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ABSTRACT: 

           Energy efficiency and conservation are considered one of the most important and easy to 

implement ways of reducing energy consumption and associated carbon emissions. I worked as 

an energy efficiency intern at North Carolina Central University (NCCU) for summer 2009 

under Environmental Defense Fund’s climate corps program. I worked along with NCCU’s 

facilities services; several original equipment manufacturers, contractors and vendors also 

provided data and recommendations about their products and services, which can help to 

improve energy efficiency and reduce energy cost.  

      The various energy efficiency and conservation measures identified include LED lighting, 

residence halls summer power down, steam plant efficiency, vending machines energy miser, 

Pearson Cafeteria(window film and exhaust hoods), heating ventilation & air conditioning 

(HVAC), building envelope and other general recommendations. This MP also identifies various 

barriers to achieving energy efficiency at NCCU. Various recommendations were also made for 

new construction projects to achieve LEED gold or platinum rating. 

     These energy efficiency and conservation measures were evaluated on the basis of 

technological feasibility and energy and financial cost benefit analysis. The methods used are 

similar to standard engineering and technical methods used by leading energy service companies 

(ESCO). The final results are presented for each energy efficiency and conservation project. It 

includes the cost of project, estimated annual energy savings, estimated annual energy cost 

savings, CO2 reductions and simple payback for the project. Upon the implementation of eight 

specific energy conservation measures annual energy cost savings of more than $2.6 million 

(64% reduction from current energy costs), and a 53% reduction in carbon emissions (more than 

27,000 tons of CO2) are expected to be realized.  
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Chapter 1: Introduction to Energy Efficiency 

        Energy efficiency is considered to be one of the fastest, cheapest and easiest to implement 

ways to reduce energy use and carbon emissions. The concept of energy efficiency was first 

pioneered by Amory Lovins and his Rocky Mountain Institute (RMI) in wake of the oil crisis of 

the 1970s. Since then RMI has done a lot of pioneering work in the area of energy efficiency. 

Energy Service Companies (ESCOs) have also pioneered energy efficiency by using a profitable 

business model which relies on improving energy efficiency and conservation for its clients. 

According to a McKinsey report “Energy efficiency offers a vast, low-cost energy resource for 

the U.S. economy – but only if the nation can craft a comprehensive and innovative approach to 

unlock it.”[1] The report also found that found that the United States could save $1.2 trillion 

through 2020, by investing $520 billion in various energy efficiency measures. [2]  

           I was one of 26 MBA/graduate students selected by Environmental Defense Fund (EDF) 

for the 2009 climate corps summer internship program. We were trained in energy efficiency by 

energy experts from EDF and RMI. The training included classroom lectures and discussions, 

handbooks, problem solving exercises, field visits and case studies. After completing my training 

I began my internship at North Carolina Central University (NCCU). I worked along with 

facilities services at NCCU and based on our training and knowledge identified several energy 

efficiency and conservation opportunities. This master’s project (MP) looks at various 

opportunities in detail and also at the financial analysis for the same. Various barriers to 

achieving it are also identified. 
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Chapter 2:  LED Lighting 

Exterior Lighting 

Currently there are about 100 exterior lamps and 60 fixtures. Some of them have 2 lamps per 

fixture while others have 1-lamp per fixture. The type of lamp currently being used is a 400-Watt 

Metal Halide with 78-Watt ballast, so the total Wattage per lamp is 478-Watts.  We are 

proposing to replace the existing bulbs and ballasts with 88-Watt Light Emitting Diode (LED), 

which do not have ballasts. The contractor for these LEDs is Lite Energy Solutions and the 

original equipment manufacturer is Cree LED. These LEDs are expected to consume 80% less 

energy than existing metal halide lamps. 

 

 Picture 2-1 Above:  An existing 2 lamp metal halide at NCCU near Shepard Library. As seen in 

this picture (right side lamp fixture) metal halides have problems of burning out since they 

operate at high temperatures. This affects the light quality and reliability. Using LEDs eliminates 

such problems. 
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Picture 2-2 

Metal halides give out light at extremely high temperature and they burn out much quicker. This 

picture taken at Nelson Street parking lot at about 9:00 pm shows 2 lamps which are burned out 

reducing overall light output and posing safety concerns. 

 

Picture 2-3 Above: The same 2 lamp fixture at NCCU near Shepard Library with LEDs instead 

of metal halides. LEDs have a lifespan of about 11.4 years compared to 2.7 years for metal 

halides. The only real disadvantage of LED lights is their high initial cost. 
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O’Kelley-Riddick Stadium Concourse Lighting 

O’Kelley-Riddick Stadium at NCCU has 19 400W Metal Halide lamps in the concourse of the 

stadium.  Each lamp has 78W ballast and a total wattage of 478W.  During the early weeks of 

our internship we observed that they were running 24-hours a day as shown in the picture below. 

 

Picture 2-4 

It appears that after our pointing out this issue to Mr. Zack Abegunrin, the lights were finally 

shut off during the day, but they still run for 12 hrs every night for safety purposes.  We propose 

to replace these lights with 88W LEDs, similar to those installed for street lighting, just with a 

different outer plate to fit the fixture.    

There are many advantages of using LED’s, a few of which are [3] 

� Directional light emission 

o Traditional light sources emit light in all directions which generally results in 

some portion of the light being wasted.  LED’s are mounted on a flat surface and 

emit light hemispherically, rather than spherically.  Waste light is greatly reduced. 
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� Low profile and compact size 

o The small size and directional light emission of LED’s allow designers to develop 

low-profile, compact lighting design.  This is extremely important in areas where 

size or space is important, such as a parking garage, where a typical LED fixture 

is about 6 inches in depth compared to approximately 12 – 15 inches for a typical 

metal halide.  

� Breakage resistance 

o LED’s are largely impervious to vibration because they do not have filaments or 

glass enclosures.  LED devices mounted on a circuit board are connected with 

soldered leads, which provide additional stability.  

� Cold temperature operation 

o Cold temperatures present a challenge for fluorescent lamps which require higher 

voltage at lower temperatures to start.  In contrast, LED performance increases as 

the operating temperatures drop, making them a natural fit for refrigerated and 

freezer cases, cold storage facilities, and outdoor applications.  

� Instant ON 

o Fluorescent lamps do not provide full brightness upon being turned on and can 

take up to three minutes to reach their full light output.  LED’s, in contrast, come 

on at full brightness almost instantly.  

� Rapid cycling 

o Traditional light sources will burn out sooner if switched on and off frequently. 

LED life is unaffected by rapid cycling which makes LED’s well-suited to use 

with occupancy sensors or daylight sensors.  
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� No Infrared or Ultraviolet emissions   

o LED’s emit virtually no IR or UV.  Excessive heat (IR) from lighting presents a 

burn hazard to people and materials. UV is extremely damaging to artwork, 

artifacts and fabrics and can cause skin and eye burns in people exposed to 

unshielded sources.  
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Interior Lighting 

            Currently most buildings on NCCU campus use T8 or T12 lamps. T8 lamps have wattage 

of 32W and 8W ballast, so total wattage is 40W.  We are proposing to use 15W LED tube lamps 

in place of T8 and T12 tube lamps.  Tube LED lamps, like the exterior LEDs, do not have 

ballasts.  The expected life of a LED tube lamp is over 80,000 hours compared to about 10,000-

12,000 hours for T8 lamp.  LEDs emit almost no heat which reduces the cooling load during 

summer. 

 

Picture 2-5 Above: 3-lamp T8 fixture at NCCU’s Hubbard-Totton Building.  
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Picture 2-6 Above: 3-lamp LED tube lights in the same fixture as above at NCCU’S Hubbard-

Totton Building. As seen from the picture LEDs emit a more focused and a pure white light as 

compared to T8 fluorescent.  LEDs can easily be plugged into existing fixtures without any 

modifications.    

 

 

 

 

 

 

 

 

 

 

 



12 

 

Lighting Recommendations 

We recommend that NCCU convert their current T8, T12, and Metal Halide lamps to LEDs in a 

phased, systematic process.  First, the approximately 100 exterior pole-lamps should be 

converted to LEDs first as their energy savings are greatest.  (See Appendix B-1).  Second, 

NCCU replace all T8 and T12 lamps which are on the buildings’ emergency circuits with LEDs 

as those lamps are on 24 hours a day, every day.  (See Appendix B-2).  Third, as interior T8 and 

T12 lamps burn out, replace them with LED tube lamps and eventually the entire university will 

be lit by LEDs and the energy cost savings will be maximized.  By our estimates, there are 

around 101,250 T8/T12 lamps on NCCU’s campus based on total square footage and a 2-watt 

per square foot requirement.  Roughly 30% of these are lamps are on emergency circuits and 

running 24 hours per day.   
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Below are the financial Calculations for the lighting energy efficiency measures: 

Table 2-1 

 LED Implementation Project Cost Annual Energy 

Savings (kWh) 

Annual Cost 

Savings  

Payback 

Period 

(Years) 

1. 100 Exterior Street 

Lamps 

$64,900 167,791.67 $20,859.74 3.11 

2. 19 Exterior Stadium 

Lamps 

$12,331 31,873.30 $3,962.89 3.11 

3. Per 1000 LED Tube 

Lamps – Emergency 

Circuit (24 hrs) 

$67,100 148,920.06 $19,935.74 3.37 

3A. Interior Emergency 

Circuits (Approx. 

30,500) 

$2,046,550 4,542,057.18 $608,040.07 3.37 

 Total (1,2,3A)  = $2,123,781 4,741,722.15 $632,862.70 3.24 
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Chapter 3: Residence Halls Summer Energy Conservation 

 “There is no point in using energy efficiently when there is no need to use it at all”  

         There are currently nine residence halls on the NCCU Campus.  They are:  Annie Day 

Shepard, Baynes, Eagleson, Mclean, Old Graduate Apartments, Rush, Richmond (New 

Residence 1), New Residence 2, and Ruffin.  While assessing the energy consumption of the 

residence halls and talking with the staff, we noticed that these residence halls were not fully 

occupied but all systems were operating at full capacity. This result in a large consumption of 

energy which can easily be avoided, and with certain policy changes, significant energy and cost 

savings can be achieved every summer without any upfront investment.  
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The table below shows the projected energy consumption for each residence halls over summer: 

Table 3-1 

 

 

Methodology 

Electrical energy usage data was collected by observing the sub-meters installed for each 

building. However, sub-meters for Annie Day Shepard and Ruffin do not work.  Projections 

were made on average of KWh/square feet for other buildings and then it was multiplied by total 

square footage for all residence halls to obtain total KWh used by the residence halls. It was then 

NCCU Residence Halls Energy Conservation Measure

Residence Hall Interior Gross Area maximum student capacity Summer kWh Usage Summer Electricity Cost ($)

Annie Day Shepard 51,119 121 192,126 $12,450

Baynes 78,375 408 294,565 $19,088

Eagleson 78,550 368 295,222 $19,130

McLean 23,967 93 90,078 $5,837

Old Graduate Apts 12,313 24 46,277 $2,999

New Residence II 61,452 244 230,961 $14,966

Rush 24,813 82 93,257 $6,043

Ruffin 89,248 256 335,430 $21,736

Richmond (New Residence I) 61,348 244 230,570 $14,941

Total Square Footage: 481,185

Total Summer kWh usage: 1,808,486

Total Summer Electricity Cost: $117,190

kWh per square foot 0.04176 kWh/sq. ft. 

($/kWh = .0648) per 24 hrs

kWh used per 24 hours= 20,051

Cost per 24 hours= $1,299
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multiplied 90 times, the number of days assumed for summer break (from mid-May to mid-

August). 

Policy Recommendations 

We recommend that for summer all the students staying in the residence halls be consolidated in 

as few halls as possible. Empty residence halls should be shut down or significantly powered 

down for the summer. The HVAC chiller should be turned off along with all other non essential 

lights. Only lights on emergency circuits should be kept running for safety reasons, as well as 

other critical systems like fire alarm, water sprinklers, and smoke detectors. 

