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 Campus dormitories for the University of North Texas house over 5500 students per 

year; each one of them requires certain comfortable living conditions while they live there. 

There is an inherit amount of money required in order to achieve minimal comfort levels; the 

cost is mostly natural gas for water and room heating and electricity for cooling, lighting and 

peripherals.  

 The US Department of Energy has developed several programs to aid in performing 

energy simulations to help those interested design more cost effective building designs. Energy-

10 is such a program that allows users to conduct whole house evaluations by reviewing and 

altering a few parameters such as building materials, solar heating, energy efficient windows 

etc. 

 The idea of this project was to recreate a campus dormitory and try to emulate existent 

energy consumption then try to find ways of lowering that usage while maintaining a high level 

of personal comfort.
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CHAPTER 1 
 

INTRODUCTION 
1.1 General Discussion 
 
 Every year about 20% of electricity and about 64% of all energy is used in order to 

achieve and maintain thermal comfort for work and home. This is easily achieved using heat 

pumps, which include air conditioners, gas/ electric heaters, fans and (de)humidifiers, etc. Each 

of these devices can be readily obtained and utilized from consumer to large industrial size. 

However, the costs of these devices aren’t seen at the time of purchase; their costs show up 

when they are used heavily. An air conditioner unit can cost just a few thousands of dollars 

designed to cool a 50,000 sq. ft. building but will cost 10 times that to run for one year. The 

budgeting of utilities costs is always a major factor at any university campus which gives reason 

for a need to maximize their efficiencies and eliminate over-cooling or heating. College 

dormitories house hundreds of students who do not always have a thermostat control at their 

fingertips but will still require a certain level of comfort. The ability to keep every patron 

completely satisfied with the thermal Zone is impractical and virtually impossible to achieve but  

using a few surveyed comfort criteria a majority of them can be comfortable and the overall 

expenditure to do so can be minimized. Inside every dorm room there is a human being that, in 

this modern world, wants to be able to work, relax, eat or sleep along with all other activities in 

an environment that does not distract from these activities. This is achieved by maintaining and 

balancing a certain temperature, humidity and wind speed inside each room. 

 Cooling temperatures are maintained by compressors, condensers and chillers sized 

according to each building’s needs. Bruce Hall is located centrally on campus and because we 

built in 1948 it was not originally equipped with air conditioning. It now has packaged thermal 

1
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air conditioners (PTAC) for each room. Cooling with PTACs allows each patron an amount of 

temperature control over their room. They have access to conditioning year round and may use 

them at any time the outdoor temperatures require. This control allows for precise individual 

control over high temperature discomfort.  

1.1.1 Hypothesis 
 
 Many buildings are well aged and have high energy demands comparatively to newer 

buildings of similar size and use; they will, however (for many reasons) be continually used for 

the foreseeable future. This leaves administrators the job of having to allocate a large share of 

utility cost to these buildings and  because of this it, is of utmost importance that every possible 

savings plan be studied and implemented immediately. Buildings designed and built in the last 

20 to 30 years have been designed to optimize utility demands so their monthly, annually and 

longer term utility usages are well documented. Older buildings require an audit in order to 

determine their actual utility usage. A building can be audited for deficiencies, and then an 

energy saving plan or a total overhaul of HVAC (heating, ventilation and air conditioning) 

systems can be recommended.  

1.2 Background 
 
  College dormitories utilities consume a large part of the overall energy usage of the 

college, the greatest amount being used during peak demand times (summer or winter).  This 

energy can be equated to electricity or gas consumption, both of which cannot be easily price 

fixed for any lengthy period of time. The amount of energy consumed will be lower during 

several school breaks. There is a minimal need for energy resources in order to maintain a 

comfortable place to live but there is no defined manner in which to define exactly how much 



  3 
 

of these should be allotted per square foot per outdoor conditions. If many patrons need to 

have heavy blankets when the air conditioner is on or open a window in the winter to cool the 

overly warm room there these are a waste of resources. There are defined ranges where 

temperature, humidity, insulation, winds speed and activity levels can affect a person’s comfort 

level, however, there is no monetary quantification for these levels. 

1.2.1 Previous Research 
 
 ASHRAE (American society of heating, refrigerating and air-conditioning engineers) 

journal has defined the range of several important factors towards thermal comfort. They 

include operative temperature, humidity, air speed, local thermal discomforts and temperature 

variations with time. Operative temperature is defined as the temperature of an environment 

in which a person is contained including all of the heat produced by radiation and convection 

aspects that affect that temperature. Given values of humidity, air speed, metabolic rates and 

clothing insulation, a graphical chart defines the temperature where 80% of occupants are in 

the comfort range. The 80% is derived from the predicted mean value (PMV) which is to say 

80% of occupants are comfortable.  

 There are 6 primary factors that are used to define thermal comfort: metabolic rate, 

clothing insulation, air temperature, radiant temperature, air speed and humidity. These can be 

affected by a person’s prior exposure and/or activity level but these effects only last for 1 

hour.7 These 6 comfort parameters are defined by ASHRAE Standard 55. Metabolic rate is the 

rate of transfer of chemical and mechanical work by organisms into heat expressed in met 

units. Met is the energy produced per unit surface area of a person in BTU/h*ft2. Clothing 

insulation is the resistance to heat transfer of a body by their clothing, 1 Clo = 0.88 ft2 * h 
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*oF/BTU. Air temperature is the temperature of the air inside of the selected region. There are 

other supporting definitions for temperature: dew point temperature (tdp) is the temperature 

at which the air reaches water vapor saturation or 100% relative humidity. Mean radiant 

temperature (tr) is the uniform surface temperature of an imaginary enclosure that an occupant 

would reside and exchange an equal amount of radiant heat as the actual space. The operative 

temperature (to) is the uniform temperature that is inside of an enclosure which an occupant 

would exchange the same amount of heat by radiation plus convection as the actual 

environment. Air speed is the amount of movement of air relative to a single point. Humidity is 

defined as relative humidity which is the ratio of the partial pressure of water vapor in the air to 

the saturation pressure of water vapor in the air. The humidity ratio is the mass of water vapor 

to the mass of the water vapor mass of the dry air in a defined volume.7 

“The PMV is a seven point scale that describes occupant thermal comfort as a function of 

occupant metabolic rate (itself a function of the activity level at specified local relative humidity 

and clothing insulation values) and the occupant thermal load (a function of the radiant field in 

the room and convective heat transfer rate to/from the body thereby incorporating the effect 

of air and mean radiant temperature).” PMV is defined as PMV = [0.303-0.036M + 0.0028]L, where 

M is the metabolic rate. ASHRAE has also defined the number of people that are dissatisfied 

(PPD) which takes into account the physiological PMV effects and adds psychological effects, 

PPD = 100 – 95[0.003353 (PMV)4 + 0.2 (0.79 (PMV)2]. Even when a PMV value of 0 is used, i.e. comfort 

levels are for 100% of people, the PPD value is still 5% meaning that there is not a perfect PMV 

setting where everyone will be comfortable. 5 
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 In Figure 1 and Figure 2, 80% occupant acceptability is used. This includes 10% 

dissatisfaction for the whole body plus another 10% for local discomfort calculated from the 

PMV-PPD index.  

 

Figure 1. Operative temperature vs. humidity ratio. 

 
 The humidity of a room is defined by ASHRAE Standard as having a dew point of 62.2oF. 

But they give no lower limit, rather just a few factors to not have it too low. There is another 

definition that says the dew point should be no lower than 36oF. This value is not currently 

defined inside each dorm but is typically controlled using air conditioners which may or may not 

have a great effect on the energy usage instead of using a dehumidifier. 

 Air speed will affect the temperature that someone feels; typically the higher the speed, 

the cooler they will feel. ASHRAE Standard, Proposed American National Standard and Thermal 

Environmental Conditions for Human Occupancy (ASHRAE Standard 55P) shows graphically the 

range of suitable air speed using patrons with clothing insulation between 0.5 and 0.7 at 

sedentary to low physical movement at 1.0 to 1.3 met. 
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Figure 2. Temperature rise vs. air speed. 

 
 Local thermal discomforts, as ASHRAE Standard 55P describes it, are defined using 

vertical air temperature differences. A table giving the percentage of persons dissatisfied (PD) 

using the draft rate (DR) which is the percentage of people dissatisfied. This table is set at 

persons having a clothing insulation level at 0.5 to 0.5 and an activity level of 1.0 to 1.3 met.  

1.3 Resources 
 
 This paper was completed with the help from the UNT Mechanical/ Energy Engineering 

Department offices for computer simulations and guidelines for thesis research towards a 

master’s of science degree. The UNT facilities management website provides HVAC systems and 

energy usage for every dorm. Energy-10, a whole building energy simulation program, is used 

for simulation on which the results for this entire thesis are based.  

1.4 Roles and Responsibilities  
 
 I invested several dormitories design, heating and cooling systems as well as running all 

simulations and interpretations. I reported findings in this thesis. Dr.Junghyon Mun, 

postdoctoral mechanical engineer, will help with energy simulation. 
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CHAPTER 2 
 

PROJECT OBJECTIVES 
2.1 Project Goal 
 
 The goal of this research is to determine the key parameters that influence the energy 

usage in dormitories and their relationship to the occupant behaviors. In order to achieve this 

goal the following steps were taken. 

 Determine the parameters that define comfort 

 State which specific comforts are of most importance 

 State how UNT dorms maintain these comforts 

 Determine the type of equipment 

 Determine building design and room set up 

 Utilize simulation programs that can recreate these settings to duplicate their results 

 Test several specific factors in achieving thermal comfort and what the energy 

requirement is to achieve this 

 Give advice for improving current thermal models in order to minimize energy usage 

 Report these findings to student housing authority 
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2.2 Methodology 
 
 The analytical method is adopted to analyze collected data and computer simulations to 

determine how to balance thermal control devices in order to maximize their effect while 

minimizing their energy demand. ASHRAE  (American society of heating, refrigerating and air-

conditioning engineers) has thermal comfort standards that are well known that can be used as 

a measuring stick to determine which of them can be adjusted negatively in order to allow 

another to be adjusted positively. Temperature, humidity, wind speed and housing 

arrangements can be adjusted and their energy use can be determined. Finally, each parameter 

will be compared to their limit and energy weight in order to determine the ideal setting for a 

student dormitory’s HVAC (heating, ventilation and air conditioning) system. 

 Bruce Hall is a large student residence on campus and utilizes window unit air 

conditioners. Energy-10, software developed by US Department of Energy was used to try to 

duplicate the dimensions and particular building environment by studying the building’s original 

blueprints and interviewing UNT’s maintenance services department for any changes incurred 

to either.  

 The analysis was based on the following: comfort range room temperature is between 

71oF and 81oF; the comfort humidity level is a wet-bulb temperature of at or below 62.2oF; and 

a room air speed of less than 160 fpm (feet per minute).  

2.3 Tasks Performed 
 
 The ultimate goal of this study is to find out how much each parameter affects overall 

energy usage and then design the most energy efficient settings to be used. The following tasks 

were to be performed. 
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  2.3.1 Defining Standards for Thermal Comfort 
 
  ASHRAE standards for thermal comfort is an excellent guideline in order to determine 

which parameters are important and where and how long to maintain them. Any setting that 

can achieve a greater than 70% in the comfort range is a good point where those settings can 

be applied almost anywhere. Thermal comfort is a set of standards that has upper and lower 

limits that most people will find suitable. Temperature comfort can be defined at 71oF to 81oF. 

Humidity should not exceed 60%, while the dew point should not drop below 36oF. Air speed is 

limited from no forced air movement to 160 fpm.  

2.3.2 Conducting Simulation 
 
  Create a simulation case (a case is a an entire simulation that has specific constants and 

variables) that focuses on thermal comfort parameters then modify each one from lower to 

upper limits. Each modification will result in an energy change. Determine which parameter has 

the greatest or least effect on the overall energy usage. 

2.3.3 Determining Ideal Settings for Each Thermal Parameter  
 
 Modifying one parameter after another will only maximize one parameter at a time, 

possibly eliminating many settings due to passing the limit for another parameter. For example, 

if the temperature is set to go high enough so that the temperature setting is allowed the 

humidity may be out of range.  By defining each parameter to its limit then changing one 

parameter will now move others to a new setting all the while maintaining a comfortable Zone. 

