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96 Ideas
The initial goal of the team was to generate one hundred ideas for eliminating waste. According
to the Lean model, there are eight forms of waste: transportation, inventory, motion, waiting,
overproduction, over-processing, defects and lost creativity. All eight forms of waste were
identified in Phillips Hall. For convenience, we organized our ideas into categories related to the
building.
I. The Physical Building
a. Hallways & Stairwells
1. Occupancy sensors for hallways to eliminate wasted lighting
2. Automated change to half of light capacity during unoccupied times of
day in hallways, during the late evening and early morning
3. De-lamp so that hall lighting is slightly lower at all times of day while
maintaining evenness
4. Check on lighting safety standards to see what light levels are actually
required for daytime and nighttime
5. Light sensors to dim light in stairwells until someone enters
6. Research at what times of day traffic is slow enough so that motion
sensors would be efficient considering the type of bulbs used in
stairwells
7. Install ~30 dual lamp T8 light fixtures with reflectors in 1960 hallways.
Higher efficiency lamps are capable of providing more light with less
power input
8. Change the light switch on the third floor in northwest portion of
Phillips because it only turns on an individual hallway light
b. Closets and Mechanical Rooms
9. Install light timers
c. Bathrooms
10. Install occupancy sensors
11. Validate information on dual flush toilets
12. An increase in low flow toilets
13. Install low flow fixtures
14. Insulate water heaters and pipes
15. Replace water heaters with on-demand units
16. Use of proper ventilation instead of opening windows
17. Place signs next to all water fixtures with a contact phone number for
maintenance. Include a “textable” number
d. Classrooms
18. Research the difference in cost between dimmable and conventional
lights
19. Install dimmable light switches
20. Install occupancy sensors
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21. Provide information about when rooms host classes and automate
lighting based on that information
22. Provide information about when rooms host classes so that occupants
themselves will turn off lights after lass class period
23. Place live meters in classrooms to monitor occupancy
e. Lighting
24. Define expectations of employees in terms of turning off lights
25. Post signs notifying professors who has the last class of the day so they
can turn off lights
26. Post light sensor results so individuals know how much the lights are
really on
27. Retrofit T-8 lights in all areas
28. Encourage point of interest lighting in offices as opposed to ceiling
lights
29. Motion sensors
30. Test exterior lights for automatic on/off threshold and adjust accordingly
31. Automatically turn off hallway lights at night, leaving only security
lights on.
32. Change third-floor light switch because it only turns on one hall light
f. Labs
33. Eliminate phantom loads caused by equipment being left plugged in
34. Measure power drawn on lab equipment
35. Auto off switches for hood vents
36. Encourage part-time use of window units and split units to maximize
capability of scheduling the air handlers
37. Install humidifiers to avoid running of air conditioner in the winter
months (air conditioners run in the winter to maintain humidity levels)
g. Air Handlers
38. Turn air handlers off in certain rooms part time. Including weekends and
moderate weather
39. Reprogram air handlers
40. Adjust hot and cold deck with the seasonal maximum and minimum
41. Research more about special equipment in certain rooms, as that may
account for why higher/lower temperature air is more necessary
42. Provide details about when rooms are occupied
43. Implement wireless thermostats
44. Perform thermal imaging to detect leaks in duct work
45. Calibrate dampers
46. Calibrate CW valves
47. Calibrate temperature sensors for hot and cold deck
48. Relocate thermostats to more central locations
49. Change heating/cooling target temperature to “dead band” instead of
single point
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50. Clean return ducts, screens and vents
51. Turn off cooling load at night and leave fans running to maintain air
flow standard
52. Check labs in rooms 015, 103, 105, 107, 145 to double-check that their
AHU shut off request is still necessary
53. Re-commision old split AC unit outside of rooms 103, 105 and 107 and
install fan units inside the 2 labs
54. Put timer switch in 4th floor hall to allow occupants to turn the air
handler on during night hours when the AHUs are scheduled to shut
down
55. Set air handlers that cannot be scheduled full-time to pulse on and off
several times a night to apply minimal heating or cooling loads while
still maintaining the value of spaces
56. Reorganize the air handlers to eliminate over-production. Room 265 has
its own air handler, which is not necessary
57. Expand the call number on the air handlers serving the 1960 addition as
they are all on the same one
II. People
58. Information session or focus group
59. Qualtrics survey
60. In-class survey
61. Inform occupants of the trends and opinions we have observed
62. Use our people skills
63. Tell Phillip users about energy efficiency Suggestion Email Address
64. Talk to Dr. Eberlein and Dr. Champagne about providing resources to
new and existing occupants on a semester basis in order to keep
everyone “energy minded”
65. Discuss with people responsibility and accountability. For example, if
there is a window open, close it. Or if there is a window leak in an
office, get it fixed and don’t just use a space heater.
66. Make energy use more transparent to occupants
67. Garner the support and cooperation of “higher ups” who have the ability
to persuade or enforce more efficient policies
68. Provide feedback mechanism that connects people and issues to
solutions
III. Computers
69. Implement signs instructing people to turn off monitors and to put
computers in standby
70. Automate computers to hibernate or standby after disuse
71. Find out when computers are used the most to organize a schedule
72. Do research on departmental sharing
73. Install printers that are capable of double-sided printing
74. Place a sign that says, “Hard Copy?” to encourage professors to make
their classes paperless
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IV. Heat Loss
75. Research the type of window in Phillips, including U-value, its
insulating capacity and potential
76. Use the information we gain about the windows to plug the generic
window’s specifics into one of the many online window U-value
calculators to get a basic piece of knowledge
77. What are the proper assumptions for Phillips for the thermal
conductivity equation?
78. How much did the window tear-out and reinstallation in Beard Hall
cost? This will help us determine the cost for Phillips
79. How much energy did Beard Hall save and over what time frame?
80. Check the feasibility of building a buffer zone (a space with another set
of doors) next to the main entrances, in order to minimize heat loss when
the one set of entrance doors is open
81. Research and possibly install glazing for windows
82. Weather-stripping for windows and doors and estimate infiltration losses
83. Replace older windows
84. Perform thermal imaging to detect problem areas
85. Ask people to close their windows or post signs
86. Put up signs to make temperature and window problems more visible.
This will give students and faculty the ability to take charge of the
situation.
87. Address periods where weather is changing rapidly due to season
changes
88. Replace brick and mortar on the exterior of room 101
89. Put air freshener in third floor men’s bathroom to avoid the window
being opened all the time
90. Replace “Contact Hal Mann” stickers on windows with stickers
referencing an updated phone number. Include a “textable” number
V. General
91. Suggestion Box
92. Distribute a summary fact sheet towards the end of the semester to
occupants of Phillips
93. Compile raw data to give to the next person who is interested in saving
energy in Phillips
94. Compare energy statistics of Phillips Hall to a newer building on campus
like Chapman Hall
95. Research Energy Star Standards
96. Develop method or template for comparing and monitoring energy use
that is useful for the occupants of the building
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Executive Summary—Primary findings include:
Computers
Costs: Wasted energy consumption when computers are left on at all times
Solutions: Implementation of an advanced Integrated Power Management Software, which has
an average payback of 6-12 months; signs advising users to put computers on low-power standby
when not in use; moving servers to a more efficient centralized campus server location

Lighting
Costs: Hallways, classrooms, offices cost $29,500/year
Solutions: de-lamping; T-8 fixtures; signs to turn off lights; schedules for classrooms and
common areas; occupancy sensors

HVAC
Costs: overproduction
Solutions: scheduling AHU’s: Installing window AC units in the labs in the west wing would
allow air handler 8 to be shut down. The savings from the first year would pay for the window
AC units in one year’s time.

Current energy savings: After scheduling AHU’s, average daily electricity cost decreases by $7000/year

Windows
Savings: ~$12,000/year switching from single pane to energy efficient windows not including
savings from air infiltration/cracks or AHU’s
Solutions: Consider replacing windows during upcoming renovations and determine energy lost
through air infiltration. “Close window” signs

Labs – Close fume hoods to reduce the amount of energy consumed by 20-35%
Surveys—81% of respondents were too warm in the winter, and over 80% were too cold in
the summer. Additionally, almost 28% of people reporting being unable to focus on their work
at hand due to environmental discomfort
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Introduction:
As the spring 2010 LeanBuilding Capstone Team, we began with training to think
critically and systematically in order to identify sources of waste in many processes. The Lean
process itself is a focused and dynamic process of analyzing a system to identify both waste and
the value provided by that system. The goal of the Lean process is to “cut the fat” while still
providing the intended value at a high level of quality. Essentially, Lean applies optimization
principles of engineering to everyday processes to save peoples’ time, energy, and money. Our
team aimed to save the time, energy and money of the University of North Carolina at Chapel
Hill and its students, faculty, and staff.
Motivation for applying Lean principles to campus buildings here at UNC-CH comes
from a variety of sources. The primary reason comes from Senate Bill 668, which requires the
university to reduce its energy consumption by at least 20% by July 1, 2010. This mandate is in
response to both environmental and budget issues that now affect North Carolina as well as the
rest of the United States. Tightening budgets and questionable environmental practices are an
important factor in the effort to reduce energy waste and save money, but a more important
factor may lie in the legacy of the University of North Carolina as a leader in progressive thought
and performance. Our original goals for this project included all of these aspects with the
understanding that we wanted to improve our university’s standing in terms of responsibility to
the environment, its patrons, and the rest of the world.
Examples of Lean thinking include Henry Ford’s Model-T production line and the
Toyota automotive company; both illustrate the importance of reaching the root causes of
problems. Henry Ford had an obsession with calculating everything down to the nth degree so
that nothing was wasted in his factories. He had a powerful respect for time, energy and
resources expended to produce a product and went to great lengths to ensure that his production
lines used everything to its greatest potential. Toyota’s production lines achieved even greater
success than Ford’s by including the laborers in the process of identifying waste and proposing
methods for reducing or eliminating it (Romm, 1999). At its center, Lean teaches a “respect for
people” and considers employees the most valuable resource available. We used our people skills
and learned a great deal from the people we talked to, who ranged from maintenance personnel
to heads of department.
Finally, Lean encourages problem solvers to “go and see” for themselves the issues they
face, rather than relying on word of mouth or written reports.
We chose to work on Phillips Hall, located between Peabody and Memorial Hall on
Cameron Street. Reasons for choosing Phillips Hall include its age, central location, variety of
uses, and the fact that it had not yet been given much attention by energy management personnel.
We wanted a building that was utilized by students of all levels, professors, and researchers, and
Phillips fits that description perfectly with its numerous labs, classrooms, and offices throughout
the building. This gave us a wide range of energy uses and processes to evaluate so that we could
have the biggest impact on a campus-wide scale in terms of discovery and reporting common
issues.
One of our ultimate realizations during this project was that people control energy use
and efficiency. Much of the data we collected during the semester indicated that the occupants of
a building make a huge difference in the energy consumption of that building. Occupant factors
of energy use include behavior, time spent in the building, and their understanding of where and
how energy is used. In many cases, people were hesitant to do anything about obvious forms of
energy waste such as open windows and lights left on in empty classrooms. It was because of
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this that we decided to make outreach and education a large part of this project along with the
evaluation of the mechanical systems in Phillips Hall. It was difficult to gain feedback from
some occupants of Phillips Hall because of the common misconception that increasing efficiency
and cutting back on energy use will make their lives more difficult. We strived to make it very
clear that whatever necessary value they derived from energy use was an important factor in our
Lean strategy and wouldn’t be ignored.
Applying the Lean process to energy use in Phillips Hall, we spent a considerable amount
of time communicating with people who frequent the building in order to develop a sense for the
major variables that we had to play with in this project. It was very frustrating to discover that
many “variables” were actually constants in terms of our project’s scale. Building construction,
lighting systems, and HVAC components have some of the largest impacts on energy use in
Phillips Hall; however, hundreds of thousands of dollars are required for significant
improvements to be made. Our focus on these aspects of Phillips Hall’s energy use was largely
reduced to hypothetical improvements and estimated payoff periods, which are discussed in
considerable detail in this report. We not only wished to actively improve efficiency in Phillips
Hall, but also to provide a useful tool for future groups or organizations in the form of this report
on energy use and efficiency in Phillips Hall.
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Part 1 – Energy Consumption
1.1

