
http://www. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

solar absorption and thermal storage 

application analysis 

Prepared by: David Miller 
Prepared for: Dr. James Freihaut 

senior thesis final report 

unlv greenspun hall 
las vegas, nevada 

mechanical 
spring 2009 



David Miller  Thesis Final Report 

 

 

 

 
 
 



David Miller  Thesis Final Report 

 

 

 

Table of Contents 
 
1.0 Executive Summary……………………………………………………………… 1 
 
2.0 Project History……………………………………………………………………. 2 
 
3.0 Existing Conditions………………………………………………………………. 3 
  Mechanical System………………………………………………………. 3 
  Structural System………………………………………………………… 5 
  Electrical System…………………………………………………………. 6 
  Site Conditions…………………………………………………………… 6 
  
4.0 Improving the System……………………………………………………………. 7 
 
5.0 Designing the System…………………………………………………………… 9 
  Procedure…………………………………………………………………. 9 
  Control…………………………………………………………………….. 10 
  Alternative 1………………………………………………………………. 11  
  Alternative 2………. ……………………………………………………... 14 
  Alternative 3………………………………………………………………. 17 
 
6.0 Payback…………………………………………………………………………… 21 
 
7.0 Depth Summary………………………………………………………………….. 22 
 
8.0 Structural Breadth………………………………………………………………... 25 
 
9.0 Construction Management Breadth……………………………………………. 27 
 
10.0 Conclusions………………………………………………………………………. 29 
 
11.0 References………………………………………………………………………... 30 
 
Appendix A………………………………………………………………………………... 31 
 
Appendix B………………………………………………………………………………... 33 
 
Appendix C……………………………………………………………………………….. 45 

 
 

 
 



David Miller  Thesis Final Report 

 

 

 

Acknowledgements 
 
Advisors:   Dr. James Freihaut 
    Dr. William Bahnfleth 
 
Sponsors:   Vanderweil Engineers 
    State of Nevada Public Works 
 
PSU Students:  Thomas Chirdon 
    Scott Earley 
    Dominic Manno 
 
Special Thanks to:  Bruce Nipp 

Fred Livingston, Steve Germano, and the rest of the  
Vanderweil Las Vegas office 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



David Miller  Thesis Final Report 

 

1 

 

1.0  Executive Summary 

 
Greenspun Hall is a new LEED Gold certified building on the University of Nevada at 
Las Vegas’ campus and just opened its doors to the public earlier this year.  To 
maintain a comfortable environment, the building’s architects and designers developed 
various features and components to help combat the extreme weather in this hot, arid 
valley.  A 8,000 ft2 photovoltaic array looms over the central courtyard to supply on site 
electricity and to reduce heat island effect.  Louvers over windows, building materials, 
and the mechanical system also display sustainable and energy efficient design. 
 
The mechanical system is an evaporative cooled system, utilizing Marley cooling 
towers, Carrier chillers, and Climate Craft air-handling units to meet the cooling load.  
The system uses a network of chilled beams to efficiently meet the demand while 
maintaining controllability.  Overall, the system meets the designers design objectives: 
innovation and energy efficiency.  However, several alternatives were proposed to 
improve the existing system. 
 
Alternative 1 utilizes a large solar absorber array and back-up boilers to drive the 
generators of the absorption chillers, which would replace the current chillers in place.  
Such a system saves energy by having solar energy drive the system during periods of 
sunshine and decreases cost by reducing consumption and demand charges of 
electricity.    The annual energy cost for this system is $15,130 and has a payback 
period of roughly 17 years. 
 
The second solution, Alternative 2, implements the addition of chilled water storage to 
further shift the energy usage to non-peak periods and to reduce the number of solar 
absorbers needed to drive the absorption chilling process.  Annual energy cost was 
calculated to be $17,645 and has a payback of roughly 25 years.  
 
Alternative 3 uses the same chillers as the existing system, however adds thermal 
storage to the load loop to shift energy costs.  Two different loading strategies were 
used to size the storage tank.  The first discharges for the 12 hour period of increased 
electricity charges and the second discharges for the 6 hours of maximum electricity 
charge.  In both situations, the storage system was only utilized for the 4 summer 
months due to the low cost of electricity in the other months.  Both strategies had no 
payback period because the annual operating costs exceeded the existing system.  This 
system would not save any energy either, thus was rejected as a solution. 
 
The first alternative could be selected to improve the existing system and might have a 
more favorable payback period of CO2 credits were implemented and future energy 
costs increased.  With that in mind, I would implement Alternative 1 to further display 
leadership in innovation and energy efficient design.  
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2.0  Project History 

 
The University of Nevada at Las Vegas’ new building on campus is Greenspun Hall 
which is now the home for the Greenspun college of urban affairs as well as many 
offices and classrooms.  The prominent structure is located on the outskirts of the 
campus positioned to be a gateway from the city.  Greenspun Hall represents a 
commitment and investment to the future through its sustainable design and 
architecture.   
 
The project broke ground on January 24, 2007 and was officially dedicated on 
December 2, 2008.  HKS Architects, Inc. in association with Robert A.M. Stern 
Architects designed the environmentally friendly, 122,000 ft2 structure which houses 
numerous classrooms and offices, 6 conference rooms, 5 high-tech learning centers, 
3384 ft2 of television and performance studio, 3 radio studios, editing bays, operational 
centers, several laboratories, and a 190 seat auditorium.  The building achieved a LEED 
Gold rating by diverting 75% of its construction wasted from landfills, using regionally 
produced low emitting building materials, and saving 15% on regulated energy through 
its implementation of a photovoltaic array.  
 
The array is one of the most prominent features of the structure applied as a louvered 
canopy that covers the large central courtyard to reduce direct sunlight and heat island 
affect, while still allowing direct views to the sky and creating energy.  The building joins 
a list of modernist complexes on UNLV’s campus and strives to achieve a sense of 
collegiateness.  The structure wraps around a common courtyard which along with wide 
stairways and hallways with alcoves support informal interaction between spaces.  
There are two visible parts of the building visible from the exterior which share a 
basement underneath the courtyard, which are 3 and 5 stories respectfully. 
 