The buildings will be become significantly warmer when chillers are turned off.  Because of this, 

we recommend that chillers be run for 12 hours during night, two times per week to prevent 

massive heat buildup and keep the air circulating.  There are 2 advantages to this approach:  

• The demand for electricity at night is lower and NCCU will not have to pay peak demand 

charges 

• Outside air is cooler at night and chillers will use less electrical energy to cool the 

buildings at night  

Another possible option is to raise the temperature on the thermostats to 80 degrees F. This can 

be implemented in buildings with Direct Digital Control (DDC) systems.  We recommend that 

Facilities Management, HVAC Shop, and external Original Equipment Manufacturer (OEM) like 

T.A.C or Chevron ES get together to make this work. 

After speaking with Residential Life at NCCU, we discovered that there were approximately 480 

students living in residence halls during the first session of summer school and approximately 

315 during second session.  We strongly recommend that Baynes be filled to capacity first (since 

it has the largest student capacity), and then Annie Day Shepard can be used for spillovers as it 
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does not appear that capacity will exceed 500 students for either summer session and the other 

residence halls can be shutdown.   

Our analysis shows that NCCU can save between $74,000 and $75,000 in energy costs over 

each summer as a result of implementing this no-cost measure. 

 

Picture 3-1 above: Baynes residence hall on NCCU campus. 
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Chapter 4: Steam plant Energy Efficiency  

(The data and recommendations for NCCU’s steam plant were provided to us by Mr. Billy 

Deaver, supervisor of steam plant and TAC representatives Mr. Barry Wilhelm and Mr. 

Albert Oldham)[4] 

 
Figure 4-1 above: the schematic diagram explaining the layout of steam plant 
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The Heating Plant at NCCU contains two 60,000 pph water-tube boilers (Boiler No. 1 and 2) and 

one 500 HP (17,250 pph) fire-tube boiler (Boiler No.3).  All of these boilers can be fired on 

either natural gas or No. 2 fuel oil. The boilers supply steam to the NCCU campus at 100 psig for 

space heating, generating domestic hot water, and HVAC reheat. Typically, Boilers 1 and 2 are 

rotated monthly to satisfy steam loads during winter months (December through March) and 

shoulder months (April and May, October and November) and the 500-HP boiler is used to meet 

summer steam load (June through September).  

Table 4-1: boilers at NCCU steam plant 

 

The chart below shows monthly natural gas consumption for the NCCU heating plant based on 

the time period January 2006 through March 2009. This consumption pattern exhibits classical 

behavior with respect to seasonal steam loads. The low consumption values in the summer of 

2008 reflect an outage for repairs to the steam system. It is observed that a reduction of around 

one-third in boiler natural gas consumption resulted from the improvements. 
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Figure 4-2 above: natural gas usage by month 

The NCCU Heating Plant has metering installed on each of the three boilers, but none of this 

equipment appears to be functioning correctly. On the day of the site visit, the Boiler No. 1 meter 

indicated a steam flow of around 59,500 pph, even though the boiler was operating at a very low 

firing rate. In fact, the boiler was cycling on and off at a rate of roughly four times per hour with 

firing time estimated to be around five minutes per cycle. The steam flow meters are tied into the 

existing building automation system, but no values are being logged. Heating Plant operating 

personnel report that steam flows are recorded manually, but boiler logs were not made 

available. 

 

The absence of steam flow information requires that boiler loads be estimated based on Heating 

Plant natural gas consumption along with installed equipment parameters, operating procedures 

and maintenance conditions. Evaluation of this information indicates that Heating Plant capacity 
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is currently poorly matched to campus steam requirements. In fact, as shown in the Figure 4.3, it 

is projected that load factor was typically less than 25% of boiler capacity (60,000 pph for winter 

and shoulder months and 17,250 pph for summer months) before recent steam system upgrades 

and runs less than 20% of capacity since the upgrades. Therefore, campus average steam loads 

are now less than the 4:1 turndown ratio reported by operating personnel for each of the three 

boilers in the NCCU Heating Plant 

 
Figure 4-3 above: Load Factor by Month 

 

 

The existing conditions in the NCCU Heating Plant suggest that average boiler efficiency is low. 

A value of 55% was estimated and applied to the natural gas consumption data to obtain the 

following steam load profile. 
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Figure 4-4 above: average steam plant load by month 

 
The improvements made to the NCCU steam system limit the availability of data to project a 

representative average steam load profile for the campus; November through 2008 through 

March 2009 is believed to provide representative steam load data. Development of a complete 

profile was accomplished by noting that average natural gas usage by the Heating Plant has 

decreased by about 33% since the steam system work. This observation allows projection of 

steam load for the months for which representative data is unavailable, taken to be April through 

October for this analysis. This approach provides the following average steam load profile for 

the NCCU campus. 
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Figure 4-5: projected steam load 

This steam load profile indicates a mismatch between the existing boiler equipment in the NCCU 

Heating Plant and the campus steam load. In fact, load factor is below the reported turndown 

ratio for all of the boilers, which means that they operate inefficiently for a significant portion of 

the time. This situation suggests the need for additional boiler equipment to increase load factor, 

thereby allowing the boiler equipment to operate in a more efficient range. 

Additional observations of existing conditions in the NCCU Heating Plant, based on discussion 

with operating personnel and survey of existing equipment, include: 

 

1. All of the boilers have parallel linkage combustion controls; forced draft fans with 

inlet vane dampers provide for both combustion air and removal of flue gases. 

2. Annual preventive maintenance includes boiler inspection, cleaning of tubes and 

cleaning and repair of burners; flame is adjusted, but combustion tests are not 

typically performed. 
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3.  Flue gases exhaust from Boilers 1 and 2 to common breeching that feeds a natural 

draft brick stack; Boiler No. 3 has its own steel stack; only Boiler No. 1 has a flue gas 

temperature sensor installed, but it appeared to be inoperable as it was showing a 

reading of only 120ºF. 

4. Only Boiler No. 1 has flue gas heat recovery installed (a stack feed water 

economizer), but it is inoperable due to cold-end corrosion. 

5. Feed water is supplied to Boilers 1 and 2 by one of two 30 HP pumps; feed water is 

supplied to Boiler No. 3 by one of two 20 HP pumps; the two 30 HP pumps have 

variable frequency drives installed, but both have failed. 

6. Surface blow down is controlled automatically, based on conductivity, for all three 

boilers; bottom blow down is performed manually on a 5 second count once or more 

per shift based on chemical analysis; all blow down is quenched with city water and 

dumped to the sewer. 

7. Condensate return has recently been increased from around 10% to between 60% and 

70%. This improvement was made in the summer of 2008. 
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Picture 4-1 above: NCCU has the massive project replacing the older rusting underground steam 

pipes with new ones. This will improve the condensate return to the steam plant, saving water 

and energy.  

 

8. Condensate is returned primarily using steam-driven condensate pumps to an 

atmospheric receiver in the basement of the Heating Plant from which it is pumped to 

the deaerator tank. 

9. The deaerator tank operates at 2 psig and does not have a vent condenser installed. 

10. All steam traps (valves) on the campus are replaced once per year. 

 

Proposed Solutions 

Though the general operation of the NCCU Heating Plant is acceptable for reliable supply of 

steam to the campus, there is a limited amount of equipment installed for assuring optimum 

energy efficiency. 

 

Install new 300 HP Boiler 

The low year-round load factors for the NCCU Heating Plant often result in the requirement that 

the boiler on line be operated at a rate that is below its turndown ratio. This circumstance leads to 

less efficient operating regimes, particularly when it leads to on/off cycling. In this case, energy 

efficiency is especially low because the boiler must be purged before each firing cycle, which 

cools the boiler and dumps heat out of the stack. 
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Table 4-2 above provides the minimum and maximum seasonal steam loads for the NCCU 

Heating Plant based on a statistical analysis of the steam load profile for the campus. Steam 

loads are projected to range between a low of about 600 pph to a peak of 17,350 pph. 

 

Boiler No. 3 (500-HP, 17,250 pph), with a turndown ratio of 4:1, should be able to meet loads in 

the range of about 4000 pph up to some high percentage of its maximum capacity. However, the 

significant load range between 600 pph and 4000 pph cannot be efficiently met with any of the 

existing boiler equipment. Furthermore, it would be best if Boiler No. 3 always operated above 

50% of its maximum capacity where it is more efficient. 

 

This situation suggests the need to add a small high-efficiency boiler with an expanded turndown 

ratio to meet the low end of the range of campus steam loads. In addition this new boiler could 

provide for trim at the upper end of the range of campus steam loads; i.e., as steam load increases 

towards the maximum requirement, Boiler No. 3 could be held to its point of maximum energy 

efficiency, which would likely be less than 100%, and the new boiler used to make up the 

difference. Based on this strategy, purchase of a new boiler with the following general set of 

specifications is recommended. 

 

• 300 HP (10,350 pph), dual fuel (natural gas/No. 2 oil) fire-tube 
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• High turndown (10:1) burner 

• Linkageless controls with O2 trim and forced-draft fan VFD 

• Feed water economizer 

It is anticipated that the combination of the proposed new 300-HP boiler along with Boiler No. 3 

will be sufficient to satisfy campus steam loads year-round. This circumstance would mean that 

the two 60,000 pph water-tube boilers (Boilers 1 and 2) would be used only for emergency 

backup and, preferably, would be placed in dry layup. 

 

Upgrade Boiler number 3 

It is recommended that additional equipment be installed on the existing 500-HP fire-tube boiler 

(Boiler No. 3) to improve its energy efficiency. Lead-lag controls are also recommended to 

manage Boiler No. 3 as well as the proposed new 300-HP boiler so that both operate at optimum 

efficiency to satisfy campus steam loads. The following equipment will be required to achieve 

this objective: 

• Linkage less controls with O2 trim and forced-draft fan VFD 

• Feed water economizer 

• Lead-lag control panel 

 

Install automatic pressure reduction controls 

Steam is currently distributed from the Heating Plant to the NCCU campus at 100 psig. At the 

various thermal loads on the campus steam pressure is reduced, typically to 15 psig or less. Since 

steam is supplied during winter months by one of the existing 60,000 pph boilers in the Heating 
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Plant, it seems safe to assume that the distribution system was designed to accommodate at least 

a steam flow rate of 60,000 pph. 

 

Analysis has shown that peak steam flows are expected to be well below 60,000 pph throughout 

the year. This situation suggests that the pressure at which steam is distributed to the campus 

could be reduced resulting in substantial energy cost savings. 

Install blowdown heat recovery 

Blow down from the boilers in the NCCU Heating Plant is presently routed to a blowdown tank 

where it is flashed to produce saturated steam and condensate. The flash steam is vented and the 

condensate is quenched using city water and dumped to the sewer. These waste streams represent 

significant energy losses that may be recovered using a commercially available blowdown 

economizer. It is recommended that a blowdown economizer be installed in the NCCU Heating 

Plant to recover heat from boiler blowdown to preheat boiler makeup water. This measure will 

reduce the deaerator steam load while cooling the blowdown stream enough to allow it to still be 

safely dumped, at reduced volume, to the sewer. 

Install deaerator vent condenser 

Vents from steam system components such as condensate receivers and deaerator tanks can 

provide opportunities for significant waste heat recovery. In the case of deaerator vents, the 

waste stream is functionally necessary to exhaust the non-condensable gases that are removed 

from the boiler feedwater. However, significant quantities of steam are rejected along with these 

gases. 

        Installation of a condensing heat exchanger on a deaerator vent pipe allows recovery of the 

energy being lost and return of clean condensate to the deaerator. This measure can be used to 
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satisfy water heating loads (e.g., makeup water or potable water) while reducing makeup water 

and boiler chemical treatment costs. It is recommended that a vent condenser be installed on the 

deaerator tank in the NCCU Heating Plant to preheat makeup water. 

Install Variable Frequency Drive on feedwater pumps 

Control of feedwater flow to each boiler in the NCCU Heating Plant is presently accomplished 

using a control valve. Rather than relying on the control valves, a variable frequency drive 

(VFD) could be installed that would control pump speed and thus the feedwater flow. This 

measure would save pumping energy and likely lead to simpler, more reliable flow control. 

 

Figure 4-6 above shows the pumping system layout  

Variable frequency drives were previously installed on feedwater pumps P-3 and P-4 to control 

feedwater flow to Boilers 1 and 2; a drive is installed on each pump motor even though one of 

these 30-HP pumps is sufficient to satisfy load while the other pump is on standby. Both of these 

drives are currently inoperable because an overflow of the deaerator tank damaged them (see 

location of the drives below the deaerator tank in the picture above). 
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Pumps P-1 and P-2, which currently supply feedwater to Boiler No. 3, do not have variable 

frequency drives. These pumps are projected to serve the proposed new 300-HP boiler as well as 

continuing to serve Boiler No. 3. Feed water pumps P-3 and P-4 would serve as backup. 