Computers

One of the central issues of examining computer lab usage in Phillips Hall was determining
what it means to be a “computer lab.” Every faculty member’s office seemed to contain at least
one PC, while many offices houses upwards of three people, who each had PCs and laptop
computers in the office. Because Phillips Hall houses such technology-intensive disciplines as
physics, math, and computer science, many of the building’s rooms served the purposes of
professional research that require a single individual to have simultaneous access to three or four
computers. Several different building personnel estimated that there are at least fourteen research
labs containing between four and twelve computers.
Examining computer labs in Phillips also was complicated by the fact that many different
people and groups manage different rooms containing computers in Phillips, all of whom used
the rooms for different purposes and had varying reactions to the idea that it might be possible
for them to reduce computer energy consumption. Establishing that computers accounted a
significant amount of energy consumption in the building was an important priority before
committing to examining potential areas for improvement. However, such data was nearly
impossible to come by, considering that computer-dense rooms were not sub-metered, and even
if they were, it would not provide a clear picture of how much computer use accounted for that
consumption considering that many computer-dense rooms also contained a significant amount
of heavy electronic equipment.
Attempting to calculate the beginning-of-semester power load for computers in Phillips was
difficult without initial data of relatively fine granularity. Calculating power draw based on the
number and stated power consumption of different combinations of computers and computer
monitors would be highly inaccurate. For one, discerning how many computers were present in
the building was difficult, considering that many rooms in the building change use from one
semester to the next and that extensive polling with a high percentage of occupant participation
would be required to determine even current semester draw. Secondly, power draw varies greatly
over time relative to usage, as well as relative to age, though to a lesser extent; thus, knowing
numbers of computers, model names and their marketed power draws still would not provide
accurate information. Considering the limitations of time and lack of incentive to encourage a
high percentage of occupants to fill out such extensive surveys, such efforts were deemed an
inefficient use of group time, considering our limited abilities and the relative deliverables that
could result from focusing our attentions on obtaining such information versus concentrating our
energies on other efforts.
Furthermore, the IT personnel for the departments occupying Phillips, who had a strong
understanding of the electricity demand of the rooms under their jurisdiction, were careful with
their use of such information, as attested systems administrators and information technology staff
from some of the resident the departments. First, it could be negative for public relations if an IT
group were consuming a large amount of energy. Second, they often feel as if they are “either
running on the dragline of how much energy they need to run or have more than [they] need to
operate.” As a result, any negative press on IT energy use could lead to calls that they reduce
consumption, which might limit their ability to operate as normal in the present or compromise
their ability to access additional energy for future capacity expansion.
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For this reason, our study of areas for possible improvement proceeded without initial
estimates for initial computer power draw in Phillips Hall. The strategy most examined was
integrated computer power management, which puts computers and monitors to sleep after a
certain set period of time. One concern about implementing power management (PM) in Phillips
Hall is that it might disrupt the operations of the research laboratories, in which the computers
often are accessed remotely from users at home and often are used to run non-stop data
processing for days at a time. Another concern is that ITS would not be able to push software
updates and security patches to computers in sleep mode.
However, power management is no longer limited to the user settings offered on each PC.
Software companies offering advanced power management—such as Verdiem, BigFix, and
Systrack Power Manager—have heeded the call for high standards maintained for consumer
users; the software packages offer customizable options for each computer containing the
software. The goal of such software is to eliminate impact on the end-user and on IT productivity
by enhancing wake-up and shut-down of PCs for patch management and software updates. After
installation, the software uses built-in behavior analysis to determine user- and IT-driven poweron requirements, so that it can actively manage system power state based on administrator set
policies and user schedules. The software supports multiple policies for complex use
environments, which means that a specific policy could be created even for a gradient of a
grouping of computers within a larger room, if their users have different needs and work
patterns. One computer within that grouping then stays active to act as a master computer that
will wake up the other computers when patches and updates need to be pushed and when a
certain computer needs to be accessed remotely. Handling exceptions for computers under the
master’s control can be activated by the fact that data processing program is being used, thus
eliminating concerns that power management disrupts IT and end-user operations.
Our capstone attempted to acquire information about use patterns of computer-dense rooms
in Phillips Hall through several methods. In order to determine the high-traffic and low-traffic
hours for each computer-dense room, we installed occupancy sensors to measure occupancy and
light in the three rooms identified as computer labs by the Physics department’s IT specialists:
the graduate student lounge, the undergraduate student lounge and the electronics lab on the
second floor. The data from these occupancy sensors showed that occupancy flow in these
rooms seemed to run on a fairly standard 8AM-6PM schedule. While this data seemed to support
the idea that a standard “power-down” time might work for the building, these rooms were not
among the more intensive experimental research labs, but were rather computer labs for general
use and a demonstration experimental lab in which typical experiments and associated dataprocessing last less than three hours. Furthermore, determining a recommended “power-down”
time for the rooms in various buildings would not even be needed, since the PM software
recommended would allow the operators of each different room—who indeed know occupant
use best— to schedule their room’s program precisely to meet their users’ demands and work
patterns. Unfortunately, the occupancy sensors were unable to provide information on how many
occupants were in the room at the time of occupancy. If, for example, only one or two occupants
were in the room between 8AM and 9AM on average, then this would need to be taken into
consideration by whoever programs the “wake-up times” for computers; it would be unnecessary
and a waste of electricity to wake up all sixteen of a room’s computers for a single user.
After noticing that there are cameras installed in ITS-affiliated rooms, we talked with Jim
McAdams of the Energy Management Office and contacted Thomas Moriarty at ITS in order to
discuss access to that footage, hoping that we would be able to run a program across that footage
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that would provide information on what hours the room was occupied, believing that this data
would be useful both for determining computer standby times and for guiding better HVAC
control. However, contacts in the Office of Arts & Sciences Information Services did not know
who would have access to that footage. Future access to that footage might promote clientspecific HVAC optimization and computer power management.
Our group noticed the projector control systems within many building classrooms. Gina
Platz, the ITS Classroom Hotline manager who manages many of the Smart Classrooms in
Phillips Hall, explained that ceiling-mounted projectors are powered off if and when instructors
“reset” the room after they are finished with their classes. If a room is not reset, it is
automatically powered down at 11PM every night. Since the majority of non-lab classes in
Phillips are finished by 5PM and the projector systems were found to be easy to reboot, we
inquired about whether the equipment could be automatically powered down at an earlier hour so
as to conserve energy; no response was returned at the time this report was submitted. The rest of
the Smart Classroom equipment is left in an “always on” state because the control system in the
room is networked so it is communicating to the ITS main servers to let them know whether any
equipment is off-line or not functioning properly. It appears that this could be a great area for
reducing unnecessary energy consumption when Energy Management personnel approach Smart
Classrooms in Phillips and other buildings around campus.
Many changes will affect Phillips Hall’s IT systems operations in the coming six months.
Six servers, which tend to consume a significant amount of electricity, will be moved out of the
building to a centralized ITS location by summer. The virtual computing lab (VCL) will also be
transferred over to a central campus virtual computing lab. The transfer of both of these entities
will reduce electricity consumption in Phillips associated with computer technology use; we
were unable to determine how much the transfer of the six servers would cut electricity
consumption or what portion of the reduction in electricity consumption would not be
attributable to our efforts. The server rooms were not submetered, and the ITS personnel in
Phillips cannot report what server models were present in the server room due to security
concerns.

