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ABSTRACT

This final report presents the results of research completed since June 1991 on PG&E's Advanced
Office Systems Testbed (AOST) Project. The initial advanced office system selected for
evaluation in the AOST office was the Personal Environmental Module (PEM), manufactured by
Johnson Controls. The PEM represents one example of an emerging technology known as task
conditioning, or localized thermal distribution (LTD). Workstation-based LTD systems that
allow individuals a degree of control over their local environment have the potential to improve
the energy efficiency of the building's air distribution system by enabling only the local
workstation environments to be tightly controlled while relaxing the energy and comfort
requirements in the less critical surrounding spaces.

Work was performed by UC Berkeley in the following task areas: (1) detailed field measurements
of thermal comfort of the PG&E employees participating in the study, both before and after
moving into the AOQST office; (2) installation of a permanent data acquisition and information
display system capable of recording and displaying the status of a selected number of performance
parameters from the AOST office, including occupant use patterns from each of the eight
workstations, supply and return conditions from the air distribution system serving the office, and
average room air conditions; (3) analysis of the collected data, and (4) evaluation of the applied
measurement methods.

INTRODUCTION

In the summer of 1991, Pacific Gas and Electric Company initiated a project to develop a
prototype office to demonstrate and test the performance and energy use of advanced office
furniture/environment systems, advanced lighting systems, and other innovative environmental
control technologies. The project, originally entitied Office 2000, is now called the Advanced
Office Systems Testbed (AOST). Listed below are the initial overall project objectives, including
a summary of their current status.

1. Develop a prototype office in which ergonomic, energy-efficient, and environmentally
enhancing technologies can be installed, tested, and demonstrated.

The development of the prototype office was completed in early 1992. PG&E renovated an
existing office space by modifying the existing air distribution duct system, installing new
partitions and workstation furniture, subdividing the office with a glass partition wall and
access door, and installing an efficient ambient lighting system. Due to the relatively small
size of the office, the facility is less suitable as a general large-scale demonstration site and
more appropriate as a testbed for learning how to monitor office environments and to what
extent meaningful performance data can be obtained. In this regard, based on an analysis of
measurements taken during the past year in the AOST office, additional modifications are now
being considered to improve the usefulness and applicability of future tests and
demonstrations. These proposed changes and future directions for the project are discussed at
the end of this report.
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The initial advanced office system selected for evaluation in the AOST office was the Personal
Environmental Module (PEM), manufactured by Johnson Controls. The PEM represents one
example of an emerging technology known as task conditioning, or localized thermal
distribution (LTD). Workstation-based task conditioning systems that allow individuals a
degree of control over their local environment have the potential to improve the energy
efficiency of the building's air distribution system by enabling only the local workstation
environments to be tightly controlled while relaxing the energy and comfort requirements in
the less critical surrounding spaces. In comparison to conventional air distribution design,

. LTD systems have demonstrated significant improvements in thermal comfort, ventilation
performance, and environmental satisfaction among office workers. As a result, increased
levels of worker productivity are also likely to emerge as more LTD systems are introduced.
Because LTD systems offer unique capabilities to condition offices with widely diversified
energy loads and to respond to the thermal wishes of individual workers, there is a high
probability that this technology will play an increasingly more important role in future and
retrofitted office installations.

2. Develop a data acquisition system (DAS) and measurement protocols for monitoring the
energy and thermal performance of the office and for assessing the thermal comfort and
satisfaction of the PG&E employees occupying the AOST office.

The development and installation of two permanent DAS's addressing the above objective was
successfully completed by two contractors: Endecon of San Ramon, CA, and the Center for
Environmental Design Research (CEDR) at the University of California, Berkeley. Endecon's
DAS focuses on the measurement of electrical energy use and is described elsewhere. UC
Berkeley's DAS records and displays performance data from individual workstations,
including detailed occupant use patterns of the individually-controllable PEM units, supply
and return conditions from the heating, ventilating, and air-conditioning (HVAC) system
serving the office, and average room air conditions. UC Berkeley researchers have also
utilized an in-house portable measurement system to assess the thermal comfort of ten PG&E
employees participating in this study.

The installed data acquisition systems have both been operating since April 1992. A period of
testing and troubleshooting has followed, during which a number of issues have been
addressed and satisfactorily resolved/completed, including: (1) data collection reliability, (2)
scan rate capabilities, (3) coordination of two separate systems, including timing and merging
of data files, (4) calibration of all measurement sensors, and (5) training of PG&E personnel to
operate the systems and manage the large amount of collected data.

3. Measure the effects of the installed advanced office systems on energy use, and worker
thermal comfort, satisfaction, and productivity.

As stated above, measurements have been made for about one year, producing an over-
abundance of data, and drawing attention to the need for a well-conceived testing and analysis
plan. Ron Kammerud, a consultant for PG&E, has been leading the effort towards this goal
[Kammerud 1991]. Endecon has set up a data management system to allow the merging and
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analysis of the two sets of data from Endecon's and UC Berkeley's permanent DAS's. UC
Berkeley has completed three thermal comfort field tests as part of this project: (1) Baseline
Test - 16, 17 October 1991, (2) First Post-Occupancy Test (Test 1) - 30 April, 1 May 1992,
and (3) Second Post-Occupancy Test (Test 2) - 16, 17 September 1992.

Due to the small number of workstations and office workers participating in this study, the
measurement database is not large enough to establish statistically significant conclusions,
although obvious trends and examples can be noted. The analysis of measurement results
presented here has focused on (1) identifying what general office performance characteristics
(e.g., thermal comfort, energy use, occupant use patterns, and overall HVAC system
operation) can be measured in an office environment, (2) identifying what are the
distinguishing features of the PEM in this AOST office setting that falls somewhere between a
realistic large-scale office and a controlled laboratory environment, and (3) evaluating how
appropriate the applied measurement and analysis methods are for these purposes. The
lessons learned from the AOST project have provided guidance for modifying the AOST
office facility to improve its capabilities in future planned experiments, and, if funding
becomes available, for setting up and conducting a scaled-up field study of PEM performance
in a PG&E facility or elsewhere.

4. Plan for the future by identifying one or more sites suitable for larger-scale field tests of
advanced office technology using methods developed in the AOST project, and by
identifying additional manufacturers to provide other office environmental technologies
to be installed and tested in the AOST office.

PG&E has acquired from Johnson Controls a total of 20 PEMs, four of which are installed in
the AOST office. Funding constraints have delayed plans to install the remaining PEM units
in a renovated PG&E office building in San Francisco to allow the demonstration and testing
of a more representative sample of advanced office technology. A scaled-back effort is now
proposed to focus attention on how to improve the capabilities of the AOST office, and, in
particular, how to most effectively use the facility and the data it produces to demonstrate
potential energy savings from advanced office technologies. PG&E personnel are currently
heading up efforts to identify new advanced office systems to be installed in the AOST office
after testing of the PEM units has been satisfactorily completed.

In this final report, we describe the work completed by CEDR at UC Berkeley. Most of the work
has addressed the second and third objectives described above: developing and installing a
monitoring network to measure and display the PEM and office performance characteristics, using
the installed network to collect data, and performing thermal comfort measurements using our in-
house portable measurement system. The hardware and software installations associated with the
PEM/thermal monitoring and display network are described in detail, including network
configuration, monitoring display screens, software operating instructions, sensor calibration, and
system troubleshooting. The portable thermal comfort measurement system is also described in
detail, including physical measurement system, subjective surveys, and measurement protocol.
Measurement data have been analyzed to coincide with the three thermal comfort field tests.
Results are presented and discussed for thermal comfort, PEM occupant use and energy use
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pattemns, and HVAC performance. The results include data spreadsheets from all three thermal
comfort tests. The report concludes with a discussion of the lessons learned from the AOST
project and recommendations for future project directions. Based on the results of this project
and our other ongoing research, some general recommendations to improve the performance of
localized thermal distribution systems are presented in the Appendix.

PERSONAL ENVIRONMENTAL MODULE (PEM) DESCRIPTION

The Personal Environmental Module (PEM) manufactured by Johnson Controls, Milwaukee,
Wisconsin, is the first advanced office system to be installed for evaluation in the AOST office. A
sketch of a typical PEM installation is shown in Figure 1. The PEM is a desk-mounted unit
supplying conditioned air at desktop level. It uses a self-powered mixing box that is hung in the
back or corner of the knee space of the desk, and connected by flexible duct to two supply
nozzles on the top of the desk. The supply vents may be rotated 360° in the horizontal plane and
__ contain outlet vanes that are adjustable £30° in the vertical plane. The mixing box uses a small

# variable-speed fan to pull supply air from a zero or very low pressure plenum either under the
floor (as indicated) or from flexible ducts in the office partitions supplied from the ceiling (this is
the duct configuration used in the AOST office). A second fan pulls air from the knee space
through a mechanical prefilter. Both supply air and recirculated room air are drawn through an
electrostatic air filter. The relative fractions of supply air and recirculated air are controlled by
dampers on each of these two lines. The main supply line damper is never aliowed to close
completely, thus ensuring the delivery of fresh ventilation air at all times.

The unit has a desktop control panel containing adjustable sliders controlling the speed of the air
emerging from the vents, its temperature (produced by adjusting the ratio of supply to
recirculated air), the temperature of a 175 W radiant heating panel located in the knee space, the
dimming of the occupant's task light, and a white noise generator in the unit that issues a rushing
sound through the supply vents. The control panel also contains a motion-detector-based
occupancy sensor that shuts the unit off when the workstation has been unoccupied for a few
minutes. The control panel is connected to a microprocessor-based programmable controller
contained inside the main PEM unit located under the desk. The controller receives the incoming
setpoint information from the control panel and provides the necessary output signals to control
the operation of all PEM components. The controller utilizes an RS-485 communication link
allowing multiple controllers to be networked together and to be connected to a central system
controller. As described below, this communication capability was used to set up a PEM
monitoring network in the AOST office.

Each PEM unit is capable of providing approximately 40-150 cfm (20-70 L/s) of air. Even when
its internal fans are turned off, the system is designed to deliver 40 cfm (20 L/s) to satisfy
minimum ventilation requirements. In our laboratory at UC Berkeley, the maximum outlet
velocity measured at the face of the 2.3 x 4 in. (58 x 100 mm) supply vent varied between 6.5 and
24.5 fps (2 and 7.5 m/s) over the same range of airflows described above. In operation, 55°F
(13°C) is provided by a variable air volume HVAC system, with desk-level outlet temperatures in
the range of 65°F (18°C),
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Figure 1. Personal Environmental Module (PEM)
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UC Berkeley and Lawrence Berkeley Laboratory have been studying PEM performance for the
past three years as part of an ongoing research project sponsored by the California Institute for
Energy Efficiency (CIEE). Laboratory experiments have been completed in UCB's Controlled
Environment Chamber to investigate the thermal and ventilation performance of PEMs. Results
indicate that the PEMs are capable of controlling over a wide range of thermal conditions,
allowing office workers the opportunity to fine-tune the local workstation environment to their
individual comfort preferences [Arens et al. 1991, Bauman et al. 1991, Bauman et al. 1993].
Under optimal operating conditions, the PEMs were able to provide true task ventilation (i.e.,
increased ventilation at the location of the occupant), with significantly lower ages of air at the
breathing level in the workstation compared to that of the air leaving the room through the return
grill [Faulkner et al. 1993]. Preliminary modeling studies of PEM energy use have concluded that
PEM installations may use more or less energy compared to a conventional air distribution system
depending primarily on operating strategies [Heinemeier et al. 1991, Seem and Braun 1992]. A
recent research report describes the results of a survey of industry perspective on task
conditioning systems, and also presents recommendations to improve task conditioning system
performance [Bauman et al. 1992}

The first large installation (370 units) of PEMs was recently completed in a newly designed office
building occupied by the West Bend Mutual (WBM) Insurance Company in West Bend,
Wisconsin. The building was fully occupied in July 1991. The WBM building has provided a rare
field research opportunity to study the impact of an advanced office technology (the PEM task
conditioning system) on productivity. It was discovered that WBM had an established computer-
based method for measuring the productivity of its employees. Researchers from Rensselaer's
Center for Architectural Research, and Center for Services Research and Education, Troy, NY,
carried out a study in which they used this existing WBM measure to track the productivity of
over 100 employees for 27 weeks before, and for 24 weeks after they moved into the new
building containing PEMs. The project investigators are claiming that the PEMs do increase
worker productivity by up to 2%, although the validity of analysis methods used to extract
productivity gains due to the PEM from gains resulting from the move to a new building and
other factors is difficult to determine [Kroner et al. 1992].

OFFICE DESCRIPTION

The AOST office is located on the first floor of a two-story office building (Sunset Building) in
San Ramon, California. It is part of a large area within the Sunset Building leased by PG&E's
Research and Development Department. Figure 2 shows the floor plan of the AOST office. The
1,600 12 office space has been subdivided by full-height glass walls into a 1,200 fi2 main office
and a 400 fi2 side office. The main space accommodates eleven employees in an open plan office,
including the eight participants in the AOST thermal comfort study. Entrance to the main office is
from a central corridor adjacent to the south wall. The side office, bordering the north side of the
building, contains one employee and the home base for the AOST data acquisition system. A
conference room located to the north of the main office space is not a part of this study.
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Key for Figure 2

Sensor UCB Database
No. Label Label Description
1 T-WS1 TRM$W1 Air Temperature - Workstation 1
2 OCC-WS1 OCCsw1 Occupancy - Workstation 1
3 T-WS2 TRMSW2  Air Temperature - Workstation 2
4 OCC-WS2  OCCsw2 Occupancy - Workstation 2
5 T-WS3 TRMS$W3 Air Temperature - Workstation 3
6 OCC-WS3  OCC$w3 Occupancy - Workstation 3
7 T-WS4 TRM$W4  Air Temperature - Workstation 4
8 OCC-WS84  OCCswW4 Occupancy - Workstation 4
9 T-P1 TRMSP1 Air Temperature - PEM1 Workstation
10 T-P2 TRM$P2 Air Temperature - PEM2 Workstation
11 T-P3 TRM$P3 Air Temperature - PEM3 Workstation
12 T-P4 TRMS$P4 Air Temperature - PEM4 Workstation
13 T-TS/ TRMSTS/  Room Air Temperature at Thermostat/
TSP-TS TSP$TS Thermostat Setpoint
14 RH-RM HRM$ZZ Room Relative Humidity
15 T-RM TRMS$ZZ Room Air Temperature
16 T-CEIL TRMSCL Near-Ceiling Air Temperature

As shown in Figure 2, the major features of the office configuration are two very similar
workstation clusters, each containing four workstations. A Personal Environmental Module
(PEM) was installed in each workstation in the cluster closest to the entrance (PEM1 - PEM4).
The other cluster contains conventional workstations without PEMs, serving as a control group
for comparison with the PEM workstations. The workstations are divided by 65-in. high Center
Core partitions. The Center Core cluster design provides a central access area that proved to be
convenient for installing the PEM air supply duct and the workstation monitoring networks. This
central core was extended to the ceiling, forming a hollow column through which the air supply
duct was run down from the ceiling to serve the four PEM units. The central column above the
conventional workstation cluster looked identical, but contained no ductwork.

Figure 3 shows a diagram of the ceiling plenum plan, containing the air distribution system serving
the AOST office. Conditioned air is provided to the office through two supply lines which split
off from the large incoming trunk line from the rooftop air handling unit. Airflow through each
supply line is controlled by a variable air volume (VAV) terminal box. The duct system dedicated
to the PEM air supply was newly installed for this study. The VAV box on this PEM line is
designed to maintain less than 0.1 in. WG static pressure, according to PEM installation
guidelines. Under design conditions, even with its fan turned off, each PEM will provide
approximately 40 cfm of supply air to satisfy minimum ventilation requirements to the local
workstation. The remainder of the office space is conditioned by an existing ceiling-based air
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Key for Figure 3

UCB Database
No. Label Label Description

Sensor ‘
1 SAT-1 TSASRM Supply Air Temperature 1 (Room)
2 SARH HSA$RM Supply Air Relative Humidity
3 SAV-1 FDASRM Supply Air Volume 1 (Room)
4 SAT-2 TSASPM Supply Air Temperature 2 (PEM)
5 SAV-2 FDASPM  Supply Air Volume 2 (PEM)
6 RAT TRASRM Return Air Temperature

DR-9100

1 Room N/A Monitors room air and humidity sensors
2 WS N/A Monitors air temperatures and occupancy in WS1 - WS4
3 HVAC N/A Monitors HVAC supply and return conditions
4 PEM1 N/A Monitors PEM1 conditions and workstation temperature
5 PEM2 N/A Monitors PEM2 conditions and workstation temperature
6 PEM3 N/A Monitors PEM3 conditions and workstation temperature
7 PEM4 N/A Monitors PEM4 conditions and workstation temperature

distribution system, that was modified for this study. This VAV box and duct system originally
served six perforated diffusers, however, two diffusers located above the PEM workstation
cluster were disconnected and their associated supply ducts capped (see Figure 3). Airflow
control by this VAV box is tied to the operational room thermostat, located on the south wall.
The air distribution system utilizes a ceiling plenum return with one centrally located return grill in
the main office area and three return grills in the side office. The ceiling plenum is open and
connected above the main and side offices, as well as above parts of the adjacent office spaces in
the Sunset Building.