The building is generally fully operational; however the media center is not set to open 
until the summer of 2009.  The aspiration of the designers and consultants for 
Greenspun Hall was to utilize their design objectives: energy efficiency and innovation 
to represent UNLV’s leadership and investment for the future, and to ultimately achieve 
a LEED Gold Certification.  Re-design objectives will basically be the same, but to make 
the building design more innovative to save energy. 
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3.0  Existing Conditions 
 

3.1 Mechanical System 
 
Mechanical Overview: 
 
Energy efficiency and innovation were key in the design of Greenspun Hall’s 
mechanical system.  The building incorporates new technologies to efficiently achieve a 
comfortable indoor environment.  Five air-handling units supply air to a system of chilled 
beams which are a novel concept that are an improvement of the typical VAV system 
while also maintaining the added controllability.  Three of the air-handling units are 
100% dedicated outdoor air and the other two mix the minimum outdoor air requirement 
intake with return air.  The secondary system for the building consists of several fan coil 
units dispersed throughout the building, but mainly in the basement which supply 
cooling assistance for the summer loads.  Energy effectiveness is improved through 
efficient mechanical equipment, such as pumps, chillers, and fans, as well as a flat-plate 
heat exchanger with a capacity of 300 MBH. 
 
Mechanical components of the Greenspun Hall system are spread throughout, on, and 
around the building to improve efficiency and minimize loss of usable space. One air-
handling unit and the heat exchanger are located on the mechanical mezzanine, other 
air handling units on the roof, chillers and boilers in their respective rooms, fan-coils in 
the plenum, and cooling towers in the service yard across the parking lot. Overall, the 
system does not interfere with the usage of the building in that the mechanical systems 
only occupy 4,839.75 square feet of the 122,000 square feet of usable space. This is 
less than 4% of the total square footage of the building’s footprint. A break down of the 
lost usable space due to the mechanical systems is supplied in the chart below. 
 
Table 3.1.1 

Lost Usable Space 
Reason Floor Area (ft

2
) 

Boiler Room 893.25 
Chiller Room 1620.00 
Mechanical Mezzanine 2016.00 
Vertical Shafts 310.50 
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System Description: 
 
The chilled water system for UNLV Greenspun Hall is a primary/secondary system 
which consists of a heat rejection loop and load loop.  Air is supplied through five air 
handling units, four of which are roof top units, and three of which are 100% dedicated 
outdoor air. Air is first filtered through 2” pre-filters and then through pleated MERV-13 
rated filters before pre-conditioning through the coils in the air handlers, where the air 
dry bulb temperature is reduced from roughly 100 F to 50 F. It is then distributed to the 
various zones, where chilled beams can supply further cooling if necessary to meet the 
load by the same supply of chilled water that the cooling coils in the air handlers used 
for pre-conditioning. 
 
After being distributed to each of the various zones and spaces, air is then collected in 
the plenum. In the case of a zone needing additional cooling not sufficiently met by the 
primary system, the secondary system of fan coil units circulate the air over their 
respective cooling coils and supply it back to that particular zone. Most of the plenum air 
is delivered back to the air handlers through hallway plenum return and vertical shafts. 
 
The chilled water system for UNLV Greenspun Hall consists of a heat rejection loop 
(primary) and a load loop (secondary).  This system is known as a primary/secondary 
system with major equipment shown on the diagram below.  This system operates in 
one of two modes: chiller or heat exchanger.  During chiller mode, both chillers are 
enabled whenever the outdoor air web bulb temperature exceeds the set point. These 
are equipped with variable speed drives to maintain maximum efficiency. 
 
Figure 3.1.1 
 
 
 
 
 
 
 
 
 
 
 
 
 
UNLV Greenspun Hall’s mechanical system has two Carrier 19XR centrifugal chillers 
and one 300 MBH Plate Heat Exchanger which supply chilled water to the air handling 
units, chilled beams, and fan coil units. This is accomplished by circulating condenser 
water through the heat rejection loop through which the chillers supply cooling to the 
chilled water loop to circulate back to the loads via sets of primary and secondary 
pumps. 
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Condenser water is circulated by the pumps, from the chiller to the cooling towers, 
where heat is rejected through evaporation. The cooler condenser water is then re-
circulated back to the chillers. Each open-celled cooling tower has its own basin filter 
and is chemically treated to reduce the chance of contamination.  The load loop utilizes 
an air separator, filter, and expansion tank to complete the circuit back to the chillers.  
The table below summarizes all major equipment of the chilled water system. 
 
Table 3.1.2 

Cooling Tower Schedule 

      Summer Fan   

Unit No. of Cells Tons/Cell GPM/Cell EWT/LWT EAT (WB) CFM HP Weight 

CT-1 2 200 600 95/85 78 69,390 10 23,400 

CT-2 2 200 600 95/85 78 69,390 10 23,400 

  

Heat Exchanger Schedule 

    Hot Side Cold Side 

Unit Capacity EWT/LWT GPM EWT/LWT GPM 

PHX-1 300.6 64/54 600 52/57 1,200 

  

Air Handling Units 

      Motor Cooling Coil 

Unit Total CFM Min. OA CFM RPM BHP Motor HP EAT (DB/WB) LAT (DB/WB) EWT/LWT GPM Total MBH 

AHU-1 21,000 10,200 1,580 30.1 40 91/64.8 52.5/50.8 45/60.5 100 777.2 

AHU-2 17,000 3,600 1,718 23.6 25 101/66 53.7/48.7 45/62.8 85 758 

AHU-3 7,000 7,000 1,717 6.6 7.5 108/67 49.5/45.2 45/60.2 50 381 

AHU-4 8,200 8,200 1,775 7.8 10 108/67 50.8/45.9 45/59.5 50 370 

AHU-5 5,100 5,100 1,775 4.6 7.5 108/67 49.8/45.5 45/59.0 60 274.2 

  