1.2 Lighting
Electricity costs for Phillips Hall totalled $167,000 over the past year. This represents a
significant expenditure for lighting, water heating, powering digital devices, and powering
ventilation fans. In Figure 1, we can see that the electrical load in Phillips Hall is highly
dependent on occupancy. On weekdays, electricity use spikes by about 100kW between 8am and
5pm. Weekends have much smaller spikes, indicating that electronics, lighting, and other
equipment that gets turned on and off on a daily basis constitute a considerable portion of the
electricity use in Phillips Hall. The more important thing to notice is that the “base load” is very
high. The red and blue lines represent two different circuits within the building and when added
together, Figure 1 shows a base load of about 350kW. For the most part, this load is constant and
represents an “always on” electricity demand. A large portion of that is attributable to air
handlers in the building that must run 24 hours a day to condition space that serves laboratories
that require specific temperatures to avoid overheating equipment or to preserve a suitable
experimental atmosphere.
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Figure 1- Phillips Hall electricity consumption for two different circuits, February-March 2010

Other loads are more difficult to pinpoint and even more difficult to shrink. Because of
the visibility of and ease of access to fixed lighting and computers, we will focus primarily on
those things in our electricity analysis. Phillips Hall contains a variety of light fixtures that
utilize one of three types of lamps. The oldest and least efficient lamps in Phillips are standard T12 fluorescent lamps with magnetic ballasts. There are 249 fixtures fitted with approximately
270 lamps (originally 320, but de-lamping in hallways removed ~50 lamps) with a power draw
of 12.8kW of the total 140kW of potential lighting power. An upgraded version of the T-12 lamp
is known as an energy saver (ES) T-12 and is fitted with an electronic ballast. There are 1,342 ES
T-12 fixtures with 3,088 lamps in Phillips Hall, drawing 108.5kW of the 140kW total potential
lighting power (including estimated 3.5kW power loss in ballasts). The most efficient fixed
lighting in Phillips hall is provided by T-8 lamps with electronic ballasts. There are 215 T-8
fixtures fitted with 643 lamps in Phillips Hall that comprise 21.6kW of the 140kW of total
potential lighting power.
Energy Saver T-12s make up the majority of fixed lighting in Phillips Hall, especially in
classrooms and offices. This is because many of them have been renovated in recent years, but
not recent enough for T-8s to have been considered instead of ES T-12s. The fact that T-12s
make up a majority of the fixed lighting weakens the argument for retrofitting T-8s in most areas
because ES T-12s are almost equivalent to T-8s in terms of power usage so there are only
marginal savings to be had. Several cases that may have some potential for reasonable payoff
periods are discussed further in the following paragraphs.
Table 1 displays some of the technical specifications used in the energy savings
calculations that we used to determine the benefits of retrofitting T-12 lamps and fixtures with
more efficient T-8s.
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Table 1 – Energy savings from lighting retrofits
Lamp
Type

Ballast
Type

Fixture
Type

Ballast Loss
(per ballast)

Lamp(s)
Wattage

Total
Wattage

T12
T12 ES

Magnetic
Electronic

T8

Electronic

Single
Single
Double
Triple
Quad
Single
Double
Quad

~10W
~5W
10W
~15W
28W
2W
3W
4W

40W
34W
64W
102W
136W
34W
68W
136W

50W
39W
74W
117W
164W
36W
71W
140W

The benefits of retrofitting T8 lighting include increased light output per watt of power
input. This allows for a process known as de-lamping to not only decrease the total power load
for lighting, but also allows fewer T-8 fixtures to be installed in the place of T-12 fixtures.
Several areas of Phillips Hall, including the second-floor hallway adjacent to Dr. Deardorff’s
office, already have been retrofitted with T-8 lamps but now seem too bright, according to
several occupants with offices in the hallway. By installing fewer T-8 ballasts in the already
present fixtures, it is cheaper to retrofit hallway lighting while providing a similar lighting
capability. This is an especially attractive option when considering the behavior exhibited by the
occupants of Phillips Hall during the early stages of our project.
Understanding and modifying occupant behavior is a key to saving electricity through the
use of lighting fixtures. The lights in most campus buildings, whether in offices, classrooms,
hallways, or other areas, are not set to turn off on any schedule. This means that the University
depends upon occupants and building users to turn them off. This can be problematic in several
ways. One way is that while many office occupants feel responsible for their personal office
lights, no one is mandated by the University to turn off lights in the more communal places, such
as in hallways and in classrooms. We believed that this confusion may be a large factor in how
lighting was managed by occupants.
To test this hypothesis, we placed 10 HOBO® light on/off data loggers throughout
Phillips Hall over the period extending from February 24th through March 15th. We focused on
spaces that are shared by many occupants because of the perceived ambiguity of whose
responsibility it is to turn off the lights. We placed seven sensors in hallways, two in common
spaces (an office suite foyer and a graduate student lounge), and one in a classroom. Our results
indicate that the majority of hallway lights were left on for days at a time, as in Figure 2, and that
the other three common spaces were managed fairly responsibly with average daily on times of
between 10 and 16 hours, as in Figure 3. On and off are represented by a step function where a
value of 1 indicates “on” and a value of 0 indicates “off”. The vertical grey major-lines separate
8 hour periods.
Two more hallway sensors indicated very similar behavior; see figures in the appendices.
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Figure 2 - Sensor 7 in basement hallway displaying lights left on for three days straight

Figure 3 - Third-floor graduate student lounge Light sensor indicates lights turned on ~7am and
remain on until ~6pm

Energy loss due to occupants not feeling responsible for turning off hallway lights is
compounded by several other factors, of which the major one is the fact that there are 48 light
switch panels in the hallways controlling the lights. This is a large number for the University to
expect occupants to turn off on a daily basis. It was found, however, that these light switches
were not evenly distributed throughout the hallways. Table 2 summarizes how many panels
were found in each of the two additions of Phillips Hall per floor.
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Table 2- Summary of panels in Phillips additions
Floor
Basement
Floor 1
Floor 2
Floor 3
Floor 4
Total

Number of Panels in the 1960 Addition Number of Panels in Older Sections
3
3
8
3
13
2
11
3
14
32

The older sections of Phillips Hall have more than twice as many panels as the 1960
addition, counting the fact that it only has three floors to the newer addition’s five. Considering
that the University depends upon occupants to turn off hallway lights and the lack of occupant
behavior to do so, it may be beneficial to consolidate light switch control panels in the older
sections of Phillips Hall.
Of these 48 panels, it was found that only 10 had any sign to inform occupants that they
were responsible for turning them off at appropriate hours. This left approximately 80% of the
light switch panels without a sign to even indicate that the switches control the lights and need to
be turned off. As part of our education and outreach effort, stickers obtained from the
Sustainability Office at UNC-CH were put on all of these remaining panels in hopes that
occupants will realize that they do indeed control the lights. To reinforce this sentiment, we
outlined in our handout distributed on Earth Day, April 22nd 2010, that the occupants of Phillips
Hall are responsible and have the authority to turn off hallway lighting after 8PM. We considered
8PM an appropriate time for hallway lights to be turned off since our research showed that all
classes in Phillips Hall were over by then.
For analysis of the occupancy sensor data and for the purposes of our calculations, we
assumed an average 23 hour operating period per day for hallway lighting and 12 hours per day
for other types. This is a reasonable estimate because the data loggers indicate that hallway lights
were only turned off for a few hours each week during our test period. We estimate that the
maximum potential cost of hallway light operation is around $9,000 per year, including power
loss in ballasts. With recent de-lamping countermeasures in the new addition of Phillips, the
operation cost of hallway lights is reduced by about $2,500 per year. The hallways in the
southern portion (that is, in the 1960 addition; see Appendix C for blueprints) of Phillips Hall
have been de-lamped at a rate of about 50%. Adjusting for this, a more realistic estimate
(reducing the total number of hallway fixtures by 120, 30 each for floors 0 through 3, with one
T-12 lamp per fixture) comes to $6,500. This figure includes the full power loss due to all
ballasts since they are still present in the circuit and act as resistors even without lamps installed.
Ballast losses for hallway lights were estimated as 26,400kWh or $1600 per year at $0.06 per
kWh. Removing the currently unused ballasts and splicing across the unused fixtures could
provide an additional savings of $300 dollars per year, although labor and materials disposal
costs could amount to thousands of dollars.
Another option is installing dual lamp T-8 ballasts in every fourth or fifth fixture, using
that single ballast to power two adjacent lamps while leaving a gap of one or two unused fixtures
in between. Despite the gaps, T-8 lamps should provide sufficient lighting for maneuvering
hallways safely at all hours of the day due to their increased efficacy over the existing T-12
fixtures. The use of reflective fixtures could further increase the effective lighting power despite
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reduced numbers of lamps. Some special cases may have to be taken into consideration, such as
near stairways or exterior entrances, where extra light may be deemed necessary for safety
purposes. Excluding these cases, and applying this concept to the 1960 addition of Phillips Hall,
60 ballasts and 120 lamps would be needed.

Estimate for retrofitting costs per fixture (T-8):
Total building retrofit =
$156,000 / (4,650 fixtures in Phillips) =