MONITORING NETWORK DESCRIPTION

The centerpiece in the development of the AOST office was the installation of two permanent
data acquisition systems capable of monitoring in detail the energy and thermal performance of
the office. As mentioned previously, Endecon was responsible for the energy use monitoring
system that measures the voltage, current, and power factor of all electrical circuits in the office.
This system is described elsewhere. UC Berkeley was responsible for setting up a monitoring
network capable of recording and displaying PEM and workstation performance data, supply and
return conditions from the HVAC system serving the office, and average room conditions. The
UCB monitoring network is described below.
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With the selection of the PEM as the initial advanced technology to be evaluated in the AOST
office, we were presented with a unique opportunity to directly monitor the occupant use patterns
and performance characteristics of individually-controlled PEM units by utilizing a network
communication capability provided by the PEMs. We modeled our AOST monitoring network
after the Personal Environmental Module Monitoring and Control System previously developed
by Johnson Controls (described in proprietary internal reports by Johnson Controls). Johnson
Controls used this system in their 1988 Advanced Office Design Demonstration, in which 24
PEMs were installed in a demonstration office in their Milwaukee headquarters building. In their
installation, Johnson Controls implemented an object-oriented programming language for
purposes of creating color graphic displays to demonstrate the PEM performance and allow visual
analysis of the collected data. These display capabilities are also well suited to the objectives of
the AOST project. We are extremely grateful to Johnson Controls for agreeing to provide us
with the necessary technical support to configure the monitoring network hardware and to adapt
the network software to serve the specific needs of our installation.

Network Hardware Description

The key hardware component of the AOST monitoring network is the DR-9100 Digital Room
Controlier contained within each PEM unit. The DR-9100 can accept six analog and six digital
inputs and can provide up to seven outputs of various types, including analog, incremental, on/off
pulse width modulating, and phase cut [Johnson Controls 1988, 1990]. These controllers can be
networked together using an RS-485 communication link, providing a convenient configuration
for monitoring PEM performance from a single host personal computer. Additional DR-9100
controllers and monitoring points can be easily added to expand the network. All monitoring
software is executed from the host computer. The software enables data from connected DR-
9100 controllers to be collected and stored in ASCII data files, and collected data from the files to
be displayed on the computer monitor using attractive color graphic images.

Figure 4 presents a schematic diagram of the AOST monitoring network used to measure PEM
and office thermal performance. A Dell System Model 325P (Intel 386 microprocessor) serves as
the host computer. The monitoring software is written using three computer languages:
Digitalk's Smalltalk/V 286, Spectra Publishing's PowerBasic 2.0, and Microsoft's Assembler. The
software operation is described in greater detail below. A total of seven DR-9100 controllers are
networked together using an RS-485 link. As shown in the figure, four of the controllers are
contained within the four PEM units (PEM1 - PEM4) installed in the AOST office. For purposes
of monitoring additional sensors, three more DR-9100s were added to the network. The host
computer uses one of its serial (RS-232) ports to communicate with the RS-485 network via a
Black Box RS-232 <--> R§-485 Interface Converter.

Within each PEM unit, the DR-9100 allows the status of several PEM control parameters to be
monitored. In the PEM's original factory-shipped configuration, we were able to read over the
network the following parameters: (1) discharge air temperature (a built-in sensor measures the
temperature of the air leaving the main under-desk PEM unit), (2) discharge air temperature
setpoint (from control panel), (3) radiant panel setpoint (from control panel), and (4) occupancy
sensor status (from control panel). In addition, by making some wiring modifications to the
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Smalltalk !
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____Assembler ;
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Figure 4. AOST Monitoring Network Schematic Diagram
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auxiliary circuit board, we were able to utilize the three remaining unused analog input channels
on the PEM's DR-2100 to monitor: (5) fan speed setpoint (from control panel), (6) task light
setpoint (from control panel), and (7) workstation air temperature (a compatible temperature
sensor [RS-9100] was mounted on the partition in the workstation and connected to the DR-9100
inside the PEM unit),

To monitor selected HVAC and room air conditions, we utilized the analog and digital input
capabilities of three additional DR-9100s that were connected to the network. These DR-9100s
served as remote signal conditioners for a group of sensors, providing power to each connected
sensor requiring 15 VDC, and receiving the sensor's output signal (typically 0-10 VDC). An
itemized list describing the AOST monitoring network configuration in detail is presented in
Appendix A. For each monitored parameter, the list specifies the DR-9100 connection, the
variable name, the sensor name, location, and output characteristics, and the sensor power
requirements. The manufacturer's specifications for the sensors and equipment used in the
monitoring network were previously described by Bauman (1992). A total of 47 parameters were
monitored. Two sensors (SAV-1 and SAV-2) required a separate 24 VDC power supply that
was shared with Endecon. The output from these two sensors was also shared with the Endecon
monitoring system. All other sensors were powered by the DR-9100 units, except the occupancy
sensors installed in the four conventional workstations, which used their own 24 VDC power
packs.

Referring back to Figures 2 and 3, the actual locations of the host computer, main RS-485 cable,
measurement sensors, and DR-9100s are shown. The host computer is located in the side office,
at the northwest corner of the AOST facility. In this same area, several large electrical boxes
housing all monitored energy use circuits, a multi-channel datalogger, and a second host computer
for the energy use monitoring network have been installed by Endecon (described elsewhere).
DR-9100 #1 is located above the ceiling along the west wall and monitors room temperature and
humidity sensors. DR-9100 #2 is located at the bottom of the central column serving the
conventional workstation cluster and monitors temperatures and occupancy in these four
workstations. DR-9100 #3 is located above the ceiling as shown and monitors supply and return
conditions in the HVAC system. DR-9100s #4-#7 are contained in the four PEMs and monitor
PEM conditions and air temperature in each PEM workstation.

Network Software Description

The network monitoring and display software was written using a combination of three computer
languages: Digitalk's Smalltalk/V 286, Spectra Publishing's PowerBasic 2.0, and Microsoft's
Assembler. Smalltalk, an object-oriented programming system (OQOPS), is the user-friendly
interface and master controller for all functions of the AOST monitoring network. The Smalltalk
program controls the AOST data acquisition, and runs the data display including mouse-driven
menus, facility map displays, and trend data displays. As the master controller, Smalltalk can
initiate the polling process over the network. At a scanning interval specified by the user,
Smalltalk calls an executable PowerBasic program that accesses the connected DR-9100
controliers with Assembler routines. Scan rates as quick as 6 seconds (10 scans per minute) can
be specified. After receiving the measurement data over the network, the PowerBasic program
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applies a unique calibration equation to each sensor's data, converting the reading to engineering
units, and writes the result to ASCII data files before returning control to the Smalltalk program.
These data files can then be used by Smalltalk to produce graphical data displays or imported into
spreadsheets or other analysis programs for subsequent data management and analysis.

Table 1 shows the format used to write a block of data after each scan to the files. ' The first line
contains the time in seconds since midnight and the status of the serial port (1 = connected, 0 =
disconnected). For the network to be working, the status will always equal one. Each of the next
seven lines contain an identification number and data from one DR-9100. The first of these data
lines shows temperatures and occupancy status of the four conventional workstations (WS), the
second shows temperatures and relative humidity from the AOST office (ROOM), and the third
shows temperatures, airflows, and relative humidity from the HVAC supply and return lines
(HVAC). Each of the next four lines contain PEM performance data and temperatures from the
four workstations with PEMs (PEM1 - PEM4). Refer to Appendix A for the complete definition
and specification of each variable listed in Table 1.

Each time the network is scanned, the PowerBasic code writes a block of data to two files. The
file named "mm-dd-yy. DAT" (mm = month, dd = day, 19yy = year) contains all data collected on
that particular date. After each scan, the block of data is appended sequentially to the end of the
previously written file. At the same time, a second file named "NEW.DAT" is overwritten with
the latest data from the network. NEW.DAT is only one data block long and always contains
data from the most recent scan of the network.

The size of the daily data file (mm-dd-yy.DAT) is dependent on the scan rate and the time period
during which data is actually recorded. For example, using a 30-second scan rate, a 12-hour data
file (recorded between 7 am and 7 pm) takes up 540 KB. The source code for the PowerBasic
program can be modified to set the start-time and end-time to any desired period for writing data
to disk. The code can also be modified to include a timing loop of a user-specified length,
allowing data collection and recording to take place in a stand-alone mode without the
supervisorial control of Smalltalk.

Smalltalk Display Screens

In this section we describe and show examples of several Smalltalk display screens used to present
selected measurement data in attractive color graphical displays. Smalltalk accesses the data files
described above to produce these displays. Through the "Select Data to Analyze" menu item,
Smalltalk calis one of the data files (for example, NEW.DAT is called if the most recent data is
desired) and loads it for display. Mouse-driven pop-up menus enable the user to display selected
data in two ways. (1) A "Facility Map" background shows a plan view of the AOST office,
including outlines of the eight monitored workstations. Data from the PEMs and workstations
are displayed inside each workstation on this map, providing a visual link between the collected
data and the particular space from which the data were collected. The facility map display also
allows comparisons of temperature, PEM parameters, and occupancy status between individual
workstations. (2) A "Trend Data" display shows a series of graphs plotting PEM control
parameters versus time for a typical working day, 7 amto 5 pm . To use the trend data display,
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the user selects one of the four PEM workstations and the day to be analyzed. The display then
shows a daily cycle of temperatures and PEM settings for the selected workstation. Refer to

Appendix B for "Basic Instructions" for using the Smalltalk facility map and pop-up menus, and
"General Information" for using Smalltalk in general and as it applies to the AOST facility map.

Figure 5 shows the Smalltalk display menu flow chart, indicating the range of display screens
accessible through mouse-driven pop-up menus. In the following screen examples, data have
been used from 30 April 1992, during the second thermal comfort field study.

TURN TIMER ON
TIMER RESET
MANUAL AHU RESET
FACILITY MAP
Select Data to Analyze [prompts for date and time]
Restore Map
Request Map
Occupancy Conditions
Occupancy
Gender
Age
Room Air Conditions
Room Temperatures and Humidity
Workstation Temperatures
PEM Parameters
Air Temperatures
PEM Workstation Temperatures
Set Point Temperature
Discharge Temperature
Fan
Fan Speed Set Point
Radiant Panel
Radiant Panel Set Point
Task Lighting
Task Lighting Set Point
HVAC Parameters
Supply Volumes
Supply Temperatures
Supply Relative Humidity
Return Temperature
TREND DATA [prompts for date and workstation]
EXIT DEMO

Figure 5. Smalltalk Display Menu Flow Chart
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Figure 6 shows workstation temperatures (°C) at 1:38 pm for all eight workstations. This screen
is generated by selecting "Workstation Temps" under the "Room Air Conditions" menu to display
the four non-PEM workstations, and then selecting "PEM Workstation Temp" under the "Air
Temps" sub menu of the "PEM Parameters” menu to display the four PEM workstations
simultaneously.

Figure 7 shows the status of the four PEM fan speed setpoints (%) at 1:38 pm. This is generated
by selecting "Fan" under the "PEM Parameters” menu. Other PEM parameters that can be
displayed in this same manner include temperature setpoint (%), discharge temperature (°C),
radiant panel setpoint (%), and task lighting setpoint (%6).

The user can also choose to display the occupancy status of the eight workstations by selecting
"Occupancy" under the "Occupancy Conditions" menu. Figure 8 shows the occupancy status (IN,
OUT) at 1:38 pm. The user can access a complete workstation pop-up display by clicking with
the mouse within the desired workstation outline on the facility map to list data particular to that
workstation. The workstation-specific data include limited occupant information (name, gender,
age, etc.), date and time, occupancy status, and workstation temperature. If the selected
workstation contains a PEM, as in the example shown in Figure 9, the additional PEM parameters
are also displayed.

Figure 10 lists room air conditions, including temperatures (°C) and relative humidity (%), at 1:38
pm. This is generated by selecting "Room Temp and Humidity" under the "Room Air Conditions"
menu. Various performance parameters from the HVAC system can also be displayed, including
supply air volumes, supply air temperatures, supply air relative humidity, and return air
temperature. Figure 11 lists supply air temperatures (°C) for the overhead (ROOM) air
distribution system and the PEM air distribution system at 1:38 pm. This is generated by selecting
"Supply Temps" under the "HVAC parameters" menu.

A "Trend Data" display can be accessed to show a series of graphs plotting PEM control
parameters versus time for a selected date. The trend data graphs are plotted for a time interval
of 7 am to 5 pm, a typical office working day. Figure 12 shows an example of such a display for
one of the PEM workstations on 30 April 1992. The trend data display shows PEM discharge
temperature, workstation temperature, occupancy status, and PEM setpoints for fan speed, task
lighting, and radiant panel use.

System Installation, Troubleshooting, and Calibration

Prior to installing the monitoring network in the AOST office, we obtained all the hardware
(PEMs, DR-9100s, sensors, host computer, etc.) and assembled the entire network for testing and
troubleshooting in our laboratory at UC Berkeley. Since we were adapting someone else's
hardware and software for our own application, this was an important step to become familiar
with the system. Johnson Controls and several affiliated consultants provided valuable assistance
to us during this phase of the project.
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Using the assembled network, we performed preliminary calibration checks of all sensors using side-
by-side comparisons with high-quality in-house reference sensors. These checks confirmed the correct
connection and operation of the network hardware. Since installing the monitoring network in the
AOST office in San Ramon, the accuracy of all sensors has been checked and the sensor calibration
equations (contained in the PowerBasic program) have been modified, if necessary. The work
performed to carry out the network calibration is described further below.

The measurement accuracy's discussed below refer to total system accuracy (sensor plus DAS). All
workstation and room air sensors (RS-9100) appear to be reading to within £1°C of the expected
value. These sensors were checked by side-by-side comparison with two high quality laboratory
reference temperature sensors whose accuracy was rated at 20.2°C. The duct-mounted supply air
temperature sensors (TS-9100) were initially found to have slightly larger errors because the lower
temperatures being measured were below the range previously checked in our laboratory. New
calibration coefficients were installed for these sensors and agreement is now also to within +1°C of
the expected value. Both the wall-mounted (RH-RM) and duct-mounted (SARH) relative humidity
sensors have been checked with a sling psychrometer and agree to within £3% of the expected value,
matching the manufacturer's specifications. The discharge air temperature sensors contained in the
PEM units are relatively inaccurate and only agree to within (+2-3°C) of the reference sensor. All
occupancy sensors are operating correctly. The response time (time delay until the sensor status
switches to 'unoccupied') of the sensors after the workstation is vacated is approximately three minutes
for the PEM sensors and six minutes for the WS sensors.
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Measurement of supply air volume to the ceiling-based diffusers (SAV-1), utilizes the existing
variable-volume terminal unit serving that duct line. The terminal unit (Titus Model ESV-3000)
features a multi-point center-averaging pressure sensor located at the inlet. Monitoring the pressure
difference between the high and low pressure leads from the inlet sensor allows the total flow through
the unit to be measured. During the first calibration check of this supply line (August 1992), two 8-
point traverses were performed in the duct immediately upstream of the terminal unit with a hand-held
anemometer. The flow measured by the traverses was found to agree to within about 10-20% of the
flow measured by the inlet pressure sensor. The disagreement between these results was accounted
for by two factors: (1) the incoming flow was quite nonuniform due to the upstream duct
configuration; and (2) during the measurements, the flow was observed to fluctuate repeatedly (cycle)
over a 45-second period with an amplitude of £10%, making accurate measurements more difficult.
At the same time, a flowhood was used to measure the air being supplied by the four diffusers served
by this line. The total flow from the diffusers was found to be significantly less than that measured at
the terrminal unit. An inspection of the duct system in the ceiling plenum found that the flexible duct
that had previously been disconnected and capped from the diffuser above the PEM?2 workstation (see
Figures 2 and 3) had reopened, allowing supply air to flow freely into the plenum area. The duct has
since been resealed. A second calibration check of this supply line (March 1993) found the flow
reported by the monitoring network agreeing to within 10-15% of the total flow measured with a
flowhood at the four supply diffusers. Considering the time (1-2 minutes) required to complete the
flowhood measurements, this is an acceptable comparison, indicating that no major leaks exist in the
supply ducts.

Measurement of supply air volume in the duct line serving the four PEM units (SAV-2) is
accomplished with an Eldridge Products Series EP-8831 thermal mass flowmeter. As shown in Fi gure
3, the duct was configured to accommodate a straight length of duct (approximate ten duct diameters)
upstream of the measurement location. This produced a well-developed velocity profile within the 12-
in. round duct, allowing reliable flow measurement at a single point. A ten-point traverse with the EP-
8831 at this measurement location (March 1992) confirmed the effectiveness of the straight duct
configuration, Table 2 presents the results of the traverse performed under minimum flow conditicns
(all PEM fan setpoints set at minimumy); the measurement positions are determined to represent the
centers of equal concentric areas. The total flow is simply the average of the ten readings. The results
demonstrate the flat, well-developed velocity profile in the duct. The EP-8831 sensor was
permanently installed at the center of the duct and read 135 cfm, equal to the average result from the
traverse. Also shown in the table for comparison are the results of flow measurements at each of the
eight PEM supply nozzles made with a hand-held anemometer. The disagreement between the two
results for total PEM supply volume is less than 10%, a good result for this type of measurement.