 

3.2 Structural System 
 
The foundation of the structure consists of various sized spread footers along with strip 
footers.  All beams, slabs, and columns are cast-in-place, normal weight concrete with 
typical columns at 24x24.  Shear walls are located throughout the structure, mainly 
around vertical shafts and rises.  All stair wells are laterally braced with steel framing.  
Steel framing supports the louvered photovoltaic canopy covering the central courtyard.  
The roof system is a non-composite 5” normal weight concrete slab on deck with 7 ft. 
joist spacing. 
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3.3 Electrical System 
 
All electrical systems are served by the main electrical room located on the second 
floor.  Two distribution panels are 480Y/277 3 phase 4 wire rated at 800 amps and one 
is 208Y/120 3 phase 4 wire rated at 600 amps.  The lighting is primarily comprised of 
recessed fluorescent fixtures and is rated for 1.1 watts/ft2.  The photovoltaic array 
comprises 8,000 ft2 over the central courtyard and can supply the building with roughly 
50,000 KWhs of energy annually.   
 

3.4 Site Conditions 
 
The city of Las Vegas has an arid desert climate with extreme temperatures during the 
summer months.  There is an abundant amount of sun all year round averaging about 
300 days of sun a year.  Daytime highs in the summer commonly exceed 100 degrees F 
with average nighttime lows in the 70’s and 80’s.  Greenspun Hall architecture has 
accounted for this through the solar array along with overhands on south-facing glass 
which serve to block out direct sunlight, decreasing the amount of cooling load due to 
solar radiation.  Hourly average temperature and solar radiation values for each month 
of the year are summarized in Appendix A.  The following information are values found 
in ASHRAE Standard 90.1-2007 that summarize the buildings design conditions. 
 
Table 3.4.1 

Outdoor Design Conditions 
Location Las Vegas, Nevada 
Climate Description Warm Dry 
Latitude 36.08 F 
Longitude 115.17 F 
Elevation 2,162 ft 
Summer Design DB 106 F 
Summer Design WB 66 F 
Winter Design DB 27 F 
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4.0  Improving the System 
 
The existing system is very innovative and efficient, fulfilling all of the design goals set 
forth.  The use of efficient system equipment, such as the chillers and pumps, and 
harnessing an effective system design through an intricate system of chilled beams 
keeps the consumption of regulated energy low.  Both existing chillers depend on 
electricity to meet the cooling loads.  These loads are at their peak non-consequently at 
the same time the electric rates are at their highest.  For this thesis, three new designs 
were analyzed and compared to the current design based on energy efficiency, annual 
energy cost, and first cost.   
 
The first alternative involves changing out the centrifugal chillers for single-effect 
absorption chillers which will be driven by an array of solar absorption panels on the 
available roof space of the building.  Double effect absorption cycle chillers were 
evaluated for such a system, but were rejected because steam was needed to drive 
them.  Solar panels, absorbing the abundant amount of solar radiation, can generate 
the necessary temperature to drive the generators of the selected chillers.  Therefore, 
during periods of sunshine, the cooling load can be met via a self-sustained renewable 
resource with the only cost being to run the circulation pumps and auxiliaries.  Such a 
system would also need an back-up boiler running on natural gas to sustain the hot 
water temperature during times of little or no solar radiation.  The following diagram is a 
schematic of the hot water components used to drive the generators of the absorption 
chillers. 
 
Figure 4.0.1 
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Such a system, theoretically, should reduce the annual regulated energy usage and 
drastically reduce the annual energy cost.  Even though the absorption chillers are 
significantly less efficient as the existing chillers, thus expending greater amount of 
energy, they are primarily being driven by “free”, solar energy during peak loading; 
which will not only reduce the consumption charge, but the demand charge as well.  
The initial cost of such a system would be exponentially larger with an increase in 
annual pumping energy, but the hope is that it will reduce the use of regulated energy 
enough to have an acceptable payback period.  The area of solar absorbers required 
will also be very large, raising the concern to the available space on roof tops and the 
roof structure which support them. 
 
The second alternative is the same as the first, except a chilled water storage tank was 
added to the load loop.  The theory being that storing energy during the night hours of 
the summer months will assist the chillers during peak hours, thus using less chiller 
energy during that time, and reducing the size of the solar absorber array needed to 
drive the chillers.  The following figure shows the load loop of the cooling system in 
which chilled water storage is utilized.  
 
Figure 4.0.2 

 
 
By sizing the storage tank properly, the ability to meet peak loads will stay the same 
while reducing the amount of solar absorbers needed.  This has the possibility of having 
a lesser first cost than the first alternative, but still a higher first cost than the existing 
system.  This arrangement takes care of the concern to the roof structure and possibly 
reduces annual pumping energy.   
 
The final alternative was generated to compare the ability of the solar absorbers and 
absorption chilling cycle to the current centrifugal chillers.  The only difference from the 
existing system is the implementation of a chilled water storage tank on the evaporator 
side.  This alternative will expose the efficiency of such a system in Las Vegas’ harsh 
climate. 
 
With a correctly sized storage tank, peak loading months from June through September 
will not consume as much electricity.  This is when electricity is most expensive, so the 
payback should be reasonable.   
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5.0  Designing the System 
 
Load analysis software, specifically Trane Trace 700, was used to determine annual 
energy usage, peak load on design day, load profiles, and other parts of load 
examinations for the existing mechanical system.  Unfortunately, the program is 
incapable of adding specific components such as solar absorbers with their auxiliary 
boilers and chilled water storage, and lacks the ability to compute the outputs of such 
components.  Therefore a series of spreadsheets show the various calculations 
necessary to compute such outputs. 
 

5.1 Procedure 
 
Generally, TMY data was taken and used in comparison with the load profiles from the 
initial load analysis to generate the results.  To simplify the calculation, the TMY data 
and daily load profiles were taken and converted into monthly averages, which creates 
a table in which for each month there is an average (typical) day that is broken down 
hourly.  Table 5.1.1 represents the load profiles for each typical day, which represents 
an average value for each day of the month.  Figure 5.1.1 shows the load profile for a 
typical day in August.  These values were used to compute annual energy costs for the 
existing system and all the alternatives. 