$156,000
$33.55 per fixture

We chose to use $50 per fixture in order to account for any potential hidden costs. Using
a cost estimate of $50 per fixture, the cost of retrofitting 60 T-8 lamps in hallways (1960
addition) would be approximately $4,000-$5,000. Compared to the “de-lamping-only” scenario
described above, retrofitting T-8 lamps in this manner would save $4,500 more annually for a
total savings of $6,000 a year. This scenario pays off in the first year with about 25% to spare.
Considering the roughness of these calculations, a little breathing room is a necessary buffer.
Another step can be taken to make additional savings—occupancy sensors.
Integrating occupancy sensors into the existing hallway lighting would be fairly simple
because the longer hallways are on a single circuit with two to three switches controlling each
hall, allowing for short wiring distances to and from sensors and switches. In the 1960 addition,
switches are located at the primary entrances to the hallways, one at both ends and one at the
centrally located stairwells. Assuming an occupancy sensor with a dependable detection range of
12m, approximately 22 sensors per floor would be required to manage the 600 feet of hallways
on each of floors 0 through 3, when spatial hindrances are taken into consideration. These
sensors could reduce the observed average of about 23 hours per day of operation time by half.
Using the power load of lighting in hallways as they are, annual savings are about $3,500. With
the T-8 retrofit and occupancy sensors, total annual savings are about $6,000. Note that T-8
retrofits were only applied to the portion of Phillips Hall included in the 1960 addition, however,
the occupancy sensors were applied to all hallways in this scenario. A full scale hallway lighting
retrofit is estimated at $35,000 using RS Means Costworks software.
A T-8 retrofit for the entirety of Phillips Hall has already been estimated at nearly
$156,000 (Jochem). However, the behavior of occupants in office spaces and classrooms is
satisfactory in that lights do not get left on for extended periods of time on a regular basis.
Regardless, an effort was made to distribute ‘Please turn off the lights’ stickers to occupants
through the handout to serve as a reminder and put individual energy consumption in the
forefront of their thoughts. Retrofitting hallway lighting alone is a feasible and lucrative project
that should be considered based on actual cost estimates. The team members are not lighting
contractors and cannot take into account all expenses necessary to perform a project, but have
made the best estimates with the best information available to us at this time.
The team tested the graduate student lounge located in room 330 as a candidate for
occupancy sensors. From our experience, the primary periods of occupancy occur during
breakfast and lunch hours, leaving several hours a day where the room is either empty or
experiences very low traffic. This room alone commands 1.224 kW of lighting power and would
need only 2-3 occupancy sensors. The existing switches are already dimmable electronic
switches, making the integration process somewhat simpler and cheaper. Extrapolating the data
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collected from data loggers, summarized above over an entire year (assuming 50 five-day work
weeks with an average operation time of 10 hours per day) suggest the lighting expense for this
room is $183.60 per year. With an estimated cost of around $100 per sensor installed ($20-60 per
sensor plus labor), incorporating occupancy sensors into common spaces such as this graduate
student lounge is a feasible solution for fool-proofing lights in shared spaces. From our
experience, this lounge is primarily used for preparing food and eating during meal hours so it
probably remains empty for a good portion of the day, which would allow occupancy sensors to
provide considerable benefits. Occupancy sensors behave properly even if the occupants do not
and ensure that savings will be made despite who utilizes the space.
It may also be beneficial to encourage office occupants to use their own lighting via
purchase of an out-of-pocket compact fluorescent light and a lamp fixture. One can purchase a
compact fluorescent bulb for less than twenty dollars retail, however, many are available through
bargain sources such as amazon.com for about $1 a piece. A CFL will output the equivalent
lumens of a 60 Watt incandescent bulb for only 13-15 Watts (Energystar.gov). Whether an
office is fitted with a T-8 or T-12 system, each of which will use between 130 and 200 watts
(average two dual lamp fixtures per office), the potential energy savings could be great. This
may also be beneficial for the health of building occupants. According to the Environment,
Health and Safety Department at UNC, many offices have more light than is required for
computer usage. The lighting from T-8s and T-12s causes indirect glare, and a carefully
positioned personal light fixture can reduce eyestrain and energy usage.

1.3 Air Handler Units
The HVAC system in Phillips Hall is composed of two large air handler units (AHUs)
and seven smaller AHUs. The two large AHUs (8 and 9) are each powered by a 45 horsepower
electric motor and serve the original part of the building as well as the east and west wings that
were added in 1925 and 1927, respectively. The seven smaller AHUs each are powered by a 10
horsepower electric motor and each services an entire floor in the 1960 addition to Phillips Hall.
Air handlers 8 and 9 were installed in the building in 1965, and the other seven AHUs were
installed during the construction of the 1960 addition. See the blueprints in Appendix C for AHU
locations in Phillips. The primary issue with these air handlers, in terms of energy efficiency, is
that they are all nearly 50 years old and are operated by antiquated pneumatic systems. Air
handlers 8 and 9 operate dual duct systems that waste a considerable amount of energy in mixing
hot and cold air together in order to achieve a specific target temperature. Computer software has
been incorporated into the designs of all the air handlers allowing for scheduling, remote
monitoring, and certain amount of fine tuning. However, the inefficiencies of the HVAC
operation in Phillips Hall are blatant and seemingly irreversible without capital projects to bring
some of the systems up to date.
The HVAC system utilizes chilled water and steam that are distributed throughout
campus to cool and heat air that is then used to condition space in Phillips Hall. The current
functionality of the system requires “cross-loading” to achieve the desired temperature. Figure 4
has blue bars representing chilled water usage in kBTU and red bars representing steam usage in
kBTU. It is easy to see that at all times both chilled water and steam are being used. This is a
very poor utilization of energy that is inherent in the way the current HVAC operates. Some
chilled water is required at all times to cool air in the system and condense moisture out of it to
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control humidity in the building. The cooled air can then be heated without adding any moisture
to it, keeping humidity and related moisture issues such as mold to a minimum.

Figure 4 - Monthly chilled water and steam loads showing usage of both energy sources even during
peak heating and cooling seasons

The temperature of the air distributed throughout the building is controlled by an
automatic computerized management system. This system is programmable and allows for
technicians to tune the “hot deck” and “cold deck” to maximize efficiency at different times of
year when different heating and cooling loads are required. A dual duct system sends both hot
(the hot deck) and cool (the cold deck) air to a mixing box that is controlled by a damper to
allow in either more hot or cool air depending on the feedback from the thermostat controlling
that predefined area. The dampers in the mixing boxes are controlled by pneumatic thermostats
that are all but fine-tuned pieces of equipment.
Rufus Collins, Jr., the HVAC technician who performs service for Phillips Hall’s HVAC
system, informed us that the pneumatic thermostats in Phillips Hall have an error of plus or
minus 4-6 degrees. This may explain the temperature swings and significant temperature
differences from hall to hall and even room to room. A thermostat set at 74 degrees Fahrenheit
may read anywhere from 68 to 80 degrees, in turn triggering unnecessary heating or cooling.
Occupants who tamper with the thermostats in response to these issues only worsen the problem
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by overshooting the target temperature in the opposite extreme. Another weakness of the old
pneumatic thermostats is that they need to be regularly calibrated to the damper they control.
This is especially true when the hot and cold decks are adjusted seasonally. Proportional mixing
of the incoming air achieves different temperatures when the temperature of the incoming air
changes.
In the past, hot deck temperatures have been 90 to 100 degrees F and cold deck
temperatures have been 50 to 55 degrees F. However, recent tuning efforts, led by Energy
Management expert Jim McAdams, Rufus Collins, Jr., and others, have altered the operating
temperatures of the hot and cold deck feeds to save energy. The goal is to bring them as close
together as possible while still maintaining humidity control and the ability to heat or cool
effectively. Figure 5 shows the corresponding temperatures of the hot and cold decks in response
to outside air temperature. This keeps some of the energy invested in achieving extremes (hot
and cold) from being wasted on heating up what you have already paid to cool down and vice
versa.

Figure 5 – Hot deck and cold deck temperature responses to outdoor air temperature

One of the biggest opportunities we had to find energy savings was scheduling the AHUs
to shut down at night. Two air handlers in the building could not be shut down because they
serviced lab areas where heat producing equipment was located. There are a number of lab
spaces already fitted with window units to act as auxiliary cooling devices; we recommend
fitting the labs in rooms 103A, 103B, 105, and 107A with window units as well. Air handler 8
must run 24 hours, servicing 3 floors (over 20,000 ft2) in order to maintain optimum
temperatures in only 800 ft2 of space. The fact that air handler 8, which moves 35,000 cubic feet
of air per minute, has to operate on a full time schedule for 800 ft2 of floor space is clearly a case
of overproduction. Four window units similar to the units installed in other parts of the building
could easily manage the heating load for these areas. The cost of powering the 45 horsepower
fan for AHU 8 is $17,300 per year when on a 24 hour schedule. Our estimation of the chilled
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water and steam costs for AHU 8 is roughly another $18,000 per year combined. Reducing the
annual run time of AHU 8 by one-third (8 hours per day of down time) could save over $6,000
per year. Purchasing and installing four window units rated at 24,000 BTU/h would cost roughly
$7,000 dollars using contracted labor (RS Means Costworks) and would release the need for
AHU 8 to run around the clock. This pays back in just over one year and continues to save for
the lifetime of the units (~15 years) making this a more than feasible investment. See Appendix
D for a detailed calculation of savings from scheduling air handlers.
Total electricity savings from scheduling: $1,971+$4,336 =

$6,307

Plus CW & steam savings: Estimating that the 3 air handlers in question constitute 1/3 of the
total CW and Steam consumption of Phillips Hall per year, and that 8 hour per day shut down
periods of these air handlers will reduce their load by 25% (accounting for 24-hour operation in
peak heating and cooling months). We are assuming that Phillips Hall has a reasonable ability to
“drift” overnight. Nighttime temperatures tend to be milder in the spring and fall, which
wouldn’t demand a large impulse in the morning hours to correct for heat gains or losses
experienced overnight. Another option is “pulsing” the air handlers to keep conditioned air
moving through the building for a few hours per night. The starting and stopping of the fan
motors puts extra strain on the air handlers’ belts but should be minimal if the pulley positions
are calibrated correctly (some are not adjusted so they slip badly during startup). Savings could
easily pay for the extra cost of replacing fan belts more often. Under these assumptions, rough
calculations of potential chilled water and steam are worked out in Appendix D.
Total heat/cool load savings= $504(CW) + $5,670 (Steam) =
TOTAL= Electricity savings + CW/Steam savings =

$6,202
$12,510

It is not likely that simple workarounds will work for the other lab spaces in Phillips Hall.
The lab in room 145 does not have an exterior wall or windows, so installing a smaller auxiliary
unit would be more difficult as it would require the use of a split system. Three split systems
already exist outside of room 145, one of which we never witnessed in operation. There is the
possibility that connections could be made between room 145 and an exterior unit, which would
then allow the air handler serving the southern end of the first floor to be scheduled. The last
remaining lab is located in room 02 and has a plethora of large equipment in it. It should be
noted that an exterior air handler is located in the recessed area just outside of room 02 that
serves a mechanical room adjacent to room 02. There may be some potential for including room
02 in the service area for that air handler, minimizing the need for multiple air handlers to
operate full time.
Calibrating a chilled water shutoff valve for AHU 9 on April 13, 2010 appears to have
saved some losses as shown by Figure 6. The blue line represents the chilled water feed to AHUs
8 and 9. Prior to April 13 (2010), during shutoff periods the draw on chilled water did not bottom
out at zero. Beginning that night, the chilled water consumption bottomed out at zero as it should
for shutoff periods. Even though air handler 8 is not scheduled, chilled water usage still should
drop to zero at night when outside air temperatures drop below 60 degrees. The green line
represents the chilled water feed to the air handlers serving the 1960 addition, which were not
scheduled at this time. Comparing the green and blue trends, we can see that daytime loads are
very similar for AHUs 8 and 9 and the seven smaller air handlers. This comparison also shows
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the potential savings in chilled water usage that come from scheduling air handlers during
periods of zero-occupancy. The reason that the chilled water consumption for the 1960 addition
never drops to zero at night may be that they constantly fight each other, since there are seven air
handlers serving proximal areas. The 3rd floor air handler may be heating while the 4th floor air
handlers are cooling to compensate for the rising temperatures from exchanged air and
conduction between floors. Air handlers 8 and 9 would not be subject to this phenomenon
because AHU 9 shuts down at night, leaving AHU 8 to operate based only on its own feedback.

