed free of charge, and is not sold without written
•approval from the Texas Engineering Experiment Station (TEES).

•The program is distributed "as is". TEES DOES NOT WARRANT THAT
•THE OPERATION OF THE PROGRAM WILL BE UNINTERRUPTED
•OR ERROR-FREE, AND MAKES NO REPRESENTATIONS OR OTHER
•WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT
•LIMITED TO THE IMPLIED WARRANTIES OF MERCHANTABILITY
•AND FITNESS FOR A PARTICULAR PURPOSE. No support service will
•be provided 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. Such reference does not constitute
•an endorsement or recommendation of such equipment, but is provided for
•informational purposes only.

# include <stdio.h>
# include <string.h>
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10.1.3 Prairie View A&M Campus

This section of the appendix contains the data processing routines for preparing the raw data
from the Prairie View Johnson Controls JC 85/40 to be translated into LoanSTAR format. In
general, here are the steps that accomplish these tasks:

1. The raw data from this site is in a row format and requires a preprocessing routine to
convert it into columnar format. This is done with GAWK.

2. ARCHIVE is then used to convert into the standard LoanSTAR format.

3. Inspection plots are then produced with Grapher.

4. The batch file executes each of the above mentioned processes sequentially.

In the pages that follow are the source code routines that perform these functions.
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©echo off

remprv.bat 1.1 9/10/91
rem
rem Copyright (c) 1990, Texas Engineering Experiment Station
rem
rem Program: PRV.BAT
rem Version: 1.1
rem Last Update: 9/10/91
rem
rem DESCRIPTION: This batch file runs the convert routine and archives the
rem resulting data file.
rem
rem HISTORY:
rem Design: Raghu Belur
rem Code: Raghu Belur
rem
rem MODIFICATIONS:
rem NAME: DATE: VERSION: DESCRIPTION:
rem Raghu Belur 09/10/91 1.1 Process and archive data.
rem
rem HISTORY AND DISTRIBUTION RIGHTS
rem DEVELOPED BY: Energy Systems Laboratory, Mechanical Engr. Dept.,
rem Texas A & M Univ., College Station, Texas 77843-3123,
rem (409) 845-1560
rem SUPPORTED BY: State of Texas Governor's Energy Management Center

rem Copyright Notice

rem This program bears a copyright notice to prevent rights from being claimed by
rem any other party. The Texas Engineering Experiment Station intends that this
rem program be placed in the public domain and grants permission for its
rem unrestricted use and distribution, provided that:

rem 1) the source code is distributed without changes,
rem 2) this copyright notice is retained in all copies of the source code, and
rem 3) the program is distributed free of charge, and is not sold without written
rem approval from the Texas Engineering Experiment Station (TEES).

rem The program is distributed "as is". TEES DOES NOT WARRANT THAT
rem THE OPERATION OF THE PROGRAM WILL BE UNINTERRUPTED
rem OR ERROR-FREE, AND MAKES NO REPRESENTATIONS OR OTHER
rem WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT
rem LIMITED TO THE IMPLIED WARRANTIES OF MERCHANTABILITY
rem AND FITNESS FOR A PARTICULAR PURPOSE. No support service will
rem be provided unless special arrangements have been made to do so. Certain
rem manufacturers and trade names are mentioned in this code for the purpose of
rem describing their communications protocol. Such reference does not constitute
rem an endorsement or recommendation of such equipment, but is provided for
rem informational purposes only.
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#prv.awk 1.19/10/91

# Copyright (c) 1990, Texas Engineering Experiment Station
#
# Program: PRV.AWK
# Version: 1.1
# Last Update: 9/10/91
»
# DESCRIPTION: This program converts Johnson trending data to loanstar
# data format.
#
# HISTORY:
# Design: Raghu Belur
# Code: Raghu Belur
#
# MODIFICATIONS:
# NAME: DATE: VERSION: DESCRIPTION:
# Raghu Belur 09/10/91 1.1 Convert data to loanstar
# format.
#
# HISTORY AND DISTRIBUTION RIGHTS
# DEVELOPED BY: Energy Systems Laboratory, Mechanical Engr. Dept.,
# Texas A & M Univ., 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. The Texas Engineering Experiment Station intends that this
#program be placed in the public domain and grants permission for its
^unrestricted use and distribution, provided that:

#1) the source code is distributed without changes,
#2) this copyright notice is retained in all copies of the source code, and
#3) the program is distributed free of charge, and is not sold without written
#approval from the Texas Engineering Experiment Station (TEES).