In general, the measurement accuracy's described above are quite adequate for the intended use of the
collected data: to observe overall trends in the performance of the HVAC system and to identify any
significant thermal events in the AOST office that may account for unexpected PEM and thermal
comfort results.

Troubleshooting the operation of the system software that controls the data collection process also
proved to be challenging for a number of reasons.
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Table 2. Calibration Results of PEM Supply Air Volume

Supply Duct PEM Supply Nozzles
Position Airflow Airflow
Point (R =radius) (cfm) Wrkstn. Nozzle (cfm)
1 0.051IR 140 PEM1 left 13
2 0.163R 130 PEM1 right 20
3 0.293R 135 PEM2 left 23
4 0.452R 140 PEM2 right 17
5 0.684R 135 PEM3 left 20
6 1.316R 135 PEM3 right 18
7 1.548R 140 PEM4 left 20
8 1.707R 135 - PEM4 right 14
9 1.837R 120
10 1.949R 120
Total 135 145

The assembly language code written to access the DR-9100 had timing loops and other
time-based statements that were dependent on the speed of the computer. These machine-
dependent statements interfered with the proper handshaking required for smooth data
transmission between the DR-9100s and the computer through its serial port. Several
modified versions of the assembler code were tested before achieving reliable
communication over the monitoring network. However, at the time of writing this report,
we have only communicated consistently at the slower 8-MHz clock speed of the host Dell
computer. While this is not a problem for data collection, Smalltalk would operate more
effectively at the faster 25-MHz clock speed.

Despite the improvements described above, evidence still persisted that a timing problem
was resident in the data collection software. Over the course of a day, the host computer's
clock was losing time. The amount of time lost was directly proportional to the monitoring
network scan rate. A 30-second scan rate produced an 8-second loss of time for every one
hour of operation, making it difficult to accurately merge the two separate data files
generated by UC Berkeley's and Endecon's monitoring systems. In this case, the offending
statement was in the PowerBasic code within the write-to-file routine (repeated every scan),
The code was corrected and now operates correctly without any timing problems.

Work on the problems described above was complicated by the fact that the original
assembler code was written by an Italian affiliate of Johnson Controls and was not well
documented. We acquired the services of Chuck Rohrer, a consultant from Technisoft
Corp., Milwaukee, WI, who worked on the original PEM project, to address these
programming difficulties.
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During the troubleshooting and calibration period described above, we spent some time studying
and evaluating the performance of the HVAC system serving the AOST office. We identified
several HVAC issues requiring further attention, These issues are described briefly below.

L.

As mentioned above, an uncapped duct line allowed cool primary air to be supplied directly
to the ceiling plenum. Although the line has since been recapped, we do not know how long
this line was open. It may have been open during the first comfort field test in the AOST
office (30 April - 1 May 1992). Under these circumstances, it is difficult to make an
accurate assessment of HVAC performance. There is a high probability of short-circuiting
with an unknown amount of supply air being delivered directly to the return plenum.

Also mentioned above, the airflow through the VAV box serving the ceiling diffusers
fluctuated rather significantly over a 45-second cycle. This would seem to indicate a flow

control problem at the VAV box or at the main air handling unit.

The Titus VAV box serving the ceiling diffusers was originally sized and installed to handle

- the load from a larger office space. After the renovation of the AOST office and the

addition of a second supply line serving the four PEM workstations, the required flow
through this VAV box was significantly reduced. VAV boxes are known to have difficulty
throttling down below about 20% of maximum flow. The correct operation of the VAV box
should be checked, as it may account for the fluctuating flow described above in (2). Future
plans to test the AOST office under elevated thermostat setpoint conditions (reduced
airflow) also make it desirable that a properly sized VAV box be installed.

During the renovation of the HVAC system for the AOST office, it was planned to separate,
to the extent possible, the operation of the supply lines serving the two workstation clusters
in the office. This was done by disconnecting two ceiling diffusers that were located above
the PEM workstations, and leaving the other four to condition the remaining areas of the
office. However, as shown in Figure 3, one of the remaining diffusers is directly above the
PEM1 workstation, providing little chance (if one ever existed) that the operation of two
supply systems can be distinguished. This configuration may also tend to overcondition the
PEM workstation area, reducing the need to use the PEM air supply. If additional
improvements are made to the AOST office, we recommend that the operation of the two
supply lines be completely separated. By allowing one or the other supply line to be closed
off, the effect of the PEM air supply (or the overhead supply) on the thermal performance of
the office can be more clearly investigated.
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THERMAL COMFORT FIELD MEASUREMENTS

A second major component of the work performed by CEDR researchers has been the
measurement and detailed evaluation of thermal comfort both before and after the installation of
the AOST office. Eight PG&E employees were originally selected to be participants in the
thermal comfort study. Using an in-house portable measurement system, we have applied
previously developed thermal comfort assessment methods to complete three field tests of the
study participants, as described below.

1. At the work locations in the Sunset Building occupied by the eight participants prior to
moving into the AOST office to establish a baseline profile of thermal comfort conditions.
This test was completed on 16, 17 October 1991,

2. Soon after moving into the AOST office to assess their immediate reactions to the new work
environment. This test was completed on 30 April - 1 May 1992.

3. Several months after moving into the AOST office to assess occupant comfort and
satisfaction after a period of acclimatization. This test was completed on 16, 17 September
1992,

Results from these three field tests have been analyzed within the context of existing thermal
comfort standards. This process includes the calculation of standard comfort indices, comparison
of AOST data to similar data from a ten building sample of Bay Area office buildings, and
comparison to existing ASHRAE and ISO standards [ASHRAE 1981; ISO 1984, 1985].
Described below are our physical instrumentation package, field measurement protocols, and
subjective survey.

Physical Measurement System

In 1991 CEDR developed a second-generation physical measurement system for use on PG&E's
ACT? thermal comfort field study. This portable measurement cart has been used for the AOST
office comfort study reported here. The system design was based on an earlier version that was
developed and used for an ASHRAE-funded field study carried out by CEDR in the San
Francisco Bay area in 1987 [Schiller et al. 1988; Benton et al. 1990]. The new thermal
measurement cart takes advantage of recent technological developments in data acquisition
hardware and transducers by packaging these in a frame smaller and more maneuverable than the
original cart design. The new cart, like its predecessor, collects a complete set of detailed
measurements characterizing the local thermal environment using an automated approach. We
collected data for air temperature, relative humidity, air velocity, globe temperature, and radiant
asymmetry to satisfy the requirements of ASHRAE and 1SO.

The new cart design meets the following specifications:

» The system is capable of collecting concurrent physical data (air temperature, dew-point
temperature, globe temperature, radiant asymmetry, air velocity, and illuminance) from an
array of transducers placed to represent the immediate environment of our seated subjects.
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o The physical measurement transducers and their interrogation meets the ASHRAE 55-81
(1981) and ISO 7726 (1985) standards for accuracy and response time,

« Physical measurements are made as close as possible to the exact physical position of the
subject completing the subjective questionnaire, and as soon as possible after completion of
the questionnaire,

» The survey process, including subjective responses and physical measurements, is completed
in approximately 10 minutes per workstation visit.

« All physical and subjective data are collected in machine-readable form. Compiling data in
digital files during the collection process eliminates keypunch errors and expedites daily
summary sheets for error checking.

« The instrumentation package is mobile and portable, its battery power capable of a full day's
operation without recharge.

» The data acquisition system provides a real-time display of measured values for error-
checking purposes. These values are hidden from the sight of test subjects to avoid bias in
their answers to subjective questions.

« The field equipment is automated to the extent that student assistants with modest training
could contribute to the daily data collection effort.

To meet these specifications, we assembled an array of transducers, constructed an integrated
signal processing and data acquisition system, and programmed two laptop computers for data
reduction and display in real-time. All equipment is mounted on a two-wheeled chassis of 3 inch
by 1 inch aluminum tubing with a wooden "chair" attached to the front (see Figure 13). In
addition to battery storage, the "seat" of the chair shields the sensors and carries the laptop
computer that issues the subjective survey questionnaire at each workstation visit. We had
several signal processing devices custom-built to our specifications for this application and they
are mounted under the seat and in the seat back. Behind the seat back is a second laptop
computer that provides the cart operator with a real-time view of the transducer values and
presents a stripchart-format time history of the previous ten minute's data.

The cart's transducer specifications and the heights of each from the floor are listed in Table 3.
These sensors were chosen to meet the response time and accuracy requirements of ASHRAE
Standard 55-81 and ISO Standard 7726 for thermal assessment. In general, the temperature
sensors are accurate to within 0.2°C and have a time-constant of several seconds. The sensors we
used are YSI Series 700 probes having a vinyl-coated tip on a flexible signal wire. Where globe
temperature was measured, we mounted a table tennis ball on the cart with one of the YSI
temperature sensors in the center of the "globe". The globe is painted gray for the proper
emissivity and responds to the balance between radiation and convection in the physical
environment. In an office environment where the differences between workstations are relatively
small, the globe should reach equilibrium well within the 5 minute measurement period. A short
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discussion of globe temperature and it's measurement is provided in Benton, Bauman and
Fountain (1990).

Air velocity was measured at three heights by Dantec 54R10 anemometers. The 54R10 is an
omni-directional fully temperature-compensated sensor with a time constant of 0.1 second. A fast
response time is essential for accurate measurement of turbulence in the airflow. Each sensor has
two nickel-plated quartz spheres supplied with a small electrical current, The current heats the
spheres which in turn are cooled by passing airflow. Velocity is measured by regulating the
electrical current to maintain the spheres at a constant temperature.

Dewpoint temperature is measured by a General Eastern DEW-10 chilled mirror dewpoint
transducer. In this transducer, a heated chimney draws a small sample of room air into a
measuring chamber where a small mirror is continuously cooled. A nearby LED shines a beam of
light at the mirror where it is reflected to a photosensor. When the mirror reaches the dewpoint
temperature of the air sample, water condenses on the mirror scattering the light beam so the
signal to the photosensor is interrupted. Then the temperature of the mirror is measured and sent
to the central datalogger.

Radiant asymmetry is measured by a Bruel and Kjaer Plane Radiant Asymmetry sensor. Plane
radiant temperature is defined as the uniform surface temperature of a hemisphere that produces
the same incident radiation on a black surface as the actual environment. Radiant asymmetry is
the difference between the plane radiant temperatures of small planes facing opposite directions.
The radiant asymmetry probe consists of two pairs of gold-plated and black-painted elements
connected to thermopiles. Each side of the probe has a gold and a black element. The
measurement is based on the fact that the gold element exchanges heat primarily by convection
while the black element exchanges heat by both convection and radiation. Thus any voltage
generated across the thermopiles results from heat transfer by radiation between the black element
and the environment.

Illuminance is an ancillary parameter that may be useful in later analysis. A cosine-corrected
silicon photometer manufactured by Li-Cor measured illuminance in the horizontal plane.

The cart's data acquisition system consisted of several signal processors feeding a central
datalogger programmed to poll the sensors and relay the data to a laptop computer for display
and storage. Since both the air velocity and air temperature sensors are inherently non-linear
transducers, signal processing is required to convert these measurements to engineering units. In
the case of the temperature sensors, a linearization bridge on the signal side is required while more
extensive circuitry is necessary for controlling the current supplied to the anemometers and
providing temperature compensation. The signals from all transducers and signal conditioning are
sent continuously to the heart of the system, a Campbell Scientific 21X Micrologger. The
datalogger measures the sensor signals and converts each to engineering units using polynomial
curve fits or linear conversions as appropriate. The 21X is connected to a lightweight laptop
computer that serves as data display, operator interface, and data storage device.
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The Campbell Scientific datalogger also controls the timing and sequence of measurements. A
data-collection sequence is initiated by the operator flipping a switch mounted on the top of the
cart. This instructs the datalogger to begin storing data from the sensors and is indicated by an
LED glowing solid green near the cart switch. The laptop computer continuously displays data in
a stripchart fashion with an indicator showing whether the data is being stored or not. After one
minute of monitoring the transducers as they come into equilibrium with the physical environment
at the workstation, the datalogger shifts into "burst" mode. Burst mode is the only state in which
the datalogger can sample the anemometers quickly enough to measure turbulence intensity.
During the next three minutes, the datalogger is completely occupied with the air velocity
measurement, collecting 60 data points per second while the LED blinks green. After the burst
measurement is complete, the 21X collects data from the other sensors at the rate of one sample
per second for the remaining one minute. During the last minute of data collection, the LED
glows solid red and turns off when the measurement sequence is complete and the cart can be
safely moved. The total number of air velocity readings taken during the three minute
measurement burst is 7,200, too much data to process in real-time. So, as the cart is being moved
to the next workstation, a post-measurement processing sequence reduces the 7,200 readings to
engineering units, calculates turbulence intensity, and stores the final values on the hard disk with
data from the other transducers.

Subjective Survey System

As in our previous thermal comfort fieldwork, the subjective survey system is divided into two
parts, background and online. The background survey is a 10 page paper survey with questions
relating to demographics, job satisfaction, work area satisfaction, health, and characteristic
emotions. It is issued to and collected from the subjects before any workstation visits. The online
survey is given before each workstation visit and has questions relating to current thermal
sensation, environmental satisfaction, emotions, clothing, and activity level. The new subjective
survey laptop is carried in the cart seat, has a adjustable back-lit screen, a 80286 processor, and
battery power for a full day.

To reduce the online survey completion time, several changes were recently made to the content
of the survey instruments. The most notable is that a section on coping strategies was added to
both the background and online surveys. Coping strategies represent ways in which the subject
can make changes to the local thermal environment. In the background survey, available coping
strategies were listed by the subject and those available to him/her were presented during each
online visit and their status was recorded, e.g. fan on, blinds half open, etc. Coping strategies are
particularly applicable to the four participants in the AOST office who have PEM units in their
workstations. Copies of the background survey and the online survey computer screens are
presented in Appendixes C and D.

Field Measurement Protocol

Eight PG&E employees were originally selected to participate in the study, including three
females and five males. During the baseline field test, one male subject was unavailable to be
measured. Although this particular subject participated in the second field test (first post-
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occupancy survey) he subsequently vacated the AOST office and was not involved in the third
and final field test. He was replaced in the last test with another male subject. In addition, one
female subject participated only in the baseline survey and was replaced with another female
subject who participated in both post-occupancy surveys. This pattern of changing occupancy
represents one of the problems associated with obtaining reliable trend data over a relatively long
period of time (approximately one year). In the case of the small sample size in the AOST
comfort study, only six subjects participated in all three field tests. During the first two field tests,
39 online visits were made, and during the last field test, 38 visits were completed. Each visit
lasted approximately 10 minutes for the combined subjective and physical measurements.

The field measurement protocol closely followed that developed in our previous thermal comfort
field work. While a physical measurement is collected at a particular workstation, the field
worker looks for potentially available subjects to take the subjective survey. Having found the
next subject, the field worker enters the subject's identification number into the laptop computer
and places it on the subject's desk. While the subject takes the survey, the field worker retrieves
the cart from the previous workstation and moves it to the vicinity of the subject taking the
survey. When the survey is completed, the field worker removes both the laptop computer from
the subjects' desk and the subjects' chair from in front of the desk. The cart is then placed in the
location and orientation of the subjects' chair and the measurement period is initiated by flipping a
switch on the cart. During the next five minutes, the cart collects physical data at the
workstation.

RESULTS

In this section we present and discuss the measurement results, including: (1) thermal comfort
assessment based on the three field surveys, and (2) PEM and HVAC performance from the
installed monitoring network. Since the baseline thermal comfort test predates the installation of
the AOST monitoring network, we begin by describing the findings of the thermal comfort
studies.

Thermal Comfort

The complete data sets from the three thermal comfort studies (baseline survey, first post-
occupancy survey, and second post-occupancy survey) are presented in spreadsheet form in
Appendixes E, F, and G. Each data set includes, for each workstation visit, values for each of the
major physical comfort parameters, variables characterizing the subject's subjective assessment of
the thermal environment, and calculated values for the major thermal comfort indices. To
complete the data sets, we calculated the standard comfort indices (PMV, PMV* DISC, TSENS,
ET*, SET*, and HSI) for each workstation visit using the Fobelets and Gagge (1988) two-node
comfort model. The model accounts for the combined effects of air temperature, air velocity,
mean radiant temperature, relative humidity, clothing level, and activity level.