 

It is recommended that a single variable frequency drive with a bypass circuit be installed to 

control feedwater pumps P-1 and P-2. The drive would be used to control one or the other of 

these pumps up to its maximum capacity as dictated by the prevailing steam load. For steam 

loads above the maximum capacity of the pumps, one of the pumps would be base loaded at its 

maximum capacity and the other controlled by the drive to provide trim. It actually might be 

possible to size the variable frequency drive such that it could control any of the four feedwater 

pumps so that they all could be used for base loading or trim. The bypass circuit will keep the 

pump running in case of drive failure. 

Install additional piping insulation 

In the NCCU Heating Plant, most of the steam piping is well insulated with mineral fiber 

insulation and an aluminum jacket. However, much of the feedwater piping near the deaerator 

was missing insulation, as were some of the feedwater pipes leading to the boilers. A few 

sections of steam piping were also missing insulation.  It is recommended that all uninsulated 

piping in the NCCU Heating Plant that is transporting steam or hot water be insulated to 

optimum thickness.. In addition, valves, joints, drip legs, and other service points should be 

covered with removable blanket-type insulation, which would provide quick access to perform 

work with the ability to easily re-insulate when service has been completed. 
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Energy and Financial savings Numbers for Steam Plant[5] 

Project Name Demand 

Savings(KW) 

Natural Gas 

Savings 

(MMBtu) 

Electrical 

Energy 

Saving 

(KWh) 

Water 

Savings 

(Kgal) 

Project 

cost 

Cost 

savings 

per year 

Install new 300 

HP boiler 

25 17785 92452 0 $342,184 $187,520 

Boiler 3 

upgrades 

26 15068 61835 0 $108,541 $156,575 

Install automatic 

pressure 

reduction 

controls 

0 7226 0 900 $25,874 $73,710 

Install 

Blowdown Heat 

Recovery 

0 1310 0 165 $21,217 $19,732 

Install Deaerator 

Vent Condenser 

0 2520 0 0 $11,126 $27,420 

Install VFD on 

feedwater pump 

15 0 129876 0 $14,627 $6,883 

Install additional 

piping insulation. 

0 295 0 0 $3,074 $1,995 

Total 66 44204 284163 1,065 $526,643 $473,796 
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Chapter 5: Vending Machine Energy Conservation Measure 

 

As a college campus NCCU has dozens of vending machines spread around the campus with at 

least one drink machine and one snack machine per building.  All vending machines on the 

campus were operating 24 hours a day.  The lights, compressors, and card/money acceptors were 

never powered down even during holidays so we saw this as an opportunity for a low-cost 

energy saving measure.  Through some research we discovered a product from USA 

Technologies called a Vending Miser which regulates the power usage of vending machines.  

These devices monitor both the occupancy levels and ambient temperature changes in the area 

surrounding the vending machine.  The device allows only enough power to keep the cooled 

product inside at the right temperature and have it ready to dispense when someone is in the 

vicinity of the machine.  This allows for the powering down the lighting of the machine and 

preventing the compressor cycles from running when they are not required.   

We determined that the snack machines were not consuming much energy as they do not 

regulate their temperature or have any lights.  So we chose to focus on the 53 cold-drink vending 

machines located throughout NCCU’s campus.  Even though the drink machines were Energy 

Star rated, the Vending Misers still offered significant savings and a quick payback.  The 

financials and energy data for installing Vending Misers on the 53 machines is below.   
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Source: vendingmiserstore website [6] 

Installation of Vending Misers Analysis

North Carolina Central University

Ene rgy Costs  ($0.000 pe r kwh) $0.065

Facility Occupie d Hours pe r W ee k 60

Numbe r of Cold Drink Ve nding Ma chine s 53

Numbe r of Uncoole d Sna ck Ma chine s 0

Power Re quire me nts of Cold Drink Machine  (a vg wa tts) 427

Power Re quire me nts of Sna ck Ma chine  (a vg wa tts) 0

VendingMise r Sa le  Price  (for cold drink ma chine s) $160.13

OfficeMiser Sa le  Price  (for sna ck ma chine s) $0.00

Savings Analysis
Before Afte r

Cold Drink Machines $12,894.92 $6,010.57 Cost of Opera tion

198,383 92,470 kWh

53% % Energy Savings

Sna ck Ma chine s $0.00 $0.00 Cost of Opera tion

0 0 kWh

0% % Energy Savings

Project Summary

Prese nt kW h Proje cte d kWh
kW h Savings 

pe r Ye ar

198,383 92,470 105,913

Prese nt Cost
Proje cte d 

Costs

Annual 

Sa vings
Per Ce nt Savings T ota l Project Cost

Bre ak Even 

(Months)

$12,894.92 $6,010.57 $6,884.35 53% $8,486.89 14.8

Five Year Savings on 53 Machines = $34,421.75

Five Year Return on Investment = 306%

Version 1.0

Year 1 Year 2 Year 3 Year 4 Year 5

Cost With Miser $6,010.57 $12,021.13 $18,031.70 $24,042.27 $30,052.84

Cost Without Misers $12,894.92 $25,789.83 $38,684.75 $51,579.67 $64,474.59

Total Number of machines 53

SOURCE:  VendingMiserStore.com

Source  Da ta  for Ge ne ra ting Chart

Input Va ria ble s

$0 

$10,000 

$20,000 

$30,000 

$40,000 

$50,000 

$60,000 

$70,000 

Year 1 Year 2 Year 3 Year 4 Year 5

Five Year Operational Costs for Vending Machines

Cost Without Misers

Cost With Miser
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Chapter6: Pearson Cafeteria 

 

     Pearson Cafeteria (Pearson) is NCCU’s main, and largest, dining facility on campus.  It 

reopened in March 2009 after an extensive renovation.  Pearson is a large, modern-looking 

cafeteria with large windows on the north and south sides and large skylights.  Naturally, 

Pearson is a large energy consumer due to the fact that it is a cafeteria with several cooking 

stations, 20 exhaust hoods, a large HVAC system, and over 60,000 square feet.  However, as we 

collected electricity usage numbers for Pearson we quickly realized how large of an energy 

consumer it really is and that something needed to be done.   

Exhaust Hoods 

     As Pearson is basically a new building, we quickly determined that the problem was not in 

any of the equipment as it was all new, but something was driving the increase in kilowatt 

demand.  We discovered that Pearson’s energy consumption problem lay in the cooling load 

placed on the HVAC system which was increasing the kilowatt demand (see KWD in the table 

below).  The demand on the HVAC system continually increased over the course of the 

internship, while the demand of other buildings remained constant, or near constant, as illustrated 

in the table below. (Table 6-1 below) 
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      The challenge for us was to determine the cause for the increase in cooling demand.  We 

found that the main demand issue stems from the design of the exhaust hood system in Pearson 

which is used mainly in cooking areas to remove the grease-laden air from the building (See 

picture 6-1 below).   

 

     The problem with the current design is that there are 20 exhaust-only hoods with no dedicated 

make-up air system for the hood system, meaning that it is using 100% outdoor air from the 

building HVAC for the make-up air.  This translates into the 20 exhaust hoods pulling out 

roughly 52,000 cubic feet of 70-degree conditioned air per minute (CFM) and expelling it 

PEARSON CAFETERIA BUILDING ENERGY CONSUMPTION SUMMER 2009 

SAMPLE Date taken Time taken KWh KWD

1 6/1/2009 8:57 AM 904,246 499

2 6/8/2009 4:55 PM 954,617 503

3 6/9/2009 4:05 962,350 520

4 6/12/2009 4:08 985,719 529

5 6/15/2009 10:27 3,475 529

6 8/4/2009 5:30 375,050 560.5

Total kWh over 64 days  = 470,804 kWh

Avg. kWh/day = 7,356.31 kWh

Total Cost/64 days = $30,508.10

Cost per day = $476.69
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through the hoods.  A dedicated make-up air system works to counteract the negative air pressure 

created by exhaust systems and other building conditions.  Many of the manufacturing/cooking 

processes generate heat, and a make-up air system can make use of this heat, which is normally 

wasted, to temper the incoming make-up air.   

           We strongly recommend that a heating and cooling Modular Packaged Unit (MPU) 

dedicated make-up air system be integrated into the existing exhaust hood system to reduce the 

cooling/heating load of the HVAC.  A MPU works in conjunction with highly efficient make-up 

air delivery methods, such as perimeter supply plenums. The unit can either have a down or end 

discharge, and can be used with both electric and gas heat. All refrigerant is environmentally 

friendly R-410A and condensers have a minimum SEER rating of 14 for greater efficiency.  One 

particular benefit of an MPU unit is the multiple cooling stages. Multiple cooling stages increase 

the efficiency by not using 100% of the cooling capacity when this is not needed, thus allowing 

lower energy usage. An internal make-up air cooling thermostat automatically energizes the first 

stage when cooling of the make-up air is required. The same thermostat has a built in adjustable 

differential to energize the second stage of cooling when required.  The pre-set temperature 

range, 55 F for heating and 85 F for cooling, makes use of the air economizer by pulling in that 

moderately tempered outside air and if the outside air is outside of that range then the incoming 

air is cooled or heated.  The condensers are top mounted on the make-up air unit to minimize 

roof space requirements, and are situated for optimal airflow and serviceability. [7] 
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Figure 6-1 above shows diagram of a MPU 

 

      A 10 ton cooling unit with direct gas fired heat is approximately $15,000 (handles approx 

5000-6000 CFM).  Joe Wylie from CaptiveAire estimates that Pearson Cafeteria would need 7 

MPUs for an approximate total cost of $42,000.  The other 10,000 CFM would still come in 

through transfer air as shown and calculated on the worksheet below.  The use of a dedicated 

make-up air system in the form of a Captiveaire Modular Packaged Unit system would greatly 

reduce the cooling load on the HVAC system which will in turn reduce the kilowatt demand and 

overall energy consumption for Pearson Cafeteria as illustrated below.  
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Heating and Cooling Cost Comparison for MPU vs. 100% HVAC Make-up Air 

Table 6-2 

 

 

 

 

Table 1 - Comparison of Total Yearly Heating and Cooling Energy

Heat Cool Heating Load Cooling Load
MPU 55 85 1,650,345 1,510,265

Exhaust Only HVAC 70 75 3,325,509 5,380,646

Heating Load Cooling Load Total Load
Actual Difference (kBtu) 1,675,164 3,870,381 5,545,545

% Difference 50% 72% 64%

Table 2 - Comparison of Total Yearly Heating and Cooling Costs

Heating Cooling Total

MPU $22,136 $7,528 $29,664

Exhaust Only HVAC $52,258 $26,820 $79,078

Heating Cost Cooling Cost Total Operating 
Actual Savings $30,122 $19,292 $49,415

% Savings 58% 72% 62%

System Yearly Operating Cost

MPU $29,664

Exhaust Only HVAC $79,078

Make-Up Delivery
Yearly Operating Cost

Air Delivery
Temperature (° F) Total Yearly Load (kBTU)
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Picture 6-2 above shows a CaptiveAire Modular Packaged Unit: 

A dedicated make-up air system should be available for Duke Energy incentives and rebates, but 

they must be applied for under Duke Energy’s Custom Incentive Plan.  (See Appendix C-1). 

Window Film 

      During our evaluation of Pearson Cafeteria we also noticed that most of the front (north) and 

rear (south) of the building facade consists of large windows which do not have any type of 

tinting or film on them.  Also, the building has very large skylights, approximately 400 square 

feet, in the center of the dining area which also do not have tinting or film on them.  We 

determined that there is significant solar heat gain entering the building through the windows and 

skylights during summer months.  The solar heat gain could be tolerated as the daylighting 

provided through the non-tinted windows would be useful to reduce energy by turning off 

interior lights of the cafeteria.  However, all of the interior lights in Pearson are on during all 

hours of operation so the daylighting is not being utilized, therefore window film is necessary to 

reduce the solar heat gain through the windows.  Below are pictures illustrating the solar heat 

gain from the north side and especially the south side of Pearson Cafeteria.    
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North Side         South Side 

Picture 6-3 above shows north and south side of the building 

       The solar heat gained through the windows is best shown in the Chancellor’s suite on the 

second floor, south side of Pearson Cafeteria.  This banquet room’s south wall is all windows 

and the solar heat gain can be felt as soon as the curtains are opened.  The solar heat gain is so 

excessive in this room that the HVAC unit, at full capacity, cannot keep the room below 78 

degrees while it is occupied with the curtains open, even when it was 68 degrees in the room 

when it was unoccupied with the curtains closed.  The use of a reflective window film on the 

inside of the windows and skylights would greatly reduce the amount of solar heat gain entering 

the building through the windows.  This will result in lowering the cooling load of the HVAC 

system and lowering the kilowatt demand of the building.  Unfortunately we do not have any 

software or anything to project savings for installing window film.  We had a contractor come 

and measure the windows and provide us with a quote for Pearson’s windows and skylights.  