 
Table 5.1.1 

Cooling Load (tons) vs. Hour/day 

J F M A M J J A S O N D 

0:01 - 1:00 0 0 0 0 0 17.39 17.91 19.33 15.93 0 0 0 

1:01 - 2:00 0 0 0 0 0 10.87 11.2 12.08 9.96 0 0 0 

2:01 - 3:00 0 0 0 0 0 10.87 11.2 12.08 9.96 0 0 0 

3:01 - 4:00 0 0 0 0 0 10.87 11.2 12.08 9.96 0 0 0 

4:01 - 5:00 0 0 0 0 0 8.69 8.96 9.66 7.97 0 0 0 

5:01 - 6:00 0 0 0 0 0 8.69 8.96 9.66 7.97 0 0 0 

6:01 - 7:00 0 0 0 0 0 15.22 15.67 16.91 13.94 0 0 0 

7:01 - 8:00 6.62 5.99 6.37 5.62 6.39 23.91 24.63 26.57 21.91 6.7 6.18 6.29 

8:01 - 9:00 8.43 7.62 8.11 7.16 8.13 30.43 31.35 33.82 27.88 8.53 7.87 8.01 

9:01 - 10:00 38.52 34.85 37.07 32.72 37.19 139.11 143.31 154.6 127.45 38.97 35.98 36.61 

10:01 - 11:00 51.16 46.28 49.23 43.46 49.39 184.76 190.33 205.33 169.27 51.76 47.79 48.62 

11:01 - 12:00 52.37 47.37 50.39 44.48 50.55 189.11 194.81 210.16 173.26 52.98 48.91 49.77 

12:01 - 13:00 54.17 49 52.13 46.02 52.3 195.63 201.53 217.41 179.23 54.8 50.6 51.48 

13:01 - 14:00 58.39 52.81 56.18 49.59 56.36 210.84 217.2 234.32 193.17 59.07 54.53 55.49 

14:01 - 15:00 60.19 54.45 57.92 51.13 58.11 217.37 223.92 241.57 199.14 60.89 56.22 57.2 

15:01 - 16:00 60.19 54.45 57.92 51.13 58.11 217.37 223.92 241.57 199.14 60.89 56.22 57.2 

16:01 - 17:00 56.58 51.18 54.44 48.06 54.62 204.32 210.49 227.07 187.2 57.24 52.85 53.77 

17:01 - 18:00 53.57 48.46 51.55 45.5 51.71 193.46 199.29 214.99 177.24 54.2 50.04 50.91 

18:01 - 19:00 34.31 31.03 33.01 29.14 33.12 123.9 127.64 137.69 113.51 34.71 32.05 32.61 

19:01 - 20:00 16.25 14.7 15.64 13.8 15.69 58.69 60.46 65.22 53.77 16.44 15.18 15.44 

20:01 - 21:00 13.84 12.52 13.32 11.76 13.36 49.99 51.5 55.56 45.8 14.01 12.93 13.16 

21:01 - 22:00 11.44 10.34 11 9.71 11.04 41.3 42.55 45.9 37.84 11.57 10.68 10.87 

22:01 - 23:00 10.23 9.26 9.85 8.69 9.88 36.95 38.07 41.07 33.85 10.35 9.56 9.72 

23:01 - 24:00 0 0 0 0 0 26.08 26.87 28.99 23.9 0 0 0 
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Figure 5.1.1 

 
5.2 Control 
 
Even though the existing system was able to be calculated through Trane Trace 700, I 
chose to calculate annual energy usage through the method described previously to act 
as a control for the alternatives’ calculation results.   
 
Following the extraction of data from Trane Trace, the tonnage per hour values needed 
to be converted to electrical units to determine the annual cost.  This was done by using 
the chiller efficiency of 0.837 KW/ton given in the design documents.  After that 
conversion, demand and consumption electrical charges were calculated.  The following 
table represents the demand and consumption charges for Nevada Power, Greenspun 
Hall’s electricity provider. 
 
Table 5.2.1 

Electric Charge Summer All Other Periods 

  On-Peak $0.10001 

$0.06406 Consumption Mid-Peak $0.0865 

  Off-Peak $0.06230 

  On-Peak $9.17 

$0.50 Demand Mid-Peak $0.68 

  Off-Peak $0.00 

        

 
 
The results show an annual consumption charge of $27,991.30 and demand charge of 
$6,960.48, totaling $34,951.78.  The system uses roughly 340,000 KWh of energy 
annually.  A detailed series of calculation tables for the existing system is located in 
Appendix B Section 1. 
 

 



David Miller  Thesis Final Report 

 

11 

 

5.3 Alternative 1 
 
From the existing system, both electric driven chillers were swapped out for two single-
effect absorption chillers, and an array of solar absorbers with a pair of back-up boilers 
were added to the system.  The same loads were used to calculate annual energy 
usage as the control calculation, values from Table 5.1.1.  The solar absorbers allow the 
chillers to be driven strictly by solar energy for a large part of the year.  The following 
table shows the average solar radiation energy that can heat up the water used to drive 
the generators of the chillers. 
 