The measured and calculated values from all studies are summarized in Tables 4 - 7. Table 4
shows a comparison of the AOST Baseline, first Post-Occupancy (Test 1), and second Post-
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Occupancy (Test 2) tests to selected buildings studied in ASHRAE RP-462, a field study of ten
office buildings in the San Francisco Bay area [Schiller et al. 1988]. Since we found a significant
seasonal variation in conditions during the ASHRAE study and the first two AOST tests occurred
during what could be considered swing seasons, Table 4 is shown in two parts. Table 4a shows a
comparison to our previous winter measurements and Table 4b shows a comparison to our
previous summer measurements. Table 5 shows a comparison of the three AOST tests and the
ASHRAE RP-462 buildings to the ASHRAE 55-81 comfort standard. The results are discussed
below.

Our measurements to establish baseline conditions for the AOST comfort study indicated that the
major physical variables affecting comfort were substantially within normal ranges. Air
temperature averaged 22.2°C through our workstation visits, a value only slightly lower than the
winter and summer averages of the ASHRAE RP-462 field study. Indoor air velocities, averaging
0.10 meters per second for the Baseline test, were equal to the summer averages measured in our
previous ten-building field study, falling within the zone considered to be "still-air". Radiant
effects in the Sunset Building were insignificant. Dewpoint temperatures, which had been found
to be fow during a previous ACT? baseline test, were all within the limits specified by the
ASHRAE 55-81 comfort standard, presumably due to corrective action during ACT? renovation
work. The clothing insulation values reported by the AOST study participants were in the normal
range and fell between the winter and summer averages of the ASHRAE RP-462 field study.

Baseline results for effective temperature (ET*) and operative temperature (both indices that
combine other physical parameters into a "temperature” index) were slightly below the winter
averages and more than 1°C lower than the summer averages calculated for the ASHRAE RP-462
field study. Values for effective temperature index fell within ASHRAE 55-81 specifications for
100% of our workstation visits compared to 83.9% of the winter workstation visits in the
ASHRAE RP-462 field study (see Table 5). For summer conditions, however, this percentage
dropped to only 23.1% due to the lower temperatures being maintained in the Sunset Building.
This value was substantially lower than the 68.3% of acceptable ET* values achieved during the
summer measurements of the ASHRAE RP-462 field study. Table 5 indicates that, except for a
small percentage of air velocity results, the AOST baseline data were substantially within the
ASHRAE winter comfort zone.

Physical measurement results from the two post-occupancy comfort studies (AOST Tests 1 and 2
in Tables 4 and 5) are very similar and indicate that the average air temperature in the AOST
office is nearly 1°C higher than the baseline result {23.0°C and 22.9°C versus 22.2°C). Calculated
temperature indices such as ET* and operative temperature are also higher than the baseline,
primarily due to the higher air temperature. This improves the agreement with ASHRAE 55-81
specifications for summer conditions, as 69.2% for Test 1 and 78.9% for Test 2 of the calcuiated
ET* values fall within the acceptable range compared to 23.1% for baseline results (see Table 5).
In fact, Table 5 indicates that the results for dew point temperature, ET*, and air velocity from
both AOST Tests 1 and 2 demonstrate generally equal or improved agreement with ASHRAE 55-
81 compared to the average results from both the winter and summer data from the ASHRAE
RP-462 field study. Clothing ievel in the AOST office is slightly lower than baseline conditions
(0.47 and 0.50 versus 0.55).
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TABLE 4a

Distribution of Physical Data: Comparison of AOST Baseline - Oct. 1991 (A-B), Test 1 - May 1992 (A-1), and
Test 2 - Sept. 1992 (A-2) to selected ASHRAE RP-462 winter measurements

Building Piio: A B C D E F G H 1 All  A-B A-1 A2
Sample Size 121 123 101 134 132 136 122 148 145 146 1308 39 39 38
Clothing (clo) ‘
mean 0.57 0.55 0.70 0.59 0.61 0.61 (.54 0.57 0.56 0.55 0.58 0.55 0.47  0.50
std. dev, 0.13 0.12 0.1 0.13 0.14 0.12 0.11 0.13 0.15 0.13 0.14 0.13 0.10 0.10
minimum 0.30 0.30 0.39 0.33 0.24 (.38 0.24 026 026 0.31 0.24 0.36 0.26 .36
maximum (.90 0.90 1.13 1.07 1.00 1.14 0.83 0.93 0.99 1.14 1.14 0.92 0.62 0.69
Air Temperature (°C)  (mean of 3 heights)
mean 231 231 21.3 22.7 22.2 234 229 23.0 224 23.2 22.8 22.2 23.0 229
std, dev, 1.0 0.9 1.7 0.6 1.2 1.1 0.8 0.9 14 0.6 1.2 0.6 0.3 0.3
minimum 204 21.2 174 20.8 19.2 20,6 20,9 20.7 20.0 21.5 17.5 20.5 224 222
maximum 254 25.7 24,9 24.1 248 25,6 25.0 25.0 298 24.5 29.8 23.3 23.6 23.5
Vapor Pressure (torr)
mean 74 6.4 6.2 8.9 8.9 10.6 6.2 8.8 6.6 7.6 7.8 9.6 9.3 9.8
std. dev, 1.3 0.7 1.0 0.6 0.3 0.6 1.3 14 1.0 1.0 1.7 0.5 0.1 0.3
minimuem 5.4 4.8 4.6 8.0 6.9 8.9 4.6 6.4 5.1 4.6 4.6 8.4 9.1 93
maximum 9.0 7.8 11.2 10.3 10.9 11.8 9.2 114 8.8 9.3 11.8 10.4 9.6 10.3
Dew Point Temperature (°C)
mean 6.6 4.6 4.0 9.5 9.5 12.1 4.1 9.2 4.9 7.1 7.3 10.5 10.2 10.9
std. dev. 2.7 1.6 2.2 0.9 1.3 0.9 2.7 2.3 2.2 1.9 33 0.8 0.2 0.4
minimum 2.3 0.6 a.1 7.9 58 9.5 0.1 4.7 14 0.0 0.0 8.6 9.8 10.1
maximum 9.6 7.5 13.0 11.6 12.5 13.7 10.0 13.3 94 12.1 13.7 11.8 10.6 11.7
Air Velocity (m/s)  (mean of 3 heights)
mean 0.10 0.06 0.06 0.04 0.04 0.06 0.05 0.08 0.05 0.05 0.06 0.10 0.10 010
std. dev. 0.07 0.04 0.06 0.06 0.04 0.05 0.02 0.05 0.03 0.03 .05 0.04 0.03 0.04
minimum 0.01 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.04 0.05 0.05
maximum 0.39 (.26 0.37 0.56 0.20 0.27 0.11 0.30 0.19 0.17 0.56 0.21 0.18 0.31
Operative Temperature ("C)  (mean of 3 heights)
mean 233 23.3 214 229 22.3 236 231 222 22,6 233 229 223 231 23.1
std. dev. 1.0 1.0 1.7 0.6 1.1 1.0 0.8 0.9 1.3 0.5 1.2 0.6 0.3 0.4
minimum  20.7 20.8 17.8 21.1 19.5 21.0 21.1 21.0 204 21.8 i71.8 21.0 22.6 222
maximum 257 264 25.5 24.2 24.3 25.6 25.3 25.1 28.5 24.6 28.5 234 23.5 23.6
ET* (°C) (mean of 3 heights) -
mean 22.8 227 21.0 226 22.0 234 226 22.8 22.1 22.9 225 22.3 23.0 230
std. dev. 0.9 0.8 1.6 0.7 i.1 1.0 0.7 0.9 1.3 0.6 1.1 0.6 0.3 0.3
minimum  20.4 20.9 174 20.8 19.3 20.6 20.8 20.6 19.8 21.0 17.4 20.9 225 222
maximum 249 24 .8 243 24.0 24.4 25.5 24.3 249 28.3 24.2 28.3 23.3 234 23.5
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TABLE 4b

Distribution of Physical Data: Compariéon of AOST Baseline - Oct. 1991 (A-B), Test 1 - May 1992 (A-1), and
Test 2 - Sept, 1992 (AC) to selected ASHRAE RP-462 summer measurements

Building Piiot A B C D E F G H 1 All  A-B  A-1 A2

Sample Size 123 119 92 108 115 123 107 117 23 107 1034 39 39 38

Clothing (clo)
mean 047 050 047 054 053 054 055 055 050 053 052 055 047 050
std. dev. ¢.12 013 010 016 0.1l 010 013 012 014 011 ¢.iz 013  01¢  0.10
minimum  0.16  0.23 025 020 026 027 024 028 022 034 016 036 02 036
maximum 0.71 092  0.64 144 097 098 087 09 074 081 144 092 0.62  0.69

Air Temperature ("C)  (mean of 3 heights)

mean 246 226 234 226 224 243 244 227 224 228 233 222 230 229

std. dev. 1.6 0.5 0.3 1.0 0.8 1.0 1.2 0.6 0.8 0.6 1.3 0.6 0.3 0.3
minimum  21.8  21.1 224 201 205 217 210 210 213 214 207 205 224 222
maximum 295 236 250 245 246 263 276 242 241 254 295 233 236 235

Vapor Pressure (torr)
mean 11.2 12.0 13.2 11.6 132 13.6 15.0 13.8 13.3 12.9 12.9 9.6 973 6.8
std. dev. 0.7 0.5 0.8 0.5 0.8 0.8 0.6 0.9 04 0.6 1.3 0.5 0.1 0.3
minimum 8.6 11.2 11.3 10.7 11.8 10.6 13.2 12.2 12.5 12.0 8.6 R4 9.1 9.3
maximum 12,7 13.0 16.6 12,9 15.8 15.2 16,7 16,9 14.6 17.7 17.7 10.4 9.6 10.3

Dew Point Temperature (°C)
mean 13.0 14.0 15.5 13.5 15.5 16.0 17.5 16.2 15.6 151 15.1 10.5 10.2 10.9
std. dev. 0.9 0.6 0.9 6.6 0.9 0.9 0.6 1.0 0.5 07 1.6 0.8 0.2 0.4
minimum 9.0 12.9 13.1 12.3 13.7 12.1 15,5 143 147 14.0 9.0 8.6 9.8 101
maximum 14,9 15.2 19.1 15.1 18.3 17.7 19.2 19.4 17.0 20.2 20.2 11.8 10.6 11.7

Air Velocity (m/s)  (mean of 3 heights)
mean 0.20 0.11 0.11 0.10 0.11 0.12 0.11 0.16 0.11 0.1t 0.10 0.10 0.10 0.10
std. dev. 0.19 0.02 0.03 .01 0.03 (.03 0.02 0.09 0.02 0.02 0.09 0.04 0.03 0.0«
minimum 0.01 0.00 0.00 0.00 0.01 0.01 0.00 0.05 0.02 0.01 0.00 0.04 0.05 0.03
maximum 1.24 0.20 0.24 0.18 0.25 0.30 0.22 0.67 0.19 0.23 1.24 0.21 0.18 0.31

Operative Temperature ("C)  (mean of 3 heights)

mean 247 228 236 228 226 245 245 230 226 228 235 223 231 231

std. dev. 1.6 0.5 0.5 1.0 0.8 1.0 1.1 0.6 0.7 0.6 1.2 0.6 0.3 0.4
minimum  22.1 216 226 203 208 221 213 213 215 214 203 210 226 222
maximum 295 237 252 246 246 264 276 245 241 254 285 234 235 236

ET* (°C)  (mean of 3 heights)
mean 24.5 227 237 227 227 24.6 24.8 23.1 22.7 23.0 235 223 23.0
std, dev. 1.4 0.5 0.5 1.0 0.8 1.0 1.2 0.6 0.7 0.7 1.3 0.6 0.3
minimum  22.0 21.3 227 20,2 20.9 21.8 21.3 214 207 21.6 20.2 20.9 225
maximum  29.0 23.7 25.0 24.6 24.9 26.5 28.0 24.5 244 25.8 20.0 23.3 234

(3%
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TABLE 5

Comparison to ASHRAE Standard 55-81 Comfort Zones
Selected ASHRAE RP-462 buildings, AOST Baseline - Oct. 1991 (A-B), Test 1 - May 1992 (A-1), and

Test 2 - Sept. 1992 (A-2)

Buailding Piet A B C D E F G All  A-B A1 A2
WINTER Sample Size 121 123 101 134 132 136 122 148 1308 39 39 38

Dew Point Temperature ("C)
%< 1.7C 0.0 2.4 7.9 0.0 0.0 0.0 16.4 0.0 29 0.0 0.0 0.0
1.77C £ % <16.7°C 100.0 97.6 92.1 100.0 100.0 1900 836 1000 971 100.0 100.0 100.0
% > 16.7°C 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

ET* (°C) (average of 3 heights)
% < 20.0°C 0.0 0.0 297 0.0 18 0.0 0.0 0.0 2.8 0.0 0.0 0.0
200°C<%<23.6°C 843 86.2 633 96.3 94.7 58.8 91.8 824 839 100.0 100.0 100.0
%>236'C 157 13.8 5.0 3.7 1.5 41.2 8.2 17.6 132 0.0 0.0 0.0

Air Velocity (m/s) (average of 3 heights)

% <0.15m/sec 818 95.9 97.0 97.8 97.0 941 100.0 919 95.3 89.7 92.3 92.1
% >0.15 mfsec  18.2 4.1 31 2.2 3.1 5.9 0.0 8.1 4.7 10.3 7.7 7.9
SUMMER Sample Size 123 119 92 108 115 123 107 117 1034 39 39 38

Dew Point Temperature ("C)
% < 1.7°C 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0
L7C 2% <16.7°C 100.0 100.0 957 1000 93.0 86.2 11.2 61.5 83.5 1000 100.0 100.0
% > 16.7°C 0.0 0.0 43 0.0 7.0 138 28.8 38.5 16.5 0.0 0.0 0.0

ET* (°C) (average of 3 heights)
% < 22.8°C 7.3 51.3 43 528 50.4 8.9 2.8 299 277 76.9 30.8 211
228°C<%<261°C 72.4 48.7 95.7 47.2 49.6 88.6 84.1 70.1 68.3 23.1 69.2 78.9
%>26.1°C 203 0.0 0.0 0.0 0.0 2.4 13.1 0.0 4.1 0.0 0.0 0.0

Air Velocity (m/s) (average of 3 heights)

% = Vmax* 88.6 1000 100.0 1000 1000 992 100.0 915 976 1000 1000 974
%> Vmax* 114 0.0 0.0 0.0 0.0 0.8 0.0 8.5 24 0.0 0.0 2.6

* Summer maximum limit for air velocity is extended for air temperatures between 26-28°C.

For T, <26°C, V,,,, =0.25 m/sec. V_ . then increases 0.275 m/sec for each degree C of T, above 26°C,
up to a maximum of 0.8 m/sec at T, = 28°C.
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Table 6 shows a comparison of overall average values of landmark variables of subjective
response and comfort. Results are presented for the AOST Baseline, Test 1, and Test 2. Thermal
sensation vote is a subjective declaration of thermal sensation on a -3 (cold) to +3 (hot) scale. On
this scale, the central value of O represents thermal neutrality and ASHRAE considers the central
three values of -1 (slightly cool), 0 (neutral), and 1 (slightly warm) to be thermally acceptable.
Average thermal sensation vote was -0.04 for the Baseline test, representing a result that was very
near the neutral point. The average thermal sensation vote for Test 1 was 0.22, a slightly higher
value, perhaps reflecting the increased air temperatures in the AOST office. However, for Test 2,
the average thermal sensation was 0.04, again very near the neutral reading of zero.

The Mclntyre thermal preference scale is a three-point scale in which subjects are asked if they

- would prefer to be warmer (-1), have no change (0), or be cooler (+1). As shown in Table 6,
average results from the thermal preference vote found only a very slight preference to be cooler
for the Baseline and Test 1, but no desire to change (0.00) for Test 2, implying that on average all
subjects were satisfied with their thermal environment. The calculated comfort indices of SET*
(Standard Effective Temperature), DISC (Discomfort), and PMV (Predicted Mean Vote) from all
three tests were very similar and well within reasonable bounds.

Table 7 presents a comparison of most of the same variables contained in Table 6, but in this case
broken down into groups of subjects with and without PEMs in their AOST office workstation.
Although subjects did not have PEMs during the Baseline test, results for these groups of PEM
and non-PEM subjects are shown for all three tests to identify any trends or obvious differences.
Average thermal sensation is slightly warmer for PEM subjects (0.14) compared to non-PEM
subjects (-0.19) during the baseline. This trend is reversed during Test 1 (0.02 vs. 0.44), a result
that may be attributable to the local air supply characteristics of the PEMs. However, in Test 2,
the trend of thermal sensation vote again resembles that of the baseline data with PEM subjects
claiming to be slightly warmer (0.18) than the non-PEM subjects (-0.11). The difficulty in
establishing a clear pattern over the three tests is not unexpected due to the small number of
subjects involved in the study.