Figure 5 - Chilled water loads for bridges A (1960 addition) in green and C (AHUs 8 &9) in blue

In order to make an accurate comparison of the operating efficiencies of the air handlers
in Phillips Hall, it is necessary to relate chilled water consumption to outside air temperature.
Figure 7 shows the daily consumption of chilled water against daily average temperatures. The
blue dots represent the days after tuning changes were made to air handlers 8 and 9 on the April
13th, 2010. Compared to days with similar daily average temperatures, represented by the gray
circles, the blue dots show considerably lower chilled water usage. The reduction in daily chilled
water usage is as much as 50% and shows a tight response that indicates that these results are
correlated with the recent tuning projects and are not just a chance result. Further analysis will be
able to confirm this once more data points have been obtained. Comparing steam consumption is
a similar process.
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Figure 6 - Chilled water consumption for bridge C (AHUs 8 & 9) v. mean daily temperature

Figure 8, below, is a graph of average daily steam load versus average daily temperature
that shows a consistent drop in steam demand for Phillips Hall in the second half of April. The
blue dots, representing days from April 13th, 2010 through April 28th, 2010 indicate that daily
mean steam flow has consistently dropped, especially for days with a mean temperature of 55ºF
to 65ºF. Again, once more data points have been collected, the energy savings made by
scheduling and tuning the air handlers in Phillips Hall can be verified.

Figure 8 – Daily mean steam flow v. mean daily temperature
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1.4 Windows
There are two primary causes for energy lost through windows. The first is through the
window frame and glass itself. This is conduction, and depends on the materials that the window
is made out of. Energy-efficient windows are described in terms of U-values. Windows with
lower U values have higher insulating value.
The second is through air infiltration through cracks in the windows, ill-fitting windows
with the concrete or stone molding of the building, or even infiltration through windows left
open. Figure 10 demonstrates the types of energy loss through a building. The image was taken
with a thermal imager, which uses an infrared sensor to detect the temperature of a surface. The
window frames shown in yellow are warmer than the ambient outdoor temperature, 30oF,
indicating conduction. Some hot spots in the corners of the windows indicate air leaks and
infiltration. Additionally, the walls of the building themselves are conducting heat. The glass is
also a large component of the energy loss through conduction, but thermal imaging is not as
equipped to measure the temperature of glass since heat reflects off the glass and the camera
measures the temperature of the reflected trees, or people for instance.

Figure 9 - Conduction through frames, glass, and walls and convection/air infiltration at the
corners of front Phillips Hall

Conduction through Window glazing and frame
Phillips Hall has almost universally single-pane/single-glazed windows of varying sizes,
but two types of window frames. In the south portion of the building (see Appendix C for
blueprints), the frames are all of wood, whereas the front/north portion of the building has all
aluminum-framed windows. Although the U-value is difficult to measure or calculate without
knowing the manufacturing details and exact make and model of the windows, literature values
indicate that old, metal framed windows have a U-value around 1.3, which includes energy lost
through the both the frame and through the glass. Energy-efficient windows have a performance
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standard of U-values of 0.35. To reduce the U-value of a window, window construction
techniques include increasing the glass panes from single to double glazing, putting argon or
krypton gas instead of air between the panes of glass since these gases do not conduct heat as
easily, and also having thermal breaks and weather-stripping in and around the frames to reduce
air convection/infiltration.
Methods:
To determine conduction through window glazing/frames:
q= U * A * ∆T in BTU/hr
U is the U value of the entire window
A = 8031 ft2, area of glass for 500 windows in Phillips
∆T = difference between the indoor and outdoor temperature in oF
The change in temperature was determined using temperature bin data in Table 3
(Kjelgaard 368) for Raleigh-Durham, NC, which counts the number of hours in the year that are
within a five-degree temperature range. To calculate the estimated cost air infiltration costs,
when temperatures are above 72 oF, the $0.0845 /ton-hr chilled water converted to $0.023/kWh
for standard calculations was used; conversely, when the outdoor temperatures are below the
indoor temperature, the $11.3177/Mlb = $0.0385/kWh for steam was used.
Table 3 - Annual Temperature Bin data for Raleigh-Durham, NC
Temperature Annual
hours
(oF)

95-100
90-100
85-90
80-85
75-80
70-75
65-70
60-65
55-60
50-55
45-50
40-45
35-40
30-35
25-30
20-25
15-20
10-15
5-10

8
95
231
545
669
1082
847
1109
840
721
632
469
659
435
239
95
56
25
3
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With the current windows with U-value of approximately
1.3, conduction costs $16,418 per year, with 445,426 kWh annually
when the indoor temperature is set at 72 oF. Notice that if the indoor
average temperature is increased by two degrees in the summer and
decreased by two degrees in the winter, energy costs are reduced by
$3,350.
Replacing all windows with Energy Star efficient windows
with a U value of 0.35 would reduce conduction energy costs by
$12,025 annually. Figure 9 displays a sample calculation of window
convection costs for windows with U-value 0.35 using chilled water
cost values when the outdoor temperature is above the indoor
temperature (red), steam costs when the outdoor temperature is
below the indoor temperature (blue) and a 50/50 mixture of steam
and chilled water when the indoor and outdoor temperature values
are equal. This is not completely accurate since the air handlers
governing the building use a mixture of chilled water and steam, as
discussed in the previous section. This savings was calculated using
the constants and equations governing steam and chilled water-based
power, presented in Table 2. When the outside temperature was
between 70 and 75 oF, we assumed that half of the kWh was
attributed to steam while the other half was attributed to chilled
water, allowing us to use the steam equation for half of the power
utilized at times within that temperature interval and the chilled
water equation for the other kWh used within that interval.
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Table 4 provides the steam-heating and chilled-water cooling constants, K, as well as the
CO2 emissions constant, Em.
Table 4 - Sample cost calculation for energy efficient windows
Outside F
97.5
92.5
87.5
82.5
77.5
72.5
67.5
62.5
57.5
52.5
47.5
42.5
37.5
32.5
27.5
22.5
17.5
12.5
7.5

Inside Temp
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72

kWh
168.0579
1604.376
2949.662
4714.27
3031.22
-445.683
3139.963
8679.282
10034.04
11582.4
12755.92
11397.86
18729.8
14155.17
8761.663
3873.981
2514.277
1225.422
159.4078

Steam $ per kWh
0.0385
0.0385
0.0385
0.0385
0.0385
0.0385
0.0385
0.0385
0.0385
0.0385
0.0385
0.0385
0.0385
0.0385
0.0385
0.0385
0.0385
0.0385
0.0385

Total CW
3.865331
36.90064
67.84224
108.4282
69.71806
-5.12535
0
0
0
0
0
0
0
0
0
0
0
0
0
Total Cost

Total Steam
0
0
0
0
0
-8.57939467
120.888587
334.152357
386.310636
445.922364
491.102947
438.8178
721.097329
544.973933
337.324037
149.148257
96.7996766
47.1787415
6.13720099
$4,392.90

To convert kWh to kg CO2, carbon emissions constants for each power type, Ps and PCW
were determined using the previously mentioned method for selecting the energy type used
depending on the outdoor temperature (Table 5). Emissions of CO2 would be reduced by 6613
kg CO2 or 7.29 tons CO2 saved per year corresponding to a 337,263 kWh reduction in power by
switching to energy efficient windows.
Table 5 - Method of calculating CO2 emissions for steam and chilled water power usage

Type of power

KS or KCW

EmS or EmCW

Low Pressure steam

1 M lb steam/349941 kWh

195 kg CO2/1 M lb steam

Chilled Water

1 ton-hr /3.516 kWh

0.65 kg CO2/ ton-hr cooling

.
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Depending on the indoor temperature, the total net savings for conduction through
windows is between $12,000 and $13,000 annually. The closer to outdoor temperature the indoor
temperature is, of course, the greater the energy efficiency.
Energy savings would be more than calculated because the temperature of the building
goes hand in hand with operating the air handlers. Phillips Hall has had window replacements
only in the north/oldest portions of the building in 1987. The 1960 addition still has the original
wood-framed windows. Installing energy-efficient windows during renovations should be
considered.

Comparison to Beard Hall
The most recent building on campus to undergo whole-scale window renovations (mid2008), Beard Hall, provides a great benchmark for analysis of our cost-estimate for Phillips’
window replacement. Beard’s old single-glazed, wood-constructed, non-gasketed and nonweather sealed windows were replaced with top quality, aluminum-framed, well-sealed and
gasketed double-pane windows that were caulked into the exterior masonry shell of the building.
These windows are similar to energy-efficient windows we are proposing to undertake with
Phillips’ window renovations, so analyzing the costs of Beard Hall’s windows projects will
prove instrumental in assessing the financial parameters and viability of our proposed Phillips’
renovations.
The total cost of the window project was around $648,000. Breaking this down, the total
hardware and construction cost for just the windows in the Beard Hall project was around
$184,000. That roughly translates into a physical construction cost of $1,655 per window. The
other contribution came from costs associated with preparing the bid, ordering extra parts as
needed, finalizing the contract, etc.; this total soft cost is the difference of the previous two total
costs, coming to around $519,000. All specific services and their costs are listed in the appendix.
To calculate potential lower and upper bounds of the costs of replacing Phillips’s 500
windows, we can assume for the former that the total soft cost will apply here, while for the
latter, that the total cost of Beard’s window replacement will raise proportionally by the ratio of
the number of windows in Phillips (500) versus the number of windows in Beard (111). Also,
physical construction costs per window are assumed to be the same for both projects. Thus, the
lower bound cost for Phillips’s window replacement comes to $519,000 + ($1,655 * 500), or
around $1.3 million. The upper bound cost comes to $648,000 * (500/111), or around $2.9
million.
Based on these calculations, even if the lower bound cost of $1.3 million was accurate, a
simple payback from conduction alone would be about a century. Insulated windows, however
would reduce energy costs from the AHUs as well as energy lost from air infiltration.
To determine solar infiltration:
To determine annual heat gain through solar infiltration, Figure 10 from United States
Department of Energy Architects and Engineers Guide to Energy Conservation in Existing
Buildings was used.
Because the building is oriented primarily north with the southern portion of the building
blocked by Chapman and itself, solar infiltration is not a primary concern for energy lost recooling the building due to solar infiltration.
Total annual heat gain was calculated to be 213 kWh annually.
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Figure 7 - Annual solar heat gain through windows latitute 35 N - 45 N