#The program is distributed "as is". TEES DOES NOT WARRANT THAT
#THE OPERATION OF THE PROGRAM WILL BE UNINTERRUPTED
#OR ERROR-FREE, AND MAKES NO REPRESENTATIONS OR OTHER
#WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT
^LIMITED TO THE IMPLIED WARRANTIES OF MERCHANTABILITY
#AND FITNESS FOR A PARTICULAR PURPOSE. No support service will
#be provided 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. Such reference does not constitute
#an endorsement or recommendation of such equipment, but is provided for
^informational purposes only.
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10.1.4 USDOE Forrestal Building and Germantown Facilities

This section of the appendix contains the data processing routines for preparing the raw data
from the Synergistics into the plots that are contained in this report.

©echo off
remr2a.bat 1.1 7/25/90

rem Copyright (c) 1990, Texas Engineering Experiment Station
rem
rem Program: R2A.BAT
rem Version: 1.1
rem Last Update: 07/25/90
rem
rem DESCRIPTION: The purpose of this batch file is:
rem (a) filter raw data from C180 in Zachry
rem (b) archive filtered data
rem (c) generate records for missing data
rem
rem HISTORY:
rem Design: Kristel A. Weber
rem Code: Kristel A. Weber
rem
rem MODIFICATIONS:
rem NAME: DATE: VERSION DESCRIPTION:
rem Kristel A. Weber 07/25/90 1.1 New batch file to run convert
rem program for Zachry data.
rem
rem Input: *.raw and date string
rem Usage : 001R2A site# YYDDD YYDDD date(mm-dd-yyyy) dec. date (xxxx)
rem first YYDDD is date of data file, second is date of channel table
rem Output: *.acs
rem
rem HISTORY AND DISTRIBUTION RIGHTS
rem DEVELOPED BY: Energy Systems Laboratory, Mechanical Engr. Dept.,
rem Texas A & M Univ., College Station, Texas 77843-3123,
rem (409) 845-1560
rem SUPPORTED BY: State of Texas Governor's Energy Management Center
rem

rem Copyright Notice

rem This program bears a copyright notice to prevent rights from being claimed by
rem any other party. The Texas Engineering Experiment Station intends that this
rem program be placed in the public domain and grants permission for its
rem unrestricted use and distribution, provided that:

rem 1) the source code is distributed without changes,
rem 2) this copyright notice is retained in all copies of the source code, and
rem 3) the program is distributed free of charge, and is not sold without written
rem approval from the Texas Engineering Experiment Station (TEES).
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rem The program is distributed "as is". TEES DOES NOT WARRANT THAT
rem THE OPERATION OF THE PROGRAM WILL BE UNINTERRUPTED
rem OR ERROR-FREE, AND MAKES NO REPRESENTATIONS OR OTHER
rem WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT
rem LIMITED TO THE IMPLIED WARRANTIES OF MERCHANTABILITY
rem AND FITNESS FOR A PARTICULAR PURPOSE. No support service will
rem be provided unless special arrangements have been made to do so. Certain
rem manufacturers and trade names are mentioned in this code for the purpose of
rem describing their communications protocol. Such reference does not constitute
rem an endorsement or recommendation of such equipment, but is provided for
rem informational purposes only.