Table 5.3.1 

Average Hourly Statistics for Direct Normal Solar Radiation Wh/m² 
Hour J F M A M J J A S O N D 

0:01 - 1:00 0 0 0 0 0 0 0 0 0 0 0 0 

1:01 - 2:00 0 0 0 0 0 0 0 0 0 0 0 0 

2:01 - 3:00 0 0 0 0 0 0 0 0 0 0 0 0 

3:01 - 4:00 0 0 0 0 0 0 0 0 0 0 0 0 

4:01 - 5:00 0 0 0 1 42 69 42 2 0 0 0 0 

5:01 - 6:00 0 0 16 185 340 429 347 253 90 23 0 0 

6:01 - 7:00 0 68 244 501 535 640 605 551 452 381 161 27 

7:01 - 8:00 302 348 457 674 687 736 726 701 644 646 481 371 

8:01 - 9:00 510 523 545 720 777 784 755 780 695 730 607 549 

9:01 - 10:00 588 606 593 770 798 752 797 807 798 767 689 613 

10:01 - 11:00 655 679 588 769 761 791 810 815 833 748 697 687 

11:01 - 12:00 642 630 615 766 679 760 820 812 817 780 735 676 

12:01 - 13:00 598 662 641 714 689 770 802 752 817 756 724 675 

13:01 - 14:00 577 620 578 673 718 759 775 682 752 696 696 658 

14:01 - 15:00 564 543 554 649 690 703 756 658 641 675 629 602 

15:01 - 16:00 476 443 429 607 658 698 686 585 604 596 463 406 

16:01 - 17:00 144 265 314 470 585 606 614 534 441 323 117 44 

17:01 - 18:00 0 15 108 266 352 435 494 369 160 13 0 0 

18:01 - 19:00 0 0 0 17 46 152 182 53 0 0 0 0 

19:01 - 20:00 0 0 0 0 0 0 0 0 0 0 0 0 

20:01 - 21:00 0 0 0 0 0 0 0 0 0 0 0 0 

21:01 - 22:00 0 0 0 0 0 0 0 0 0 0 0 0 

22:01 - 23:00 0 0 0 0 0 0 0 0 0 0 0 0 

23:01 - 24:00 0 0 0 0 0 0 0 0 0 0 0 0 

  

 
These values were simply converted to Btu/ft2 and then multiplied by the area of an 
absorber (40 ft2) to determine the energy output of each absorber during periods of 
sunshine.  These values are represented in Table 5.3.2. 
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Table 5.3.2 
Annual Hourly Energy Created / absorber 

Hour J F M A M J J A S O N D 

0:01 - 1:00 0 0 0 0 0 0 0 0 0 0 0 0 

1:01 - 2:00 0 0 0 0 0 0 0 0 0 0 0 0 

2:01 - 3:00 0 0 0 0 0 0 0 0 0 0 0 0 

3:01 - 4:00 0 0 0 0 0 0 0 0 0 0 0 0 

4:01 - 5:00 0 0 0 12.69 532.96 875.58 532.96 25.38 0 0 0 0 

5:01 - 6:00 0 0 203.03 2347.58 4314.47 5443.85 4403.3 3210.47 1142.07 291.86 0 0 

6:01 - 7:00 0 862.89 3096.27 6357.5 6788.95 8121.36 7677.22 6991.98 5735.71 4834.74 2043.03 342.62 

7:01 - 8:00 3832.27 4415.99 5799.16 8552.8 8717.77 9339.56 9212.66 8895.42 8172.11 8197.49 6103.71 4707.85 

8:01 - 9:00 6471.71 6636.67 6915.84 9136.53 9859.83 9948.66 9580.66 9897.9 8819.29 9263.42 7702.6 6966.6 

9:01 - 10:00 7461.5 7689.91 7524.94 9771.01 10126.32 9542.59 10113.63 10240.52 10126.32 9732.94 8743.15 7778.74 

10:01 - 11:00 8311.7 8616.25 7461.5 9758.32 9656.8 10037.49 10278.59 10342.04 10570.45 9491.84 8844.66 8717.77 

11:01 - 12:00 8146.74 7994.46 7804.12 9720.25 8616.25 9644.11 10405.49 10303.97 10367.42 9897.9 9326.87 8578.18 

12:01 - 13:00 7588.39 8400.53 8134.05 9060.39 8743.15 9771.01 10177.07 9542.59 10367.42 9593.35 9187.28 8565.49 

13:01 - 14:00 7321.91 7867.56 7334.6 8540.11 9111.15 9631.42 9834.45 8654.32 9542.59 8831.98 8831.98 8349.77 

14:01 - 15:00 7156.95 6890.46 7030.05 8235.56 8755.84 8920.8 9593.35 8349.77 8134.05 8565.49 7981.77 7639.15 

15:01 - 16:00 6040.26 5621.5 5443.85 7702.6 8349.77 8857.35 8705.08 7423.43 7664.53 7563.01 5875.29 5151.99 

16:01 - 17:00 1827.31 3362.75 3984.54 5964.12 7423.43 7689.91 7791.43 6776.26 5596.12 4098.75 1484.69 558.34 

17:01 - 18:00 0 190.34 1370.48 3375.44 4466.75 5519.98 6268.67 4682.47 2030.34 164.97 0 0 

18:01 - 19:00 0 0 0 215.72 583.72 1928.82 2309.51 672.55 0 0 0 0 

19:01 - 20:00 0 0 0 0 0 0 0 0 0 0 0 0 

20:01 - 21:00 0 0 0 0 0 0 0 0 0 0 0 0 

21:01 - 22:00 0 0 0 0 0 0 0 0 0 0 0 0 

22:01 - 23:00 0 0 0 0 0 0 0 0 0 0 0 0 

23:01 - 24:00 0 0 0 0 0 0 0 0 0 0 0 0 

  

 
Through consultations with the manufacturer and knowing that 165o F water was 
needed to drive the generators at the given flow rate, the number of absorbers needed 
was estimated to be 425, equaling 17,000 ft2.  The following tables show the 
performance data for the absorption chillers and the solar absorbers/boilers that drive 
them. 
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Table 5.3.3 

  Chiller 1 Chiller 2 Solar Absorbers 

Entering CW T 85 85 The. # of ABS 424.5398773 

Leaving CW T 100 100 # of ABS 425 

CW ∆T 15 15 SF of ABS 17000 

CW gpm 777.33 777.33 SF Available 25440 

Max PD (ft) 14.5 14.5 

Entering CHW T 60 60 

Leaving CHW T 44 44 

CHW ∆T 16 16 Boiler (2) 