(See Appendix D-1).  The contractor suggested we use a V-18 reflective window film which 

will coincide with the modern look of the building and give it an even more updated look while 

blocking 79% of the solar energy coming through the windows and skylights (film performance 

numbers are below).  The contractor also suggested that the skylights be tinted first as they were 
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providing a significant amount of solar hear gain even though they only account for roughly 10% 

of the total square footage.  This type of window film also has some insulating properties which 

will help realize some energy savings in the winter months.  The film is installed on the interior 

of the window and can be easily cleaned with any window cleaning chemicals and carries a 10 

year warranty.  The contractor estimated that an average payback of 6 to 7 years was typical in 

most projects using this type of window film.  We estimated a 7 year payback to be conservative 

for our financial projections.  In order to reduce the initial investment cost of installing window 

film, Duke Energy is offering a rebate incentive of $1/sq. ft. of installed window film, providing 

rebates for up to 50% of the project cost.  (See Appendix D-2 for details).  Below is a picture 6-4 

of the skylights in Pearson. 
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Proposed V-18 window film  
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Chapter 7: LEED Recommendations for New Construction 

 

We also made LEED recommendation for 3 new construction projects (Chidley Residence Hall, 

Latham Parking Deck, and Nursing School) so as to enable them to achieve a LEED gold or 

platinum rating.  

TRANSPORTATION: 

• Encourage commute by DATA buses by providing free/low cost bus passes 

• Bicycle Racks should be placed strategically throughout the premises. University access 

roads should have bike lanes. 

• Provide free/low cost leasing to students for Bikes. Install air compressors and a Bike 

maintenance facility on campus.  

• Use a Zip car system. The vehicles selected can be hybrids or small fuel efficient ones. 

• Provide free/low cost or preferential parking spots for people who car pool. 

• Make future infrastructure provisions for charging of electric vehicles. 

• Provide shade for parking and cover them with solar panels. Use rainwater collection 

system with the shades.  

SITE DEVELOPMENT: 

• The site is not a Greenfield site, but an existing site is being used, no forest/green area 

will be converted so no danger to the environment. 

• Conduct a GIS study (can be done at Nicholas School of Environment) to determine 

topography and site conditions and potential water runoff impacts. 
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• Some parts of the sites have different elevations which may result in storm water runoff. 

Develop a storm water management plan by installing storm water drains, tanks and 

pipes. Use collected storm water to irrigate plants and reduce conventional water use. 

• Reduce unnecessary paving over the sites to reduce an impervious surface to encourage 

ground water recharge. 

• Provide a layer of trees and native vegetation around building to increase transpiration 

and reduce urban heat islanding effect. This will reduce HVAC load and reduce energy 

use as well as landscaping needs by using native vegetation.  

SITE LIGHTING: 

• Use LED lights along with PV solar panels/storage batteries to provide high quality low 

energy use lights. 

• Use LED lights in Latham Parking Deck especially as they will run 24 hours per day. 

 

WATER USE: 

• Use stored storm water for irrigation. 

• Use efficient systems like time/flow controlled sprinklers and drip irrigation. 

• Use low flow or waterless systems in washrooms. 

ENERGY USE: 

• Optimize building design to reduce energy use. Develop day lighting measures and use 

high performance serious windows. 

• Use sun shades if possible. 
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• Ensure that the building envelopes are properly sealed. Check all exterior doors and 

windows to ensure a perfect fit. Weather stripping for all doors and windows must be 

used. 

• Use window glass with high R values.  

LIGHTING: 

• Use energy efficient LED lamps with motion sensors and dimming. 

• Use CFLs and LEDs in place of High Intensity Discharge and incandescent bulbs. 

HVAC: 

• Use highly energy efficiency HVAC systems along with DDC energy management 

system (use real time system). 

• Turn of HVAC during vacations and long weekends 

• Follow a proper preventive maintenance schedule to ensure equipment runs at high 

efficiency even after several years of use.  

• Use Energy Recovery Ventilators and/or make-up units in conjunction with HVAC 

system to reduce energy consumption by reducing pre-heating and pre-cooling loads.  

MATERIALS AND RECYCLING: 

• Encourage building occupants to generate less waste. Use drinking water fountains and 

refillable bottles to save money, energy, and reduce waste.  

• Waste separation by paper, plastic, glass, and metal. 

• Develop an in-house and/or an external program for composting organic waste. 

• Establish a program for recycling electronic goods and batteries. 

 

INDOOR ENVIRONMENTAL QUALITY: 
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• Select materials such that they do not contain toxic chemicals (Green Labels). Use 

organic cleaning liquids for everyday cleaning. 

• Isolate chemical storage areas in the building. 

• Provide sufficient sound insulation to cut out unwanted noise and disturbances. 

BUILDING DESIGN: 

• Use Serious Windows 925 or 1125 Series for all installed windows. 

• Use Dryvit’s Custom Brick Exterior Insulation Finish System to ensure that the building 

is as efficient and as insulated as possible.  Building with Dryvit’s Custom Brick 

application will reduce the cost of construction and may reduce the size/capacity of 

HVAC equipment.  (Dryvit may provide up to 14 LEED points) 
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Chapter 8: Heating, Ventilation, and Air Conditioning 

 

Six Primary Comfort Variables 

Over the years, researchers of human comfort have established the variables that affect a human's 

thermal sensations and they have established the ranges of these variables within which the 

average person is comfortable. These "comfort" variables include air temperature, relative 

humidity, air motion, and mean radiant temperature. The mean radiant temperature is the average 

temperature of all of the surfaces that surround the person in question. These four variables are 

called the "environmental variables" because they represent the environment surrounding the 

body.  

A second set of variables, called the "personal" variables, are controlled by the individual. The 

two are the clothing insulation value, termed the "clo" value, and the metabolism rate, with units 

of "met"[8] 
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Figure 8-1 above shows various variables affecting thermal comfort [9] 

Comfort conditions have been difficult to visualize. Most people, mistakenly, equate comfort 

with an air temperature range. One hundred years ago, Willis Carrier, developed a method that 

allows us to visualize two of the variables -- the combination of air temperature and relative 

humidity that exist in a space. His tool is called the Psychrometric Chart. Psychrometrics, which 

Willis Carrier imagined and developed, is the study of air and water vapor mixtures, and is the 

scientific basis of the air conditioning industry. Below we see a psychometric chart that outlines 

the conditions at which most sedentary humans are comfortable; one envelope is for winter 

comfort and one for summer comfort. There is a difference because of the amount of clothing 

worn in the two different seasons. Any point located on the chart establishes the temperature (dry 

bulb) and the amount of water vapor in a unit quantity of air. If we were to select one 

temperature at which most humans would be comfortable year round, it would be around 74F 

(23C).[ 10] 

 
 

 

Figure 8-2 above shows a psychometric chart showing the zone of human thermal comfort [11] 



 

Hubbard-Totton Thermostat Simulation Using APOGEE 

We used APOGEE interactive energy analysis software for the Hubbard

determine current energy usage and how energy use would be reduced if thermostat temperatures 

are raised during summer and lowered during winter.

First, we started from a baseline of 68 F for summer thermostat temperature; the results show 

the energy and cost savings when thermostat temperatures are in

F.  In this case the winter temperature was kept constant at 76 F.

Second, we started from a baseline of 78 F for winter thermostat temperature; the results 

show the energy and cost savings when thermostat temperatures are lowered incrementally 

to 70 F.  In this case the summer temperature was kept constant at 68 F.
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Totton Thermostat Simulation Using APOGEE Software [12] 

We used APOGEE interactive energy analysis software for the Hubbard-Totton building to 

determine current energy usage and how energy use would be reduced if thermostat temperatures 

are raised during summer and lowered during winter. 

started from a baseline of 68 F for summer thermostat temperature; the results show 

the energy and cost savings when thermostat temperatures are increased incrementally to 76 

F.  In this case the winter temperature was kept constant at 76 F. 

 

started from a baseline of 78 F for winter thermostat temperature; the results 

show the energy and cost savings when thermostat temperatures are lowered incrementally 

to 70 F.  In this case the summer temperature was kept constant at 68 F. 
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Totton building to 

determine current energy usage and how energy use would be reduced if thermostat temperatures 

started from a baseline of 68 F for summer thermostat temperature; the results show 

creased incrementally to 76 

 

started from a baseline of 78 F for winter thermostat temperature; the results 

show the energy and cost savings when thermostat temperatures are lowered incrementally 

Electricity Cost

Electric/Heat Cost

Costs for Summer for Thermostat Settings



 

Then, we did the energy analysis for thermostat temperatures which are currently in place on 

campus.  The observed current summer thermostat temperatures range from 69 F to 71 F.  

Current winter thermostat temperatures range from 74 F to 76 F.
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the energy analysis for thermostat temperatures which are currently in place on 

campus.  The observed current summer thermostat temperatures range from 69 F to 71 F.  

Current winter thermostat temperatures range from 74 F to 76 F. 
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the energy analysis for thermostat temperatures which are currently in place on 

campus.  The observed current summer thermostat temperatures range from 69 F to 71 F.  
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Next, we did the energy analysis for our proposed thermostat temperatures. We recommend 

that thermostat temperatures for summer be raised to a range of 74 F to 76 F.  In winter, 

thermostats should be lowered to 70 F to 72 F.

 

Then, we did the energy analysis for a building r
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gy analysis for our proposed thermostat temperatures. We recommend 

that thermostat temperatures for summer be raised to a range of 74 F to 76 F.  In winter, 

thermostats should be lowered to 70 F to 72 F. 

Then, we did the energy analysis for a building running at 70 F during summer and 75 F in 

winter. Then, the same energy analysis was done when the building was shut down/powered 

down for 92 hours every week out of a total of 168 hours in a week, and raised the summer 

thermostat temperature to 75 F and lowered it to 70 F during winter. 
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gy analysis for our proposed thermostat temperatures. We recommend 

that thermostat temperatures for summer be raised to a range of 74 F to 76 F.  In winter, 

 

unning at 70 F during summer and 75 F in 

winter. Then, the same energy analysis was done when the building was shut down/powered 

down for 92 hours every week out of a total of 168 hours in a week, and raised the summer 
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This table (8-1 below) represents the estimated cost and energy savings which can be achieved 

simply from raising the thermostats in summer and lowering them in winter, as witnessed from 

the charts above. 

Notes:  The software used is APOGEE Interactive. 

Software uses electricity cost of $0.069 per kWh as actual rate is $0.0648; software use

 

Through the implementation of these thermostat and temperature changes, 

estimate a 30% reduction in energy usage/costs across the campus, conservatively saving 

approximately $1,320,981.37 per year

hours and some operate longer than others, however, this estimate is conservative based on the 

numbers we have observed from the implementation of a HVAC schedule in the Hubbard

building as illustrated below.  
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represents the estimated cost and energy savings which can be achieved 

simply from raising the thermostats in summer and lowering them in winter, as witnessed from 

 

Notes:  The software used is APOGEE Interactive. www.apogee.net; numbers are estimates/projections; actual energy/numbers may vary;

Software uses electricity cost of $0.069 per kWh as actual rate is $0.0648; software uses a natural gas cost of $1.10 per therm.