rem'

if " % 1 " = = "" goto error
if "%2" = = ""goto error
if "%3" = = "" goto error

cd \work

if not exist raw\%l%2.raw goto error2

gawk-f \syu\raw2dat.awk < raw\%l%2.raw > %l%2.dat

archive % 1 %2.dat \work\cht\% 1 %3.cht

gawk-v site=%l -f \syu\missing.awk < %l%2.ach > acs\%l%2.acs
copy %l%2.1og \work\log > nul
copy miss % 1 . log \work\log > nul
del %l%2.1og
del miss % 1 . log

callutil\%lgraph %1 %2

goto done

: error

echo #1 #2 #3
echo Usage: R2A sitenum YYDDD YYDDD(channel)
goto done

:error2
echo ERROR - % 1 %2.raw does not exist

:done
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rem @(#)905graph.bat 1.1
rem'
rem Copyright (c) 1990, Texas Engineering Experiment Station
rem
rem Program: 905graph.bat
rem Version: 1.1

rem DESCRIPTION: The purpose of this batch file is:
rem Create inspection plots.

rem HISTORY:
rem Design: Kristel A. Weber
rem Code: Robert Lopez

rem Input: *.grf
rem Usage : 905graph site# YYDDD
rem
rem Output: *.ps
rem
rem HISTORY AND DISTRIBUTION RIGHTS
rem DEVELOPED BY: Energy Systems Laboratory, Mechanical Engr. Dept.,
rem Texas A & M Univ., College Station, Texas 77843-3123,
rem (409) 845-1560
rem SUPPORTED BY: State of Texas Governor's Energy Management Center
rem

rem Copyright Notice

rem This program bears a copyright notice to prevent rights from being claimed by
rem any other party. The Texas Engineering Experiment Station intends that this
rem program be placed in the public domain and grants permission for its
rem unrestricted use and distribution, provided that:

rem 1) the source code is distributed without changes,
rem 2) this copyright notice is retained in all copies of the source code, and
rem 3) the program is distributed free of charge, and is not sold without written
rem approval from the Texas Engineering Experiment Station (TEES).

rem The program is distributed "as is". TEES DOES NOT WARRANT THAT
rem THE OPERATION OF THE PROGRAM WILL BE UNINTERRUPTED
rem OR ERROR-FREE, AND MAKES NO REPRESENTATIONS OR OTHER
rem WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT
rem LIMITED TO THE IMPLIED WARRANTIES OF MERCHANTABILITY
rem AND FITNESS FOR A PARTICULAR PURPOSE. No support service will
rem be provided unless special arrangements have been made to do so. Certain
rem manufacturers and trade names are mentioned in this code for the purpose of
rem describing their communications protocol. Such reference does not constitute
rem an endorsement or recommendation of such equipment, but is provided for
rem informational purposes only.

rem'
echo Processing data for Forrestal/Vault A (Site 905)
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if-%!" = = "" goto error
if "%2" = = "" goto error

cols < \work\acs\%l%2.acs6 8:19 > \temp\t%la.dat
cols < \work\acs\%l%2.acs6 20 > \temp\t961b.dat

gawk -f \work\util\ % ldate.awk \work\acs\ % 1 %2.acs > \work\util\ % lchgrf.bat

cd graph
for % %i in (t% l*.grf) do call \work\util\ % lchgrf % %i

cd \temp
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10.1.5 Texas State Capitol Complex Routines (Teletrol)

This section of the appendix contains the data processing routines for preparing the raw data
from the Teletrol EMCS into the plots that are contained in this report.

#Copyright Notice

#This program bears a copyright notice to prevent rights from being claimed by
#any other party. The Texas Engineering Experiment Station intends that this
#program be placed in the public domain and grants permission for its
^unrestricted use and distribution, provided that:

#1) the source code is distributed without changes,
#2) this copyright notice is retained in all copies of the source code, and
#3) the program is distributed free of charge, and is not sold without written
#approval from the Texas Engineering Experiment Station (TEES).

#The program is distributed "as is". TEES DOES NOT WARRANT THAT
#THE OPERATION OF THE PROGRAM WILL BE UNINTERRUPTED
#OR ERROR-FREE, AND MAKES NO REPRESENTATIONS OR OTHER
^WARRANTIES, EXPRESS OR IMPLIED, INCLUDING BUT NOT
#LIMITED TO THE IMPLIED WARRANTIES OF MERCHANTABILITY
#AND FITNESS FOR A PARTICULAR PURPOSE. No support service will
#be provided 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. Such reference does not constitute
#an endorsement or recommendation of such equipment, but is provided for
#informational purposes only.
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