CHW gpm 300 300   Type RBI Futera XLF - MB/MW 4000 

Max PD (ft) 6.4 6.4   MBH 3460 

Entering GEN T 165 165   GPM 346 

Leaving GEN T 145 145   ∆T 20 

GEN ∆T 20 20   η 0.87 

GEN gpm 346 346   Entering T 145 

Capacity (tons) 200 200   Leaving T 165 

Capacity (mbh) 2400 2400     

Type Carrier 16LJ - 23 Carrier 16LJ - 23   

Qe 2400000 2400000 

Qg 3460000 3460000 

Qa+Qc 5829975 5829975 

Heat Balance 0.99487628 0.99487628 

COP 0.693641618 0.693641618 

 
In conjunction with the data from Table 5.3.3, average temperatures of the hot water 
were determined and organized into Table B 2.1 in Appendix B Section 2.  Through 
these values, it was determined that the solar array could solely drive the chillers during 
parts of a typical day, while at other times, the back-up boilers were needed to boost the 
hot water temperature or drive the chillers entirely on their own (Table B 2.2).  Thus, this 
alternative system consumes natural gas and solar energy as its primary energy 
sources instead of electricity.   
 
From the given load and knowing the back-up boilers’ change in temperature, the 
energy needed from the boilers could be determined.  The efficiencies of the absorption 
chillers were needed to determine the energy output of the boilers.  These values are 
summarized in Table B 2.4 located in Appendix B Section 2.  These values were then 
adjusted through the boiler efficiencies to develop the gas firing rate shown in the table 
below. 

������� ��	
 �3460
2400� � ������ ������ 
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Table 5.3.4 
Gas Firing Rate (CHF) of Boiler vs. Hour/day 

Hour J F M A M J J A S O N D 

0:01 - 1:00 0 0 0 0 0 376.04 387.38 417.91 344.52 0 0 0 

1:01 - 2:00 0 0 0 0 0 235.03 242.12 261.19 215.32 0 0 0 

2:01 - 3:00 0 0 0 0 0 235.03 242.12 261.19 215.32 0 0 0 

3:01 - 4:00 0 0 0 0 0 235.03 242.12 261.19 215.32 0 0 0 

4:01 - 5:00 0 0 0 0 0 188.02 193.69 208.96 172.26 0 0 0 

5:01 - 6:00 0 0 0 0 0 188.02 193.69 208.96 172.26 0 0 0 

6:01 - 7:00 0 0 0 0 0 0 0 0 250.96 0 0 0 

7:01 - 8:00 143.18 129.51 105.93 0 0 0 0 0 0 0 62.71 136.07 

8:01 - 9:00 21.66 0 0 0 0 0 0 0 0 0 0 0 

9:01 - 10:00 0 0 0 0 0 0 0 0 0 0 0 0 

10:01 - 11:00 0 0 0 0 0 0 0 0 0 0 0 0 

11:01 - 12:00 0 0 0 0 0 0 0 0 0 0 0 0 

12:01 - 13:00 0 0 0 0 0 0 0 0 0 0 0 0 

13:01 - 14:00 0 0 0 0 0 0 0 0 0 0 0 0 

14:01 - 15:00 0 0 0 0 0 0 0 0 0 0 0 0 

15:01 - 16:00 690.7 1116.28 0 0 0 0 0 0 0 0 842.53 1237.01 

16:01 - 17:00 1223.57 1106.75 1177.35 629.02 0 0 0 0 3942.67 1237.82 1142.84 1162.79 

17:01 - 18:00 1158.49 1047.88 1114.73 984.04 1118.33 4183.47 4309.66 4649.26 3832.77 1171.98 1082.05 1100.94 

18:01 - 19:00 741.95 671.11 713.93 630.23 716.24 2679.3 2760.12 2977.62 2454.7 750.59 693 705.1 

19:01 - 20:00 351.45 317.9 338.18 298.53 339.27 1269.14 1307.42 1410.45 1162.75 355.54 328.26 333.99 

20:01 - 21:00 299.38 270.8 288.08 254.3 289.01 1081.12 1113.73 1201.49 990.49 302.87 279.63 284.51 

21:01 - 22:00 247.32 223.7 237.98 210.08 238.75 893.1 920.04 992.54 818.23 250.2 231 235.03 

22:01 - 23:00 221.28 200.16 212.93 187.96 213.61 799.09 823.19 888.06 732.1 223.86 206.68 210.29 

23:01 - 24:00 0 0 0 0 0 564.06 581.08 626.87 516.78 0 0 0 

 
Before the final annual cost could be determined, additional pumping energy had to be 
calculated.  This was done so by using Productive Energy’s estimation calculator.  
Additional pumps that were chosen were all from Bell and Gossett and the estimation 
calculator gave an output of $3,760 annually.  This value, in addition to the annual 
natural gas expenditure and existing pumping cost given from Trane Trace, the annual 
running cost of such a system is roughly $15,130.  A summary of this annual 
expenditure is located in Table B 2.6 which is in section 2 of Appendix B. 
 

5.4 Alternative 2 
 
The second alternative builds off of the first one, except another component to the 
system was added.  A chilled water storage tank was sized and added to the evaporator 
side of the chiller to shift energy consumption to the off-peak hours.  The sizing strategy 
was to assist the solar absorbers in meeting peak loads for the summer while 
minimizing tank size, thus decreasing the size of the solar absorber array and hopefully 
reducing the overall first cost.  It must also be realized that it is not economical to use 
the chilled water storage during the non-peak months of the year because there is no 
variation with fuel prices relative to the time of day during those months.  Therefore, the 
use of such a tank would only create redundancy when it is not needed and ultimately 
consume more energy than a non-storage system.   
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By choosing a capacity of 900 tons for the storage tank, the number of solar absorbers 
could be significantly reduced, a number that needed to be tabulated.  After consulting 
with the manufacturer again, it was realized that a balancing equation could be used to 
determine the number of absorbers.  The peak loads were drastically reduced by 66% 
due to the chilled water storage thus the flow rate could be reduced accordingly.  By 
using a simple ratio after eliminating constants of the heat transfer equation, it was 
determined that the flow rate needed was 471.2 gpm and the corresponding number of 
solar absorbers was 290.  This is a reduction of 135 absorbers and 5400 ft2 of roof 
space. 
 