Through the implementation of these thermostat and temperature changes, we conservatively 

estimate a 30% reduction in energy usage/costs across the campus, conservatively saving 

approximately $1,320,981.37 per year.  We understand that buildings have different operating 

hours and some operate longer than others, however, this estimate is conservative based on the 

numbers we have observed from the implementation of a HVAC schedule in the Hubbard
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Hubbard-Totton Building HVAC Scheduling 

We were able to implement a HVAC schedule with a nightly and weekend thermostat set-

up/chiller shutdown.  The numbers were staggering, especially for a no-cost, immediately 

implementable energy/cost saving measure.  Below (table 8-2) are the numbers which were 

gathered during the set-up/shutdown:  

 

    As illustrated by the numbers, we were able to realize a 47.94% reduction in HVAC energy 

costs simply by raising the thermostats and shutting down the chiller during periods of known 

non-use.  The numbers are even higher for holidays and weekends (around 80%). 

     We have provided the weekly Hubbard-Totton HVAC schedule (Figure 8-3) for a normal 

week below as an example.  We have developed, and received approval from the building 

managers, for HVAC schedules for a total of six buildings.   

HUBBARD TOTTEN BUILDING - PILOT HVAC SHUTDOWN and SET-UP DATA

NORMAL CAPACITY BASELINES:

1st Weekend 2nd Weekend

kWh used over 60 hours 2,008 1,527

Electricity Costs/Weekend $130.12 $98.95

Avg. kWh used/60 hrs 1,768

Avg. kWh/hr 29.47

Avg. Electricity Costs/Weekend $114.53

HVAC CHILLER SHUTDOWN DATA:

Weekend Shutdown 

Holiday Weekend 

Shutdown

Length of Shutdown (hours) 61.75 97.5

kWh Used 403 544

kWh per hour 6.526 5.58

% of Energy Used 22.14% 18.93%

% of Energy Saved as Compared 

to "Normal" Usage 77.86% 81.07%

Electricity Costs over Shutdown $26.11 $35.25

Cost Savings over Shutdown $88.42 $79.28

Total Savings Over Shutdown 

Weekends $167.70

NIGHTLY HVAC TEMPERATURE SET-UP

Pre Set-Up (69-71F) Post Set-Up (78-80F)

kWh per Hour 26.33 13.71

kWh Used over 24 hrs 632 329

Electricity Cost per 24 Hours $40.95 $21.32

Percentage of Energy/Cost Savings 47.94%
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Recommendations 

As these energy analysis results show, significant energy savings can be obtained by raising the 

thermostats during summer and lowering them during winter.  Also, building shutdowns/power-

downs during nights, weekends, and public holidays can save significant amounts of money and 

energy.  Many buildings already have Direct Digital Controls/Building Automation Systems 

already installed while ten more buildings will have this system installed or upgraded under the 

Chevron ESCO contract. 

Date: 7/9/2009

TIME Sun Mon Tue Wed Thu Fri Sat

Symbol 

0:30

1:00  NOTE: AC is ON

1:30

2:00  

2:30  AC is OFF 

3:00

3:30

4:00 Unit

4:30

5:00 Setting : AHU1 1 st Floor

5:30 AHU1A Lecture Room

6:00 AHU3 2 Floor 

6:30 AHU4 3 rd Floor

7:00

7:30 Outdoor Condenser Unit & AHUs OFF

8:00 Pumps:  OFF 

8:30

9:00

9:30

10:00

10:30

11:00

11:30

12:00NOON

12:30

13:00

13:30

14:00

14:30

15:00

15:30

16:00

16:30

17:00

17:30

18:00

18:30

19:00

19:30

20:00

20:30

21:00

21:30

22:00

22:30

23:00

23:30

HUBBARD-TOTTON ENERGY SAVING SCHEDULE

Serving Area

Status
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        We recommend that all building managers actively participate in the implementation of this 

scheduling program by providing the detailed schedules for their buildings. Based on these 

schedules, facilities services and HVAC Shop can get together to implement them.  We do 

understand that there may be some technical challenges in implementing these schedules, so we 

strongly recommend that technical help from TAC and/or Chevron be utilized to ensure its 

implementation in a proper and a systematic manner.  We strongly encourage building managers, 

HVAC shop, and Facilities Management improve coordination to ensure everyone is on the same 

page and implement the scheduling in the interests of reducing energy usage and saving money. 

What is Heat Loss?  

       Generally most office buildings have temperature set at about 75 F for winter. This is 

called the Winter Inside Design Temperature. However, because it is cold outside, heat 

travels through the building envelope, the walls, windows and ceilings to the outside. This 

heat is lost by conduction. Also, cold winter air leaks into the building and warm air leaks 

out. This is called infiltration. 

     There is a continuous movement of heat from the inside to the outside, which is measured 

in units called BTUs (British Thermal Units). The speed of the movement of heat is called 

the Heat Loss and is measured in BTUH, which means BTUs per Hour. If it is 75 F inside the 

building and 50 F outside then the 25 F temperature differential will cause a certain number 

of BTUs to leave the house each hour, let’s say that that number is 100000 BTUH. The heat 

loss of this building at 50 F is 100000 BTUH. This means that the heating system needs to 

produce 100000 BTUs each hour to keep the building at 75 F, when it is 50 F outside. 
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       If the temperature difference between outside and inside temperature increases, then the 

building will lose more heat each hour and rate of the heat loss will be higher. The 

temperature to use as an outside temperature is called the Winter Outside Design 

Temperature. Because the heat loss at any temperature other than the design temperature is 

not really a relevant number, we usually just say Heat Loss, rather than Design Heat Loss. In 

reality outside temperature does not remain constant but fluctuates hourly and daily making 

exact calculations difficult. 

         The Heat Loss of the house is the number of BTUs lost each hour when the house is at 

the Inside Design temperature inside and the outside is at the Winter Outside Design 

Temperature. Heat loss is made up of the heat lost by conduction through the building 

envelope and infiltration 

Here is a summary of the factors affecting heat loss: 

1. Temperature difference   

Reducing the inside temperature is a way to reduce heat loss. Rate of heat loss is directly 

proportional to the temperature difference between the system (Building) and surroundings 

(the environment). This is show by the simple graph (figure 8-4) below. Building Envelope 

consists of insulated/uninsulated walls, windows, doors, intake and exhaust vents etc. 
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Figure 8-4  

2. Area of the building envelope  

 Smaller buildings have lower heat losses than larger ones. Larger surface area of building 

promotes more heat loss. 

3. Thermal Resistance            

Adding insulation to the walls and ceiling (increasing R-value) slows the movement of heat, 

thus reducing heat loss.  

4. Tightness  

Better window frames, sealing cracks particularly around doors reduces air infiltration.   
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The figure(8-5) above shows where the heat loss occurs for a house/building 

Source: Scottish Government website. [13] 

What is Heat Gain?  

 Heat Gain occurs in the summer time and is made up of: 

1. heat gained by conduction (through walls, windows, ceilings etc) 

2. heat gained by infiltration (warm outside air coming in, cool inside air leaking 

out)  

3. moisture gained by infiltration (moist outside air coming in, dryer air leaving)  

4. Radiation from the sun, either direct or indirect, through windows, glass doors 

and skylights.  

5. Heat and moisture given off by people. ( this is a difficult problem to fix) 

6. Heat given off by appliances. ( Using LED tube lights will solve this problem 

as LEDs emit almost no heat) 
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Heat gained by conduction and heat gained by infiltration are directly related to the 

temperature of the outside air, just like their counterparts in winter heat loss calculations.  3, 4, 

5 and 6 occur no matter what is the outside temperature. 

 

Buildings with Little or No Insulation (above) 

During summer there is significant heat gain which causes occupant discomfort and increases the 

cooling load on the chiller. During winter, there is significant heat loss resulting in occupant 

discomfort and requires more work by heater. (Heating load) 

 

Buildings with Good Insulation (above) 
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Building envelope (walls, windows, doors, roof and vents) is designed for energy efficiency. 

During summer there is very little heat gain and cold air leakage is significantly reduced. This 

reduces the cooling load on chiller, saving energy. During winter there is very little heat loss and 

warm air leakage is minimized. This reduces the load on heater (heating load) saving energy. 

Recommendations for Reducing Chiller Energy Use over Summer Break    

     One of the key recommendations in our report is to raise the thermostat temperature during 

summer months to reduce energy consumption in buildings on NCCU campus. However it 

appears that given the way the Building Automation systems (BAS) are currently wired, energy 

use might actually increase if thermostats are raise during summer without necessary adjustments 

to building automation system. 

       In case of Hubbard-Totton and other such buildings having a direct digital control/building 

automation system the problem occurs as a result of present set up of various systems. When the 

thermostat temperature is raised from 68 to 74 F the heating coils which are a part of the HVAC 

system become activated to generated heat to raise the temperature to 74 F. On detailed 

discussion with Mr. Herbert Simpson (HVAC Engineer) and Mr. Phil Allen from TAC the 

following solutions are recommended to solve this problem. 

• Raise the temperature set point permanently on all the buildings to at least 72 F. If the 

staff agrees the temperature can be raise to 74 F for summer. Recently UNC unveiled a 

new energy policy under which the thermostats are to be maintained at 76 to 78 F during 

summer and 69 to 71 F for winter. The link to that policy is attached here.  

http://www.unc.edu/campus/policies/Energy_Use_Policy.pdf 
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• Also raise the temperature differential to 7 or 8 F from existing 2 F. so only if the 

temperature falls below say 68F will the heater come on. This is highly unlikely during 

summer. Implementing this measure can be done in house and will require some quick 

and easy software program changes.  

• We can also recommend that facilities services work closely with TAC to understand and 

implement this no cost energy saving measure. 
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Chapter 9: Hubbard Totton Building Envelope  

 

        Currently most buildings on NCCU campus use a common wall construction layer of brick 

held together by mortar (a paste formed by mixing cement, fine sand, and water), an air gap, and 

concrete masonry unit (CMU). On discussion with Mr. Chuck Batten, facilities construction 

engineer, we were told that the current insulation value of the constructed walls is less than R 2. 

The insulation value for asphalt shingles (roof) was even lower at 0.44. [14] This insulation value 

is extremely low and it is critical for overall reduction in heat transfer, and reducing energy 

consumption.  The overall insulation value of the building envelope must be improved 

significantly. We recommend Exterior Insulation and Finish Systems (EIFS) for walls and Batt 

Insulation for the roof.  (See Appendix E-1 for an EIFS quote for Hubbard-Totton building from 

Southern Wall Systems) 

     Picture 9-1 below shows the existing wall systems on most buildings on NCCU campus. 

 

 
 

Picture 9-1 Source: Mr. Tim Williams, Facilities Construction Specialist, NCCU  
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Exterior Insulation and Finish Systems 

          Exterior Insulation and Finish Systems (EIFS) are multi-layered exterior wall systems that 

are used on both commercial buildings and homes. They provide superior energy efficiency and 

offer much greater design flexibility than other cladding products. Developed in Europe in the 

1950s, EIFS were introduced in the U.S. almost 40 years ago. They were first used on 

commercial buildings, and later, on homes. Today, EIFS account for nearly 30% of the U.S. 

commercial exterior wall market. EIFS typically consist of the following components: [15] 

• insulation board, made of polystyrene or polyisocyanurate foam, which is secured to the 

exterior wall surface with a specially formulated adhesive and/or mechanical attachment  

• a durable, water-resistant base coat, which is applied on top of the insulation and 

reinforced with fiber glass mesh for added strength  

• An attractive and durable finish coat -- typically using acrylic co-polymer technology -- 

which is both colorfast and crack-resistant. [16]   
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Source: EIMA website 

Retrofitting with EIFS is a very efficient method to add thermal value to the structure and also 

provide cosmetic value at the same time. On discussions with facilities management here it was 

understood that they want to maintain the existing red brick façade on the buildings even after 

application of EIFS. Using custom brick finish, EIFS can be made to look almost identical to 

existing building facade. 

There are many factors to consider and that contribute to an energy evaluation so we are going to 

make assumptions based on certain benchmarks to provide these guidelines.   

There are many factors to consider in retrofitting an existing building like window details, door 

details, and parapet details. One is basically adding two inches to the exterior wall, so there must 
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be defined details as to how the system will be terminated and waterproofed all these areas. 

Sufficient care must be taken to insure that water penetration does not occur behind the system. 

There is some simple arithmetic that can be assumed by adding 2 inches of Expanded 

Polystyrene to the outside of the building. Each inch of insulation represents a 4.17R factor so 

you will automatically gain 8.34R factor. Below is a list of advantages in the use of Expanded 

Polystyrene (EPS), which is the insulation, utilized within the EIFS System.[17] 

• Insulation value of EPS is permanent and not affected by aging or moisture. 