As in the previous example, if the temperature setting forces the humidity out of range I would 

not allow this temperature setting to be a viable part of the analyses. By starting with the 

parameter having the greatest affect,  setting it to an upper limit then adjusting the parameter 
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incrementally to the  limit performing simulations between the two limits I can determine its 

effectiveness. 

2.3.4 Developing Conclusions  
 
 The previous tasks lead to how much energy each thermal parameter uses per year and 

then determine how much energy would be used when combined. Finally, a comparison 

between simulated buildings with idealized cases was made and a judgment on how 

dormitories can achieve lower utility bills for an entire year using equipment they already 

possess can be made.  

 For all the stated tasks, the existing energy usage data are analyzed. Bruce Hall has 246 

double rooms of 11’ by 17’10” and has individually controlled heat and air. Each room has two 

beds and their heads are facing the window. The total amount of energy consumed by Bruce 

Hall is just under $12k per month at averages of $0.07236 per kWh and $0.08 per gallon of 

natural gas. Natural gas consumption is the highest when the outdoor temperature is the 

coldest and the lowest when the temperature is warmest. Electricity basically has the reverse 

usage, lowest when colder and highest when warmer. The annual utility bill for gas is close for 

that of electricity. 

2.4 Project Description 
 
2.4.1 Objective 1: Gather Utility Analysis for Two Types of Dormitories on the UNT Campus. 

 One dorm has a system controlled environment and the other has an individual 

controlled environment. Bruce Hall is one of the largest dorms on campus and it is individually 

controlled. 
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 I want to maintain an open line of communication with the varying levels of people who 

work on maintaining dorm comfort and those who manage university utility bill payments.  

2.4.2 Objective 2: Develop and Implement an Energy Simulation. 
 
 The amount of energy each dorm uses per month is known along with the outdoor 

temperatures affecting these usages but a simulation that can duplicate this can be a great tool 

to justify any future changes that can be implemented. The implementation should be a 

defined set of changes made to the setting of already existing thermal equipment that will 

show how each device affects the energy use. 

 Design a dorm room using the energy simulation program Energy-10. There are several 

factors to look at when up scaling one room to the known amount; you cannot simply multiply 

by the number of rooms you have to consider a room’s location to the sun, location to other 

rooms. It can be said that there are only 4 locations that will have a quantifiable impact on their 

solar irradiation; the direction in which the room is facing.  

2.4.3 Energy-10 Software 
 
  Energy-10 by Sustainable Buildings Industry Council is a design tool to determine how 

energy a building consumes. The user can define building dimensions, use local average 

weather data and several other factors that do no pertain to this research. Things such as 

electric and gas rates along with installation costs are not a factor in this research.  The program 

lets the user define how much energy each type of system uses (e.g., a light bulb) and how 

often it’s used; Energy-10 then just adds all the small components together. It uses weather 

data to allow the simulation to know when lights are used (at night and when people are 

awake), or when heat control systems are used based on outdoor temperatures. Energy-10 
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uses HVAC formulas or chart data mostly cited in ASHRAE Handbook: HVAC Applications where 

things such as air speed vs. temperature. Energy-10 has been verified by the Department of 

Energy’s bestbest procedure to determine the accuracy of an energy simulation program. 

2.4.4 Input Parameters to Energy-10: Input Needed in Order to Conduct an Energy-10 
 Simulation for a Building 
  

 Air speed - There is a feature that changes the time it takes for the air to be changed or 

renewed if you take this and divide it by the room volume to get the cfm air speed that 

can be changed throughout the experiment 

 Location – Denton, TX is the location of the reference building residences 

 Hours that the building will be occupied and hours they will be in heavy use – this will 

have a greater effect on the individually controlled rooms but will be an average 

number for every day 

 Clothing insulation – Set values of this depending on the temperatures inside the 

building 

 Day lighting- there will be 4 changes to this for each building, top , bottom, east facing 

and west facing rooms 

Building design – Dimensions of walls, doors, roof and floor construction and size. 

 The following parameters are required to input in an Energy-10: 

 Window type, size and number per room. Type of heating/cooling devices that are 

installed in the two dorms. 

 Insulation of every type. Windows, walls, roof etc. 

 Internal gains – lights, people, hot water etc. 
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 Temperature – Changing within comfort area and changing setback temperatures.  

 Clothing and furniture insulation – simulation is limited but a general analysis can be 

applied 

Energy-10 allows many specific parameters to be customized for simulation: 

 Location of building, which is based on weather for that location which is from 

WeatherMaker 

 Utility rates  

 Electric rate in $/kWh 

 Electric demand in $/kW 

 Fuel cost in $/Therm 

 The HVAC system the building uses 

 The construction parameters: 

 Wall, roof, window, floor and floor type 

 Floor-to-Floor height 

 Glazing to wall ratio 

 Wall, ceiling and floor dimensions and the direction they face 

 Window number 

 Interior partitions, the amount of square footage occupied by wall thickness, furniture 

and other items that affect the mass 

 Infiltration which is the effective leakage area 

 HVAC system, the heating and cooling type rated in their efficiency and BTU/h, along 

with their supply temperatures and the fan/ air distribution which is rated in cfm and 
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 HVAC controls, the days and hours when the system will be utilized, as well as the 

temperature, whether or not a temperature range is allowed, dry bulb temperature and 

the fan startup period 

 Shading, how much of the sun is blocked by an obstruction 

 An internal load gain, which is the amount of heat energy each building will use per day, 

rated as W/ft2: 

 Internal lights 

 External lights 

 Hot water 

 Other loads 

 Occupancy numbers, ft2/person 

 Setback temperature – the temperature the thermostat allows the room to cool to 

when heating 

 Setup temperature – the temperature the thermostat allows the room to heat to when 

cooling 

2.4.5 Limitations of Software 
 
 As with any software especially one that utilizes as many variables as Energy-10 there 

are errors or just ideas a user has that the designers have not included. Such errors that have 

come up are the in consistencies with the energy use month to month, if you select to run a 

simulation for an entire year and record what the usage is for several months then again run 

the simulation with exactly the same parameters the need for those same months will be 

significantly different. This is contrasted to the fact that if you run a simulation twice, even at 
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later dates with the exact same parameters you will receive the same data verbatim, this is not 

an indictment on the programs predictability but rather that is uses the same formula that have 

only variables changed by the user. A type of design that the program does not handle is while 

using PTAC and setting a dry-bulb temperature to a desired temperature there are no changes 

to the simulation and the temperature is often exceeded. Whereas when the dry-bulb is set 

using a dx cooler the system responds accordingly. This is due to the units not specifically 

allowing the user to input. 

2.4.6 eQUEST 
 
 The U.S. Department of Energy Program eQUEST is another step up in accuracy from 

Energy-10 but is based on the same equations and was also designed by the same group. Since 

it has greater accuracy it also requires greater input parameters. The actual building structure is 

needed, i.e. the building 3d blueprint including dimensions and wall orientation. The output is 

given in monthly and yearly gas BTUs and electric KWh. You can simulate with an economizer 

selected allowing easily to determine the cost of dehumidification.  

2.4.7 Building Description  

 The following table is what input parameters the simulation program needs. These data 

were either taken from original blueprints, administrators description or my own assumptions.   

Table 1. Building description. 

Equipment Capacity Description 

PTAC(personal 
thermal air 

conditioner) 

Uses 8000 BTU/hr at 75% efficiency yields 6000 BTU/hr 
actual output. An EER of 8.1 and supply temperature of 

53°F. An airflow capacity of 188 cfm. 

Window unit needed to 
cool each room. 

Natural Gas 
Boiler 

Output 16824 BTU/hr at 80% efficiency with a supply 
temperature of 124°F. 

Burns natural gas to heat 
water for hot water 

supply as well as room 
heat. 
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Duct system Static pressure of 0.1" water, fans at 15% efficiency and 
a 2% duct loss indoors.  

Vent for boiler to rooms. 

Walls: 11' X 17 5/8' long and 6 1/3' tall. Zones 1 and 3 the 
longer wall faces north or south, with the outer, shorter 

wall contains the windows. 

Long walls face either 
north or south 

Room size: 196.2 ft2 floor area, 365.2 ft2 wall area and 1242.3 ft3 
volume. 

 

Roof, concrete 196.167 ft2  

Floor, slab on 
grade 

57.67 ft. perimeter  

Solar insolation: UA value, BTU/h-f R value, h-ft2-F/BTU 

Total room 254.08  

Walls, 8in cmu:   

Outer walls 9.8 2.21 

Wall with door 22.47 2.21 

Walls non outer 
or door 

51.1 2.21 

Roof 22.47 30.18 

Floor 51.9 2.31 

Floor 0.9 BTU/h-F-ft. f factor 

Interior 
partitions: 

147.13 ft2 area 

Wall thickness 98.0835 ft2  area 

Furniture 49.0418 ft2 area 

Total room: 33.6 in2 ELA, effective leak area 

 Shielding Class 5  

 No air changes per hour  

 Continuous heating, cooling and occupancy patterns  

Internal heat 
gain: 

W/ft2  

Internal lights 0.2  

External lights 0.04  

Hot water 0.66  

Other 0.36  

Lighting Density 0.2  

Hourly electrical 
use profile 

4,1,1,1,1,1,3,4,6,5,4,4,4,3,3,3,4,5,7,9,p,p,p,7 0 -10 scale, 0 being no 
electric usage and 10 
(indicated as p for peak) 
for all electrical devices 
being used, on a 24 hour 
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time frame 

Overall load 
profile 

 0,0,0,0,0,0,0,3,8,8,8,p,4,3,0,0,0,0,0,0,0  

 

Figure 3. Bruce Hall floor plan. 

 
2.4.7.1 Cases Studied 

 Since Bruce Hall is not a perfect square that only encompasses one solar insolation 

amount, the building was split into 8 cases. The following table describes what each case 

contains. Reading this table and looking at Figure 3 the reader can see why these cases were 

chosen.  
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Table 2. Case description. 

Case # 1 2 3 4 5 6 7 8 

Descrip
tion 

3 wings, 2 
north 
facing 

windows 
and 1 
south 
facing 
door. 

North facing 
roof, 2 

windows 
facing north 
and 1 door 

facing south 

3 wings, 2 
windows 

facing 
south and 

1 north 
facing 
door. 

South 
facing 
roof, 2 

windows 
facing 

south and 
1 north 
facing 
door. 

West 
facing 
roof, 2 
west 

windo
ws and 
1 east 
door. 

West 
facing, 
2 west 
facing 
windo
ws and 
1 east 
facing 
door 

East 
facing 
roof, 2 

east 
window
s and 1 

west 
door. 

East 
facing, 2 

east 
facing 

windows 
and 1 
west 

facing 
door 

UA 
value, 
BTU/h-
f 

254.08 248.63 254.08 254.08 254.08 254.08 254.08 254.08 

Numbe
r of 
rooms 

74 9 74 39 10 13 13 13 

Solar 
insolati
on 

Full 
shading 

No shading Full 
shading 

No 
shading 

No 
shadin
g 

Full 
shadin
g 

No 
shading 

Full 
shading 

  

2.4.8 Constants for Every Simulation  
 

 The energy used for everything except heating and cooling – Ratio that an average 

building used for residences using an ASHRAE Standard 55P for how much these 

consume. 

 MET – moving people are heating themselves more than sedentary people but right 

now this along with clothing insulation may become variables. If you are washing dishes 

you want the room to be cooler but if you are working out you typically accept a 

warmer room, or if you’re reading with one lamp near your face it will be warmer but do 

you turn on a fan to accommodate this or just accept it? These and many others are 

hard to justify changes in the actual room temperature, humidity etc… 

 Humidity – individual controlled rooms can control through air conditioner. 
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 Energy rates – The rates of $ per kWh (BTU) in order to determine a dollar amount that 

can be saved or wasted. Values estimated from electricity or gas used divided into the 

average electric/gas bill per month. $14.4/MCF natural gas prices. 