��
��

� ��
��  

 
Charging hours were chosen to be from 10pm until 9am daily during the 4 summer 
months.  Assuming a Figure of Merit to be 0.85 and a ΔT of 20o F, the tank volume 

could be determined. 

��� � 1440 " #$��� % &'
(�) " ∆+  

 
The tank size was determined to be roughly 76,000 gallons.  Figure 5.4.1 shows the 
storage tank charging rates in comparison to the cooling load.  A direct interface method 
of charging and discharging was chosen for the storage tank.  Series 1 of figure 5.4.1 
shows the load profile on design day and series 2 shows the chiller use on that day. 
 
Figure 5.4.1 
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After the initial calculations were concluded, the annual energy and cost analysis could 
be completed.  Using the same data from the Alternative 1 calculations and adjusting 
the load to include the chilled water storage, the following table of cooling loads was 
developed. 
 
Table 5.4.1 

Cooling Load (tons) vs. Hour/day 

Hour J F M A M J J A S O N D 

0:01 - 1:00 0 0 0 0 0 100 100 100 100 0 0 0 

1:01 - 2:00 0 0 0 0 0 100 100 100 100 0 0 0 

2:01 - 3:00 0 0 0 0 0 100 100 100 100 0 0 0 

3:01 - 4:00 0 0 0 0 0 100 100 100 100 0 0 0 

4:01 - 5:00 0 0 0 0 0 100 100 100 100 0 0 0 

5:01 - 6:00 0 0 0 0 0 100 100 100 100 0 0 0 

6:01 - 7:00 0 0 0 0 0 100 100 100 100 0 0 0 

7:01 - 8:00 6.62 5.99 6.37 5.62 6.39 100 100 100 100 6.7 6.18 6.29 

8:01 - 9:00 8.43 7.62 8.11 7.16 8.13 100 100 100 100 8.53 7.87 8.01 

9:01 - 10:00 38.52 34.85 37.07 32.72 37.19 39.11 43.31 54.6 27.45 38.97 35.98 36.61 

10:01 - 11:00 51.16 46.28 49.23 43.46 49.39 84.76 90.33 105.33 69.27 51.76 47.79 48.62 

11:01 - 12:00 52.37 47.37 50.39 44.48 50.55 89.11 94.81 110.16 73.26 52.98 48.91 49.77 

12:01 - 13:00 54.17 49 52.13 46.02 52.3 95.63 101.53 117.41 79.23 54.8 50.6 51.48 

13:01 - 14:00 58.39 52.81 56.18 49.59 56.36 110.84 117.2 134.32 93.17 59.07 54.53 55.49 

14:01 - 15:00 60.19 54.45 57.92 51.13 58.11 117.37 123.92 141.57 99.14 60.89 56.22 57.2 

15:01 - 16:00 60.19 54.45 57.92 51.13 58.11 117.37 123.92 141.57 99.14 60.89 56.22 57.2 

16:01 - 17:00 56.58 51.18 54.44 48.06 54.62 104.32 110.49 127.07 87.2 57.24 52.85 53.77 

17:01 - 18:00 53.57 48.46 51.55 45.5 51.71 93.46 99.29 114.99 77.24 54.2 50.04 50.91 

18:01 - 19:00 34.31 31.03 33.01 29.14 33.12 123.9 127.64 137.69 113.51 34.71 32.05 32.61 

19:01 - 20:00 16.25 14.7 15.64 13.8 15.69 58.69 60.46 65.22 53.77 16.44 15.18 15.44 

20:01 - 21:00 13.84 12.52 13.32 11.76 13.36 49.99 51.5 55.56 45.8 14.01 12.93 13.16 

21:01 - 22:00 11.44 10.34 11 9.71 11.04 41.3 42.55 45.9 37.84 11.57 10.68 10.87 

22:01 - 23:00 10.23 9.26 9.85 8.69 9.88 100 100 100 100 10.35 9.56 9.72 

23:01 - 24:00 0 0 0 0 0 100 100 100 100 0 0 0 

  

 
Using the same logic as in Alternative 1, the chiller load was evaluated upon when it 
would consume ‘free’ solar energy and when it would consume natural gas from the 
boilers usage.  The data that relates the chiller operating from the boiler hot water was 
organized into Table B 3.1 in Appendix B.  These values were adjusted for the 
efficiencies of both the chillers and the boilers to determine annual energy consumption 
which is summarized in Table B 3.3. 
 
By using the Productive Energy estimation tool once again, the additional pumping cost 
through to drive the generator of the chillers was $1880, and to charge and discharge 
the storage tanks during the summer months was $2940.  By adding those values to the 
existing pumping cost and natural gas charges, the annual running cost of Alternative 2 
was determined to be $17,645.  A summary of this annual cost is located in Table B 3.4 
which is in section 3 of Appendix B. 
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5.5 Alternative 3 
 
This final analysis involves keeping the original existing system in tact and simply 
adding chilled water storage to the evaporator side of the chillers.  This will evaluate the 
effectiveness of chilled water storage for this particular application without the interfering 
influence of solar absorption.  The process began by evaluating the most appropriate 
time to charge and discharge the chilled water storage tank by taking a look at electrical 
rates.  Once again, the summer months are the only times that the storage tank will be 
utilized because electrical rates only vary during that time.  To achieve the most efficient 
use of the tank, it shall charge when electrical rates are the lowest and discharge during 
all other times to meet peak loading. 
 
To size the tank, we look at the summer design day and determine the tonnage rating of 
the tank.  In order to discharge for the twelve hours of heightened electric rates, a 2,900 
ton tank will be needed.  Figure 5.5.1, below, shows the charging and discharging 
during the design day.  The tank volume was determined to be 246,000 gallons through 
the same process described in Alternative 2.  Series 1, once again displays the load 
profile and series 2 shows chiller usage during charging and discharging periods. 
 