To determine Convection/Air Infiltration:
To calculate the heat loss due to infiltration (q),
q= I *1.08 (in BTU/oF*h)
I= L * [(A * ∆T) + (B * V2)]1/2
Assumptions:
I is the infiltration air flow rate
L= the infiltration leakage area
A= = 0.0313, second story stack coefficient
∆T = difference between the indoor and outdoor temperature in oF
B= 0.0121, wind coefficient for second story window with few obstructions
V= 7.5 mph, average annual wind velocity for Raleigh, NC 1
1

http://www.sercc.com/climateinfo/historical/avgwind.html
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The change in temperature was determined using temperature bin data in Table 3 for
Raleigh-Durham, NC, which counts the number of hours in the year that are within a five-degree
temperature range.
To calculate the estimated air infiltration costs and carbon footprint estimate, when
temperatures are above 72 oF, the $0.023/kWh for chilled water was used and conversely, when
the outdoor temperatures are below the indoor temperature, the $0.0835/kWh for steam was
used, just as in the conduction calculations.
The annual air infiltration energy through window frames for the entire building is not
completely accurate, since the infiltration leakage area (L) should be provided by the
manufacturer or by testing the building itself for its internal air pressure. This is difficult to
measure. A rough but plausible estimate would be that every 1in2 of leakage costs $270 and
76kg of CO2.
Reducing air infiltration through windows requires weather-stripping or caulking around
the window frame but not so that the windows cannot open. The cost of weather-stripping all the
windows, would doubtless outweigh the energy savings for infiltration through windows.
Although not presented in this report, infiltration through doors, cracks in the floor (Figure 11)
and walls (Figure 12) may be a better use of time and money regarding weather-stripping and
caulking. Additionally, the convection through the single pane windows presents a much larger
energy loss than the air filtration for Phillips.

Figure 8 - Energy lost through infiltration through wall and base of building near connection to
Chapman Hall
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Figure 9 - Missing brick on exterior of room 101 with air leaving measured up to 80 oF on a 30 oF
morning

Energy lost through windows left open
The same method for determining air infiltration for the whole building was used in
determining the energy lost through an open window. However, because the area of the open
window can be measured, the area of air infiltration (L) is much more certain. One window left
¼ of the way open throughout the entire year (that is, L=580 in2 or 4 ft2) costs $1,747 and wastes
28,052 kWh annually, corresponding to 581 kg (0.64 tons) CO2. This calculation assumes that
the indoor temperature is 70o F. This could correspond to the third-floor men’s bathroom
window, for instance.
Because Phillips is a climate-controlled building, leaving windows open wastes energy.
Assuming one window is left open for the entire year is not out of the realm of possibility.
While taking thermal images of the windows on the exterior of Phillips on a 30 oF morning, we
observed more than five windows that were left cracked open to at least a foot (see Figure 13).

Figure 10 – Third-story window left open on 30 oF morning with 70 degree air exiting the building
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Replacing outdated stickers would be useful to both inform people that they can and
should close the windows, and remind people to do so. One occupant, observed shivering by a
computer with the window open, said that she did not feel as if she were allowed to close the
window. The bathroom windows tend to stay open or are cracked open regularly. Ventilation in
the bathrooms is of concern both for odor and for temperature comfort. Although closing the
windows may not save as much energy as replacing the windows, this is a no-cost solution to
what is visible waste, analogous to water running in the tap or lights left on overnight.

1.5 Laboratories
The University of North Carolina at Chapel Hill prides itself on its pursuit of cutting-edge
research. Laboratories are a critical part of these breakthrough findings and often serve as the
backbone of the experiments. Advancements in these fields have the potential to push the
barriers of present-day knowledge, increase efficiency in different areas, and further develop a
greater quality of life for human kind. UNC-Chapel Hill research aids in boosting local and
regional economies and is an essential part of improving scientific techniques around the globe.
However, maintaining such high levels of precision and excellence is extremely expensive. In
the year 2009 alone, research grants and contracts totaled $176 million. Labs are an increasingly
difficult aspect of the campus to attempt to change because of the technical specifications
required. The Lean method of implementing changes applied especially to this section of energy
conservation within Phillips Hall. Saving a few dollars over the course of the year might not be
worth the potential errors and conflicts that could arise from the replacement of machines and
technology. For this reason, opinions of lab managers and researchers were not taken lightly.
In Phillips Hall, there are six computer labs and fifteen research labs. Each one of the
research labs has its own separate air conditioning window units. Removal of the window units
could drastically lower energy use in the hall. Unfortunately, the central air conditioning does
not stretch to the labs within the building, which is why these window units were originally
installed. The window units are absolutely necessary due to the fact that they control the
humidity percentage throughout the room. It is essential that the right conditions are met for
certain procedures to be handled within the laboratory room. Sadly, these window units must
function all year long, even in the coldest weeks of winter. Some units vary in make and model;
however, they run on an average of 18,500 BTUs. A simple solution to actually eliminating
every window unit in these labs would be to install humidifiers, which are more energy-efficient
and cost-effective for the building. Another alternative to using air conditioner window units to
control conditions within the room is to program the building air handlers to better reach and
serve these rooms. At their current state, they are extremely inefficient in that they fail to reach
these massive chambers.
Hood vents are another energy hoarder, not only in Phillips, but all around our research
campus. This is one aspect of laboratories that we must simply accept as a high energy
consumer. These hood vents (also known as fume hoods) come in two varieties: water and
constant/variable air volume. The water fume hoods have an autoclave sensor to sense when hot
water is coming through so chilled water isn’t running all the time. In dealing with the constant
air volume and variable air volume fume hoods, it does not matter whether and individual closes
them or not; they still take in the same amount of air. The least efficient of these performs 32 air
circulations per hour; however, 12-15 is the average for Phillips Hall. Unfortunately, these are
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hard to manipulate because tampering with the unit messes with the velocity of the machine,
especially if the hood is shut. After years of use, waste or gunk gets caught in them as well,
which decreases the circulations. Often times, researchers will leave the hoods open even when
they are not using them. When dealing with the VAVs, however, shutting the hood actually
reduces the amount of air circulated. Therefore, shutting it off does make a difference. Each
fume hood uses the equivalent of 1-3 houses worth of energy. Closing these hoods could reduce
the amount of energy consumed by 20-35%. Another way to make hoods more energy-efficient
is to modify the ducts. Larger ducts are more efficient because they pull in increased air in the
same amount of time.
As one can see, there are very few ways to increase energy efficiency within Phillips
Hall. The infrastructure is not currently able to save substantial amounts of energy. The power
sucked from the machines will always be more than the power released from them. Fortunately,
there is a ray of light. There is currently a plan in place by the University that will move all the
laboratories stationed in Phillips Hall to Chapman Hall. Because this will take place in
approximately one year (May 2011), efforts to conserve energy on the long scale are hardly
practical. Any large scale attempts at changes to lower energy would be in vain since the lab
will not be there this time next year. Chapman Hall (as a relatively new facility) holds promise
for much more efficient lab use as compared to Phillips Hall, which will drastically lower the
energy bill for this building.
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Part 2 – Occupancy Analysis
As mentioned earlier, the research team relied heavily on the ideals and implications of
Lean. Lean is a business model and collection of methods that help eliminate waste while
delivering what customers value most.
Education and outreach represents an important aspect of our project. Getting
suggestions from building occupants is crucial to making a building more Lean (Romm, 1999),
and communication with building occupants is essential to saving energy by modifying occupant
behaviors; this research team relied heavily on its ideals and implications. Developing a
communication with Phillips Hall occupants was achieved in several ways. Education took
shape in our presentation, in placement of signs, and a handout. The distribution of surveys and
placement of occupancy sensors helped give an idea of current occupant behavior. Occupancy
sensor data and analysis can be found in the lighting portion of this report in section 1.2.
Suggestions were obtained by the occupants through a presentation given by the Capstone
members and through a ‘comments’ question on the survey.

2.1 Surveys - Understanding Behavior
While over the course of the semester we gained a strong understanding of the energy
throughout Phillips Hall, at the beginning we knew very little about this environment that we
were diving into. Very few of our members actually attended class in the building and obviously
we were not experts in building energy. For this reason we chose not to rush in and begin to
make changes without consulting others. This would be disrespectful to faculty members and
building personnel know the building best because they work in it each day. We wanted to avoid
hindering another employee’s quality of life or interfering with their work within the building.
Without consulting the occupants of Phillips Hall we might also be missing a multitude of
opportunities. For these reasons, it was evident that we needed the input of those who frequented
this building. Early in the semester, the team drafted survey, which was submitted with a
research plan to the Institutional Review Board, and deemed exempt from further review.
The survey itself was conducted in an online format using Qualtrics software. Because
each survey was taken anonymously and was only used for our personal research purposes, we
were able to reach out to a broader audience and receive more productive and honest responses.
The survey was designed to be short and simple; the goal was to get individuals (students, staff,
and faculty) to take two minutes out of their day to help us learn about building occupant
behavior. After narrowing the question pool down to eleven questions, we were able to touch on
a variety of different areas to research just how people felt about energy usage within Phillips
Hall.
The subject matter ranged from demographic backgrounds (“In what capacity do you
spend your time in Phillips Hall?”), to climate and lighting issues (“If the temperature in the
room is either too hot or too cold, how does this climate affect your work?”), to energy
consumption in the building. Finally, we concluded the survey by asking each participant where
they have identified areas of waste or areas of improvement. By simply guiding the individuals
to think constructively, we were able to view exemplary answers which included ideas that we
had not even thought of.
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Using a list of faculty with offices in the building, we gained the permission of several
professors who teach in Phillips to advertise the survey to their students (and faculty as well).
After several weeks of recruiting people to take the survey, we ended up with 66 responses. The
results are in Table 6 below.
Table 6 – Responses to “In what capacity do you spend your time in Phillips Hall?”