2.4.9 Variables for Simulation 
 
 In order to determine how great of an impact each parameter can have on the yearly 

energy use, each one will be manipulated through a range of settings. The following are the 

parameters to be manipulated: 

 Humidity – room’s occupant may use (de)humidifiers to attain comfort levels but the 

individual controlled rooms may be using their air conditioners to reduce humidity. Run 

simulations where the humidity changes from low to high end of acceptable comfort to 

see how much energy humidity control will use. 

 Wind Speed – central controlled buildings have dials that give different speeds as well as 

fans, the window unit and fans in individual control rooms.  Simulate the lowest due to 

cooling and heating needs (down to zero when these are not needed) to the max 

allowed according to ASHRAE standards. Used to control temp vary wind speeds to 

maintain comfortable temperatures even at uncomfortable native temperatures. 

 Temperature – affected by the outside temperature and sun lighting and controlled by 

air conditioners/ heaters. Central heat and cool and another simulation for window 

units. Including the possibility for residents to utilize space heaters. Run incrementally 

from low to high while within ASHRAE standards. Thermostat is located centrally in 

central controlled rooms but temperature is actually measured by window unit at unit 
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but thermometer need to be located centrally because that is where a person will want 

temperature to be comfortable not at unit. 

 Housing arrangements – the location room items in relation to windows, doors certain 

wall may affect what temperature or wind speed is set. Blinds, Curtains and heat output 

from electrical devices need to be included. 

 Each set of rooms will be given a KWh and then that number will be multiplied by the 

number of rooms and ultimately added together to make up the entire building. 

2.5 Expected Outcomes 
 
 The amount of energy used to cool centrally controlled rooms can be lowered by 

controlling the temperature based on outdoor temperature not just a blanket temperature 

setting. A lower energy usage can also be applied to individually controlled rooms by providing 

data that helps them understand how to maintain thermal comfort without just turning on an 

electrical cooling/heating device. Be able to give advice on what large residential building 

business personnel should focus their economizing efforts towards. 

 The next thing to do is to design optimal settings to minimize energy usage while still 

maintaining a comfortable space.  Use knowledge of how much each parameter affects energy 

usage to minimize large contributors and maximize use of minimal contributors to energy 

consumption. Then report on how much each parameter affects energy usage and give 

recommendation on how each dorm is defining itself based on central or individually controlled 

cool/heat then how to optimize each and how much can be saved for 1 years operation. Final 

report is due by June 24 to graduate school, needs to be faculty reviewed at least two weeks 
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prior to allow changes to be made. Final presentation needs to be given by middle of June. All 

dates 2011. 

2.5.1 Features for Bruce Room Simulation 
 
  The same simulation parameters are used between two Zones Bruce Zone 1 and Zone 3. 

The only differences are in their window orientation, Zone 1 windows face north while Zone 3 

faces south. Each of these Zones has 74 rooms, each of which 2/3 has direct north and south 

solar insolation blocked by another of this building’s wings. The other third, south facing, has 

much shading from trees. Full shaded windows were used for these simulations.   

 In the following section temperature simulations for Bruce Hall are presented. Results 

are reported for different parameters.  

 Temperature variations: The temperature is varied for central controlled room; starting 

at the minimum then incrementally raising it to the maximum allowable temperature (71oF – 

81oF). The heating and cooling temperatures were changed independent of each other and 

then dependently to gain details about all possible situations.  There are of course a few limits 

to this method based on set temperatures, for example; it is not practical, or even possible with 

Energy-10 to set the cooling temperature lower than that for the heating.  

 Procedure of analysis: In order to achieve maximum range and deviation all possible 

temperature settings combinations for the heating and cooling thermostats will be simulated. 

For example setting the cooling temperature at the minimum allowed, 71 oF, with no setback 

then increased the heating temperature through the allowable range. Leaving the cooling 

temperature constant and increasing the heating set point from 71 to 81 oF with no setbacks 

then simulate every setback possibility while still leaving the cooling temperature the same. A 
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few temperature settings are left un-simulated because two degree Fahrenheit increments per 

data point and knowing the baseline temperature setting of 74oF and the minimum and 

maximum 81 oF. As a result the simulation temperatures are 71, 74, 76, 78 and 81 oF. The other 

temperature settings are left out because that would have forced simulation runs at every 

temperature except 72 and 80 oF which would have not lead to any significant results but rather 

taken longer to affirm what could be achieved with the results using these temperature 

settings.  This process was also followed while increasing the cooling set point while leaving the 

heating set point constant. The only omitted cooling/ heating set points were those where the 

cooling set point is higher than the heating set point, Energy-10 would not accept this as a 

possibility. Given one set point temperature for heating or cooling and a different set point 

temperatures for the other would result is several energy usages. Both of these limitations to 

Energy-10 are overcome by averaging each heating or cooling’s set point usage regardless of 

the others temperature.   
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CHAPTER 3 
 

TEMPERATURE RESULTS 
 
 Running every possible situation for each temperature setting for heating and cooling, 

then averaging the two energy costs per year by Zone for each situation and adding them 

together will show the total cost per year for the entire building.  

3.1 Cooling 
 
 Cooling costs range from $10,800 to $23,500; the cost generally decreases as the 

temperature increases but there are a few exeptions. The cheapest temperature setting is 78oF 

with the setup at 81oF which will cost $10,800 a year. By keeping the air conditioner at 81oF 

with no setup there is an increase in costs up to $12,000. The costs steadily increase through 

78oF with no setup, through 76 – 81oF and to 76 - 78oF which costs just under $18,000. There is 

then a drop in the cost to maintain 76oF with no setup at around $16,000. The cost then goes 

up again where 74 - 81oF nearly equals the 76 -78oF setting and steadily rises again through 74 – 

81oF. The cost still increases from 74 - 78oF to 74 - 76oF where they have very close costs at 

around $20,000.  The cost drops by $2,000 to a 76oF setting where it actually has a cost 

between a 78oF and 76 - 81oF settings. The cost steadily increases through 74 -81oF and to 74 - 

76oF, which costs just over $20,000. There is another drop in cost to the next 
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setting at 74oF, which is the most common temperature setting, costs are nearly $18,000.  By 

increasing the cooling temperature from 71oF with no setup to 71 – (74, 76, 78 or 81oF) there is 

an increase from just under $22,000 to around $23,500 this is due solely to a larger setup 

temperature. The best option if you have a set temperature preference is to have at least a 6 

degree setup temperature. From 71 to 81oF there is a decrease in the cost by an average of 

about $1000 per degree per year of temperature increase. 

3.2 Heating  
 
 The heating cost graph obviously follows the opposite path as the one for cooling, 

increasing in cost as the temperature is increased. What is different is how much more 

significant cost spikes are between two temperature settings. The cost range is from about 

$28,000 to over $46,000 a total range of over $18,000. From 71oF no setback through 71 – 74, 

75, 78, 81oF the increase in price follows a linear increase from just under $28,000 for 71oF to 

over $45,000 for 71 - 78oF. Continuing to the next temperature setting of 74oF with no setback 

there is a cost drop of $12,000 to just over $33,000 which is lower than having a setting of 71 - 

76oF. There is another linearly increases in cost through 74 – (76, 78 and 81oF) back up to nearly 

$46,000 for the greatest setback temperature. This again is followed by a sharp decrease in cost 

for a 76oF no setback setting which costs about $36,600 then two increases through 76 - 78oF to 

76 - 81oF with a cost of just under $46,000. A decline to $40,000 follows for 78oF with no 

setback and then increases rapidly to the next setting of 78 - 81oF at just below $46,000. The 

final setting at 81oF is flat against the previous setting and only costs under $500 more. Heating 

costs have the opposite type of optimization as cooling; setback temperatures closer to the set 
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point temperature give the best temperature utilization. Although not directly proportional the 

statement that you can save close to $2000 per degree lowered heat setting can be stated. 

3.3 Result Discussion  
 
 The total cost graph is an overview of what cost are a certain temperatures and doesn’t 

directly show Energy-10 simulation results as it does not allow temperature ranges of heating 

and cooling to overlap. For example what cannot happen is the heating and cooling range is 

from 71 - 81oF while running an entire year simulation, the problem is that both the air 

conditioner and the heater would run simultaneously at these temperatures. This can be easily 

overcome in reality as you are not limited to changing the criteria temperatures to once a year 

and you are also not limited to when either system is turned on. There are a couple of times a 

year that both the air conditioner and the heater are running simultaneously because of day 

and night time temperature variations that go beyond high and low comfort temperature. It is 

safe to assume that there are times when the gas boiler is vented for heating and where 

students will also be using their air conditioners specifically when the daytime temperatures are 

over 80oF outside causing it to be higher than that inside but also when the night time low will 

continue to be well below 70oF, far enough where the rooms will dip below the comfort limit of 

71oF. Hourly temperature data from Energy-10 is a part of simulation results and the program 

does allow both of the heating and cooling systems to run in the same day to keep the 

environment in the comfort range. What cannot be easily accounted for is the fact that a 

natural gas boiler cannot be instantaneously increased in capacity or decreased to allow for 

large sudden temperature fluctuations. An administrator would normally overcompensate for 

dropping temperatures if a cold or hot front is expected to give dramatic changes in 
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temperature. Another issue pertaining to yearly cost estimations is that these simulations are 

for a student dormitory that has many days which the building is closed and the temperature is 

allowed to be out of the comfort Zone. Included are other electricity devices that are going to 

be present at any residence such as lights, fans, etc. The electric demands for no essential items 

are taken as conservative and only makes up 0.5% of the total electric demand a year. The 

peripheral usages coincide with the fact that the gas boiler is also providing heat for the hot 

water supply, but the percentage that the boiler provides strictly for used hot water is difficult 

to pin point as the heating is only heating water so you can’t and wouldn’t separate the two in 

this situation. Ultimately you can derive a decent picture of the cost of maintaining a 

temperature for one year.  

 The combined annual cost graph follows the exact pattern as the heating cost graph 

with sharp declines in cost when the setback temperature is near the set point temperature. 

This is true because it makes up on average 67% of the total bill annually. The lowest cost is at 

71oF which cost $50,000 the next level of cost is at 74oF and then to 76oF, and then to 78oF. 

81oF is not the next cost level, it cost nearly $59,000. The ranges of 71 – 74, 74 – 76, 76 – 78, 76 

– 81 and 71 - 76oF have nearly the same cost $55,000 to $58,500 increasing in order. The three 

temperature settings of 71 – 78, 76 – 81, and 74 - 81oF are from just under $62,000 to nearly 

$63,000 increasingly. The only point that is far and away more expensive to maintain is 71 - 

78oF which has the cost of nearly $69,000. Overall there is a max range of cost of $18,500 from 

71oF no set to 71 - 81oF. The common used temperature of 74oF is a very temperature to have 

for a constant year round temperature but further manipulation of seasonally temperature 
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settings would need to be performed in order to fully maximize energy usage. These graphs 

along with their data give a good idea on how each setting will raise or lower costs.  

3.4 Humidity 
 
  To be mentioned is that this is not taking into consideration on the wet-bulb 

temperature which for much of the year is above comfort which is 62.2oF, which relates to a 

humidity ratio of 0.0112 and above being out of the comfort range. The previous sections do 

not include the added cooling cost for dehumidification, this is because temperature changes 

can affect cost which can be applied to different geographical regions.. Not only will the 

additional costs for dehumidifying but also other dehumidification options will be addressed. 

Looking at temperature setting which is the dry-bulb temperature and comparing that to the 

hourly corresponding temperatures The simulation results show when dehumidification 

measures are known when they are needed. For this section the focus is on the most widely 

used approach to dehumidification which is to allow the air conditioner to run longer until the 

wet-bulb temperature is inside the comfort range. Energy-10 only returns the wet-bulb 

temperature for one day for January, for May and one day for August for each Zone. However 

Energy-10’s companion WeatherMaker does provide yearly outdoor wet-bulb temperatures. 