Nevertheless, a few more obvious observations are worth mentioning, The general comfort scale
is a six-point scale ranging from very uncomfortable (1) to very comfortable (6). During Test 1,
shortly after the subjects occupied the AOST office, those with PEMs voted a noticeable increase
in general comfort compared to the Baseline (5.30 vs, 4.93). However, the non-PEM subjects
voted a significant drop in general comfort compared to the Baseline (4.58 vs. 5.33). The higher
general comfort exhibited by PEM subjects over non-PEM subjects in Test 1, was no longer
evident in Test 2, perhaps indicating that an initial highly positive response to the PEM was
somewhat reduced over time.,

Ventilative comfort is a six-point scale in which the subjects describe their ventilative environment
as being stuffy (1) to breezy (6). During the Baseline, when no PEMs were available, both groups
had very similar ventilative comfort votes. After occupying the AOST office, as expected, the
PEM subjects have a higher average ventilative comfort rating than the non-PEM subjects do in
both Tests 1 and 2.
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TABLE 6

Landmark Variables of Subject Response and Comfort
Averages for AOST Baseline, Test 1, and Test 2

AOST AOST AOST

Baseline Test 1 Test 2

{Oct. 1991) (May 1992) (Sept. 1992)
Thermal Sensation -0.04 0.22 0.04
Thermal Preference 0.06 0.08 0.00
General Comfort 5.16 4.95 4.76
Ventilative Comfort 3.81 3.67 3.84
Lighting Comfort 4.25 4.23 4.42
Estimated Temperature (°C) 21.96 21.08 21.93
Metabolic Rate (met) 1.1 1.1 1.1
Clothing Level (clo) 0.55 0.47 0.50
Effective Temperature* (°C) 22.26 22.95 23.02
DISC -0.01 -0.02 -0.03
SET* (°C) 21.42 21.84 22.21
PMV -0.26 -0.22 -0.19
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TABLE 7

Comparison of Landmark Variables of Subject Response, Comfort
Averages, and Air Velocities for AOST Baseline, Test 1, and Test 2

Baseline Test 1 Test 2

Non- Non- Non-
PEM PEM PEM PEM PEM PEM

Variable 3 4) (4) 4) 4) 4)
Thermal Sensation 0.14 -0.19 0.02 0.44 0.18 -0.11
Thermal Preference 0.21 -0.06 0.10 0.05 -0.16 0.16
General Comfort 4.93 5.33 5.30 4.58 4.79 4.74
Ventilative Comfort 3.79 3.83 3.95 3.37 3.95 3.74
Lighting Comfort 4.00 4.44 3.90 4.58 4.21 | 4.63

Metabolic Rate 1.1 - 11 1.1 1.1 1.2 1.1
Clothing Level 0.51 0.59 0.50 0.44 0.51 0.49
ET* (°C) 22.5 22.1 229 23.0 23.0 23.1
DISC -0.05 0.01 -0.02 -0.03 -0.02 -0.03
SET* (*C) 21.6 21.3 21.9 21.7 223 22.1
PMV -0.24 -0.27 -0.21 -0.23 -0.20 -0.18
Velocity at 1.1 m (m/s) 0.11 0.09 0.18 0.10 0.19 0.11
Velocity at 0.6 m (my/s) 0.12 0.11 0.12 0.08 0.10 0.09

Velocity at 0.1 m (my/s) 0.08 0.09 0.06 0.07 0.07 0.07
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Also included in Table 7 are average air velocities at each of three measurement heights (0.1, 0.6,
and 1.1 m). While all velocity results were very similar between PEM and non-PEM subjects
during the Baseline, the average velocity for PEM subjects compared to non-PEM subjects in the
AOST office was noticeably higher at the 1.1 m height for both Test 1 (0.18 m/s vs. 0.10 m/s) and
Test 2 (0.19 m/s vs. 0.11 m/s). This demonstrates that the desk-mounted PEM supply nozzles
have a significant impact on air movement at heights near the desk level.

Averaging the subjective votes together, as in the tables described above, can tend to mask some
of the underlying patterns inherent in the data. Figure 14 compares occupant assessment of
thermal comfort on the ASHRAE thermal sensation and the McIntyre thermal preference scales.
Results are shown for Tests 1 and 2, and are subdivided into groups of subjects with and without
PEMSs. As described above, convention holds that the middle three categories of the thermal
sensation scale (-1.5 < ASH < 1.5) are considered thermally acceptable, and, according to
ASHRAE Standard 55-81 [ASHRAE 1981], 80% of the building occupants should fall within this
range. Figure 14 shows that each of the four groups of subjects meet this criteria, with only a few
votes falling outside of the central "thermally acceptable” categories.

Also shown in Figure 14 are the results from the MclIntyre scale, which illustrates comfort on the
basis of thermal preference. During Test 1, 90% (18 out of 20) of the subjects with PEMs
preferred to have no change in their thermal environment, while 74% (14 out of 19} of the
subjects without PEMs were in the same category. In Test 2, however, the distribution of thermal
preference votes has changed considerably, particularly for the PEM subjects. Despite the high
percentage of subjects voting to be thermally acceptable on the thermal sensation scale, only 42%
(8 out of 19) of the subjects with PEMs voted for no change on the Mclntyre scale. Almost as
many subjects, 37% (7 out of 19), preferred to be warmer, and 21% (4 out 19) preferred to be
cooler. Recall that the average thermal preference vote for all subjects in Test 2 was 0.00 (Table
6). The large percentage of subjects with PEMs desiring to be warmer was consistent with
measurements and observations indicating that the overall AOST office temperature tended to be
on the cool side, causing the PEM air supply to overcool the local workstation environment in
several cases. For subjects without PEMs in Test 2, 63% (12 out 19) preferred to have no
change, a result that is fairly similar to that of Test 1.

Since the PEMs allow the occupants to dynamically control their local environment, it is also of
interest to observe temporal patterns in the thermal comfort data. Figure 15 presents average,
maximum, and minimum air velocities measured at the 1.1 m height during Test 2 (16, 17
September 1992). Results are binned by hour of day and are shown for workstations with PEMs
in Figure 15a, and without PEMs in Figure 15b. The data clearly indicate a pattern in which
occupants tended to use the increased air movement provided by the PEMs to cool themselves
after returning from lunch. This is consistent with the fact that two of the four occupants with
PEMs were known to play basketball over lunch time. The maximum velocity recorded between
1:00 and 2:00 pm was 0.81 m/s. In comparison, all velocities recorded in workstations without
PEM:s were quite low (< 0.2 mv/s), as expected.
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PEM Performance

Data have been collected on a daily basis since April 1992 from both the UC Berkeley and
Endecon permanent monitoring networks. We have analyzed the network measurement results to
coincide with the first and second post-occupancy comfort tests (Tests I and 2) in the AOST
office. In this section, we present and discuss findings regarding the performance of the PEMs,
including occupant use patterns, power quality, and power consumption.

As described earlier, the PEM monitoring network records a set of data that describes in detail for
each PEM workstation the occupant's use of the desktop control panel. The monitored PEM
control parameters include: (1) discharge air temperature setpoint, (2) fan speed setpoint, (3)
radiant panel setpoint, (4) task light setpoint, and (5) occupancy sensor status. Figures 16a and
16b show examples of the occupant use patterns from two PEM workstations between the hours
of 7 am and 7 pm on 30 April 1992. In both figures setpoint position (0-100%) for the task light,
fan, radiant panel, and temperature are shown on the left axis, while occupancy (0-1) is shown on
the right axis. Ten-minute average data are shown. In Figure 16a, the light is turned on 100% all
day long. The fan setpoint stays at 20% during the moming and jumps to 100% when the
occupant returns from lunch (playing basketball). After another hour, the fan is turned down to
60% until the end of the day. Radiant panel and temperature controls are unused all day long.
The short occupancy peaks during the later morning and noontime hours may in fact be due to
visits to the workstation by office workers other than the occupant. In Figure 16b the only
evidence of setpoint adjustment is with the task light. All other contro! setpoints are unused all
day long.

To investigate the energy performance of the PEM units on a component basis, we performed
detailed energy measurements using the Endecon monitoring network in March 1993. Since the
current Endecon network monitors the total plug load from all four PEMs, we unplugged all but
one PEM at a time, and then recorded current, voltage, and power readings in response to
different PEM control settings. This allowed us to develop empirical relationships between power
and control setting for the three major energy-consuming components, the fan, task light, and
radiant panel. The other two available PEM control parameters (discharge air temperature and
white noise) had a negligible impact on energy use. The empirical power relationships could then
be applied to the recorded occupant use patterns (from UC Berkeley's monitoring network) to
produce a time-based image of PEM energy performance broken down by PEM components and
individual workstations. The energy measurement data are presented in Figures 17 to 19 and
discussed briefly below.

The results of the detailed energy tests indicated that the minimum power consumption of the
PEM is about 5 W/unit, when the occupancy sensor is off (PEM deactivated). This minimum
value increases to about 20 W/unit, when the workstation is occupied, even with all other control
settings at their minimum levels. Figure 17 presents the measured power vs. PEM fan control
settings (all other controls are at minimum). Figure 17a shows real power (W), Figure 17b shows
apparent power (VA), and Figure 17¢ shows power factor (real power/apparent power). The
PEM fan uses 90 W of real power at its maximum setting (including the PEM base power of 20
W) and is quite linear in nature, with a power factor approaching 95% at its maximum speed. The
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data also indicate, that most of the actual control operation of the fan is confined to the middle
third of the control setting span. In most cases, there is little variation in power usage over the
bottom and top ranges of the control setting,

Figure 18 presents the measured power vs. PEM task light control settings (all other controls are
at minimum). Figure 18a shows real power, Figure 18b shows apparent power, and Figure 18¢c
shows power factor. All except one of the task lights consume about 70 W of real power at their
maximum setting (including the PEM base power of 20 W). The power factors were quite poor
for the task lighting control, with most units falling below 50% at their maximum setpoint. This
was consistent with the rather unsatisfactory performance of the PEM dimming control (e.g.,
flickering, buzzing, premature failure of lamps), indicating that the PEM dimmer was incompatible
with the installed task lights in the workstations.

Figure 19 presents real and apparent power versus PEM radiant panel control settings (all other
controls are at minimum). At its maximum setting, the radiant panel consumes by far the most
energy of any PEM component, using about 225 W/unit of real power (including the PEM base
power of 20 W). The radiant panel is evidently quite linear with power factors approaching
100%. There is no variation in power factor over the span of control settings because the panel
operates in an on/off mode with the percentage of on-time being proportional to the control
setting.

Figure 20 presents the real power use pattern for the four monitored PEMs between the hours of
7 am and 8 pm on 16 September 1992, during Test 2. The ten-minute-average data are broken
down by the amount of power used by each PEM component: base, fan, task light, and radiant
panel. The pattern of use takes into account the status of the occupancy sensor in each
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workstation. Also shown for comparison is the total real power as measured by the Endecon data
acquisition system on that date. The agreement in total power is acceptable considering that the
empirical power data were obtained from short-term readings of a variable signal. The fact that
the component-based results consistently exceed the real time Endecon measurements (averaged
over a ten-minute period) suggests a bias in the short-term readings that could be corrected.
Nevertheless, the accuracy with which the component-based calculations track the highly variable
time history of power consumption is remarkable.

Figure 20 demonstrates how the base power consumption for the four PEMs varies between a
minimum of 20 W when all PEM workstations are unoccupied at the beginning and near the end
of the day, and its maximum value of about 8¢ W. On average, lights tend to use the largest
amount of energy, despite the fact that one of the four task lights was disconnected on this day
and did not contribute to the measured total. The total fan load is fairly low and shows up only
after lunch and throughout the afternoon. The radiant panel was used only during one ten-minute
period near 2 pm (perhaps only as a test?) and contributes to the days maximum total power
measurement of 304 W,

Figure 21 presents the same data shown in Figure 20, except in this case the results are broken
down by individual PEM units, In this example, PEM2 usually uses at least half of the total
measured power, due to the fact that the occupant was in the workstation with his light on for
most of the day, and also used the fan during the afternoon. In comparison, PEM4 uses no more
than 20 W during the entire day, because the task light was disconnected, and no other controls
were used.

Figure 22 presents the energy use pattern for the four monitored PEMs between the hours of 7
am and 7 pm on 30 April 1992, during Test 1. On this day, only lights and fans were used. The
lighting load is higher than that shown in Figures 20 and 21 due in part to the fact that all four
task lights were in use. The majority of the fan use occurs after lunch and during the afternoon,
although a small amount of fan energy is used during the hour before lunch time. The peak power
consumption reaches 388 W around 2 pm, coinciding with the peak fan energy usage.

If one assumes that task lights would be present in a typical office environment, the additional
localized heat load imposed by the PEM units is generated only by the base PEM energy usage (5-
20 W/unit) and the fans, As observed by our measurements, radiant panel usage would be
expected to be absent or minimal for most interior office zones in which cooling is the dominant
space conditioning energy requirement. In this example, the additional load imposed by the PEM
units averages between 20 to 50 W per workstation, when occupied, representing a heat load
density of 0.3 to 0.7 W/ft? for a typical 72 ft2 (8.5 ft by 8.5 ft) workstation in the AQST office.

The energy-saving capability of the occupancy sensor is demonstrated in Figure 23. Two energy
use patterns are shown for the four monitored PEMs on 30 April 1992, One takes into account
the effect of the occupancy sensor ("with occupancy sensor”) and shows the same pattern of use
displayed in Figure 22. The second higher energy use pattern ("without occupancy sensor") is
produced by applying an occupancy weighting factor of one to all control settings after the
workstations are first occupied at the beginning of the day. This is equivalent to having the lights
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Figure 21. Real Power Based on Measurement and PEM Units
16 September 1992
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and fans continue to operate at the same level, even when the workstations are vacant during the
day. In this example, 25% of the PEM energy use is saved by the capability of the occupancy
sensors to turn off the PEM units when the workstations are unoccupied.

HVAC Performance

In this section we present and discuss findings regarding the performance of the HVAC system
serving the AOST office, including supply air temperature and volume, and room temperatures
and humidity.

In Figure 24, the total PEM supply air volume (measured in the duct serving the four PEM units)
is compared to the total PEM fan setpoints for 30 April 1992. The total occupancy-weighted fan
setpoints are calculated by summing up the result for each workstation based on a value between
zero and one, corresponding to the minimum to maximum setpoint on the control panel, and
multiplied by one when the workstation is occupied and zero when it is unoccupied. For exampie,
if all four fan setpoints were at their maximum setting, but only two workstations were occupied,
the total weighted fan setpoint would equal two. The setpoint and supply volume profiles follow
similar patterns. As described previously, even when its internal fans are turned off (minimum
setpoint) a flow of approximately 40 c¢fm is maintained through each PEM unit for ventilation
purposes, Figure 24 indicates a flow of between 130 and 140 cfm when the total PEM fan
setpoints are at or near their minimum, in agreement with design conditions. PEM fan usage
reaches its peak shortly after Junch when two of the PEM subjects return from playing basketball
and turn up their fans to cool off. They maintain a higher fan usage for most of the afternoon.
The PEM supply air volume also increases during the afternoon, indicating that the VAV box
controlling the flow to the PEMs is operating properly.
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Figure 24. PEM Supply Air Volume and Occupancy-Weighted Fan Setpoints
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Figure 25 shows ten-minute average trend data for workstation and room air temperatures, as
well as average room relative humidity, for 30 April 1992. Temperatures are displayed for the
four conventional workstations (T-WS1 to T-WS4), the four PEM workstations (T-P1 to T-P4),
and room temperature on the west wall (T-RM-W), east wall (T-RM-E), and near the ceiling (T-
CEIL). Under most circumstances, all eleven air temperature sensors agree to within 2°C. Air
temperatures in the fourth PEM workstation (T-P4) are Jower during much of the morning,

Notes from the comfort survey indicate that the PEM supply nozzle closest to the temperature
sensor was pointed toward the sensor, possibly accounting for this result. After 11 am, the nozzle
was turned away from the sensor and toward the occupant, allowing the measured workstation air
temperature to increase. The small but noticeable peaks occurring in the afternoon do not
correspond to visits from the portable comfort measurement system. It seems likely that some
heat source (e.g., a person) close to the temperature sensors caused these increases. Room
relative humidity falls between about 42 and 45% during the entire monitoring period.

Measured supply volumes and room temperatures are shown together for 30 April 1992 during
Test 1 (Figure 26a) and for 16 September 1992 during Test 2 (Figure 26b). Of note is the fact
that the ceiling-based air supply volume is on the order of six times that of the PEM air
supply. This imbalance emphasizes the difficulty in distinguishing the performance
characteristics of the two air distribution systems. As previously discussed, the overhead air
supply tends to dominate the control of overall thermal conditions throughout the office,
reducing the need for localized conditioning within the PEM workstations. The overhead air
supply volume in Figure 26a shows little variation during the course of the day, despite the
higher recorded room temperatures during the middle of the day. This is perhaps indicative of
the uncapped flexible supply duct described earlier in System Installation, Troubleshooting,
and Calibration. In Figure 26b, the leaking overhead supply duct was known to have been
capped and the ceiling-based supply volume is somewhat reduced compared to Figure 26a,
although still at least three to four times higher than the PEM air supply. The VAV box
controlling the overhead air supply does not appear to be operating correctly as it throttles
back to its lowest volume during the middle of the day, when room temperatures are highest,
and reaches its maximum volume at 8 pm, when the office is unoccupied.