#
1

Answer
Student

Response
41

%
62%

2
3

Administration
Teacher/Professor

2
18

3%
27%

4

Office

4

6%

5

Maintenance

1

2%

Total

66

100%

As the results show, most of the answers came from students who attend class within the
building. However, we did have 18 professors and teachers respond as well as some office
personnel, administration and maintenance. Figure 14 illustrates that occupants inhabit the
building primarily between 8am and 9 pm.

Figure 14 – Number of people occupying Phillips at different times of day

When put in a situation where an individual is given the opportunity to turn off the lights
in an unoccupied room (question 4), only 16% of the participants were energy conscious and
turned them off. Over one-quarter of the people were apathetic towards the situation and never
turned off the lights, and one-third of the people turned them off depending on their mood at the
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time. This question did not apply to 24% of the pool. This question showed that over half of the
sampling pool was willing to turn off the lights if they thought about it and were in an energyconscientious mood. If we were able to reach out and get people to understand the consequences
of saving energy, perhaps we could see these figures increase in the future.
Question five suggested that only 11% of respondents had a major problem with
dimming or turning off the lights at night when class is not in session. If we could turn the
lights off for 10-12 hours a day (as opposed to the always-on 24-hours-a-day method currently in
place), which would eliminate nearly half of the lighting costs throughout the entire building.
This could potentially lead to significant energy savings over the course of a semester.
The next three questions (6-8) dealt with climate control and preferences with regard to
classroom temperature. Question six asked, “Do you ever feel as if the temperature in the
building is too warm in the winter?”, with results shown in Table 7.
Table 7 – Responses to “Do you ever feel as if the temperature in the building is too warm in the
winter?”

# Answer
1 All the time

Response
9

%
14%

2 Sometimes

42

67%

3 Never
4 It is too cold in the winter

7
5

11%
8%

63

100%

Total

Similarly, Question 7 asked, “Do you ever feel as if the temperature in the building is too
cold in the summer?” Table 8 displays the results.
Table 8 – Responses to “Do you ever feel as if the temperature in the building is too cold in the
summer?”

# Answer
1 All the time

Response
21

%
34%

2 Sometimes

28

46%

3 Never

10

16%

4 It is too warm in the summer

2

3%

61

100%

Total

Finally, question 8 took the previous two propositions and related it to each individual’s
educational/productive work, to generate some surprising results.
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Table 9 – Responses to “If the temperature in the room is either too hot or too cold, how does this
climate affect your work?”

# Answer
1 I can't focus/concentrate at all

Response
17

%
28%

2 It is a minor inconvenience

33

55%

3 It doesn't affect my work at all

8

13%

4 I don’t notice it

2

3%

60

100%

Total

Each member of this Capstone team that has taken a class in Phillips Hall (almost all of
eight of us) thought that the climate inside the building was always off. It was always too hot in
the winter and too cold in the summer. However, we did not want to take a biased standpoint on
this issue so we proposed it for the survey. Our hypothesis was correct in that 81% of people
thought it was too warm in the winter (some of the time or all of the time), and over 80% that it
was too cold in the summer. Analyzing Table 9, we begin to understand the implication of these
energy losses. Nearly 28% of people cannot even focus or concentrate at all on their work at
hand. Wasted energy may also mean wasted time, and student grades might suffer because of
the temperature, which they cannot control. When answer #2 is added into that percentage, 83%
of people in Phillips Hall are negatively impacted with their work and productivity because of
the overheating and overcooling taking place throughout the building. The University should be
very interested in Table 9 for two reasons: if they can cater to these individuals’ climate needs,
they will see significant reduction in energy costs throughout the year, and find that students’
grades will most likely increase due to more efficient usage of time and productivity. Only 13%
of people were able to work to their full capabilities in this climate, and only 2 out of 60 people
did not even notice the difference in temperature.
As researchers and creators of this survey, we also were interested in how people treat
their computers when not in use (in the building). The relevant question asked, “Do you shut
down your computer at night or use power saving features like standby or hibernate?” The
answers followed no dominant trends; all four answers (I shut down my computer, I put my
computer on standby, I put my computer on hibernate, or other) had about equal participation
(around 25% each). This did show that at least ¾ of people use some sort of energy-saving
technique when it comes to their computers.
The last two questions asked participants to identify what they thought were the biggest
consumers of energy in the building and to identify ways of conserving energy. Biggest energy
hogs (according to respondents’ beliefs) included: heating and cooling the building, computer
usage, lighting, and fume hoods. The final question helped the capstone group to go investigate
certain areas of the building. Specific leaking pipes and faucets were identified as well as certain
windows always being left open (no matter what the temperature outside was). These
participants were conscious of the lights forever being left on, and the outdated toilets and other
machinery that could be contributing to massive energy losses.
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2.2 Education
The team designed a presentation for two purposes. One was to get suggestions and
information from building occupants on the performance of the building they spend much of
their time in. Since Phillips Hall houses the Math and Physics Departments, it was especially
advantageous for us to invite occupants to review our numerical data and graphs. We went about
informing occupants of the date and purpose of the presentation in two ways: via fliers and email
An email was sent to all Math and Physics faculty, staff, and graduate students listed on their
respective department’s websites as having an office in Phillips Hall. Both the flier and email
had the email of a group member to which suggestions could be sent if the viewer could not
attend the meeting. The presentation took place on March 31st at noon.
While attendance was low, we obtained good feedback from several people in
administrative positions. This was especially important since one of our initial goals was to
catch the attention of “higher ups” who have authority to direct and inform others. Among these
were Dr. Eberlein, Head of the Math Department, Dr. Champagne, Head of the Physics
Department, and Dr. Deardorff, the Head of Undergraduate Labs. Suggestions included
installing occupancy sensors in classrooms, de-lamping, closing HVACs in labs during
appropriate periods of the day, reducing the flushing of urinals, and replacing bathroom fixtures
like urinals and toilets. Emailed suggestions were just as astute, and included making the
temperature two degrees warmer in the summer and cooler in the winter, reducing the ITS
footprint in computer labs, lowering the hot water temperature on the water coming out of
bathroom sinks, closing windows, putting up stickers with information about who can fix a
broken fixture, and turning out lights at night. Several suggestions indicate occupant discomfort
with the air conditioning system, indicating it is ‘brutally’ hot in the winter and ‘freezing’ cold in
the summer. Although most of the suggestions had already been thought out by the group prior
to the meeting, these suggestions reinforced survey data and provided valuable information about
occupant desires.
The second aim of the presentation was to inform and educate. Although the presentation
was geared toward being a free-form exchange of ideas and suggestions between us and
occupants, we presented a short compilation of data, graphs and figures to attendees. These
included notes about total electricity costs of Phillips Hall, a graph of electricity power
consumption of Phillips Hall (Figure 1), thermal images of window leakage on a cold day
(Figure 13), occupancy sensor data, information about computer energy usage, and a comparison
of Phillips Hall energy performance compared to the national standard. Comments on energy
and financial calculation were given with each topic as well.
Signage was determined to be our best mode of modifying occupant behavior. The low
attendance at the presentation indicated that emails and fliers are noticed by only a low
percentage of the target audience. Signs, however, can be left up for years and are generally
noticed on a frequent basis. They also can be placed directly at the source of energy waste, and
they let occupants know what they can and cannot do regarding things such as turning lights on
and off, opening and closing windows, and putting computers into standby or sleep mode. They
are also a way of informing occupants of ways to get in touch with those who may be able to fix
a broken fixture.
‘Please Turn off the Lights’ stickers were obtained from the Sustainability Office of UNC
and placed on all 48 hallway light switches. These stickers, apart from informing occupants that
they have the authority to turn off light switches have listed both the number and email of the
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Sustainability Office’s Save Energy Program, which accepts suggestions for saving energy
throughout campus. These stickers were also put in as many classroom and common areas (like
computer labs and administrative offices) as possible. Signs were also put near several
classroom and bathroom windows to inform occupants that opening a window in any location in
Phillips Hall is not okay. The signs also were equipped with the Save Energy Program’s
telephone number. Finally, signage also was put in the three computer labs in Phillips Hall,
advising users to put computers in low-power standby when not in use.
The last part of our education and outreach effort was put into distributing brochures on
Earth Day, April 22nd 2010. This was a final effort to inform occupants about their
responsibilities and ways they as individuals could save energy. In light of this we put our best
effort into including only the most crucial information we wanted to get across. The most
important of these was informing receivers of the handout that occupants were relied upon to
turn off lights in common spaces and informing them where to send energy-saving suggestions
and how to report broken fixtures. They were also equipped with a ‘Please turn off the lights!’
sticker as incentive and so individuals could put them up as reminders in personal office spaces.
These handouts were left on chairs/tables at the two main entrances to Phillips Hall for occupants
to take on their way in and out of the building between 6AM and 6PM.
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Appendix A: Light Sensor Data

1 – Erroneous data—removed
2 - Graduate student lounge: room 330 on chalkboard
Week
9

10

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1
0

Time, GMT-05:00

Date

3 - Room 265: classroom above the closet

Week

9

10

11

0.9

0.8
1

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0

Time, GMT-05:00

Date
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Sensor 6

24:00

Sensor 7
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12

20:00

16:00

12:00

8:00

4:00

0:00

Date

7- Basement Hallway: between room 18 and 20

Week

9

:18:00:00
12

1

0.8

0.6

0.4

:9:00:00
0.2

0

03/04/2010 4:00 PM

03/04/2010 8:00 AM

03/06/2010 12:00 AM

11

03/06/2010 12:00 AM

10

03/05/2010 4:00 PM

9

03/05/2010 4:00 PM

Week

03/05/2010 8:00 AM

6 - Third floor: in room 331/office on cabinet

03/05/2010 8:00 AM

Date
03/05/2010 12:00 AM

Time, GMT-05:00

03/05/2010 12:00 AM

03/04/2010 4:00 PM

28:00
03/04/2010 12:00 AM

:6:00:00

03/03/2010 4:00 PM

:9:00:00

03/03/2010 8:00 AM

Light Sensor

:12:00:00

03/04/2010 8:00 AM

:3:00:00

03/03/2010 12:00 AM

:15:00:00

03/04/2010 12:00 AM

03/15/2010

03/12/2010

03/09/2010

:18:00:00

03/03/2010 4:00 PM

:15:00:00

Light Sensor

03/15/2010

03/12/2010

03/09/2010

03/06/2010

03/03/2010

02/28/2010

Sensor 5

03/03/2010 8:00 AM

03/03/2010 12:00 AM

:21:00:00
03/06/2010

03/03/2010

02/28/2010

02/25/2010

OnTime (Day:Hr:Minute)