Another note to consider is that a user cannot explicitly set wet-bulb temperature on a window 

unit air conditioner whereas it is possible on a centrally controlled HVAC (heating, ventilation 

and air conditioning). Assuming that each patron will attempt to make their room at or below 

the 62oF wet-bulb temperature as this standard was designed on actual interview and research 

with what people find comfortable. The scale on the chart is from 62 – 80oF which starts at the 

                                                      
1
 See figure 1 
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highest comfort range humidity based wet-bulb and covers all temperatures above this. What is 

more important is a daily relationship indicating humidity ratio for a number of days in a 

month. From this the entire months of June through September are above 0.012 ratio, a few 

days in May are above this but are easily accounted for with minimum air conditioning so 

focusing on the other 4 months and only adding extra conditioning for the hours that need it. 

After estimating the hours of extra air conditioning time multiplying the hours by the 6000 

BTU/hr that the conditioners output. For months that exceed the comfort wet-bulb 

temperature inserting the monthly usage from the temperature setting that will allow the 

comfortable humidity to be in attainment. The setup temperature of 71oF is to be the reference 

energy usage to compare for non-attainment months, replacing these non-attainment months 

electrical energy usage with that of the lower temperature setting. Taking the specific setting 

cost and replaces the non-attainment months with data from the 71oF setting which is in 

attainment always. 
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CHAPTER 4 
 

ENERGY STATISTICS 
 
4.1 Statistics Obtained from UNT’s Maintenance Services 
 

The following tables are statistics calculated by UNT’s maintenance services from 

January 2007 through November 2009. The statistics are created as a monthly report that 

contains each campus buildings’ utility usage. The most important calculations to my research 

are electricity (kWh) and natural gas (MCF), as well as the cost for each of these every month.  

 The monthly average kWh used is as follows:  

Table 3. Monthly energy used, kWh. 

Month Electricity, kWh 

January 69,740 

February 74,653 

March 98,120 

April 123,347 

May 119,827 

June 126,867 

July 103,253 

August 77,440 

September 61,160 

October 74,947 

November 74,800 

December 78,980. 
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 It is to be noted that even though the dorm is open year round there are a few down 

times during the school year that aren’t necessarily due to a holiday. Specifically during the 

summer and winter there are lengthy breaks when school is not in session meaning dorms may 

empty or partially empty for days or weeks.  The lower occupancy times result in lower 

electrical and gas use when temperatures are most extreme.  

The following table shows the month by month electricity cost from actual data. The 

average monthly cost for electricity from maintenance services: 

Table 4. Monthly electricity cost. 

Month Cost 

January $4,436.89 

February $4,904.42 

March  $5,268.70 

April $7,364.72 

May $9,391.91 

June $8,942.90 

July $9,621.00 

August $8,278.92 

September $5,431.75 

October  $4,126.14 

November $5,070.80 

December $4,804.98 
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 These calculated averages of electric rates come to just under $0.11/kWh. This rate 

differs from the US Department Of Energy statistics that give the average at just over 

$0.10/kWh for 2007 through 2009.  $0.11/kWh is therefore used for simulation data. 

 The following table shows the month by month natural gas cost for Bruce Hall, data 

from actual utility bill.    

                                                                                                                                                                  Table 5. Monthly natural gas consumption. 

Month Gas cost 

January $4,904.42 

February $5,149.70 

March  $6,856.39 

April $8,832.26 

May $8,346.54 

June $8,545.86 

July $7,768.61 

August $5,236.79 

September $4,718.24 

October  $5,115.64 

November $4,745.84 

December $4,207.07 

 

   

 These costs result in an average cost of $14.73/MCF. This is only slightly different than 

Texas’ average during this period which is $14.38/MCF. The total cost per year is $74,427.36 on 

average. 

 The following table is the actual gas consumption in 1000 cubic feet of gas (MCF). 
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Table 5. Monthly natural gas consumption. 

Month Gas MCF 

January 537.00 

February 476.67 

March 570.33 

April 284.33 

May 374.67 

June 350.33 

July 257.00 

August 576.00 

September 534.33 

October 742.33 

November 831.67 

December 665.67 

 

 The average MCF per year is 6,200.33 MCF this multiplied by the supplied average per 

MCF yields $91,330.77 and when multiplied by the state average yields $89,188.32. Both results 

are significantly higher than the supplied yearly cost. To be used is a $14.38/MCF for simulation 

results. 

4.2 Simulation Results: the effect of Setback/ Setup on the Electricity Cost. 
 
 Each simulated case contained two Zones of equal rooms so the data needed to be 

interpreted then each case summed together to get the whole building cost. These costs only 

represent cooling needs, not other electric demands any building will have. These other costs 

will be discussed later. 
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Cases 2 and 4: 

  There are 49 total rooms. The following shows the cost per cooling set point and setup 

configuration: 

 
Table 6. Case 2 and 4 electricity cost. 

Temperature 

Set point and setup 

Cost Maximum Deviation 

71oF $18,349.64 $7,402.65  

71 - 74 oF $21,301.62 $23.69  

71 - 76 oF $17,857.98 $1,192.64  

71 - 78 oF $16,586.36 N/A 

71 - 81 oF $12,810.99 N/A 

71 oF ALL $17,820.59 N/A 

74 oF $18,213.40 $3,206.70  

74 - 76 oF $21,325.32 N/A 

74 - 78 oF $21,277.93 N/A 

74 - 81 oF $13,269.09 N/A 

74 oF ALL $19,092.75 N/A 

76 oF $19,082.21  N/A 

76 -78 oF $18,987.43 N/A 

76 - 81 oF $12,810.99 N/A 

76 oF ALL $16,960.21 N/A 

78 oF $16,681.14 $47.39  

78 - 81 oF $13,284.88 N/A 
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78 oF ALL $15,549.05 N/A 

81 oF $12,242.31 $1,026.77  

 

 Case 1 and 3 has a total of 148 rooms providing the bulk of Bruce Hall’s rooms, as shown 

in the following table.  

 
Table 7. Case 1 and 3, electricity costs. 

Temperature 

Set point and setup 

Cost Maximum Deviation 

71oF $66,128.79 N/A 

71 - 74 oF $65,794.81 N/A 

71 - 76 oF $65,651.67 N/A 

71 - 78 oF $54,508.54 N/A 

71 - 81 oF $65,413.11 N/A 

71 oF ALL $65,699.38 N/A 

74 oF $54,606.13 $1,550.64 

74 - 76 oF $54,439.36 $1,526.78 

74 - 78 oF $54,296.22 $1,526.78 

74 - 81 oF $54,176.94 $1,502.93 

74 oF ALL $59,379.72 N/A 

76 oF $46,853.15 $2,194.75 

76 -78 oF $46,829.30 $2,027.76 

76 - 81 oF $45,517.22 $811.10 

76 oF ALL $46,745.80 N/A 



35 
 

78 oF $39,183.46 $2,803.08 

78 - 81 oF $38,996.58 $2,799.10 

78 oF ALL $39,094.00 N/A 

81 oF $29,060.13 $3,044.02 

 

 Case 6 and 8 have 26 total rooms, their electricity costs are shown in the following table. 

Table 8. Case 6 and 8, electricity costs. 

Temperature 

Set point and setup 

Cost Maximum Deviation 

71oF $11,977.64 N/A 

71 - 74 oF $11,918.96 N/A 

71 - 76 oF $11,885.44 N/A 

71 - 78 oF $11,868.67 N/A 

71 - 81 oF $11,843.53 N/A 

71 oF ALL $11,898.85 N/A 

74 oF $9,714.54 N/A 

74 - 76 oF $10,225.83 N/A 

74 - 78 oF $9,731.31 N/A 

74 - 81 oF $9,949.23 $310.13 

74 oF ALL $9,905.23 N/A 

76 oF $9,016.06 $1,158.49 

76 -78 oF $9,052.38 N/A 

76 - 81 oF $8,306.39 N/A 

76 oF ALL $8,796.61 N/A 
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78 oF $8,019.32 $1,070.78 

78 - 81 oF $7,277.52 $517.58 

78 oF ALL $7,648.42 N/A 

81 oF $6,346.57 $5,496.96 

 

 Case 5 and 7 have a total of 23 rooms, the electricity costs for these cases are given in 

Table 10. 

Table 9. Case 5 and 7 electricity cost. 

Temperature 

Set point and setup 

Cost Maximum Deviation 

71oF $11,492.78 N/A 

71 - 74 oF $11,440.88 N/A 

71 - 76 oF $11,411.22 N/A 

71 - 78 oF $11,381.56 N/A 

71 - 81 oF $11,351.90 N/A 

71 oF ALL $11,415.67 N/A 

74 oF $9,822.00 $360.85 

74 - 76 oF $9,702.13 $270.64 

74 - 78 oF $9,679.89 $270.64 

74 - 81 oF $9,913.45 N/A 

74 oF ALL $9,775.04 N/A 

76 oF $8,499.72 $390.51 

76 -78 oF $8,473.15 $409.66 

76 - 81 oF $8,522.15 $440.43 
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76 oF ALL $8,378.61 N/A 

78 oF $7,466.60 $615.42 

78 - 81 oF $7,478.96 $657.44 

78 oF ALL $7,424.96 N/A 

81 oF $5,778.90 1,072.28 

 

 The previous tables will be summed together and reviewed in the following figures. The 

summation of each of these results is the total electrical cost for all of Bruce Hall during one 

year. The following figures are graphical representations for total electrical costs for one year at 

shown setup temperature, each figure has results for one temperature set point. 

 

 

Figure 4. Cooling cost at 71
o
F. 

 
 This shows the expected result that as the setup temperature is increased the cost goes 

down, but the cost is less when there is no setup compared to when the setup is 74oF. 
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Figure 5. Cooling cost at 74
o
F. 

 
 This shows that again as you increase the setup temperature the cost goes down but 

here there is a greater need for a large difference between the set point and the setup or just 

not having any setup. 

 

Figure 6. Cooling cost at 76 
o
F. 
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 This figure shows that there is little difference between no setup and a setup to 78o F, 

but a huge savings if the max setup is used. 

 

 

Figure 7. Cooling cost at 78 
o
F. 

 

 

Figure 8. Cooling cost at 81
o
F. 
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   Other electrical costs not cooling are for things such as HVACs (heating, ventilation and 

air conditioning) fans, lights, building equipment and patron room electric needs. The following 

table gives the cost for these equipment.  

Table 10. Non-cooling electric cost. 

Device Cost 

Interior lights $8,327.03 

Exterior lights $7,930.50 

Miscellaneous $31.00 

Fan $5,876.03 

TOTAL $22,164.56 

 

 Fan usage varies as the temperature changes. The procedure performed for fan 

electricity usage is the same as the process followed in the cooling section. The next table gives 

the cost for equipment fans. 

Table 11. Fan usage. 

Temperature Cost 

71oF $6,041.97 

71 - 74 oF $6,265.10 

71 - 76 oF $6,225.28 

71 - 78 oF $6,233.18 

71 - 81 oF $6,116.42 

71 oF ALL $5,736.91 

74 oF $5,736.91 

74 - 76 oF $5,910.48 
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74 - 78 oF $5,818.28 

74 - 81 oF $5,964.00 

74 oF ALL $5,781.93 

76 oF $5,725.54 

76 -78 oF $5,760.01 

76 - 81 oF $5,439.42 

76 oF ALL $5,713.37 

78 oF $5,676.96 

78 - 81 oF $5,646.94 

78 oF ALL $5,674.47 

81 oF $5,681.07 

AVERAGE $5,876.03 

 

 This table is the amount of electricity fans use in order to distribute heat throughout the 

building. 

 Using 74o F as the temperature setting, and its usage data, the following are the 

percentages every other setting cost compared to the benchmark. Negative numbers indicate a 

savings. The following table shows a ratio of cost, per temperature setting, compared to the 

benchmark temperature of 74oF. 

 
Table 12. Percentage of electric use compared to 74

o
F. 

Temperature Cost ratio 

of 74oF 

71oF 0.169 
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71 - 74 oF 0.196 

71 - 76 oF 0.156 

71 - 78 oF 0.141 

71 - 81 oF 0.099 

71 oF ALL 0.157 

74 oF N/A 

74 - 76 oF 0.036 

74 - 78 oF 0.028 

74 - 81 oF -0.07 

74 oF ALL 0.009 

76 oF -0.096 

76 -78 oF -0.098 

76 - 81 oF -0.184 

76 oF ALL -0.124 

78 oF -0.227 

78 - 81 oF -0.274 

  

 Table 13 showed the cost for cooling settings and cooling with setup as a ratio of the 

cost for a 74oF setting, which is the typical setting. 