Measured supply air temperatures (SAT) are shown for 30 April 1992 during Test 1 (Figure
272) and for 16 September 1992 during Test 2 (Figure 27b). Data are presented for
temperatures measured in the overhead ducts serving the ceiling-based diffusers and PEM
units, as well as the discharge air temperatures measured at the outlet of each PEM fan box
under the desk. The duct temperature measurements differ because they are measured at
significantly different locations. In general, the temperatures at each measurement location
follow the same pattern during the day, reflecting the cycling of the central chiller serving
these supply lines. An exception to this pattern occurs when the PEM fan units are turned on.
On 30 April 1992, the fan in PEM3 was set to its maximum speed at about 1:30 pm (see
Figure 16a), and at the same time, the PEM3 supply temperature shown in Figure 27a
increased by 2°C. This is caused by the PEM fans drawing a larger amount of warmer
recirculated room air into PEM fan box, where it mixes with the cool ducted primary air.
This is understandable because the PEM box and recirculation damper are not tightly sealed
and the overhead VAV box serving the PEMs can not respond as quickly as the individual
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PEM controls. A similar pattern of increased PEM supply temperature corresponding to PEM
fan operation is also shown for PEM4 during the afternoon in Figure 27a, and for PEM?2 during
the afternoon in Figure 27b. On average, PEM supply temperatures range from 2°C to nearly 4°C
higher than the PEM SAT (measured upstream in the overhead duct), demonstrating the
magnitude of the temperature rise through the long supply ducts serving the PEMs.

CONCLUSIONS

The Advanced Office Systems Testbed Project has successfully developed a facility in which
advanced office technologies can be installed, tested, and demonstrated in a realistic office space.
State-of-the-art data acquisition systems have been installed, providing detailed measurements of
the performance of these advanced office systems, as well as a means for evaluating the suitability
of the applied measurement and analysis methods. The measurement protocols and data
acquisition systems are capable of collecting a large amount of data addressing energy use,
thermal performance, environmental control, occupant use patterns, and thermal comfort. The
manageable size of the AOST office has permitted project personnel to experience and learn from
all aspects of developing and operating an office monitoring system. The lessons learned from the
project have provided guidance for modifying the AOST office facility to improve its capabilities
in future planned experiments, and for preparing for future scaled-up field studies of office
technology. '

The first advanced office system to be installed and tested in the AOST office was the Personal
Environmental Module (PEM), manufactured by Johnson Controls. The PEM represents one
example of an emerging technology known as task conditioning, or localized thermal distribution
(LTD). Based on the results of this project and our other ongoing research, some general
recommendations to improve the performance of localized thermal distribution systems are
presented in Appendix H.

By utilizing a network communication capability provided by the PEMs, we were able to directly
monitor the occupant use patterns and performance characteristics of individually-controlled PEM
units. With the assistance of Johnson Controls, who had previously developed a PEM monitoring
network at their headquarters building in Milwaukee, W1, we adapted their hardware and
software to the configuration of the AOST office. The monitoring network software allows data
to be collected and displayed on attractive color-graphic screens, to visually demonstrate the PEM
performance characteristics to visitors of PG&E's AOST facility.

In addition to the issues described above, several important lessons have been learned through our
work on the AOST Project. These are described briefly below.

1. The PEM monitoring network provides a good example of what an increasing number of
environmental control technologies may look like in the future. Advances in microcomputer
and communication technologies allow distributed (as opposed to centralized) intelligent
control networks to be utilized to manage an increasing number of complex building
environmental control and system integration issues. The effective performance of future
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installations of PEMs and other task conditioning technologies will require the application of
similar computer-based networks. Future monitoring efforts should take advantage to the
extent possible of network compatibility to record the pattern of control and operation on a
detailed basis, as was done with the PEM monitoring network.

. Valuable experience was gained through the instrumentation and monitoring of the HVAC
performance in the AOST office. As described in the troubleshooting section, several
performance problems (e.g., uncapped supply line, oversized VAV box, etc.) were identified
that impacted the interpretation of previously collected data as well as limiting the range of
possible operating conditions during tests planned for the future. These kinds of HVAC
problems represent conditions typically encountered in real buildings, underscoring the
importance of carefully considering the HVAC configuration in a building selected for field
evaluation.

. One of the major objectives in developing the AOST facility was to identify advanced office
systems and technologies that can lead to important reductions in electrical energy use while
maintaining or improving the comfort and quality of the indoor environment. Based on the
experiments completed to date, we know that the use of occupancy sensors is very effective at
limiting excessive energy use associated with the PEM units and other workstation-based
equipment that can be turned off when the workstation is unoccupied. However, the PEM
system, as it is currently configured and operated in the AOST office, does not represent an
energy saving technology in comparison to conventional HVAC systems. As discussed by
Bauman et al. (1992), the energy performance of a building containing a task conditioning
system, such as the PEM, will be strongly dependent on the sophistication with which the task
conditioning system is integrated with the building's central HVAC system. In the AOST
office, this system integration was less than optimal, as described further below.

. While the PEM installation in the AOST office provided an opportunity to collect PEM
performance data, the integration of the PEMs with the operation of the centralized HVAC
system did not represent an optimized configuration or control strategy. The existence of two
separate air distribution systems (ceiling-based and PEM-based) simultaneously providing
cooling to the AOST office precludes the ability to adequately distinguish the thermal and
ventilation performance characteristics of the two systems. For example, there is no feedback
mechanism to allow airflow to the ceiling-based diffusers (serving the conventional
workstations in the office) to be adjusted in response to changes in the PEM supply airflow.
This will tend to increase the energy consumption of PEM workstations in comparison to
conventional workstations. Since it is extremely important to obtain reliable information on
the system integration issue, we highly recommend that future modifications and tests in the
AOST office correct these operational limitations, as discussed further below.

The potential for improved local comfort and ventilation under individual control within the
PEM workstations should allow conditioning requirements in parts of the surroundin g office
to be relaxed. These effects should be investigated. We know from the data collected to date
that the PEM control panels are used rather sparingly. We assume that this under utilization
of the control capabilities of the PEM is due to the fact that thermal conditions in the entire
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AOST office are maintained within the ASHRAE-specified comfort zone. There is little need
to fine-tune the environment, except under extreme conditions (e.g., returning to work after
playing basketball during lunch). In the future, tests could be defined to investigate the use of
the PEM controls in situations when the demand for local control may be increased (e.g., raise
room thermostat setpoint, disconnect primary (cool) air supply to PEMs, etc.).

. The adaptation of the original PEM monitoring network to the AOST office, while certainly
benefiting from the earlier developmental work and technical assistance by Johnson Controls,
proved to be troublesome and time-consuming. As described previously, a lack of
documentation and familiarity with the assembler code used to access the DR-9100 network
has made it more difficult to solve several timing and computer-dependent problems. In
future installations of this kind, it is recommended that alternate software approaches be
investigated, in an effort to make the system operation more robust and understandable.

Due to the small number (ten) of AOST office workers participating in the study, the
measurement database is not large enough to establish statistically significant PEM
performance results. In addition, there are no reliable methods available to directly measure
worker productivity in the AOST office. To date, the analysis of measurement results from
the testbed has focused on identifying what effects can be measured in an office environment
with PEMs, providing guidance for a scaled-up field study of PEM performance if funding and
a suitable test site can be identified.

On the other hand, the AOST office represents a unique facility for carefully defined studies of
advanced office technology. Although smaller than a typical office building, the AOST office
is considerably larger than a single-room controlled environment chamber, such as the one at
UC Berkeley. It therefore falls somewhere in-between a rigidly controlled laboratory setting
and an uncontrolled but larger and more realistic office space. Field studies in office buildings
are always limited by any number of the following factors, including limited time to complete
the study, limited access, limited data acquisition capabilities, potential for uncooperative
building occupants (both individuals and company-wide), and usually no control over the
HVAC operation of the building. The AOST office provides a practical alternative to field
studies of this type due to its detailed data acquisition systems, cooperative tenant (PG&E),
potential to improve the integration of the advanced (PEM) system with the central HVAC
system, and the possibility of having some control over the thermal and occupancy conditions
within the AOST office during future tests.

FUTURE DIRECTIONS

Described briefly below are our recommendations and suggestions for future work related to the
AOST Project.

It is highly recommended that the existing overhead air distribution system and PEM
installation be modified to allow improved system integration and operation. The most
effective approach in this regard would be to (1) isolate to the extent possible the operation
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of the air distribution system serving the AOST office from the HVAC system operation in
the Sunset Building, (2) install four more PEMs in the other four workstations in the AOST
office, and (3) replace the existing oversized VAV box controlling the overhead air
distribution system. The isolation of the AOST air distribution system would require the
installation of a damper in the main supply duct feeding the AOST office, and perhaps a
secondary fan and reheat coil (downstream of the damper) to improve control of air volume
and temperature. Adding four PEM units to the office would entail the installation of a new,
resized variable-air-volume (VAV) terminal unit and overhead supply duct to be brought
down the vertical column serving the other workstation cluster. A shut-off damper or some
other means should be installed in each of the two air distribution systems (overhead and
PEM), allowing one or the other to be completing closed down during future tests.

By eliminating the air supply from the overhead diffusers, future tests of the PEMs in the
AOST office will not be complicated by the interaction of the PEM air supply with the
overhead air supply. Also, by sizing the terminal units (in both the overhead and PEM
systems) to match the ventilation requirements of the space more closely, improved system
operation and control will also be achieved. This should increase the likelihood that well-
planned tests could produce more substantial conclusions regarding the thermal and energy
performance of PEMs, With this configuration, it should be possible to provide all the
necessary conditioned air to the space (even if 2-3 additional workers are located along the
west wall) through the eight PEM units. Although we would no longer have the side-by-
side comparison of PEM vs. non-PEM workstations, due to the small total number of
workstations, the AOST office is really not suited to generate meaningful results of this
nature. By retaining the overhead duct system and supply diffusers, future installations of
other advanced office systems could make use of overhead air supply if desired, increasing
the versatility of the testing capabilities of the AOST office.

Using the existing data collection capabilities in the upgraded AOST office, additional tests
should be defined and carried out to demonstrate more effectively the energy performance
and occupant use patterns of PEM units. If tests can be carried out to show more clearly
that PEM units have the potential to save energy and/or improve worker comfort and
satisfaction, this information will be very valuable in planning and promoting future larger-
scale field tests and other work in this area.

With the upgraded air distribution system in place, tests could be conducted to investigate
occupant response and PEM performance under different space temperature control
strategies, diversified heat load distributions, and with partially-disabled PEM units. For
example, by maintaining a higher average room temperature in the AOST office (raise
thermostat setpoint), workers can be made to more effectively use the cooling capability of
the PEM air flow to maintain their desired comfort level while allowing some overall cooling
energy savings to be realized. Additional energy savings may result by allowing greater
temperature variations (slow drifts) to occur in response to the outside daily temperature
cycle. Office configurations can be set up in which heat loads vary significantly from
workstation to workstation to test the localized comfort control capability of the PEM.
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Other tests in which the PEM units are temporarily modified or disabled (e. g., disconnect
primary (cool) air supply to PEMs) can provide more data on occupant use patterns,

3. Although the PEM monitoring network is fully functional, development of additional
capabilities could improve its effectiveness, particularly as a visual tool to demonstrate the
office performance to visitors. New Smalltalk graphic display screens that could be
developed include: (1) PEM control panels showing the relative position of the control
levers, (2) plan view of the ceiling air distribution ducts, showing the location and current
status of sensors monitoring HVAC performance, and (3) an automated software-driven
demonstration tool that steps through a series of screens to show the full range of display
options provided by Smalltalk. Additional development work could respond to suggestions
from users of the system to improve the overall performance of Smalltalk.

4. Itis recommended that future measurement plans, both in the AOST office and other field
test sites, include some amount of ventilation efficiency testing. These measurements are
typically carried out using tracer gas techniques and can provide valuable multipoint data to
demonstrate the task ventilation performance characteristics of the PEM units in comparison
to the surrounding office space. Tracer gas tests in the AOST office could help determine
the effectiveness of different ventilation system designs and operating strategies.

5. Animportant objective of the AOST project is to develop and test the monitoring methods
that could be applied to future scaled-up field studies of PEM performance in selected
buildings. We know from the experiences of the AOST project that the overall effectiveness
of any future field study will be greatly enhanced by specifying plans for the office
configuration and selecting the study participants as soon as possible. Studies of occupant
response and satisfaction, thermal comfort, and productivity (if a suitable measure can be
identified) will benefit from this early planning by allowing baseline measurements to be
taken of the study participants before they occupy the new or renovated office. Baseline
measurements will be more meaningful if they can be taken well in advance of the move into
the office. If possible, it is advisable to select two distinct groups of subjects to participate
in the study: (1) a group who will eventually occupy workstations having PEM units, and (2)
a control group of equal number who will occupy conventional workstations in the
new/renovated office. Analysis and comparison of measurement data from these two groups
will provide the best opportunity to extract significant PEM performance results.
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APPENDIX A

AOST Monitoring Network Configuration
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APPENDIX B

Smalltalk Basic Instructions
and
General Information
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BASIC INSTRUCTIONS insruct doe

Basic Instructions for the use of the Menus, and the Facility Map and Trend Data displays for the
Advances Office Systems Testbed Project.

QUICK AND DIRTY STARTUP AND EXIT

To Enter Smalltali-c:

e First you must get to the directory that houses the smalltalk program - to do this, type in:
CD\STV286 <enter>  (<eater> is the enter key)

e To start up the smalltatk program, type in:
V /D:100 <enter> (note the space between V /)
This starts the program leaving some of the computer's memory open for use by the
basic and assembly code to gather data.

Note: To use the mouse in smalltalk, "clicking" the right button will bring up menus and
"clicking" the left button will "pick" (select) whatever the cursor on the screen is
pointing to.

e In the main screen (anywhere in the pink screen except in the window labeled TRANSCRIPT at
the top) "click right” 1o bring up the main menu.

e Move the cursor {the arrow on the screen) to highlight (in yellow) FACILITY MAP in the menu
and "click left" to pick it

e A ghost image of a rectangle will appear with the cursor as the upper left corner - position the
corner where you want it and "click left" to fix it in position (the upper left corner of the screen is
best.)

e The cursor will now be the lower right corner of the ghost rectangle - position the corner where
you want it and "click left" to fix the size of the Facility Map on the screen (the larger the ghost
rectangle the better - it makes things easier to read.)

¢ There will be a delay (the screen will show a blank white window) while the image of the Facility
Map is being drawn.

To Display Data on the Facility Map Underlay:

¢ In the Facility Map window (the blue screen with a floor plan) “click right” to bring up the main
Facility Map menu.

¢ To choose to display any of the choices in the main Facility Map menu - move the cursor to
highlight your choice and "click left" to choose it.

¢ Either a sub-menu will appear with some more choices, or a purple window will appear asking
for an entry to be typed in, or data will be displayed on the screen.

for example:

Highlight and "click left" on PEM PERAMETERS
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A sub menu will appear - highlight and "click le" on AIR TEMPS
A sub menu will appear - highlight and "click left* on DISCHARGE TEMP
Detailed explanations of the different menu items and what they will display
are described below.

To Display Data on the Trend Data Graph Underlay:

e In the main screen (anywhere in the pink screen except in the window labeled TRANSCRIPT at
the top) "click right" to bring up the main menu.

+  Move the cursor (the arrow on the screen) to highlight (in yellow) TREND DATA in the menu
and "click left" to pick it.

e  The program will prompt for the date of the collected data to be displayed - typing in the date (in
the form mm/dd/yy) and <enter> will load the data coliected for that day.

e A ghost image of a rectangle will appear with the cursor as the upper lefi corner - position the
corner where you want it and "click left" to fix it in position (the upper left corner of the screen is
best.)

¢ The cursor will now be the lower right comer of the ghost rectangle - position the corner where
you want it and "click left" to fix the size of the Facility Map on the screen (the larger the ghost
rectangle the better - it makes things easier to read.)

o  There will be a delay (the screen will show a blank white window) while the image of the Facility
Map is being drawn.

To Exit Smalltalk:

o  To exit the Facility Map move the cursor to the little white box with a slash through it located in
the upper left corner of the Facility Map screen - "click left" and the Facility Map display will be
erased.

¢ In the main window (the pink screen) “click right" to bring up the main menu.

e  Move the cursor to highlight EXIT DEMO in the menu and “click left" to pick it.

¢ A sub menu will appear - highlight EXIT SMALLTALK and "click lef".

¢ Another sub menu will appear - highlight FORGET IMAGE and "click left".
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POP-UP MENU OVERVIEW
MAIN MENU

Turn Timer On/Off
"Picking" (with the mouse cursor) turns on/off the timer, This timer polls the PEMs for
data (using the Turbo Basic code "off2000.exe") at a specified interval. The data is
written fo the data files in the data directory (see "Select Data to Analyze” below).

Turning ON displays a window asking for a time interval (in seconds) to collect
data. "On" will be written in the Transcript window and the PEMs will be
polled for data at the specified interval until the timer is turned off.

Turning OFF the timer, turns off the polling and data will no longer be
collected. "Off" will be written in the Transcript window. (The Transcript
window is the small window in the upper lefl corner of the screen that is titled
SMALLTALK/V TRANSCRIPT.)