• Cost efficiency:   EPS can achieve higher R values at lower cost.  As compared to a cost 

per R basis (according to ASHRAE) EPS provides more insulation than any other 

insulation board product. 

• Constant R-Values:   There are no adverse effects such as deterioration and loss of R 

value. 

• EPS is moisture resistant with a low water vapor transmission but is not a vapor barrier 

thus allowing vapor gases to pass through the wall assembly. 

• EPS is a resilient product providing reasonable absorption of the building movements 

without transferring stress to the outer skins at the joints. 

• EPS provides no nutritive value to plants, animals or organisms.  It will not rot and is 

highly resistant to mildew. 

• EPS is lightweight and can be installed in a tight fit to eliminate heat loss and air 

infiltration.  It also adds very little additional weight to the structure thus not requiring 

additional structural requirements. 
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• EPS allows design flexibility within its internal ability to be cut and shaped; such as, 

ornamental window trim, pediments, etc.   

The formation of a thermal envelope effectively wraps the entire building in a blanket of 

insulation. This eliminates “cold spots” in the building. Most buildings where cavity insulation 

batts are utilized only realize approximately 60% of the area versus 100% coverage when using 

an EIFS system. Keeping the heat or cold on the outside of the building provides a more constant 

temperature on the inside of the building thus reducing the use of the HVAC system resulting in 

less cost in utilities.  

It is important to note that Exterior Insulation and Finish Systems by itself cannot be considered 

the solution to a building heat transfer problems. The renovation or retrofit of the building must 

take into account all the factors contributing to the issues the building is incurring and each must 

be addressed appropriately. 

Using an EIFS system results in significant energy savings, not only when it is applied, but 

during all the stages of its lifecycle.  According to extensive and detailed testing by Oak Ridge 

National Laboratory, EIFS with drainage performed better than other typical exterior claddings 

(e.g. brick, stucco and cement fiber siding) in moisture resistance and insulation. [18] 
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The pictures below shows various environmental and energy saving benefits of EIFS 

 

 

Source: Mr. Steve Younts, Circle Supply of Raleigh, Dryvit information brochure  
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Source: Mr. Steve Younts, Circle Supply of Raleigh, Dryvit information brochure  

        We spoke to Marcella Yates, University Architect for the University of Nevada at Reno, 

about the EFIS system they used for the new construction of a residence hall which was featured 

in a Custom Brick Brochure.  According to Ms. Yates, EIFS saved about 4 months in 

construction time, allowing them to open the residence hall for the fall semester instead of not 

until the spring.  The EIFS system made it possible for them to begin occupying the residence 

hall sooner, receiving revenues sooner, to pay the construction costs more quickly.  She said they 

also saved a “significant amount of money” in construction materials and labor costs as well.   
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Serious Windows 

The Hubbard Totton building has a total of 119 windows; 14 on south side, 50 on the east side, 

17 on the north side, and 38 on west side of the building.  

Problem 

The currently installed windows are very old aluminum framed, aluminum extruded double pane 

windows.  We were told by Mr. Chuck Batten (Facilities Construction Engineer) that these 

windows were installed in mid-1980s, long before the Energy Star system came along. The 

various attributes of these windows such as:  U value, R value, SHGC, visible light 

transmittance, E values, and UV ray protection are very poor. These windows have grills 

between the two sheets of glass, but the grill does not serve any purpose other than aesthetics. 

 

Picture (9-1) Seen above are the existing windows on Hubbard-Totton Building. Same types of 

windows are used widely on all buildings on campus. Due to excessive heat and light most 

windows have blinds. They remain shut throughout the year. 

         The biggest disadvantage of aluminum as a window frame and grill material is its high 

thermal conductance.  It readily conducts heat, greatly raising the overall U-factor of a window 

unit.  . These windows result in significant heat gain during summer thus heating up the building 
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and causing occupant discomfort and increasing the cooling load on the chiller. Because of this 

blinds are used by occupants, not allowing useful daylight to come through resulting in all lights 

running throughout the day.  

Specifications for current windows: 

U-Value     R-Value       SHGC     VT          Glass Package                  Glazing                      Gas 

0.76            1.315           0.68      0.68       clear Glass                        dual pane                 none 

Source: www.efficientwindows.org[19] 

Solution 

        We propose that existing inefficient windows be replaced by high performance 925 series 

Serious Windows. These are energy efficient high performance windows. We recommend using 

energy efficient low profile fiberglass frames along with the window. Fiberglass frames are 

dimensionally stable and have air cavities (similar to vinyl) and when the cavities are filled with 

insulation, fiberglass frames have a thermal performance superior to wood or vinyl (similar to 

insulated vinyl frames).  Since the material is stronger than vinyl, it can have smaller cross-

sectional shapes and thus less area. The type of window to be used is a picture-window without 

grills.  (See Appendix E-2 for the quote from Serious Windows for Hubbard-Totton building).  
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This is a picture window without a grille. It is a fixed window. The picture has been used for 

explanation purposes only. 

925 series Serious Windows Specifications:[20] 

U-Value     R-Value       SHGC     VT       Glass Package                  Glazing                      Gas Fill        Tax 

Credit 

0.11              9.1            0.22        0.38     Serious Glass 14 Sunshade     Dual Pane, Double Film   Krypton         Yes 

0.76            1.315         0.68        0.68      Clear Glass                            dual pane                           None                No 
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Window Information and Definitions of Key Terms  

Visible Transmittance (VT) 

The visible transmittance (VT) is an optical property that indicates the amount of visible light 

transmitted. The National Fenestration Rating Council (NFRC's) VT is a whole window rating 

and includes the impact of the frame which does not transmit any visible light. While VT 

theoretically varies between 0 and 1, most values are between 0.3 and 0.8. The higher the VT, 

the more light that is transmitted. A high VT is desirable to maximize daylight. 

  

Solar Heat Gain Coefficient (SHGC) 

The SHGC is the fraction of incident solar radiation admitted through a window, both admitted 

through a window, both directly transmitted, and absorbed and subsequently released inward. 

SHGC is expressed as a number between 0 and 1. The lower a window's solar heat gain 

coefficient, the less solar heat it transmits. 
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Source: www.efficientwindows.org[21] 

Durham, NC falls under the North/Central Climate (yellow zone). If you have significant air 

conditioning costs or summer overheating problems, look for SHGC values of 0.40 or less.  

 

U-Factor 

The rate of heat loss is indicated in terms of the U-factor (U-value) of a window assembly. The 

insulating value is indicated by the R-value which is the inverse of the U-value. The lower the U-

value, the greater a window's resistance to heat flow and the better its insulating value select 

windows with a U-factor of 0.40 or less. The larger your heating bill, the more important a low 

U-factor becomes. 

 

Air-leakage rating 

Air-leakage rating is a measure of the rate of air-leakage around a window, door, or skylight in 

the presence of a specific pressure difference. It is expressed in units of cubic feet per minute per 

square foot of frame area (cfm/sq ft). The lower a window's air-leakage rating is, the better its air 

tightness. 

 

R-value 

R-value is a measure of the resistance of a glazing material or fenestration assembly to heat flow. 

It is the inverse of the U-factor (R = 1/U) and is expressed in units of hr-sq ft-°F/Btu. A high-R-

value window has a greater resistance to heat flow and a higher insulating value than one with a 

low R-value.  
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E value/Low-Emittance Glass Windows  

These windows reflect radiant infrared energy, thus tending to keep radiant heat on the same side 

of the glass from which it originated. This often results in more efficient windows because: 

radiant heat originating from indoors is reflected back inside, thus keeping heat inside in the 

winter, and infrared radiation from the sun is reflected away, keeping it cooler inside in the 

summer. 

 

 

Source: Pacific Glass and window website. For explanation purposes only. 
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Serious Windows Facts as provided by them. 

Serious Windows: 

• Have a 20 year commercial warranty 

• Expected 30 year lifespan 

• Can be repainted and have their lifetime can be extended by another 30 years 

• Use krypton gas in between two sheets of glass for super insulation  

• During transportation and installation they use a special balloon system ensure no gas 

leaks out 

• Once installed, every year about 0.5 to 1 % gas leaks from the window. 

• After approximately 25 years the gas level reaches 75% of the original level, so an R-9 

window will provide insulation equivalent to R-6 after 25 years 

• Currently Serious Windows do not have technology to refill the gas, but we were told 

that they might in the future 

• Low E value of the glass does not degenerate and retains it values for over 50 years 

• Provide 99.5% UV protection 

 

Picture above shows the layout of a serious window. Source: serious windows 
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Urban Heating and Green Roofs  

 

 

Above: NCCU’s well laid out campus with sufficient spaces between the building and many 

trees help in reducing urban heat islanding effect. Slanting roofs on most buildings make it 

impossible to put a green roof on top of the building. A possible suggestion may be to use light 

colored paints for the roofs to reflect more sunlight and absorb less heat. We also recommend R-

30 batt insulation to be put underneath (inside) the roof to provide good insulation.  
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Weather 

Durham, North Carolina 

Elevation: 410 feet      Latitude: 36 02N   Longitude: 078 58W  

  Average Temperature Years on Record: 30  

 

 

 

YEAR 

 

Jan. 

 

Feb. 

 

Mar. 

 

Apr. 

 

May 

 

Jun. 

 

Jul. 

 

Aug. 

 

Sep. 

 

Oct. 

 

Nov. 

 

Dec. 

 
°F 57.8 37.1 39.4 48.3 57.4 66.1 73.4 77.1 76.1 69.7 58.7 49.6 40.7 

  Average High Temperature Years on Record: 30  

 

 

 

YEAR 

 

Jan. 

 

Feb. 

 

Mar. 

 

Apr. 

 

May 

 

Jun. 

 

Jul. 

 

Aug. 

 

Sep. 

 

Oct. 

 

Nov. 

 

Dec. 

 
°F 70.5 49.1 52.3 61.9 71.3 79.2 85.5 88.8 87.7 82.1 72.4 63.1 52.8 

  Average Low Temperature Years on Record: 30 

 

 

 

YEAR 

 

Jan. 

 

Feb. 

 

Mar. 

 

Apr. 

 

May 

 

Jun. 

 

Jul. 

 

Aug. 

 

Sep. 

 

Oct. 

 

Nov. 

 

Dec. 

 
°F 45 25.1 26.5 34.6 43.4 53 61.3 65.3 64.4 57.4 44.9 36 28.6 

  Average Precipitation Years on Record: 30  

 

 

 

YEAR 

 

Jan. 

 

Feb. 

 

Mar. 

 

Apr. 

 

May 

 

Jun. 

 

Jul. 

 

Aug. 

 

Sep. 

 

Oct. 

 

Nov. 

 

Dec. 

 
in. 48.1 3.9 4 4.3 3.3 4.6 4.3 4.3 4.9 3.6 3.6 3.5 3.7 

  Heating Degree Days Years on Record: 30 

 

 

 

YEAR 

 

Jan. 

 

Feb. 

 

Mar. 

 

Apr. 

 

May 

 

Jun. 

 

Jul. 

 

Aug. 

 

Sep. 

 

Oct. 

 

Nov. 

 

Dec. 

 
Days 3867 865 717 518 235 62 --- --- --- 27 228 462 753 

  Cooling Degree Days Years on Record: 30 

 

 

 

YEAR 

 

Jan. 

 

Feb. 

 

Mar. 

 

Apr. 

 

May 

 

Jun. 

 

Jul. 

 

Aug. 

 

Sep. 

 

Oct. 

 

Nov. 

 

Dec. 
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Days 1278 --- --- --- 7 96 255 375 344 168 33 --- --- 

Source: www.weatherbase.com[22] 

Effects of EIFS, Serious Windows, & Batt Insulated Roof on Energy Costs 

Methodology 

We used the above cooling and heating degree days for Durham, NC to determine the effects of 

EIFS, Serious Windows, and a Batt insulated roof on the Hubbard-Totton building’s energy 

consumption and costs.   

Findings 

Below are the calculated energy and cost savings based on the cooling and heating degree days.  