4.3 Total Electric Costs 
 
 Taking the cooling data and the other electrical uses to be shown in the following table 

is the total cost for each temperature setting. 
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Table 13. Temperature with their total electric costs. 

 

Temperature 

 

Total Cost 

71oF $136,397.35 

71 - 74 oF $139,127.85 

71 - 76 oF $135,438.07 

71 - 78 oF $133,983.79 

71 - 81 oF $129,972.09 

71 oF ALL $134,977.88 

74 oF $120,499.68 

74 - 76 oF $124,009.60 

74 - 78 oF $123,210.11 

74 - 81 oF $114,288.19 

74 oF ALL $121,344.15 

76 oF $111,583.12 

76 -78 oF $111,508.75 

76 - 81 oF $103,002.95 

76 oF ALL $108,996.08 

78 oF $99,434.03 

78 - 81 oF $95,091.36 

78 oF ALL $97,797.38 

81 oF $81,521.46 
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 Table 14 shows the total electrical cost at certain temperatures with and without setup 

added with other electricity costs. 

4.4 Heating Cost 
 
 Bruce Hall is heated by a steam boiler that uses natural gas. The state average for 

natural gas from 2007 through 2009 was $14.38/MCF.  The heating and hot water are on the 

same bill because they both come from a natural gas steam boiler. The average monthly gas 

cost is $5,727 which is $68,714 per year. The monthly gas consumption, listed in MCF (thousand 

cubic feet) is 523.74 which equal 6,284.8 MCF per year. This yields an estimated cost of 

$10.93/MCF. Using MCF data and averaging the usage per month then multiplying by 

$14.38/MCF the total cost is $90,403.69. 

 Simulation results from Energy-10 were given in MMBTU or mega BTUs, since natural 

gas is sold per MCF a conversion is needed in order to get the data in units that could be used. 

First units need to be converted BTUs into MCF which requires the heating value, using the 

lower heating value of 1028 BTU/MCF. Multiplying 1028 BTU/CF by 1000 equals 1.028 * 106 

BTU/MCF, dividing the natural gas BTUs consumed by the heating value getting the MCF value. 

Multiplying the number of MCFs by the cost of $14.38/MCF will result in the cost of gas. 

 Cases 1 and 3 have a total of 148 rooms. Their heating cost along with their largest cost 

from the average of all the costs.  
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Table 14. Heating cost of Cases 1 and 3. 

Temperature Cost Maximum Deviation 

71⁰F $115,051.60 $5,516.91 

74⁰F $137,041.14 $6,905.01 

71-74⁰F $129,576.98 N/A 

74⁰F ALL $135,236.78 N/A 

76⁰F $150,137.69 $5,981.48 

71-76⁰F $143,162.16 N/A 

74-76⁰F $143,804.15 N/A 

76⁰F ALL $148,474.05 N/A 

78⁰F $158,114.15 $5,688.11 

71-78⁰F $158,776.84 N/A 

74-78⁰F $165,438.28 N/A 

76-78⁰F $159,191.02 N/A 

78⁰F ALL $162,066.14 N/A 

81⁰F $190,813.85 N/A 

71-81⁰F $188,142.38 N/A 

74-81⁰F $188,825.78 N/A 

76-81⁰F $189,281.38 N/A 

78-81⁰F $189,819.82 N/A 

81⁰F ALL $189,376.64 N/A 

  

  Cases 5 and 7 have a total of 23 rooms. The next table shows the cost and 

maximum deviation for these cases. 



46 
 

Table 15. Heating cost of Cases 5 and 7. 

Temperature Cost Maximum Deviation 

71⁰F $16,219.21 $976.22 

74⁰F $19,597.21 $992.16 

71-74⁰F $19,031.07 $957.85 

74⁰F ALL $19,237.45 N/A 

76⁰F $22,113.00 $6.44 

71-76⁰F $21,244.06 $1,052.39 

74-76⁰F $21,269.81 $984.80 

76⁰F ALL $21,413.75 N/A 

78⁰F $21,325.59 $5,868.05 

71-78⁰F $23,501.17 $963.35 

74-78⁰F $23,082.79 $1,015.91 

76-78⁰F $23,667.45 $971.93 

78⁰F ALL $22,894.25 N/A 

81⁰F $27,648.50 N/A 

71-81⁰F $27,246.21 N/A 

74-81⁰F $27,345.98 N/A 

76-81⁰F $27,413.56 N/A 

78-81⁰F $27,490.80 N/A 

81⁰F ALL $27,429.01 N/A 

 

 Cases 6 and 8 have a total of 26 rooms. The following table shows the cost and 

maximum deviation for these cases. 
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Table 16. Heating cost of Cases 6 and 8. 

Temperature Cost Maximum Deviation 

71⁰F $10,142.29 $501.36 

74⁰F $11,812.15 $404.56 

71-74⁰F $12,149.40 N/A 

74⁰F ALL $11,868.36 N/A 

76⁰F $12,911.58 $487.50 

71-76⁰F $13,282.66 N/A 

74-76⁰F $13,431.82 N/A 

76⁰F ALL $13,060.13 N/A 

78⁰F $14,381.37 $500.24 

71-78⁰F $13,848.39 N/A 

74-78⁰F $13,904.78 N/A 

76-78⁰F $13,939.34 N/A 

78⁰F ALL $14,139.43 N/A 

81⁰F $16,700.65 N/A 

71-81⁰F $9,815.56 N/A 

74-81⁰F $11,459.98 N/A 

76-81⁰F $14,612.38 N/A 

78-81⁰F $13,964.80 N/A 

81⁰F ALL $13,964.03 N/A 

 

 Cases 2 and 4 have a total of 49 rooms. The next table shows the cost and maximum 

deviation for these cases. 
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Table 17. Heating cost of Cases 2 and 4. 

Temperature Cost Maximum Deviation 

71⁰F $36,613.17 N/A 

74⁰F $38,502.11 $4,295.53 

71-74⁰F $42,530.24 $6.86 

74⁰F ALL $40,924.47 N/A 

76⁰F $42,007.44 $8,596.21 

71-76⁰F $45,500.00 N/A 

74-76⁰F $43,195.31 N/A 

76⁰F ALL $42,245.01 N/A 

78⁰F $43,829.53 N/A 

71-78⁰F $47,981.08 N/A 

74-78⁰F $48,186.77 N/A 

76-78⁰F $46,678.36 N/A 

78⁰F ALL $45,247.66 N/A 

81⁰F $52,860.55 N/A 

71-81⁰F $36,517.18 N/A 

74-81⁰F $39,792.25 $5,626.82 

76-81⁰F $58,320.53 N/A 

78-81⁰F $41,179.53 $9,832.08 

81⁰F ALL $47,099.80 N/A 

 

 The total heating cost for the entire year is the summation of these cases per 

temperature setting. 
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 Hot water heating simulations were the same for each case and resulted in $6,117.95 a 

year, adding this cost to the heating cost then dividing by the cost to heat to 74oF with no 

setup. 

 The following table shows a ratio between the temperature cost and the cost at the 

benchmark of 74oF. 

Table 18. Set point ratio of benchmark temperature. 

Temperature Ratio of 

74⁰F cost 

71⁰F 0.8642 

74⁰F 1 

71-74⁰F 0.9828 

74⁰F ALL 1.0015 

76⁰F 1.0975 

71-76⁰F 1.0672 

74-76⁰F 1.0688 

76⁰F ALL 1.0856 

78⁰F 1.1784 

71-78⁰F 1.1713 

74-78⁰F 1.1736 

76-78⁰F 1.1714 

78⁰F ALL 1.1755 

81⁰F 1.3805 

71-81⁰F 1.2603 
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74-81⁰F 1.2838 

76-81⁰F 1.3880 

78-81⁰F 1.3074 

81⁰F ALL 1.3328 

 

 Since 74oF is at the lower end of the comfort range it follows that most of the settings 

cost more than the benchmark. The one setting that is cheaper is a set point of 74oF with a 

setup at 71 oF. 

 After adding hot water heating cost the next table gives the final cost to heat. 

Table 19. Final heating cost with hot water. 

Temperature cost with hot water 

71⁰F $184,144.22 

74⁰F $213,070.57 

71-74⁰F $209,405.64 

74⁰F ALL $213,385.01 

76⁰F $233,842.22 

71-76⁰F $227,393.84 

74-76⁰F $227,729.04 

76⁰F ALL $231,310.89 

78⁰F $251,092.72 

71-78⁰F $249,562.74 

74-78⁰F $250,069.13 

76-78⁰F $249,594.12 
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78⁰F ALL $250,465.43 

81⁰F $294,141.50 

71-81⁰F $268,522.68 

74-81⁰F $273,541.94 

76-81⁰F $295,745.80 

78-81⁰F $278,572.90 

81⁰F ALL $283,987.43 

 

 This table showed the cost for natural gas for room heating and hot water heating 

added together. 

4.5 eQUEST Heating Results 
 
 The energy simulation program eQUEST offers a better simulation setup and result than 

that for Energy-10. Energy-10 allows only two Zones per simulation, this is fine if you only have 

a few Zones more or if each Zone utilizes its own energy demanding equipment (i.e. window 

units), but when a large building shares one large piece of heating/cooling equipment the 

simulation has a very small chance of scaling correctly. eQUEST has the opposite problem it 

easily allows the user to simulate a building that shares one system but has problems when 

each room uses its own equipment, for this the heating results from eQUEST will be shown. 

These graphs data is compiled from many simulation runs then their averages are given, same 

as for cooling using energy-10. This data unlike data from energy-10 only contains temperature 

settings that have fixed setup and setback points, which is one degree for each.  
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 The following figures are titled with the heating temperature set point with the cooling 

temperature set point as the bottom temperatures. They contain the total cost heating with 

cooling. 

  

Figure 9. Heating cost for 71
o
F. 

  

 
Figure 10. Heating cost at 74

o
F. 
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Figure 11. Heating cost at 76

o
F. 

 
 

 
Figure 12. Heating cost at 78

o
F. 
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Figure 13. Heating cost at 81

o
F. 

 
 The following tables show a comparison of eQUEST heating results to the actual data 

from the building. Taking the simulation data for cost, which eQUEST calculates after inputting 

a gas cost, then dividing that into the actual cost data. For the second table the simulation MCF 

data is divided into the actual MCF data from the building usage in order to find a percentage. A 

100% at the 74oF mark would indicate a near exact simulation. 

 The next table shows a ratio of the simulation cost compared to the actual cost. 

Table 20. Simulation as a ratio of actual cost. 

Temp Ratio 

71 0.4025 

74 0.4212 

76 0.4570 

78 0.5216 

81 0.7737 

 

 Table 22 shows the ratio of simulation MCF gas usage data compared to actual MCF 

data. 
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Table 21. Simulation data as a ratio of actual MCF data. 

Temp Ratio 

71 0.336 

74 0.3516 

76 0.3815 

78 0.4354 

81 0.6459 

 

These values that are all below 100% indicate that the simulation data is underestimating the 

amount of gas being consumed in order to achieve the desired temperature.  

4.6 Humidity Results 
 
 For a cooling setting of 71oF no setup there are no hours over the wet-bulb comfort 

temperature. At 74oF with no setup the months of April – June, and September and October 

exceed the comfort wet-bulb temperature on average.  The months of April, May, June, 

September and October have wet-bulb temperature average over 62oF.  Setting temperatures 

of 76oF with no setup the months of April through October have average wet-bulb 

temperatures over the comfort level. A temperature setting of 78oF with no setup the months 

of April through October are exceeding the wet-bulb comfort temperature on average.  A 

temperature of 81oF with no setup exceeds the  comfort wet-bulb temperature for the months 

of April through October. Using the average cost for the cost with no setback and added in the 

average cost per month for the months on non-attainment with the cost from 71oF no setback.  

 Table 23 shows the cost to cool to different temperatures, the added cost is what it 

would cost if the air conditioners were run long enough to eliminate the extra humidity and the 

final cost is these two added together. 
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Table 22. Humidity additions. 