Manuzl AHU Reset

"Picking" displays a series of windows asking for desired set points for the AHUs (Air
Handling Units.)

Facility Map
"Picking" allows the placement of a Facility Map underlay on the computer screen,

To place the Map on the screen: Position the upper left corner of the ghost
image somewhere on the screen and click to lock it in place - drag the lower
right corner of the ghost image until the desired size is obtained and click to
lock it in place.

Exit Demo
Exits to the main Smalltalk menu.

FACILITY MAP MAIN MENU

Select Data to Ana]yie
"Picking" displays a sub menu;

Enter "new" to evaluate data
"New" comes up in the window as the default, so just hitting the <enter> key
will load the most recently created (single time period) block of data into the
facility map. The data can then be viewed using menu items described below.

Enter date (mm/dd/yy) to evaluate data
Typing in: a date (in the format above but without the parentheses) and the
<enter> key, will load the data collected for that day. You will then be
prompted for a specific time that data was collected during that day.
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Select a Time to Evaluate Data
Typing in: a time (in 24-hour format: ie. 13:30 = 1;30 pm) and the
<enter> key, loads the block of data for that time, on the date
specified above, into the facility map. The data can then be viewed
using menu items described below.

Restore Map
"Picking"” (with the mounse cursor) erases the data displayed on the facility map so that a
new sct of data can be displayed without becoming confusing to read, This command
doesn't need to be used every time as most re-displays clear the screen before they
redraw.

Request Color
"Picking" allows you to reset the background color for data display on the Facility Map.

Occupancy Conditions
"Picking" displays a sub-menu;

Occupancy
"Picking" displays the occupancy (whether the occupant was IN/OUT) of the
cubicle during the time of the data being displayed.

Gender
"Picking" displays the gender (MALE/FEMALE) of the occupant of the
cubicle. ' ‘

Age
"Picking" displays the age of the occupant of the cubicie.

Room Air Conditions
*Picking" displays a sub-menu;

Room Temp and Humidity
"Picking" displays room iemperatures (the average room temperature and near-
ceiling temperature), thermostat temperature and set point, and average relative
humidity for the room.

Workstation Temps
"Picking" displays the air temperature in the four non-PEM cubicles during the
time of the data being displayed.

PEM Parameters
"Picking dispiays a sub-menu:

Discharge Air Temps
"Picking" displays a sub-menu:

PEM Workstation Temp
"Picking" displays the air temperature in the four PEM cubicles during
the time of the data being displayed,
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Set Point Temp
*Picking" displays the relative position (0 - 100%) of the set point
temperature control lever located on the control panel for the PEMs in
the four PEM cubicles during the time of the data being displayed.

Bischarge Temp
*Picking" displays the air discharge temperature for the PEMs in the
four PEM cubicles during the time of the data being displayed.

Fan
*Picking" displays a sub-menu:
Air Flow Set Point
"Picking" displays the relative position (0 - 100%) of the fan speed set
point control lever located on the conirol panel for the PEMs in the
four PEM cubicles during the time of the data being displayed.
Radiant Panel
*Picking" displays a sub-menu:
Radiant Panel Set Point
“Picking" displays the relative position (0 - 100%} of the radiant panel
set point control lever located on the control panel for the PEMs in the
four PEM cubicles during the time of the data being displayed.
TFask Lighting
"Picking" displays a sub-menu:
Task Lighting Set Point
"Picking" displays the relative position (0 - 100%) of the task lighting
set point control lever located on the control panel for the PEMs in the
four PEM cubicles during the time of the data being displayed.
HVAC Parameters

"Picking" displays a sub-menu:

Supply Volumes
Picking" displays the HVAC supply volume to the room ceiling diffusers and to
the PEMSs during the time of the data being displayed.

Supply Temps
"Picking" displays the HVAC supply temperature to the room ceiling diffusers
and to the PEMs during the time of the data being displayed.

Supply RH
"Picking" displays the HVAC supply relative humidity during the time of the
data being displayed.

Return Temps
"Picking" displays the HVAC return temperature (plenum temperature) during
the time of the data being displayed.
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GENERAL INFORMATION geninfo.doc

Convenient information for using Smalltalk in general and as it applies to
the Advanced Office Systems Testbed Facility Map

DIRECTORIES AND FILES USED:

The STV286 directory is the home of the Smalltalk program.
Smalltatk is the user friendly interface and master controller for
all functions of the Advanced Office Systems Testbed control
chamber data aquisition system. The Smalltalk program runs the
Advanced Office Systems Testbed facility map, menus, and data
display. Smalltalk also initiates the polling process of the PEMs
to gather data,

To start up the Smalltalk program:
type in: cd stv286
this will change the directory to stv286
type in: v /d:100
this will start the Smalltalk program (more
detailed instructions on start-up and shut-down
are in the insiruct.doc file)

The C:\PB directory is the home of the 'Power Basic' files that are
responsible for actually polling the PEMs for data. The basic
programs used to gather data are called through the "Timer
On/Off' menu item in Smalltalk (see instruct.doc for information
on how to use menu items.)

The C:\DATA directory is the home of all of the data files that are
created when the PEMs are polled. A data file is called for
display through the ‘Select Data to Analyze' menu item in
Smalltalk (see instruct.doc for information on how to nse meny
items.)

GLOBAL VARIABLES THAT ARE DEFINED:

The following global variables are defined in the initVariables
instance method (under Representation Applications - Facility
Map methods). They should be changed in this method for new
controll chambers with different cubicle and data collecting
configurations.

NumCubes - is defined as the total namber of cubicles in the controll
chamber - in the Advanced Office Systems Testbed contro!
chamber this is 8.

NumPems - is defined as the number of cubicles that are serviced by
PEMs and will have data collected from the PEMs altributed to
them - in the Advanced Office Systems Testbed control chamber
this is 4.
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NumWksta - is defined as the number of cubicles that are serviced by
the AHUSs and will have data collected from AHU#1 atiributed to
them - in the Advanced Office Systems Testbed conirol chamber

this is 4.

NumAhus - is defined as the number of AHU's that will have data
attributed to them - in the Advanced Office Systems Testbed
control chamber this is 3.

To change these global variables:

Use the class hierarchy browser to get into the
Representation Applications method (scroll the upper left
pane of the window down until this method appears,
highlight this option and click twice to display sub-
methods)

Get into the Facility Map method (highlight this option
in the upper left pane and click to display its instance
methods in the upper right pane of the window)

Get into the initVariables instance method (scroll the
upper right pane down until this method appears,
highlight it and click on it to display the code of this
method in the bottom pane of the window)

Type in the new values for the global variables and save
the changes (to save: with the cursor in the bottom pane
of the window, click right on the mouse to pull up the
menu - highlight the option SAVE and click left on it)

Also be sure to save the image after making changes
(click right somewhere in the pink screen to bring up the
main menu - highlight and click on EXIT DEMO - then
highlight and click on SAVE IMAGE in the nest menu
the pops up)

CHANGING CUBICLE ATTRIBUTES:

Each cubicle will have data assigned to it (for exampie:

Final Report for PG&E

aCubicle := Cubicle new.
aCubicle addrCUBE: 1,
aCubicle name; 'Gail Brager'
age; 31’
gender: 'Female'
activity: 3.0/
coior: 12
height: (17/8)
width: (17/8)
xCoord: (23/4)
yCoord: (3/2).
Cubicles add: aCubicle, )
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The data that may need to be changed are: name, age, gender, and

activity.

All other atiributes should not need to change. If more

cubicles need to be added to the control chamber, copy an entire
" cabicle section and edit it as explained above. In addition change
the addrCUBE attribute number to coorispond to the new cubicle

number,

To change initial attributes of the cubicles:

Final Report for PG&E

Use the class hierarchy browser o get inio the
Representation Applications method (scroll the upper left
pane of the window down untii this method appears,
highlight this option and click left twice to display its
sub-methods.)

Get into the Facility Map sub-method (highlight this
option in the upper left pane and click left to display its
instance methods in the upper right pane of the window.)

Get into the createCubicles class method (highlight class
in the lower right box of the upper right pane of the
window - then scroll the upper right pane down until the
createCubicles method appears - highlight it and click
left on it to display the code of this method in the bottom
pane of the window.)

Type in the appropriate new data as il pertains to the new
control chamber's cubicle occupants and save the
changes. (To save: with the cursor in the bottom pane of
the window, click right on the mouse to pull up the main
window pane menu - highlight the option SAVE and
click left on it.)

Reinitialize the cubicles (highlight the line below by
draging the cursor accross it until the line is displayed as
white letters on a black background - in the lower pane of
the window, click right to pulf up the main window pane
menu - highlight the option DO IT and click left.) This
will put the new information into the cubicles and the
new Facility Map.

FacilityMap createCubicles

Also be sure to save the image after making changes.
(Click right somewhere in the pink screen to bring up the
main menu - highlight and click left on EXIT DEMO - a
sub menu will pop up - highiight and click left on SAVE
IMAGE.)
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APPENDIX C

Background Survey
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UNIVERSITY OF CALIFORNIA, BERKELEY

SANTA BARBARA * SANTA CRUZ

BERKELEY * DAVIS » IRVINE * LOS ANGELES * HIVERSIDE * SAN DIEGO * SAN FRANCISCO

COLLEGE OF ENVIRONMENTAIL DESIGN BERKELEY, CALIFORNIA 94720
DEPARTMENT OF ARCHJTECTURE '

A STUDY OF INDOOR CLIMATE AND COMFORT
Office 2000 Demonstration Project

As part of PG&E’s Office 2000 Demonstration project, the Building Science Group in the Dept.
of Architecture is investigating how building occupants respond to the thermal environments
in your building. The results will serve the larger agenda of PG&E's investigation of
buildings’ energy efficiency and environmental quality, while also furthering our
understanding of your working conditions before and after you move into the Office 2000
Demonstration Office. The project involves collecting physical measurements along with
occupants’ subjective ratings of the thermal conditions in their workspace.

As a participant, you will initially be asked to fill out a background information form requiring
approximately 20 minutes to complete. This form addresses basic demographic data as well as
your overall impressions of and satisfaction with a range of attributes of the workplace. It is

important that these forms are completed and returned before our field study begins.

The remainder of the survey consists of approximately 5 visits to your workstation by a project
member over the course of 2-3 days. At each visit you will be asked to answer a short (2-8
minutes) series of questions addressing your immediate comfort, clothing and activity levels.
The questions are administered on a laptop personal computer. We will then ask you to step
away from your desk for 5 minutes while an instrumented cart is placed in your normal
working position to gather data on the physical environment.

It is important that we have an opportunity to visit you 5 times during the 2-3 day
measurement period. However, our objective is to be as unobtrusive as possible. If the

researcher approaches you at an inconvenient time, please let him or her know when would be
a more convenient fime during that day.

Please be assured that your identity will remain anonymous and your responses will be kept
confidential. All data will be associated with an ID number only.

The success of this project hinges on the role of volunteers. Volunteers in past projects have
found the experience educational as well as enjoyable. We are sincerely grateful for your
interest and cooperation.
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Advanced Office Systems Testbed

Comfort Study -- Background Survey

Please note: All survey responses will remain confidential.
Participants will remain anonymous and will only be identified by an assigned ID code.

Background Characteristics

1. Name:

2. Date:

Department or group:

Occupation:

Job title:

Work phone number:

® o O s w

Home zip code:

9. On the average, how many hours per week

do you work at this job?

10. On the average, how many hours per day
do you sit at your work area?

11. What is your approximate height?
12. What is your approximate weight?

13. What is your age?

Please check the following:

14. Your gender?
15. Your ethnic background?

1 Asian American
2 Black

3 ) Caucasian

+ J Hispanic

7. Cubicle:

Hours at work

Hours at desk

Feet, Inches

Pounds

Years

1 L Male 20 Female

5 LJ Other (please specify:

16. Is English your primary language?

1l Yes 20 No

17. What is the highest grade of school you completed?

1 8th grade or less

2 between 9th and 11th
3 1 high school graduate
4 (1 some college

Final Report for PG&E
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5 U college graduate (B.A., B.S.)

. 6 J some graduate school

7 (A M.A. or equivalent
s 1 Ph.D., M.D., or LL.B.
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page 2
Office Description

We would like to know your general impressions of your office work area, as influenced by
room’temperature, humidity, air movement and illumination. Next to each word, please write
the number from the scale below which best reflects HOW OFTEN YOUR WORK A
SEEMS THAT WAY. : :

5 always
4 often
3 sometimes
2 rarely
1 never
____ adjustable ____air-conditioned ____ airless
_____airy _____blinding —— bright
____ chilly ___ close | ___cold
_____ comfortable ______contrcllable __cool
cozy ____damp ___dark
_dim _____drafty — dry
_ dusty _ flickering __ fresh
___ gloomy __ heated __hot
humid __illuminated _____inadjustable
sty ______over-heated —_Shadowy
_____shiny —___smoky _____snug
_____stale ___stifling _____stuffy
. sunny __uncomfortable ______uncontrollable
under-heated __ unventilated ___ventilated
warm _ well-lit ___ window-less

In terms of comfort, how acceptable is your office work area overall? (check one below)

6 ] very acceptable

s J moderately acceptable
40 slightly acceptable

3 slightly unacceptable
2} moderately unacceptable
1T very unacceptable

Do you have any additional comumnents about the comfort of your office work area?
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page 3
Work Area SaHsfaction

We are interested in knowing how satisfied you are with different characteristics of your work
area. Using the scale below, please indicate how SATISFYING YOUR WORK AREA IS with
respect to each characteristic by circling the number that reflects how you feel.

6 very satisfied

5 moderately satisfied

4 slightly satisfied

3 slightly dissatisfied

2 moderately dissatisfied
1 very dissatisfied

(circle one number for each item)

How satisfied are you with:

1. The type and levelsof sounds? ......................... 1 23 45 6
2. Thelighting? . . .. . .. . . . 1 2 3 45 6
3. The temperature? . .. .. ... ... ...ttt 1 2 3 4 5 6
4. Theairquality? . ... ... . . . . . 1 2 3 4 5 6
5. The ventilation and air circulaion? . ..................... 12 3 4 5 6
6. The colors of walls or partitions? ... .................... 12 3 4 5 6
7. The furniture and equipment? ., ... ..................... 1 2 3 4 5 6
8. The amount of space availabletoyou? .................... 1.2 3 4 5 6
9. Thelevel of privacy? .. ... ... ... .. . . 1 2 3 4 5 6
10. The comfortof yourchair? ... ........................ 1 2 3 45 6
11. Provision of non-smoking work areas? ., ................. | . 1 2 3 4 5 6
Final Report for PG&E https://escholarship.org/uc/item/4zc1s0sw
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Personal Comfort

Now that you've told us how frequently you experience different attributes of your work area
environment, and indicated your level of satisfaction with a number of characteristics, we are
interested in your perception of the quality of specific aspects of the thermal and luminous
environments. Please complete each of the following statements by checking the box that best
expresses your personal feelings or preferences.

1. On average, I perceive my work area to be: (check one)

s ) very comfortable

5 J moderately comfortable

4 slightly comfortable

31 slightly uncomfortable

2 (] moderately uncomfortable
1 very uncomfortable

2. On average, I perceive the TEMPERATURE of my work area to be: (disregarding the
effects of air movement, lighting and humidity) |

¢ J very warm

5 L1 moderately warm
4 slightly warm

3 slightly cool

2 J moderately cool
1{J very cool

3. On average, I perceive the AIR MOVEMENT of my work area to be: (disregarding the
effects of temperature, lighting and humidity) -

¢ J very drafty

s J moderately drafty
+ 3 slightly drafty

3 U slightly stuffy

2 J moderately stuffy
14 very stuffy

4. On average, I perceive the LIGHTING of my work area to be: (disregarding the effects of
temperature, air movement and humidity)

6 d very bright

5 (3 moderately bright
4 U slightly bright

3 J slightly dim

2 moderately dim

1 very dim

5. On average, I perceive the HUMIDITY of my work area to be: (disregarding the effects of
temperature, air movement, and lighting)? '

¢ 3 very humid

s J moderately humid
4 slightly humid

3 slightly dry

2 L] moderately dry

1 very dry

Final Report for PG&E https://escholarship.org/uc/item/4zc1s0sw
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Personal Control

To what extent are you able to control the environment of the office space you are in right
now? .For each question below make a check mark next to the statemnent which best expresses
your personal feelings or behavior patterns. :

1. HOW MUCH CONTROL do you feel you have over the thermal conditions of your
workplace? (check one)

5 ) complete control

40 high desgree of control
3 moderate control

2 stight control

1{J no control

2. HOW SATISFIED ARE YOU with this level of control? (check one)

6 U very satisfied

s () moderately satisfied
+U slightly satisfied

3 slightly dissatisfied

2 (J moderately dissatisfied
1LY very dissatisfied

3. CAN YOU EXERCISE ANY OF THE FOLLOWING OPTIONS to adjust the thermal
environment at your workplace? (check Y-yes or N-no for each item)

1 YL N O open or close a window -
2 YO N O open or close a door to the outside

3 YO NI open or close a door to an interior space
+ Y NOUO adjustathermostat

s Y N O adjust the drapes or blinds

s YL N O turn alocal space heater on or off

7 YU N QO tumnalocal fan on or off

.. 4 Ingegeral, how often DO YOU EXERCISE ANY OF THE FOLLOWING OPTIONS to adjust

the thermal environment at your workplace?