(See Appendix F-1 for detailed calculations)  
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Energy and financial calculations for building envelope: 

 

 

 

 

 

HUBBARD TOTTON BUILDING ENVELOPE

Current Building Envelope

R value U value

Aluminum Double-Pane 

Windows 1.315 0.76

Brick+CMU Walls 2 0.5

Asphalt Shingle Roof 0.44 2.7272

heating energy 949,745.67

cooling energy 313,880.33

Total(in KWh) 1,263,626

Cost in $ $81,882.96

Recommended Building Envelope

R value U value

Serious Windows 9.11 0.11

EIFS Walls 10 0.1

Batt Insulated Roof 30 0.033

heating energy 60909.3

cooling energy 20,129.83

Total(in KWh) 81,039.13

cost in $ $5,251.33

Estimates annual energy  savings in KWh 1,182,587

Estimates annual energy cost savings in $ $76,632

Total cost for EIFS and roof insulation $284,800

Total cost for serious windows $85,680

Total ($) $370,480

Simple Payback (Years) = 4.83
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Chapter 10: Energy Service Companies 

      In an effort to reduce energy costs, NCCU accepted bids from four energy service companies 

(ESCOs), Trane Comfort Solutions, Chevron Energy Solutions, T.A.C, and ConEdison, for a 

Guaranteed Energy Savings Performance Contract.  The ESCOs were to perform audits of ten 

buildings on NCCU’s campus and determine specific energy conservation measures for each 

building in the areas of:  lighting, HVAC, water, building controls, and renewable energy.  We 

aided the Facilities Management administration in evaluating and choosing the ESCO for the 

performance contract.   We compiled the data from each ESCO’s proposal, analyzed and 

compared the financials, guaranteed savings, energy conservation measures for each building, 

post-construction services provided, service costs, subcontractor markups, and training and 

education for maintenance staff.  NCCU decided to award Chevron ES with the performance 

contract. 

 

     While helping evaluate the ESCOs’ proposals, we were able to identify common energy 

efficiency problems that were common in most, if not all, of the ten buildings.  This evaluation 

process gave us a good idea as to what problems to look for in other buildings on campus and 

some solutions we could apply.  Also, the ESCOs handled most of the low-hanging fruit which 

allowed us to explore some different energy conservation measures for more buildings on 

campus.   

        We recommend that Chevron ES work with T.A.C, using T.A.C as a subcontractor for 

the implementation of T.A.C’s steam plant recommendations. 
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Chapter 11: Other General Recommendations 

Hubbard-Totton Building  

     We are proposing several short and long term energy conservation measures (ECMs), all of 

which make use of independently-verified technology.  Some of our ECMs are no-cost or low-

cost solutions while others require significant capital investments.  We propose to use the 

Hubbard-Totton building, in which Facilities Management is located, as the “test” building for 

all of our ECMs.  We have gathered the most data for this building and are confident that if all of 

our ECMs are implemented in this building the energy savings would be dramatic to say the 

least.  By using this building as a test case, it would signify NCCU’s and Facilities 

Management’s commitment to energy efficiency and generate some great publicity for the 

school.  In addition, it would provide a baseline to measure the performance of the ECMs so that 

projections can be made as to the potential savings which may be achieved by implementing 

these ECMs on other buildings on campus. 

Duke Energy Incentives and Rebates 

      Duke Energy has a rather extensive rebate and incentive program and most, if not all, of our 

ECMs will qualify for some sort of incentive and/or rebate.  We want to be sure that Facilities 

Management is aware of these incentives and does submit the proper paperwork for these 

projects.  The Custom Incentives form for Duke Energy is located in the appendix.  (See 

Appendix C-1). 

Employee/Staff Training and Education 

        The best way to maintain efficiency after ECMs have been implemented is to properly 

maintain the new equipment and/or systems.  In order to realize maximum efficiency from these 
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materials they must be maintained properly and as scheduled.  Employees and maintenance staff 

must be educated and trained in the equipment and systems with which they will be working.  

Employee education and re-education is critical to maintaining an efficient and functioning 

campus.  We have seen employees reluctant to accept training under the theory that it would not 

benefit them, but we quickly saw that training and re-education was necessary for these 

employees to effectively perform their jobs.  We suggest regular maintenance and 

troubleshooting training for employees for existing equipment.  Also, we recommend that 

maintenance and troubleshooting training be mandatory for all employees who will be working 

or interacting with the equipment or system.  This will improve the efficiency of the staff as well 

as the equipment.   

Clothing 

          In 2005 the Japanese government passed a measure to get men to stop wearing suits to 

work in the summer.  The idea behind this was that air conditioning systems could be scaled 

back if people were wearing less clothing.  In just two years after implementing this program, 

Japan reduced its greenhouse gas emissions by more than two million tons.[ 23] Since we are 

proposing to raise the temperature in the buildings during summer, we also recommend that 

university employees not, and not be required to, wear suits during summer months unless there 

is an occasion where they are absolutely necessary.  For employees who do not wear suits, they 

should wear appropriate clothing to keep them comfortable at those temperatures.    

Chancellor’s Box at O’Kelley-Riddick Stadium 

         During our initial assessment of the campus we visited the Chancellor’s Box in O’Kelley-

Riddick Stadium and noticed that the air conditioning was on, keeping the suite at 71 degrees 

even though it was unoccupied.  We recommend that the air conditioning and heat in this room 
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be left off when not being used.  The Chancellor’s Box is generally only used five times per year 

(not including graduation or other special events) during each of the five home football games 

per season.  The HVAC unit only needs to run about 10 days per year, turned on one day before 

each home football game in order to get the room to a comfortable temperature before it is 

occupied.  We estimate that this will save, on average, $100 per month and approximately 

$1,200 per year.     
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Chapter 12. Barriers to Energy Efficiency at NCCU 

Financing 

       North Carolina Central University is a state-funded, public institution.  It does not pay any 

taxes and is given a strict budget by the state of North Carolina in which to operate.  Currently 

the state of North Carolina is operating within a budget deficit which has halted “unnecessary” 

spending and imposed budget cuts onto most state institutions, including NCCU.   

     NCCU operates under a strict budget sanctioned by the state of North Carolina, which makes 

it difficult to get projects financed that are not in the current budget.  Any leftover monies not 

used during the given fiscal year are returned to the state.  The return of unused monies from the 

budget is one barrier to funding energy efficiency projects as the university is not allowed to 

keep any savings resulting from the implementation of energy efficiency projects.  This also 

makes it difficult to approve energy efficiency and conservation projects which require 

significant upfront investments.  

      Operating within these strict budget constraints has led to many projects being “value 

engineered” and the low-cost bidder receiving the project.  Unfortunately, many of the first 

measures to be cut from a construction budget are those deemed to be merely energy efficiency 

measures.  This results in higher life cycle and energy costs over the life of the project, or 

structure.   

         Being a state institution in itself is a financial barrier to energy efficiency projects as well 

as the process which NCCU employees must undergo in order to select, approve, finance, and 

implement a project.  In most cases, projects must be opened for bids from various contractors or 

vendors, the bids are evaluated, one is selected, the selection is submitted to the Chancellor and 

Board of Trustees for approval, financing must be obtained and approved, then the project can 
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begin.  The employees and administration do their best to expedite this process, which must be 

followed as state funds are involved, but there is only so much that can be expedited.  If state 

institutions are allowed to retain some of their energy savings from energy-efficiency projects 

then more improvements, and continuous improvements, can be made.   

         Fortunately now the mindset and attitude is there to curb the energy consumption of 

NCCU.  Reducing the energy consumption has become a primary focus for the state of North 

Carolina and the administration at NCCU.  Duke Energy has already approved an 8% increase 

for their commercial clients, including NCCU.  Just this alone will result in a $170,000 increase 

in NCCU’s electricity bill if electricity consumption stays the same as it was in 2007 – 2008.  

NCCU’s Duke Energy account representative told us that if the American Clean Energy and 

Security Act of 2009 passes Congress as it is currently written then their commercial customers 

in North Carolina can expect about a 20% increase in rates.        

Workplace Culture and Employee Education  

        Over the course of the internship we observed a lack of attention to detail when it came to 

servicing, maintaining, and programming HVAC equipment and building automation systems.  

NCCU currently has some of the latest technology in terms of building automation and HVAC 

controls, but those technologies are not currently being leveraged.  Detailed maintenance 

schedules and records, trained employees, continuing education for employees on all existing 

and new equipment, and strict oversight are all crucial elements to becoming and maintaining an 

energy efficient campus.  All equipment must be properly maintained to sustain its rated 

efficiency.  Also, proper maintenance is essential to keeping repair costs to a minimum.   

       NCCU currently has building automation controls for several buildings on campus which are 

not being fully utilized.  The use of these systems can save tens of thousands of dollars in energy 
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costs as seen in our Hubbard-Totton HVAC numbers.  We recommend that mandatory training 

be required for all maintenance staff in areas of equipment maintenance and using building 

automation software. NCCU is working to outsource the building controls via a service 

agreement.  This will allow NCCU to realize the full benefits of building control software while 

allotting for time to correctly train and educate employees in using the software so that they can 

take over the controls at the end of service agreement. We did succeed in setting a schedule for 

the Hubbard-Totton building in which we realized dramatic results.                  

Maintaining the “Status Quo” 

         Although it may be a small victory to keep some of the older equipment on campus merely 

functioning, it is not enough to adopt this philosophy for all equipment on campus.  A change in 

the attitudes of employees from simply keeping the equipment operating, to keeping the 

equipment functioning at its most efficient and cost-effective must be realized.  The notion of 

simply keeping the equipment operating results in equipment energy inefficiency, higher costs, 

shorter equipment life, and more servicing.      
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Chapter 13. Discussions and Conclusions 

Proposed Energy Efficiency & Conservation Measures and Financial Analysis Table  

ECM
# 

Energy conservation 
measure 

Costs-
equipment and 
Labor($) 

Estimated 
annual 
energy 
savings(KW
h) 

Estimated Energy Cost 
savings($) 

Simple 
Payback
(Years) 

 Annual 
CO2 
Reductions
(tons) 

        annual 5 year     

1 Lighting 2,123,781 4,741,722 632,863 3164313.5 3.36 2619 

2 Residence Halls 0 1145555.67 74231.69 371158.45 Instant 633 

3 Steam Plant (NG) 526,643 13235818.44 473796 2368980 1.11 7311 

4 
Window Film 
(Cafeteria) 33,363.54 73552.78 4766.22 23831.1 7.00 41 

5 MPU (Cafeteria) 42,000 1624830.06 49415 247075 0.85 897 

6 
HVAC 
power/shutdown 0 27860023.46 1320981.37 6604906.9 Instant 15389 

7 
Vending Machine 
Miser 8,487 105913 6354.78 31773.9 1.34 59 

8 Building Envelope 370,480 1182587 76631.63 383158.15 4.83 653 

                

  Total= 3,104,755 49,970,003 2,639,039 13195197   27602 

      
54% 
reduction* 

65% 
reduction*       

  
current CO2 
emissions= 51296.15 tons*           

  
Estimated CO2 
Reduction 27602 tons *= From 2007-08 Utilities       

 

       Upon the implementation of eight specific energy efficiency and conservation measures 

annual energy cost savings of more than $2.6 million (64% reduction from current energy costs), 

and a 53% reduction in carbon emissions (more than 27,000 tons of CO2 
[24]) are expected to be 

realized. All of the measures are feasible from a financial perspective and most have simple 

payback periods of less than 5 years. In fact some of the solutions are no cost solutions. 

      We understand that our numbers are large and there is always some room for uncertainty and 

inaccuracies. In order to overcome that all our energy savings and associated energy cost savings 

have been calculated in an extremely conservative way. If these energy efficiency and 

conservation measures are implemented then the energy savings for NCCU would most likely be 

higher than our numbers. The reporting methods being followed are similar to the standard 
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methods used by energy service companies (ESCO). Energy use and cost can be extremely 

challenging to calculate and is dependent on several unpredictable factors like weather, volatile 

energy prices (especially for natural gas) and customer behavior and end use.  