 74⁰F 74 - 76⁰F 74 - 78⁰F 74 - 81⁰F 76⁰F 

 

Original $114,381.73 $117,891.65 $117,092.16 $108,170.24 $105,465.17 

Added Cost $6,624.03 $3,096.94 $3,296.81 $5,527.29 $10,339.26 

Final Cost $121,005.76 $120,988.59 $120,388.97 $113,697.53 $115,804.43 

 

 

76 - 78⁰F 76 - 81⁰F 78⁰F 78 - 81⁰F 81⁰F 

Original $105,390.80 $96,885.00 $93,316.08 $88,973.41 $75,403.51 

Added Cost $10,339.26 $10,370.25 $15,401.38 $17,210.83 $32,010.94 

Final Cost $115,730.06 $107,255.25 $108,717.46 $106,184.24 $107,414.45 

 
4.6.1 Humidity Results From eQUEST 
  
 Table 24 shows a similar data set as the previous table except eQUEST allows the user to 

explicitly allow the system to remove excess humidity, no extra interpretation necessary. 

 
Table 23. Economizer cycle set at 62

o
F. 

Heating Temp Cooling 
Temp 

Heating 
MMBTU 

Cooling 
kWh 

Heating 
MCF 

cooling 
cost 

heating 
cost 

71 71 $2,261.50 $1,790.60 2,199.90 $196.97 $31,634.60 

71 74 2143 1751.2 2,084.63 $192.63 $29,976.98 

71 76 2009.8 1738.9 1,955.06 $191.28 $28,113.74 

71 78 2098.5 1739.8 2,041.34 $191.38 $29,354.50 

71 81 2102.2 1744.6 2,044.94 $191.91 $29,406.26 

  
4.7 Wind Results 
     
 Wind can only provide a 5oF temperature drop at maximum allowed wind speed, 

160fpm which across the room would equate to 11,146.67 cfm. Fans do exit that would provide 

this speed however they are very large and cost about $500 also they would need to run at very 
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high rpm making them extremely dangerous. The sound was not a consideration for comfort 

when ASHRAE (American society of heating, refrigerating and air-conditioning engineers) 

studied the maximum wind speed for comfort, this speed would not create a deafening sound 

but still a large annoyance. Any common PTAC unit are limited to only around 200 cfm which is 

negligible as far as cooling goes, but if you could manage to get the HVAC system at this high of 

cfm it would be extremely wasteful as the unit would basically renew all the cold air in the 

room within minutes exhausting a lot of cold air as waste. In light of this to be left is wind being 

something that can only be useful to alleviate minor discomfort or to quickly change the air 

temperature of an environment. Energy-10 does not have the option to add on non-HVAC fans 

so it cannot simulate any fans on this program, but an 11,000 cfm producing fan uses about 700 

Watts if this is used for the entire cooling period, which is not quite 6 months, an estimate that 

if it were to operate 24-hours a day while the air conditioner is on totaling a loose estimate of 

4320 hours. The energy total is 3020kWh which would cost $332.64. Taking the average cost 

per degree increased and extrapolating 5oF from any set point and then adding the $332.64 

getting the following. For temperature set points at 76oF and up can simply be assigned the cost 

of already known amounts, i.e. 76oF can be assigned the value for the cooling set point of 71oF. 

By multiplying $1,371.90/degree oF by 5 (for each degree of change), subtracting this from the 

original cost and finally adding the fan cost. The temperature of 71oF itself moved back to 66oF 

with no setback now cost $123,752.54, a 5% drop in price. 74oF no setback results $107,854.87, 

a 5.7% decrease in cost.     
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CHAPTER 5 
 

CURRENT RESEARCH 
5.1 Simulating Kerr Hall 
 
 Guidelines and cases are set up to gain data on another building on campus, KERR hall. It 

is a large building with centralized heating and cooling. The guidelines are for use on Energy-10 

following the same approach as that followed for Bruce Hall. If this building is simulated, it 

could then compare a centrally controlled building to a non-central one allowing for further 

human input parameters. Also, the schematic design on the simulation program eQUEST has 

been completed. This is a much more powerful program than Energy-10, it allows for very 

detailed building inscription which gives very accurate results.  

5.2 Bruce Hall on eQUEST 
 
 Bruce Hall is designed on eQUEST and a few simulations have been run. However, a 

great amount of time is needed to fully complete for comparison to the Energy-10 results. The 

biggest challenge to getting eQUEST to properly work is that both of these buildings have odd 

shapes. For example, the dimensions for Bruce Hall had to be downsized and fitted to a 

standard sheet of paper, then each point was mapped before the coordinates were able to be 

written to allow eQUEST to build the structure. 
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Figure 14. Custom pattern representing Bruce Hall, coordinate based drawing. 

 

Figure 15. eQUEST design of Bruce Hall. 

Results so far; temperature set points with no setback/setup are given the next table. 
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Table 24. eQUEST results. 

Heating 
Temp  

Cooling 
Temp 

Heating 
MMBTU 

Cooling 
kWh 

Heating 
MCF 

cooling 
cost 

heating cost Total Cost 

71 71 2262.10 1709.10 2200.49 $188.00 $31,642.99 $31,831.00 

71 74 2143.30 1750.80 2084.92 $192.59 $29,981.18 $30,173.77 

71 76 2100.00 1738.50 2042.80 $191.24 $29,375.49 $29,566.72 

71 78 2098.80 1739.40 2041.63 $191.33 $29,358.70 $29,550.03 

71 81 2102.50 1744.20 2045.23 $191.86 $29,410.46 $29,602.32 

74 74 2233.00 1780.50 2172.18 $195.86 $31,235.93 $31,431.79 

74 71 2262.20 1790.10 2200.58 $196.91 $31,644.39 $31,841.30 

74 76 2233.30 1780.80 2172.47 $195.89 $31,240.13 $31,436.02 

74 78 2235.30 1781.90 2174.42 $196.01 $31,268.11 $31,464.12 

74 81 2240.30 1784.60 2179.28 $196.31 $31,338.05 $31,534.35 

76 76 2428.80 1840.30 2362.65 $202.43 $33,974.85 $34,177.28 

76 71 2431.00 1841.00 2364.79 $202.51 $34,005.62 $34,208.13 

76 74 2427.90 1840.00 2361.77 $202.40 $33,962.26 $34,164.66 

76 78 2431.50 1841.10 2365.27 $202.52 $34,012.62 $34,215.14 

76 81 2437.30 1843.30 2370.91 $202.76 $34,093.75 $34,296.51 

78 78 2774.60 1935.80 2699.03 $212.94 $38,812.01 $39,024.95 

78 71 2775.00 1935.90 2699.42 $212.95 $38,817.61 $39,030.56 

78 74 2770.10 1934.40 2694.65 $212.78 $38,749.06 $38,961.85 

78 81 2781.60 1937.90 2705.84 $213.17 $38,909.93 $39,123.10 

81 81 4122.70 2227.50 4010.41 $245.03 $57,669.68 $57,914.70 

81 71 4118.20 2225.30 4006.03 $244.78 $57,606.73 $57,851.51 

81 74 4112.80 2223.50 4000.78 $244.59 $57,531.19 $57,775.78 

81 76 4113.70 2224.00 4001.65 $244.64 $57,543.78 $57,788.42 

81 78 4116.10 2224.90 4003.99 $244.74 $57,577.35 $57,822.09 
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CHAPTER 6 
 

UTILITY COST COMPARISONS 
 
6.1 Simulated Costs Compared to Actual Costs 
 
 The dorms on campus do not have utility bills specific to them but rather the entire 

campus is on one. To determine how much energy each building uses, calculations have to be 

made. The electricity and its cost are calculated separately, leaving what electric rates are being 

applied to be determined. Attained is the monthly kWh and cost for that electricity. This 

electricity is including all usage, not just cooling. The data set used is from January 2007 

through November 2009. Bruce Hall averaged 90,262.86 kWh per month which equals 

1,083,154.29 kWh per year. The average cost for this electricity per month is $6,239.36, which 

equates to $74,872.34 per year. If you divide the dollar amount by the kWh the price per kWh, 

it yields just under $0.07/kWh. This is significantly lower than the published state averages for 

this time period. It can be assumed that either the school purchases electricity at a discounted 

price or that there are errors in the calculations. If the state average cost per kWh is used, 

which is $0.11, the new utility bill would be $119,146.97. 

 In the following section the comparison between the utility bill from building data and 

simulated data is shown. Taking each electric use for cooling and adding that to the simulated 

$22,164.56 for other non-cooling electric needs for each year can be 
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used as a comparison to actual data from Bruce Hall. The following table compares the 

calculated value to both the cost data, as well as the energy data. It is done by dividing each of 

the simulated data points by the actual cost of $74,872.34. These data are for Energy-10 costs.  

 Table 26 showed the ratio of simulated cost compared with actual costs, given by 

equivalent heating and cooling temperatures. 

Table 25. Cost of simulation to actual building cost. 

Temperature Ratio of cost data 

71oF 1.74 

71 - 74 oF 1.7765 

71 - 76 oF 1.7272 

71 - 78 oF 1.7078 

71 - 81 oF 1.6542 

71 oF ALL 1.7211 

74 oF 1.5277 

74 - 76 oF 1.5746 

74 - 78 oF 1.5639 

74 - 81 oF 1.4447 

74 oF ALL 1.539 

76 oF 1.4086 

76 -78 oF 1.4076 

76 - 81 oF 1.2940 

76 oF ALL 1.3740 

78 oF 1.2463 
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78 - 81 oF 1.1883 

78 oF ALL 1.2245 

81 oF 1.0071 

  

 All this set point data is well over 100%, assuming that the cost data is inaccurate one 

can compare it to the kWh usage and get another percentage chart comparing the calculated 

cost of $119,146.97 with the simulated data. 

 Table 27 showed the ratio of simulated cost compared with actual costs, given by 

equivalent heating and cooling temperatures. This table represents, the same simulation data 

used for comparison in the previous table, now compared as a ratio to energy cost calculated 

using actual kWh data, which does result in a different cost. 

Table 26. Percentage simulation data gained by calculating cost from energy use data. 

Temperature Ratio of cost data 

71oF 1.0934 

71 - 74 oF 1.1164 

71 - 76 oF 1.0854 

71 - 78 oF 1.0732 

71 - 81 oF 1.0395 

71 oF ALL 1.0815 

74 oF 0.96 

74 - 76 oF 0.9895 

74 - 78 oF 0.9828 

74 - 81 oF 0.9079 
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74 oF ALL 0.9671 

76 oF  0.8852 

76 -78 oF 0.8845 

76 - 81 oF 0.8132 

76 oF ALL 0.8635 

78 oF 0.7832 

78 - 81 oF 0.7468 

78 oF ALL 0.7695 

81 oF 0.6329 

 

 This data is excellent as the simulation data equals the actual data at 74oF set points, 

now this is not what every room temperature is set to but it is what most buildings’ baseline 

temperature are set. 

6.2 Cooling Results Discussion and Recommendations 
 
 This is a discussion on how to use the previous data. You will be able to optimize 

temperature goal cost by utilizing proper setback temperatures. For a cool setting of 71oF it 

cost 2.32% more to have a setback to 74oF, it drops by 1.06% for a setback to 76 oF, for a 

setback to 78 oF it drops 2.41% and a 6.02% drop for a setback to 81 oF compared to no setback 

cost. A temperature set point of 74 oF results in an increase of 3.61% and 2.85% for setbacks to 

76 oF and 78 oF, setback to 81 oF can save 6.17% from having no setback temperature. A 

temperature set point of 76 oF and setback to 78 oF yields negligible savings at 0.13% but a 

setback to 81 oF results is a larger savings at 9.94% from using no setback. Using the set point 78 

oF and setback to 81 oF you can save 6.04% from not having a setback temperature at all. 
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 On average if you set your thermostat setback temperature to the highest comfort point 

allowed you can save the most. This will also allow your air conditioner unit to have longer run 

times which will help eliminate humidity and cut down on startup electric demand spikes. The 

cost of decreasing the temperature from 81 to 78 oF cost $17,912.57, from 78 to 76oF it cost 

$12,149.09, from 76 to 74oF it cost $8,916.56 and from 74 to 71 it cost $15,897.67. For an 

average of $1,371.90 per degree the temperature is decreased. 