5 always

4 often

3 sometimes

2 rarely

1 never

0 not available

(circle one number for each item)

1openorcloseawindow .. ... ... ... ... .. ... ... ..., 01 2 3 45
2openorcloseadoortotheoutside ................... 01 23 45
3open or close a door to an interiorspace . .............. 012 3 45
sadjustathermostat . . ... ... .. ...... . ... ... .. .... 01 2 3 45
sadjust the drapesorblinds . ....................... 01T 2 3 4 5
¢ turn alocal space heateronoroff . .................. 01 2 3 45
jfmalocal fanonoroff ..o L L L hitps:Hleschotarship.ofiuckemidzc1sdswd D
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page 6

: Please note: All survey responses will remain confidential.
' Only statistical summaries of this, and most other questions, will be provided.

PEXIRIIPREIIRINRIRIDDIIDIIIDIIRIIPIIIIINDIRY

Job Satisfaction

The questions below ask about different characteristics of your job. Please indicate how
FYING YOUR JOB IS with respect to each characteristic by circling the number that
reflects how you feel. d

SA

6 very satisfied

5 moderately satisfied

4 slightly satisfied

3 slightly dissatisfied
2 moderately dissatisfied

1 very dissatisfied

How generally satisfied are you with:

Pl

v ® N s N

T e T o T T O )
mnm = W N = O

. Your level of responsibility? .................
. Your independence or autonomy? .............
. The degree of recognition for good work? ........
. Your interest in the work itself? .. .............
. The quality of equipment you work with? , ., ... .,

. The time pressures of yourjob?" ... ............

Final Report for PG&E
CEDR, UC Berkeley 1993
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—
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PRERERIIIIIBBRIPIRIPINIIBIIIPRIIIIIIIRRDIIIY
Please note: The following sections contain questions about you.
They are not concerned with your building, your office work area, or any other aspect of the

| environment. The focus is on the kind of person you are.
IXFIDFFIPIRIIIIIILIREIRIISIEIISIRIBIIRIDIIIG

Health Characteristics

Below are some s toms that le erience at different imes. Please indicate how often
YOU HAVE EXPE%ENCED EAP(?'IEFSY%OM IN THE PAST MONTH by circling the
appropriate number from the scale below.

1ofien
3 sometimes
2 rarely
1 never
(circle one number for each symptom)
1. Headache ... ... ... .. ittt e iie i 1 2 3 4 5 6
2. DIZZINeSS ... .. e ...1 2 3 45 6
3. Sleepiness .. ... e 1 2 3 45 6
4. Soreorirritated throat .. ............. .. ... ... 1 2 3 45 6
5. Noseirritation (itch or running) ,........ e e 1 2 3 45 6
6. Eyeirritaion .. ... .. ... .. e e e 12 3 45 6
7. Troublefocusingeyes ... ............... .0t 1 2 3 45 6
8. Difficulty CONCERErating . . .. ...\ orsr oo 123456
9. Skindryness, rashoritch . .....................0uu.... 1 2 3 45 6
10. Fatigue .. .. . e e e 1 2 3 4 5 6
11. Do you take over-the-counter or prescription drugs that might influence your comfort
while at work? {checkone) 10 Yes 20 No
On the average: )
12. How many cigarettes do you smoke per day? __Cigarettes
13. How many cups of caffeinated beverages do you drink per day? — . Cups per déy
14. How many hours do you exercise per week? ___Hours
Final Report for PG&E https://escholarship.org/uc/item/4zc1s0sw
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Your Characteristic Emotions

A number of words which people have used to describe their characteristic emotions are given
below. Please read each word and rate HOW OFTEN YOU FEEL THAT WAY using the scale
?:élovtl:‘ In each case simply write the number in the blank which best reflects how often you

at way.

5 very often
4 often
3 sometimes
2 rarely
1 never

Frustrated

Uncomfortable

- Happy

___ Energetic
_____Sad
. Fatigued
____Comfortable
____ Burdened

Relaxed

Restless

Final Report for PG&E https://escholarship.org/uc/item/4zc1s0sw
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Your Environmental Sensitivity

A number of questions related to YOUR TYPICAL RESPONSE TO ENVIRONMENTAL
CONDITIONS are given below. To indicate your answer to a question circle the number from
the following scale which best expresses how you TYPICALLY feel.

6 very sensitive

page 3

5 moderately sensitive

4 slightly sensitive

3 slightly insensitive

2 moderately insensitive

1 very insensitive

{circle one number for each question)

. Do you tend to be SENSITIVE to environments which are
TOONOISY? ... ... i i ie e

. Do you tend to be SENSITIVE to environments which are
TOOHOT? ... . . e i

- Do you tend to be SENSITIVE to environments which are

TOOCOLD? .. e e

. Do you tend to be SENSITIVE to environments which have

TOO LITTLE AIRMOVEMENT? .. ............

- Do you tend to be SENSITIVE to environments which have
TOOMUCH AIRMOVEMENT? .. ............

. Do you tend to be SENSITIVE to environments which are
TOODIMLYLIT? ... ......iieeiaennnn.

. Do you tend to be SENSITIVE to environments which are

TOOBRIGHT? .. ... .. it

. Do you tend to be SENSITIVE to environments which have
POOR ATRQUALITY? . ... ..ttt eeeieennn.

Eazl ]

......... 1 2 3 45
......... 1 2 3 4 5
........ 1 2 3 45
......... 1 2 3 45
......... 1 2 3 4 5
......... 1 2 3 4 5
......... 1 2 3 45
......... 1 2 3 4 5

Do you have any other comments about your sensitivity to environmental conditions?

6

Final Report for PG&E
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Summary Commenis

Please list any additional comments you have about the comfort of your office work area.

Thank you very much for your help.

-
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APPENDIX D

Online Subjective Survey
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ONLINE SUBJECTIVE SURVEY SCREENS

AGHRAE THERMAL CORFORT PROJECT SURVEY

in this survey you will be shown a series of scraens which wifl ask you to rate
your level of therzal coafort and satisfaction, and identify your levels of

activity and types of clothing.

Each question will reguire you to respond by:
1} entering a nuaerical valus or
2) pressing the YEEZ or NC kay or
3} soving the cursor | } to the sost appropriate position,

Use the arroe kays at ta

HRE

any tiae

Ammarnik
CEsIriges

cursor te change your response,

Press ENTER io continue ...

how you fes!l at this

i g ! ! 1 H b 1 i ! H !
b I f | ¥ T -l
-3 -2 -1 8 H 2 3
goLs CooL  SLIBHTLY  NTUTRAL  SLIGHTLY  WAAK HOT
ooRL KARX
when the cursor s positizned press the EXVIR key fo procend
tz the next guastisn.
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‘3. How comfortable is your office work arez RIGHT NOW in teras of air flow
{znter one of the fcliowing muabers! 7

very drafty

= poderately drafty
slightly drafty
slightly stuffy
soferaiely stuffy
vary stuffy

en o
]

e T ]
1]

~fe (A D

LR B ¥ |

press ENTER to comtinue ...

L=

]

5=

[

o Siayi

I = sligh ibing =y aood

2 = zads: cribing ay asod
Loz overy ing &y #30d
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CHRRENT CLGTHINE CHEKKLISI -

Fﬁ; gach 1ten_,’f:lnth:ng b::h'ynu are uearxng(RIBHT lﬂ! enter nne of the
nushers froa the scale hEIEE tao indicate its relative eeight. You eay skip all
itess which are correct. .-

0 Hat Bearlng the ites AT THIS TIHE
RS Lxg&t weight

UNDERLAYER: - o
O top fl= bra or :aazsnlla,
2= Tshirt, 3=long underwsar)

0 botlom (1= hriefs, J=long

0 “short sleeve shirt
0 long sleeve shirt
0 Dress
0
0
0

underuear) Skirt
0 slip (1= half slip, 2=full siip! Pants ar slacks
Sharts
FOOTHEAR: L ‘ o
0 socks . - QUTERLAYERS: e e
0 pantyhose ' _ ' .. “Sweater o - ’ LT
0 shoes {i=sandals, ?=shzas or 0 Vast ' ' o '
sneakers, J=hoots) 0 Jacket
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ARE YOU REALLY DONE RITH THE CLITHING SCREEN (YEE/ND) 7

= TGN ST EETE Y PRAT TR I Ry AN Yo

& iiil F i ! m l |
{ T i
i i ¢ il

[ L: « prmmmmdinn ke LGIg e .
for ysur tizg inoresponding toothis survay,
L]
OV ocme —mlif . o caoioal onbops LLaL a2 fimjmkad
FAEAEF NILLTY & praZEIU AITLET «adl yIa Ve TI0lsags,
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APPENDIX E

Complete Baseline Data Spreadsheet
16, 17 October 1991
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Smoke
CiG

Caffeine

Cold Drink

Hot drink

Eat food
MET FOOD DHOT DCLD DCAF

ACTIVITY
FLAGS

MEestimated)
Took a break
Talked to ofhers
Talked to staff
ignored

Hot or cold drink
Page b

Adjust clothes

Local fan onjoff
Adiusted thermostat
Adjusted Drapes/Blinds
Space heater onfoff

Opened/Closed door to inside

Opened/Closed door to outside

Opened/Closed window

COPING
MECHANISMS

Restless
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Activity

COMPLETION TIMES(seconds)
Affect

SURVEY
Cornfort

Foolware Midicryer CQuteriayers
55 shi skirt swedter
pantyhose I shirt pants vest
shoes dress shorts jacket

socks

Underayer
bottom

top

QUESTIONS(header for women's clothing only)
slip

CLOTHING
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Clothing
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APPENDIX F

Complete Test 1 Data Spreadsheet
30 April - 1 May 1992
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Hot drink

Eat food

ACTIVITY

FLAGS
MET(estimated)

Hot or cold drink

Adjust clothes

Local fan on/foff

Opened/Closed door to inside

Cpened/Closed door to outside

COPING
MECHANISMS
Opened/Closed window
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Cold Drink

Took a break

Adjusted thermostat

Caffsine

Talked to others

Adjusted Dropes/Blinds

Smoke

Ignored

Talked to staff

Space heater on/off

Restless

CiG

MET FOOD DHCT DCLD DCAF

1.2
1.2
1.2

1.4
1.2
1.2
1.2

1.2
14
1.4
1.2
i
1
1
1
1.2
1.2
1
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COMPLETION TIMES(seconds)
Affect

SURVEY

Outerlayers
swoater Comfort
veost

pants

skirt

Midiayer
ls shirt

53 shirt

Foolware
pantyhose

socks

Undetlayer
bottom

top

QUESTIONS(header for women's clothing only)

CLOTHING
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Acti

ket

jac

shorts

dross

shoes

slip

Clothing

14 15 CLo

13

12

10

CL13 CLi4 CL1s

CLi2

cL2 CL3 Cla Cl5 Cls CL7 cls  Cl9 cLio  Ccn

CLl

72 17 150
130

41

43

0.36
0.43

23

23
15
14
28
22
14

71

81

78

05

05
0.49
0.52
0.43
0.62
0.35
0.48

42

100

77

57

21

21

17
21

7

31

5]

26
8

39

13
30
24
19
8
22
14
19
22
17
17
15
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oo O 000000
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APPENDIX G

Complete Test 2 Data Spreadsheet
16, 17 September 1992
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Recommendations to Improve Localized Thermal Distribution System Performance

Based on our research work on localized thermal distribution (LTD), or task conditioning,
systems during the past five years and the results of this study, the following general
recommendations can be made regarding improving the performance of LTD systems.

1.

2.

10.

Final Report for PG&E

Careful attention should be paid to integrating the design and operation of the LTD system
with the overall HVAC system design and operation.

Individual units should be controlled by nearby building occupants to adjust their local
thermal environments to satisfy their personal comfort preferences. At a minimum,
occupants should have control over a suitably wide range of supply directions and velocities.
We currently recommend that individually-controllable units supply up to a maximum of at
least 1 m/s at the work location and possibly up to 1.5 to 2 m/s depending on future research
findings.

An occupancy sensor should be associated with each occupant-controlled unit to respond to
the presence/absence of the nearby office worker and to turn the unit on/off accordingly,
provided minimum ventilation rates are maintained within the space. This will minimize the
load from local fans and other components.

Units containing variable speed fans will have the best performance in response to occupant
control and are recommended. Efficient fan motors should be incorporated into these
designs.

Unit controls should be accessible and easy to use by the office worker. For example,
controls located on the desktop are preferred over those at floor level. Inconvenient
controls will not be used, defeating their main purpose.

Supply outlets should be designed to perform in a manner that responds quickly and
effectively to occupant control. While diffusers with high induction ratios (e.g., swirl
diffusers) reduce the risk of draft discomfort, jet diffusers may be preferred in circumstances
where a broader range of control is desired. In addition, the location of the supply outlet in
relation to the user may affect acceptability. More data on occupant satisfaction and use
patterns with different systems are needed, and will presumably be obtained as experience
with these systems grows.

The potential advantages of providing environmental control features beyond the basic
supply direction and velocity (e.g., the Johnson Controls Personal Environmental Module)
must be evaluated in relation to the added complexity, cost, and energy use of such a system.
Additional performance data are needed to resolve this issue.

When possible, use an underfloor air distribution system due to advantages in reduced
ductwork, reduced static pressures (distribution losses), reconfigurability, and convenient
distribution of building services.

In retrofit applications where floor-based systems are not possible, supply units must be able
to accommodate connection to an existing overhead air distribution system.

The widespread use of repeatable patterns of partitions and furniture in open plan offices
presents an opportunity to develop LTD designs that are well-integrated into the office
furnishings. Just as a floor-based LTD systems are easily adaptable to different
configurations, a desk- or partition-based system that is compatible with an underfloor air
distribution system by being "plugged into" specially-designed access floor panels could

1 - https://escholarship.org/uc/item/4zc1s0sw
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

increase flexibility and reduce installation costs associated with adapting to the requirements
of changing tenants over the lifetime of the building.

Consider using a combination of supply outlet configurations to more closely match the
spatially-varying conditioning requirements.

For cooling applications, to the extent possible, take advantage of the benefits over
conventional well-mixed room air distribution associated with the upward movement of
room air produced by supplying air at or near the floor level and returning it at ceiling level.
Optimize the range of occupant-controlled supply air conditions to provide the necessary
local environmental control while limiting its impact to room air conditions within the
occupied zone of the space (up to 1.8 m height). Allow temperatures and contaminant levels
to increase above the occupied zone.

The positioning of the PEM's occupancy sensor is critical. Ifit is in direct view of the
entrance to the workstation, the PEM can be turned on every time someone walks past. In
addition to being properly shielded against walk-by turn-ons, the occupancy sensor should
also be adjusted (using a filter or time delay) to ignore quick workstation visits, such as a co-
worker dropping off some papers in an empty workstation. Of course, a time delay of this
nature should not be too long, or the workstation occupant will be dissatisfied with the
response time of the system.

When the workstation is unoccupied it may be desirable to allow the PEM air supply to
completely shut off, provided there is adequate ventilation air being supplied at other
locations in the space. If, for example, the PEM units were combined in an office with an
overhead air distribution system, the overhead system could take care of minimum
ventilation rates when large numbers of PEM units were turned off.

When an occupant calls for more air flow from the PEM, an improved strategy may be to
open the return air damper (pulling air from the kneespace under the desk), thereby
providing the requested air flow without having to increase the delivery of primary air.
Improvements should be made in the PEM task light dimming control to allow compatibility
with a wider range of desk lights now available in the industry.

Local supply outlet temperatures should be maintained above 63°F to 64°F (17°C to 18°C)
to avoid uncomfortably cool conditions for the nearby occupant.

Building operators and occupants who have access to local supply units should be properly
trained to allow the operation and control of the LTD system to be optimized.

Control strategies for the building's central mechanical system should be well coordinated
with the local control units. For example, since most LTD systems are used for cooling
applications, if the ambient office space is overcooled by the ambient air distribution system,
the cool air provided by local supply units will be unwanted by the occupants. By allowing
the overall space temperature to rise, local cooling can then be used as needed to satisfy
individual comfort preferences.

Space temperature control within the building should be adjusted to realize potentially
available cooling energy savings. (1) Due to the increased air movement and controllability
provided by the local supply units, maintain higher average space temperatures and allow
greater temperature variations (slow drifts) to occur in response to the outside daily cycle.
(2) Allow properly controlled thermal stratification to occur using an overall upward flow of
air in the space. (3) Use zoning control strategies in which temperature setpoints can be
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relaxed in less critical building zones, while occupied areas can be well conditioned by the
local supply units.

22, Cost analyses should consider all aspects of LTD systems over the lifetime of the building,
including first costs, maintenance and operating costs, adaptability costs, and potential cost
savings associated with improved thermal comfort, ventilation efficiency, and worker
productivity.
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