:21:00:00

03/06/2010

03/03/2010

02/28/2010

02/25/2010

Sum(OnTime)

:0:00:00

02/25/2010

On Time (Day:Hr:Min
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5 - Second floor Hallway across room 218 (this began with lights off)
Week
9

10

12

0.9

1

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1
0

Time, GMT-05:00

Date
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Sensor 8
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03/06/2010

03/03/2010

02/28/2010
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03/06/2010

03/03/2010

02/28/2010

:0:00:00

02/25/2010

Sum(OnTime)
:0:00:00

02/25/2010

Sum(OnTime)
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8 - Second floor Hallway: between stairs and 280
Week
9
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0.9

0.8

1

0.7

0.6

0.5
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0.1
0

Time, GMT-05:00
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9 - First floor Hallway near room 140 and chilled water pipes
Week

9

:18:00:00
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1
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10- Third Floor Hallway: between stairs and 381
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9
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Appendix B: Chilled Water Load v. Daily Mean Temperature for Phillips Hall
(Bridges A, B, and C)
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Appendix C: Phillips Hall Blueprints and AHU Location

4th Floor – Above 1960 Addition Only
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3rd Floor
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2nd Floor
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1st Floor
(Square footage is for all floors of section)
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Basement Floor
(Below 1960 Addition only)
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Appendix D: Savings from Scheduling Air Handlers
45 hp motor running full time all year: 33kW*8760hrs/yr=289,080kWh
289,080kWh*$0.06/kWh=$17,344
With scheduling that achieves a reduction in ¼ operating time annually:
$17,344 - (.25*17,344)=$13,008--> savings: $4,336 2x10hp motors running full time all year:
2*7.5kW*8760hrs/yr=131,400kWh
131,400kWh*$0.06/kWh=$7,884
$7,884 - (.25*$7,884)=$5,913--> savings: $1,971
Total electricity savings from scheduling: $1,971+$4,336 = $6,307
Plus CW & steam savings: Estimating that the 3 air handlers in question constitute 1/3 of the total
CW and Steam consumption of Phillips Hall per year, and that 8 hour per day shut down periods of
these air handlers will reduce their load by 25% (accounting for 24 hour operation in peak heating
and cooling months). We are assuming that Phillips Hall has a reasonable ability to “drift” overnight.
Night time temperatures tend to be milder in the spring and fall which wouldn’t demand a large
impulse in the morning hours to correct for heat gains or losses experienced overnight. Another
option is “pulsing” the air handlers to keep conditioned air moving through the building for a few
hours per night. The starting and stopping of the fan motors puts extra strain on the air handlers’ belts
but should be minimal if the pulley positions are calibrated correctly (some are not adjusted so they
slip badly during startup). Savings could easily pay for the extra cost of replacing fan belts more
often. Under these assumptions, rough calculations of potential chilled water and steam are as
follows:
Total CW load (2009) = 72,300 Ton-hrs
Total annual CW load attributable to the 3 scheduled air handlers for 2009 = (1/3)*(72,300
ton-hrs) = 23,860 Ton-hrs
Assuming that scheduling cuts operation time by 25% (as above) we can roughly calculate the CW
savings from scheduling:
(23,860 Ton-hrs)*(0.25) = 5,965 Ton-hrs CW saved per year
$ Savings: ($0.0845/Ton-hr CW)*(5,965 Ton-hrs CW) = $504 (CW)
Likewise for steam load (2009) = 6,042 Mlbs steam Total Steam load (2009) = 6,042 Mlbs steam
Total annual Steam load attributable to the 3 scheduled air handlers for 2009 = (1/3)*( 6,042 Mlbs) =
2,014 Mlbs
Assuming that scheduling cuts operation time by 25% (as above) we can roughly calculate the Steam
savings from scheduling:
(2,014 Mlbs)*(0.25) = 504 Mlbs Steam saved per year
$ Savings: ($11.3177/Mlbs Steam)*(1,014 Mlbs Steam) = $5,670 (Steam) Total heat/cool load
savings= $504(CW) + $5,670(Steam) = $6,202 TOTAL= Electricity savings + CW/Steam
savings = $12,510
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Appendix E: Beard Hall Contract
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Appendix F: Survey Questions and Responses
Initial Report
Last Modified: 04/25/2010
1. In what capacity do you spend your time in Phillips Hall?

1
2
3
4
5

Student
Administration
Teacher/Professor
Office
Maintenance
Total

41
2
18
4
1
66

62%
3%
27%
6%
2%
100%

2. What times of the day do you routinely (at least once a week) spend in Phillips? Select
all that apply.
1 Midnight
6 10%
2 1am
3 5%
3 2am
2 3%
4 3am
2 3%
5 4am
2 3%
6 5am
1 2%
7 6am
1 2%
8 7am
4 6%
9 8am
20 32%
10 9am
51 81%
11 10am
59 94%
12 11am
59 94%
13 Noon
61 97%
14 1pm
61 97%
15 2pm
60 95%
16 3pm
58 92%
17 4pm
57 90%
18 5pm
50 79%
19 6pm
33 52%
20 7pm
21 33%
21 8pm
16 25%
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22 9pm
23 10pm
24 11pm

7
7
5

11%
11%
8%

3. Do you have any objections to the hallway lights being dimmed or turned off during the
day?
1 Yes
7
11%
2 Some
18
29%
3 Not at all
38
60%
Total
63
100%
4. If you are to come across an unoccupied room with the light on in Phillips Hall, do you
make the effort to turn it off?
1 Every single time
10
16%
2 Depending on my mood or if I have time
21
33%
3 Almost never
17
27%
4 I have never had to deal with this situation
15
24%
Total
63
100%
5. Do you have any objections to the hallway lights being dimmed or turned off at night?
1
Yes
7
11%
2
Some
20
32%
3
Not at all
36
57%
Total
63
100%
6. Do you ever feel as if the temperature in the building is too warm in the winter?
1
All the time
9
14%
2
Sometimes
42
67%
3
Never
7
11%
4
It is too cold in the winter
5
8%
Total
63
100%
7. Do you ever feel as if the temperature in the building is too cold in the summer?
1
All the time
21
34%
2
Sometimes
28
46%
3
Never
10
16%
4
It is too warm in the summer
2
3%
Total
61
100%
8. If the temperature in the room is either too hot or too cold, how does this climate affect
your work?
1
I can't focus/concentrate at all
17
28%
2
It is a minor inconvenience
33
55%
3
It doesn't affect my work at all
8
13%
4
I don’t notice it
2
3%
Total
60
100%
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9. Do shut down your computer at night or use power saving features like standby or
hibernate?

1
2
3
4

I shut down my computer
I put my computer on standby
I put my computer on hibernate
Other (someone else shuts my computer
down, etc…) ____________________
Total

14
17
16
14

23%
28%
26%
23%

61 100%

10. What do you think is the largest energy consumer in your office, lab, or classroom?
air conditioning
lights
Heat and AC being the wrong temperature
lights
Vacuum pumps
My computer
Useless Surveys
a/c, heat
HVAC, or my computer which is never turned off.
computer
Heating and Cooling.
air conditioning
microwave
computers
computer, I guess; in office, I have lights and computer (and landline); in classroom, lights and
multimedia equipment
computer
lights
Heating/cooling.
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ac
lights
Computer
heat/AC
computers
computer
Not sure
computers
Desktop computer
constant-on AC in PTC and grad computer lab
computer/lights
computers
experimental equipments
HVAC
a/c
space heater
computer
heat or air
air conditioner
computers
Computer
computer
computers
computers
Server
Climate Control
heater
Either Heat/Cooling or Computers
Heating/cooling.
computer
A/C
computer
Heat/Air Conditioning
Air Conditioner
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11. A group of students is working to reduce water and energy consumption in Phillips
Hall. Where have you identified wastes and areas for improvement?
air conditioning
climate control
Temperature, leaky faucets, broken computers being left on
Leaking pipes in the basement, and leaking faucets
Filing cabinets
computers on all the time, bathroom lights on
Change thermostats, water-free urinals, configure computers to hibernate at night
AC
Often times the window in the men's bathroom on the third floor is left open. I believe this is
because there is poor ventilation, so if the ventilation system were improved this would allow the
window to be closed. Also, the temperature control from room to room is not uniform, so that
some rooms feel hot and others cold.
the bathroom next to the conference room has leaky urinal levers. the windows create a draft in
the offices. could computer lab computers be shut down at night without causing issues?
The basement is always absurdly cold in the summer. I keep a jacket here at all times. Hallway
lights could certainly be turned off at night or be put on motion sensors. Most of our equipment
needs to remain on at all times, and most labs are similar.
haven't thought much about it other than to try to turn off classroom lights when my class is the
last, to shut down computer at end of day (sometimes I forget, but I try) and to turn off lights
when no one is in office
heating/cooling system
The building is kept too hot in the winter and too cold in the summer.
Lights don't need to be on all the time. Also, computers should be shut down.
lights
The climate control
people don't recycle, or put trash in the recycling bins.
none
air-conditioning
Computer monitors being left on, non-essential computers running all the time
see previous question
not known
open window in third floor men's bathroom
the temperature in the phillips hall could be adjusted
lights in classrooms
bathrooms--there are no modern water conservation toilets or urinals
Old toilets, old windows, and our IT department makes us keep the computers on at all times.
air conditioner
Outdated toilets, no use of grey water, lack of natural sunlight on the fourth floor (thus we must
use lights), Inefficient light bulbs, lights/computers that remain on 24 hours a day (and not
dimmed), unnecessary amount of cooling and heating
We're all fairly power conscious as it is...
I think the lights in Phillips are on too much - whenever I come at night, they're still on in most
of the classrooms and hallways.
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Appendix G: Capstone Project Description
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