6.3 Heating Cost Comparisons 
 
 The total cost from actual data for gas heating is $5,426.75 per month which equals 

$65,121.01 per year on average. The actual MCF data is 509 per month which is 6107 MCF per 

year average. The average cost per MCF of natural gas is $14.38/MCF which would yield 

$87,818.66 per year. 

 The following table shows the ratios between the cost at given temperatures compared 

to the benchmark temperature cost. 

Table 27. Set point ratio of benchmark temperature. 

Temperature Ratio of 74⁰F 

71⁰F 0.8642 

74⁰F 1 

71-74⁰F 0.9828 

74⁰F ALL 1.0015 

76⁰F 1.0975 

71-76⁰F 1.0672 

74-76⁰F 1.0688 

76⁰F ALL 1.0856 
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78⁰F 1.1784 

71-78⁰F 1.1713 

74-78⁰F 1.1736 

76-78⁰F 1.1714 

78⁰F ALL 1.1755 

81⁰F 1.3805 

71-81⁰F 1.2603 

74-81⁰F 1.2838 

76-81⁰F 1.3880 

78-81⁰F 1.3074 

81⁰F ALL 1.3328 

  

This table shows how much cost deviate from the cost for setting the temperature at 

74oF. 

 Heat settings recommendations are to run heater fans as often as possible, the fan cost 

may be more but the efficiency of the boiler will most likely outweigh the cost, as you will be 

burning gas at a constant rate with no time when it’s not hot reducing losses from cooling and 

reheating boilers.  

 The heating values obtained from Energy-10 are far from the actual data but the 

eQUEST heating data is not as far off. The error is most likely due to wrong sizing of the heating 

data or the fact that the building has only one unit and it does not scale properly to individual 

rooms. Letting Energy-10 oversize automatically which equated to over 16,000 BTU/hr at this 

rate the building can reach the high temperatures of 81oF but uses way more natural gas than is 
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needed for common heating. According to the manufacturers of the heating equipment, WEIL-

MCLAIN, the specific type used has ranges of BTU/hr rating which is 606,000 to 3,090,000 

BTU/hr steam rating. This equates to a per room bases range of 2,463 to 12,560 BTU/hr. 

Neither energy can reach the desired temperature required at a per room bases. Simulating a 

few times the minimum energy required in order to heat to the maximum temperature is about 

13,500 BTU/hr. eQUEST however is a program in which the entire building is used for each run 

so the heating unit is uniform.  

 The next table gives the ratios of eQUEST simulation data compared to the actual cost 

data. 

 
Table 28. Ratio of eQUEST data to actual cost data. 

temperature Ratio of actual data 

71 0.46 

74 0.4813 

76 0.5223 

78 0.5962 

81 0.8843 

  

Table 29. Percentage of eQUEST to MCF cost data. 

 

 

  

 

This table showed the ratio of simulation data compared to actual cost data, calculated 

from MCF usage. 

6.4 Cost Analysis Only Energy-10 
 

temperature Ratio of actual MCF data cost 

71 0.3411 

74 0.3569 

76 0.3873 

78 0.4421 

81 0.6557 
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 Normally overall building operating costs are the most important statistics, but in this 

thesis they are best left as separate entities of heating and cooling. Furthermore with the 

heating simulation data being so far from the actual data would only render the overall 

outcome equally distant also diminishing the closeness of the cooling cost. It is difficult to even 

sum the two simulation data together as each have unique setback/setup temperatures that do 

not correlate to the other. My best bet is to first again give Bruce Halls annual cost from the 

data file then give the summed averages of each cooling and heating costs. The total cost using 

cost data is $143,585.96 per year and the cost per year summing the kWh and MCF calculated 

costs is $209,550.67, which have a difference of $65,964.71. The summed simulation is all the 

cost figures for all temperatures averaged and summed together resulting $357,448.46.  

6.5 Energy Analyses 
 
 Energy-10 have accurate cooling (electric) costs, while eQUEST gives accurate heating 

(natural gas) costs with less than accurate for the other. The only way to accurately look at the 

whole house is to look at the two energy drains, heating and cooling, separately as neither of 

these programs accurately could determine both of them simultaneously. 

6.5 The Cost for New Equipment 
 
 The question always raised by anyone using a heavy load HVAC (heating, ventilation and 

air conditioning) system when should it be upgraded to a newer more efficient system? Bruce 

Hall, according to a UNT facilities maintenance member, requires a 400 ton chilling equivalent 

and a centrifugal system is currently under construction. Trane Inc. lists selling these types of 

chillers at $250/ton at 400 tons the equipment cost is $100,000 and a cop value of 6.1. 
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CHAPTER 7 
 

FUTURE WORK 
 
7.1 eQUEST and Beyond 
 
 The limits of the simple program Energy-10 have mostly been exhausted for this 

problem as its capabilities and limitations are easily recognized. The program eQUEST there is a 

little more room to work with however a more uniform building HVAC (heating, ventilation and 

air conditioning) design makes more sense in it because of the window units this program is 

inaccurate for individual cooling devices but one large heating system. There exists a much 

more thorough program that would allow the user to manually input as many HVAC system 

components as necessary and all building shapes and sizes are allowed it is EneryPlus which 

was designed by the same people that designed the two previous programs. It is known to have 

a very steep learning curve, but it also has a very steep setup. The user would have to manually 

input virtually every square inch of a building’s design in order to finalize. 

7.2 eQUEST 
 
 Having started work with eQUEST but not being able to fully utilize all that it can handle 

leaves the possibility that all of the problems encountered can be solved by simply completing 

them on this program.  
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7.3 Extraneous Work 
 
 Another option to complete this work is by going back to the building itself and doing 

further investigations. Not the physical building, which may be fully understood, but rather the 

nature in which its inhabitants interact. The original thought for this experiment is that a large 

part of why different buildings use different amounts of energy per capita is due to the 

differences people have in how they live. An extensive study on who lives in these buildings 

through interviews and surveys could potentially unlock a guide to how to design a system for a 

specific set of people.  
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 Table A1 is the actual building data collected by UNT Facilities. 
 

Table A1. Bruce Hall collected data. 

CYCLE   KWH   MCF   ELEC   GAS   TOTAL 

200911 73,920 568 $4,911.70  $3,558.31  $13,583.23  

200910 82,280 989 $5,840.74  $4,721.14  $16,369.26  

200909 106,040 304 $7,712.96  $3,810.80  $18,431.08  

200908 113,520 464 $7,153.84  $4,840.07  $16,392.10  

200907 112,200 337 $6,395.58  $4,845.12  $16,793.16  

200906 100,320 306 $6,747.99  $3,727.46  $16,166.74  

200905 74,360 486 $4,846.88  $6,204.65  $15,688.50  

200904 75,680 524 $5,902.43  $9,047.63  $21,006.42  

200903 66,880 576 $5,205.31  $8,112.26  $18,777.48  

200902 62,480 642 $4,627.56  $9,237.62  $18,888.02  

200901 38,720 605 $3,778.48  $8,598.23  $16,047.25  

200812 58,080 529 $4,886.98  $8,668.41  $17,079.71  

200811 70,840 434 $6,131.32  $8,758.03  $19,719.05  

200810 99,440 370 $8,169.15  $5,744.74  $20,580.78  

200809 130,240 280 $11,684.17  $4,360.34  $23,316.89  

200808 112,200 340 $10,040.18  $5,368.62  $22,500.25  

200807 147,400 371 $12,551.01  $5,996.06  $23,862.04  

200806 103,840 0 $9,795.70  $0.00  $14,245.15  

200805 79,200 725 $5,697.86  $9,090.23  $18,466.27  

200804 15,840 612 $2,816.22  $6,643.88  $15,113.26  

200803 79,640 818 $5,522.15  $7,898.27  $20,194.73  



73 
 

200802 94,160 913 $5,390.00  $7,932.61  $15,262.86  

200801 100,760 704 $5,095.29  $6,054.99  $15,127.52  

200712 99,880 545 $4,921.86  $5,072.16  $12,871.69  

200711 79,200 428 $4,406.07  $3,525.03  $12,936.97  

200710 112,640 352 $6,559.29  $2,604.09  $17,294.67  

200709 133,760 269 $7,099.65  $2,187.78  $11,272.47  

200708 133,760 320 $7,845.61  $3,050.41  $18,836.82  

200707 121,000 343 $6,690.99  $3,374.62  $11,281.82  

200706 105,600 208 $6,762.14  $2,256.70  $12,261.98  

200705 78,760 517 $5,165.63  $4,571.45  $13,712.69  

200704 91,960 467 $5,436.06  $4,420.81  $14,782.47  

200703 78,320 833 $4,619.45  $7,365.78  $16,107.04  

200702 67,760 940 $4,219.95  $6,903.03  $15,823.92  

200701 58,520 688 $3,747.45  $6,137.27  $13,682.03  

 

 Tables A2- A5 are Energy-10 simulation data, cases are the data that only pertain to two 

rooms fitting the simulation criteria, the final cost used this multiplied by the number of rooms 

fitting that description. 

Table A2. Cases 1 and 3 Energy-10 data. 

Temp HEAT Temp Cool Temp HEAT Usage per 
sq. ft. 

Cool usage  
per sq. ft. 

other electric 

71/81 71 81 136.2 14.3 22.2 

74/81 74 81 160.1 14.4 22.4 

71-74/81 71-74 81 159.4 14.4 22.4 

76/81 76 81 177.4 14.6 22.6 

71-76/81 71-76 81 176.2 14.6 22.5 

74-76/81 74-76 81 177 14.6 22.6 
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78/81 78 81 196.6 15.1 22.7 

71-78/81 71-78 81 194.6 15.1 22.7 

74-78/81 74-78 81 195.4 15.1 22.7 

76-78/81 76-78 81 195.9 15.1 22.7 

71-81/81 71-81 81 231.5 17.1 23.1 

74-81/81 74-81 81 232.4 17.1 23.1 

76-81/81 76-81 81 232.9 17.1 23.1 

78-81/81 78-81 81 233.6 17.1 23.3 

81/81 81 81 234.8 17.2 23.1 

71/78-81 71 78-81 136.7 19.8 22.3 

71/78 71 78 136.7 19.9 22.3 

74/78-81 74 78-81 162.1 20.2 22.6 

74/78 74 78 162.1 20.3 22.6 

76/78-81 76 78-81 181.7 20.9 22.7 

76/78 76 78 181.7 21 22.7 

78/78-81 78 78-81 206.9 22.3 23 

78/78 78 78 207.2 22.4 23 

71/76-81 71 76-81 137.7 23.9 22.4 

71/76 71 76 137.7 24 22.5 

74/76-81 74 76-81 165.4 24.7 22.7 

74/76 74 76 165.5 24.9 22.7 

76/76-81 76 76-81 189.1 26 22.9 

76/76 76 76 189.4 26.2 22.9 

71/74-81 71 74-81 156.2 29 22.8 

71/74 71 74 139.9 28.1 22.6 

74/74-81 74 74-81 172.3 29.7 22.9 

74/74 74 74 172.5 30 22.9 

71/71-81 71 71-81 148.2 34.9 22.9 

71/71 71 71 148.4 35.3 22.9 

      
 

 
Temp Cool 

MBTU 
Heat Cost k$ USE  Peak demand 

kW 
fan 

MMBTU 

71/81 5.62 53.43 1.21 67.74 2.04 0.5 

74/81 5.66 62.84 1.35 77.28 2.04 0.58 

71-74/81 5.66 62.57 1.35 77 2.04 0.58 

76/81 5.74 69.61 1.45 84.19 2.04 0.65 

71-76/81 5.74 69.13 1.45 83.71 2.04 0.64 

74-76/81 5.74 69.44 1.45 84.01 2.04 0.65 

78/81 5.92 77.14 1.57 91.97 2.04 0.72 

71-78/81 5.92 76.35 1.56 91.18 2.04 0.71 
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74-78/81 5.92 76.67 1.56 91.5 2.04 0.72 