     The energy efficiency and conservation measures cost (equipment and labor) were obtained 

from the vendors/contractors themselves and are on the higher side as they do not include utility 

incentives/rebates, state and federal incentives. Some of the measures could be eligible for the 

stimulus money under American Recovery and Reinvestment Act of 2009.  
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Chapter 14. Appendix 

A-1:  NCCU 2007- 2008 Utilities 
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B-1:  100 LED Exterior Pole Lamps—Detailed Financials & Energy Savings 
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B-2:  1000 LED Interior Emergency Circuit Lamps—Detailed Financials & Energy 

Savings  
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C-1:  Duke Energy Custom Incentive Plan 

Full Incentive Application available at:  

 http://www.duke-energy.com/pdfs/Custom_Inctv_App_CAR_MultiSite_7_15.pdf 

Smart $aver™  

Nonresidential Custom Incentive Application for Multiple-Site Customers  

Program Overview  

Duke Energy’s Smart $aver Nonresidential Custom Incentive Program offers financial assistance 

to qualifying commercial, industrial and institutional customers1 to enhance their ability to adopt 

and install cost-effective electrical energy efficiency projects. The Smart $aver Custom Incentive 

program is designed to meet the needs of Duke Energy customers with electrical energy saving 

projects involving more complicated or alternative technologies, or those measures not covered 

by standard Prescriptive Smart $aver Incentives. The intent of the Smart $aver Program is to 

encourage the implementation of energy efficiency projects that would not otherwise be 

completed without Duke Energy’s technical or financial assistance.  

Proposed energy efficiency measures may be eligible for Custom Incentives if they clearly 

reduce electrical consumption and/or demand. In addition to the Smart $aver Program Duke 

Energy also offers partial funding of energy assessments. Please contact your Duke Energy 

Business Relations Manager or the Business Service Center at BusinessServiceCenter@duke-

energy.com for more information.  

Instructions/Terms/Conditions  

1. Before starting a custom energy efficiency project, the Duke Energy customer must complete 

and submit this application to Duke Energy for approval. Smart $aver Custom Incentives cannot 

be granted without prior completion of this application, and subsequent approval by Duke 

Energy. Energy service companies or contractors may assist in preparing the application, but an 

authorized representative of the customer must sign this application to be eligible to participate 

in the Smart $aver Program. Completion of this application does not guarantee the approval of a 

Custom Incentive.  

2. Do not begin your energy efficiency projects or purchase equipment until you receive written 

approval in the form of an acceptance letter from Duke Energy.  

3. Once all documentation requested in this application is received by Duke Energy, and any 

follow-up information requested by Duke Energy is received, the Preliminary Incentive Amount 

for each Energy Conservation Measure (ECM) will be communicated to the customer. The 

Preliminary Incentive Amount will be based on the projected energy savings and ECM 

incremental installation cost.  
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4. With the application, the customer must provide a list of all sites where the ECMs will be 

installed. Duke Energy requests that sites of similar size, hours of operation and energy 

consuming characteristics be grouped together in one application for the determination of the 

incentive amount. The application should identify the site where each unique ECM will be 

initially installed. Duke Energy will conduct a pre-site inspection and install any metering and 

monitoring that may be required to determine the Approved Incentive Amount for each unique 

ECM. A post-installation site inspection will be conducted after each unique ECM installation.  

1 Customers who opt out of the Energy Efficiency Rider are not eligible for Custom Incentives.  

5. Based on the information submitted with the application and the information gathered both 

before and after the initial installation of the ECM, Duke Energy will calculate the Approved 

Incentive Amount for each ECM. Duke Energy will provide an updated copy of the Smart $aver 

Preapproved Incentives form with the Approved Incentive Amount within five business days of 

gathering the information needed from the post-installation site inspection.  

6. Duke Energy will conduct random site inspections of a sample of the locations where the 

ECMs are installed both prior to and after installation to verify installation and operability of the 

ECMs and to obtain information needed to calculate the Approved Incentive Amount.  

7. The attached Payment Request Form must be submitted to Duke Energy within 60 days of 

completion of the projects associated with this application. Copies of equipment invoices must 

be submitted to Duke Energy with the attached Smart $aver Custom Incentive Payment Request 

form.  

8. Duke Energy will issue a Custom Incentive check, based on the Approved Incentive Amount 

for each ECM, upon receiving the attached Smart $aver Incentive Payment Request form from 

the customer. Approved Incentive Amounts may be adjusted if the project varies from the 

information originally submitted by the customer.  

9. Customers are encouraged to retain copies of all forms, invoices and supporting 

documentation for their records.  

10. Approved Incentive Amounts are valid for 12 months from the date communicated to the 

customer by Duke Energy. Duke Energy retains the right to adjust the Approved Incentive 

Amount before the end of the twelve months due to regulatory requirements; measurement, 

verification and evaluation results; or any valid unforeseen reason.  

11. If the Incentive Amount needs to be adjusted for an ECM, Duke Energy will notify the 

customer of the adjustment as soon as possible. The Approved Incentive Amount, prior to the 

adjustment, will be valid for projects completed within 60 days of the date that Duke Energy 

notifies the customer of the adjusted Approved Incentive Amount.  
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12. Duke Energy reserves the right to recover all unrecoverable costs associated with the project 

approval if the customer decides not to complete the project, after the project is approved by 

Duke Energy.  

13. Projects financially supported by other funding sources will be evaluated on a case-by-case 

basis for potential partial funding from Duke Energy.  

14. Participants must be Duke Energy nonresidential customers with the project sites in the Duke 

Energy service territory.  

15. Customers or trade allies may not use either the Duke Energy or the Smart $aver Program 

name or logo without prior written permission.  

16. Only trade allies registered with Duke Energy are eligible to participate.  

17. All equipment must be new. Used or rebuilt equipment is not eligible for incentives. All old 

existing equipment must be removed on retrofit projects.  

18. Disclaimers:  Duke Energy  

A. does not endorse any particular manufacturer, product or system design within the 

program;  

B. will not be responsible for any tax liability imposed on the customer as a result of the 

payment of incentives;  

C. does not expressly or implicitly warrant the performance of installed equipment. 

(Contact your contractor for details regarding equipment warranties.);  

D. is not responsible for the proper disposal/recycling of any waste generated or obsolete 

or old equipment as a result of this project;  

E. is not liable for any damage caused by the installation of the equipment nor for any 

damage caused by the malfunction of the installed equipment; and  

F. reserves the right to change or discontinue this program at any time. The acceptance of 

program applications is determined solely by Duke Energy. 
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D-1:  Pearson Cafeteria Window Film Quote from Sun Protection 
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D-2:  Duke Energy Window Film Incentive Plan 

 

 

Duke energy Incentives for Make up air unit: 

Duke Energy - Non-Residential Energy Efficiency Rebate Program  

 
Last DSIRE Review: 06/20/2009    

Incentive Type: Utility Rebate Program 

Eligible Efficiency 
Technologies: 

Refrigerators/Freezers, Water Heaters, Lighting, Lighting 
Controls/Sensors, Chillers, Heat pumps, Air conditioners, Windows, 
Motors, Motor-ASDs/VSDs, Processing and Manufacturing Equipment, 
LED Exit Signs and Traffic Signals, Thermal Storage Units, Food Service 
Equipment  

Applicable Sectors: Commercial, Industrial, Nonprofit, Schools, Local Government, 
Institutional   

Incentive Amount: Lighting: varies depending on fixture type 
Occupancy Sensors: $20-$40/sensor 
Air Conditioners: $20-$40 per ton, depending on type and size 
Heat Pumps: $20-$40 per ton, depending on type and size 
Window/Sleeve A/C Units: $25-$50 per unit, depending on size 
Heat Pump Water Heaters: $2,000-$9,000 per unit, depending 
on size 
Programmable Thermostats: $50 per unit 
Window Film: $1 per sq ft 
Chillers: $20-$25 per ton 
Thermal Storage Units: $190/kW shifted 
Motors: $4-$10 per HP 
Pumps: $122-$400 per pump 
VFDs: $40 per HP (for process pumping); $100 per HP (applied 
to HVAC equipment) 
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Barrel Wraps: $1 per ton 
Pellet Dryer Duct Insulation: $13-$40 per foot 
Engineered Compressed Air Nozzles: $20 per unit 
Vending Equipment Controllers: $50 
Commercial Cooking Equipment: $150-$1,000 per unit, 
depending on type 
Food Service Equipment: varies 

Maximum Incentive: Window Film: 50% of project cost 
Process Equipment: 50% of material cost   

Equipment 
Requirements: 

All equipment must meet certain efficiency standards located on 
the program website   

Web Site: http://www.duke-energy.com/ 
north-carolina-business/energy-management/energy-efficiency-
incentives.asp  

  
 

 

 
Summary: 
Duke Energy’s Smart $aver™ Incentive program offers rebates to non-residential customers to 
install energy efficient equipment in their facilities. All Duke Energy North Carolina 
nonresidential electric customers are eligible, except those that have elected to opt out of the 
Energy Efficiency Rider. Rebates are available for a wide range of equipment including lighting, 
heating and cooling equipment, chillers and thermal storage units, motors, pumps, VFDs, process 
equipment, and food service equipment. All equipment must meet certain energy efficiency 
standards stated on the program website. To receive the rebates, customers should submit a 
completed application within 60 days after the equipment is installed and operational. A list of 
frequently asked questions and the program application forms can be found on the program 
website.  

 
   

Contact:  

  

Duke Energy 
Customer Service 
PO Box 1090 
Charlotte, NC 28201 
Phone: (800) 976-4328  
E-Mail: ContactUs@duke-energy.com 
Web Site: http://www.duke-energy.com/ 
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E-1:  EIFS Quote for Hubbard-Totton Building 
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E-2:  Serious Windows Quote for Hubbard-Totton Building 
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F-1:  Heating Degree Day and Cooling Degree Day Calculations 
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Chapter 17. Contractor/Vendor information 

During the preparation of this report, we worked with several contractors to get specific technical 

information and recommendations about their products and services. We are very thankful to all 

of them for their cooperation, time, effort, and help.  Below is the contact information for each of 

these contractors. 

LED Lighting 

Tom Easterling, Tom Fulton 
Lite Energy Solutions Inc 
PO Box 1330 
Kannapolis, NC 28082 
Phone Number: 704-640-6134, 704-467-3835 
tfulton@liteenergysolutions.com 
www.liteenergysolutions.com 
 
Original Equipment Manufacturer for LED is CREE 
 
Natural Gas energy efficiency measures for Steam Plant 

Barry K. Wilhelm, CEM, CEP 
TAC Energy Solutions 
Direct 804-330-5660 x110 
Mobile 540-798-3220 
Email barry.wilhelm@tac.com 
 
Albert Oldham 
TAC Energy Solutions 
Mobile 919-302-4153 
Albert.Oldham@tac.com 
 
Pearson Cafeteria: 
 
Exhaust Hoods  
 
Joe Wylie  
Regional Sales Manager Region 36, NC 
CaptiveAire, Inc. 
www.captiveaire.com 
3100 Smoke tree Ct., Ste. 1010;  
Raleigh, NC 27604 
Office 919.875.0420 x 548 | cell 919.376.6046|fax 919.227.5917 
email: Reg36@captiveaire.com  
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Ondin 
Polytech Engineers 
omihalcescu@polytechengineers.com 
919-687-0821 
919-66-6440 
 
Window Film 
 
Chris Aycock 
Sun Protection LLC 
485 James Jackson Ave  
Cary, NC 27513 
christhesunpro@aol.com 
919-380-8994 
 
Windows 
 
Alison Ray 
Serious Materials, Longmont Colorado 
303-834-3540 office 
303-834-3541 fax 
www.seriouswindows.com 
 
 
Exterior Insulation and Finish Systems (EIFS) 
 
Michael N. King & Associates (EIFS distributors) 
770.598.9155 (cell) 
mnking@mnking.com (email) 
800.633.3495 (toll free) 
770.424.9958 (fax) 
www.mnking.com 
 
 
Shane Blackburn, (EIFS installer) 
Southern Wall Systems Inc, 
3405 Martin Farm road, 
Suite 100 Suwanee GA 30024 
Phone: 770 932 7718 
sblackburn@southernwall.com 
www.southernwall.com 
 
Richard Martens 
BASF (EIFS manufacturer) 
Phone: 904 996 6101 
Richard.Martens@basf.com 
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Steve Younts 
Circle Supply of Raleigh (Distributor for EIFS system) 
8001 A Winchester drive, Unit A, 
Raleigh, NC 27612 
Phone: 919 787 1400 
Cell: 336 848 9230 
stevey@circlenc.com 
 
Brian Stancil (EIFS Installer) 
Precision Walls, Inc. 
1230 NE Maynard Rd 
Cary, NC 27513 
Tel: (919) 832-0380 
 

 

 