76-78/81 5.92 76.87 1.57 91.7 2.04 0.72 

71-81/81 6.7 90.85 1.8 106.6 2.04 0.85 

74-81/81 6.7 91.18 1.81 106.93 2.04 0.85 

76-81/81 6.7 91.4 1.81 107.15 2.04 0.86 

78-81/81 6.71 91.66 1.81 107.42 2.04 0.86 

81/81 6.73 92.14 1.82 107.93 2.04 0.86 

71/78-81 7.78 53.64 1.3 70.17 1.99 0.55 

71/78 7.82 53.65 1.3 70.21 1.99 0.56 

74/78-81 7.94 63.62 1.45 80.4 1.99 0.65 

74/78 7.98 63.62 1.45 80.44 1.99 0.65 

76/78-81 8.22 71.3 1.57 88.43 1.99 0.72 

76/78 8.25 71.31 1.57 88.48 1.99 0.72 

78/78-81 8.76 81.2 1.74 98.97 1.99 0.81 

78/78 8.8 81.32 1.74 99.14 1.99 0.81 

71/76-81 9.37 54.05 1.36 72.21 1.97 0.6 

71/76 9.42 54.05 1.36 72.27 1.97 0.6 

74/76-81 9.71 64.9 1.53 83.51 1.97 0.71 

74/76 9.76 64.92 1.54 83.59 1.97 0.71 

76/76-81 10.21 74.22 1.69 93.42 1.97 0.79 

76/76 10.28 74.31 1.69 93.58 1.97 0.8 

71/74-81 11.04 54.9 1.44 74.8 1.94 0.66 

71/74 11.12 54.91 1.44 74.9 1.94 0.67 

74/74-81 11.67 67.61 1.65 88.27 1.94 0.78 

74/74 11.77 67.7 1.65 88.45 1.94 0.79 

71/71-81 13.71 58.15 1.59 80.83 1.93 0.78 

71/71 13.86 58.22 1.59 81.06 1.93 0.79 

 

Table A3. Cases 5 and 7 Energy-10 data. 

heat temp cool temp cooling cost use fan heating peak Peak 

demand 

71 71 15.5 1.59 77.93 0.8 53.43 196 1.96 

71 71-74 15.43 1.58 77.78 0.79 53.36 196 1.96 

71 71-76 15.39 1.58 77.71 79 53.33 196 1.96 

71 71-78 15.35 1.58 77.65 0.79 53.31 196 1.96 



76 
 

71 74 12.76 1.43 71.54 0.67 49.91 197 1.97 

71 74-76 12.72 1.43 71.47 0.67 49.88 197 1.97 

71 74-78 12.69 1.43 71.42 0.67 49.87 197 1.97 

71 74-81 12.65 1.42 71.36 0.67 49.85 197 1.97 

71 76 10.97 1.34 68.51 0.6 48.74 199 1.99 

71 76-78 10.93 1.34 68.46 0.6 48.73 199 1.99 

71 76-81 10.9 1.34 68.4 0.6 48.71 199 1.99 

71 78 9.24 1.27 66.01 0.55 48.03 202 2.02 

71 78-81 9.2 1.27 65.95 0.54 48.01 202 2.02 

71 81 6.86 1.17 63.04 0.48 47.5 206 2.06 

71 71-81 15.31 1.58 77.59 0.79 53.29  1.96 

74 74 13.5 1.64 84.95 0.79 62.47 197 1.97 

74 74-76 13.45 1.64 84.83 0.79 62.39 197 1.97 

74 74-78 13.42 1.64 84.76 0.79 62.36 197 1.97 

74 74-81 13.37 1.64 84.69 0.79 62.33 197 1.97 

74 76-78 11.4 1.52 79.76 0.7 59.46 199 1.99 

74 76-81 11.36 1.52 79.69 0.7 59.43 199 1.99 

74 78-81 9.49 1.42 76.12 0.64 57.81 202 2.02 

76 76-78 11.98 1.68 89.7 0.79 68.73 199 1.99 

76 76-81 11.93 1.67 89.61 0.79 68.69 199 1.99 

78 78 10.52 1.72 94.98 0.81 75.45 202 2.02 

78 78-81 10.47 1.72 94.77 0.81 75.31 202 2.02 

78 81 9.24 1.27 66.01 0.55 48.03 202 2.02 
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81 81 8.37 1.79 103.32 0.85 85.91 205 2.05 

71-74 74 13.48 1.64 84.58 0.79 62.11 197 1.97 

71-74 74-81 13.37 1.63 84.39 0.79 62.04 197 1.97 

71-74 76 11.43 1.52 79.54 0.7 59.21 199 1.99 

71-74 76-78 11.4 1.51 79.48 0.7 59.19 199 1.99 

71-74 76-81 11.36 1.51 79.42 0.7 59.17 199 1.99 

71-74 78 9.53 1.42 75.92 0.64 57.56 202 2.02 

71-74 78-81 9.49 1.42 75.85 0.63 57.54 202 2.02 

71-74 81 6.97 1.3 71.98 0.56 56.25 206 2.06 

71-76 76 11.99 1.67 89.16 0.79 68.18 199 1.99 

71-76 76-81 11.92 1.66 89 0.79 68.1 199 1.99 

71-76 78 9.89 1.54 83.81 0.71 65.02 202 2.02 

71-76 81 7.13 1.4 78.7 0.62 62.74 206 2.06 

71-78 78 10.49 1.71 94.06 0.8 74.57 202 2.02 

71-78 78-81 10.44 1.7 93.9 0.8 74.47 202 2.02 

71-78 81 7.42 1.52 86.34 0.69 70.03 206 2.06 

71-81 81 8.33 1.77 102.02 0.83 84.66 206 2.06 

74-76 76-78 11.96 1.67 89.38 0.79 68.43 199 1.99 

74-76 76-81 11.92 1.67 89.3 0.79 68.4 199 1.99 

74-76 78 9.89 1.55 84.11 0.71 65.31 202 2.02 

74-76 78-81 9.85 1.54 84.03 0.71 65.28 202 2.02 

74-76 81 7.14 1.41 78.99 0.63 63.03 206 2.06 

74-78 78 10.5 1.71 94.37 0.8 74.88 202 2.02 
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74-78 78-81 10.11 1.62 89.02 75 69.96 202 2.02 

74-78 81 7.43 1.53 86.6 0.7 70.33 206 2.06 

74-81 81 8.33 1.78 102.33 0.84 84.97 206 2.06 

76-78 78-81 10.45 1.71 94.43 0.8 74.99 202 2.02 

76-78 81 7.43 1.53 86.84 0.7 70.52 206 2.06 

76-787 78 10.5 1.71 94.61 0.81 75.11 202 2.02 

76-81 81 8.33 1.78 102.55 0.84 85.18 206 2.06 

78-81 81 8.34 1.78 102.8 0.84 85.42 206 2.06 

 
 
 

Table A4. Cases 6 and 8 Energy-10 data. 

heat temp cool 

temp 

cooling cost use fan heating peak 

demand 

71 71 14.29 1.6 81.12 0.8 57.84 1.94 

71 74 11.59 1.45 75 0.68 54.54 1.95 

71 76 9.89 1.38 72.37 0.61 53.67 1.97 

74 76 12.14 1.66 88.2 0.79 67.07 1.95 

74 76 10.24 1.55 83.53 0.71 64.37 1.97 

71 78 8.29 1.31 70.28 0.56 53.23 2 

74 78 8.46 1.46 80.35 0.65 63.04 2 

76 78 10.77 1.7 93.43 0.8 73.66 1.97 

71-76 78 10.75 1.69 92.76 0.8 73.02 1.97 

71 81 14.13 1.6 80.88 0.79 57.77 1.94 

71 81 6.08 1.22 67.78 0.51 53 2.05 

76 81 8.71 1.58 88.3 0.73 70.67 2 
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76 81 6.2 1.46 83.96 0.65 68.91 2.05 

78 81 9.25 1.74 98.64 0.82 80.37 2 

78 81 6.41 1.58 91.64 0.72 76.31 2.05 

81 81 7.56 1.83 107.45 0.87 91.16 2.05 

71-81 81 6.12 1.24 68.79 0.51 53.96 2.05 

74-81 81 6.15 1.37 77.95 0.6 63 2.05 

78-81 81 6.44 1.58 92.13 0.73 76.77 2.05 

76-81 81 6.24 1.47 84.68 0.66 69.59 2.05 

71 74-81 11.5 1.45 74.9 0.67 54.53 1.95 

74 74-81 12.24 1.66 88.39 0.8 67.16 1.95 

71 78-81 8.25 1.31 70.24 0.56 53.23 2 

74 78-81 8.43 1.46 80.31 0.65 63.04 2 

76 78-81 8.75 1.58 88.34 0.73 70.68 2 

78 78-81 9.3 1.75 98.81 0.82 80.5 2 

71 71-74 14.22 1.6 80.99 0.79 57.78 1.94 

71 71-76 14.18 1.6 80.94 0.79 57.77 1.94 

71 71-78 14.16 1.6 80.91 0.79 57.77 1.94 

71 71-81 14.13 1.6 80.88 0.79 57.77 1.94 

71-74 74-76 12.2 1.66 87.97 0.79 66.79 1.95 

71 74-78 11.61 1.46 75.5 0.68 55.02  

74-76 76-78 10.8 1.71 93.64 0.81 73.84  

71 76-81 9.91 1.38 72.86 0.62 54.14  

71-78 81 6.47 1.58 91.52 0.72 76.13  



80 
 

74-78 81 6.47 1.58 91.83 0.73 76.44  

76-78 81 6.47 1.58 92.02 0.73 76.63  

76-81 81 7.28 1.83 107.41 0.87 91.07  

81 81 7.31 1.84 108.19 0.87 91.81  

 

Table A5. Cases 2 and 4 Energy-10 data. 

Cool temp heat 

temp 

use cost peak heating cool fan 

71 71 77.94 1.59 1.97 53.4 15.5 0.8 

71 76 68.56 1.35 2 48.73 11.03 0.6 

71 78 66.07 1.27 2.03 48.02 9.31 0.55 

71 78-81 66.01 1.27 2.03 48 9.27 0.55 

71 81 63.1 1.17 2.07 47.49 6.93 0.48 

71 71-81 77.61 1.58 1.97 53.26 15.36 0.79 

71 74 71.58 1.43 1.98 49.89 12.82 0.67 

71 74-81 71.4 1.43 1.98 49.83 12.71 0.67 

74 74 84.97 1.64 1.98 62.42 13.56 0.79 

74 76 79.86 1.52 2 59.45 11.5 0.71 

74 78 76.24 1.43 2.03 57.8 9.6 0.64 

74 78-81 76.17 1.42 2.03 57.78 9.56 0.64 

74 74-81 84.7 1.64 1.98 62.28 13.43 0.79 

76 76 89.83 1.68 2 68.76 12.08 0.8 

78 78 94.97 1.72 2.03 75.38 10.59 0.81 

78 78-81 94.77 1.72 2.03 75.23 10.53 0.81 
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81 81 99.4 1.73 2.04 82.3 8.15 0.81 

71-74 74 84.6 1.64 1.98 62.07 13.54 0.79 

71-74 74-81 84.4 1.63 1.98 62 13.42 0.79 

71-76 78 94.05 1.68 2.03 74.5 10.55 0.8 

71-76 76 89.17 1.67 2 68.13 12.06 0.79 

71-78 78-81 93.89 1.7 2.03 74.4 10.5 0.8 

71-81 81 98.15 1.71 2.04 81.06 8.11 0.8 

76-81 81 98.68 1.72 2.04 81.57 8.11 0.8 

78-81 81 102.75 1.78 2.07 85.31 8.41 0.84 

74-81 81 102.28 1.78 2.07 84.85 8.4 0.84 

74-76 71-74 84.52   62.04 13.5 0.79 

74-78 71-74 84.47   62.02 13.47 0.79 

76-78 76-78 89.08   68.08 12.02 0.79 

81 71-78 86.37   69.98 7.49 0.7 

81 74-76 79.03   63 7.21 0.63 

81 74-78 102.5   70.28 7.5 0.7 

81 76-81    85.06 8.4 0.84 
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