Figure 5.5.1 

 
 
By utilizing chilled water storage into this system, the highest electrical rates could be 
avoided.  Chiller outputs for typical days of each month are summarized in the table 
below. 
 
 
 
 
 
 
 

0

50

100

150

200

250

300

350

1 3 5 7 9 11 13 15 17 19 21 23 25

T
o

n
s

Thermal Storage Charge/Discharge

Series1

Series2



David Miller  Thesis Final Report 

 

18 

 

Table 5.5.1 
Chiller Output (tons) vs. Hour/day 

Hour J F M A M J J A S O N D 

0:01 - 1:00 0 0 0 0 0 270 270 270 270 0 0 0 

1:01 - 2:00 0 0 0 0 0 270 270 270 270 0 0 0 

2:01 - 3:00 0 0 0 0 0 270 270 270 270 0 0 0 

3:01 - 4:00 0 0 0 0 0 270 270 270 270 0 0 0 

4:01 - 5:00 0 0 0 0 0 270 270 270 270 0 0 0 

5:01 - 6:00 0 0 0 0 0 270 270 270 270 0 0 0 

6:01 - 7:00 0 0 0 0 0 270 270 270 270 0 0 0 

7:01 - 8:00 6.62 5.99 6.37 5.62 6.39 270 270 270 270 6.7 6.18 6.29 

8:01 - 9:00 8.43 7.62 8.11 7.16 8.13 270 270 270 270 8.53 7.87 8.01 

9:01 - 10:00 38.52 34.85 37.07 32.72 37.19 0 0 0 0 38.97 35.98 36.61 

10:01 - 11:00 51.16 46.28 49.23 43.46 49.39 0 0 0 0 51.76 47.79 48.62 

11:01 - 12:00 52.37 47.37 50.39 44.48 50.55 0 0 0 0 52.98 48.91 49.77 

12:01 - 13:00 54.17 49 52.13 46.02 52.3 0 0 0 0 54.8 50.6 51.48 

13:01 - 14:00 58.39 52.81 56.18 49.59 56.36 0 0 0 0 59.07 54.53 55.49 

14:01 - 15:00 60.19 54.45 57.92 51.13 58.11 0 0 0 0 60.89 56.22 57.2 

15:01 - 16:00 60.19 54.45 57.92 51.13 58.11 0 0 0 0 60.89 56.22 57.2 

16:01 - 17:00 56.58 51.18 54.44 48.06 54.62 0 0 0 0 57.24 52.85 53.77 

17:01 - 18:00 53.57 48.46 51.55 45.5 51.71 0 0 0 0 54.2 50.04 50.91 

18:01 - 19:00 34.31 31.03 33.01 29.14 33.12 0 0 0 0 34.71 32.05 32.61 

19:01 - 20:00 16.25 14.7 15.64 13.8 15.69 0 0 0 0 16.44 15.18 15.44 

20:01 - 21:00 13.84 12.52 13.32 11.76 13.36 0 0 0 0 14.01 12.93 13.16 

21:01 - 22:00 11.44 10.34 11 9.71 11.04 270 270 270 270 11.57 10.68 10.87 

22:01 - 23:00 10.23 9.26 9.85 8.69 9.88 270 270 270 270 10.35 9.56 9.72 

23:01 - 24:00 0 0 0 0 0 270 270 270 270 0 0 0 

  

 
These energy values were converted to kilowatts by using the chillers’ efficiencies which 
is 0.837 KW/ton to develop the electricity consumption.  These values are displayed in 
Table B 4.1 in Appendix B.  By applying electrical demand and consumption charges to 
these values, an annual cost could be determined, totaling $37,000.  For a detailed 
description of these calculations, look in Appendix B 4 Section 4. 
 
Due to the fact that the annual cost of operating the proposed system is larger than the 
existing one and that the first cost is also larger, another storage strategy was applied.  
Instead of charging and discharging for 12 hours a piece, a new tank will be sized to 
charge for 12 hours and discharge for the 6 hours of max electrical consumption and 
demand charges.  During this time on design day, it was determined that a 1,800 ton 
storage tank was needed.  The corresponding tank volume became 153,000 gallons 
and the following figure shows the on/off cycle for the use of the chillers.  Series 1 
shows the load profile and series 2 shows the chiller operation over the course of 24 
hour period.  
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Figure 5.5.2 

 
 
By utilizing chilled water storage into this system, the highest electrical rates could be 
avoided.  Chiller outputs for typical days of each month are summarized in the table 
below. 
 
Table 5.5.2 

Chiller Output (tons) vs. Hour/day 

Hour J F M A M J J A S O N D 

0:01 - 1:00 0 0 0 0 0 165 165 165 165 0 0 0 

1:01 - 2:00 0 0 0 0 0 165 165 165 165 0 0 0 

2:01 - 3:00 0 0 0 0 0 165 165 165 165 0 0 0 

3:01 - 4:00 0 0 0 0 0 165 165 165 165 0 0 0 

4:01 - 5:00 0 0 0 0 0 165 165 165 165 0 0 0 

5:01 - 6:00 0 0 0 0 0 165 165 165 165 0 0 0 

6:01 - 7:00 0 0 0 0 0 165 165 165 165 0 0 0 

7:01 - 8:00 6.62 5.99 6.37 5.62 6.39 165 165 165 165 6.7 6.18 6.29 

8:01 - 9:00 8.43 7.62 8.11 7.16 8.13 165 165 165 165 8.53 7.87 8.01 

9:01 - 10:00 38.52 34.85 37.07 32.72 37.19 139.11 143.31 154.6 127.45 38.97 35.98 36.61 

10:01 - 11:00 51.16 46.28 49.23 43.46 49.39 184.76 190.33 205.33 169.27 51.76 47.79 48.62 

11:01 - 12:00 52.37 47.37 50.39 44.48 50.55 189.11 194.81 210.16 173.26 52.98 48.91 49.77 

12:01 - 13:00 54.17 49 52.13 46.02 52.3 0 0 0 0 54.8 50.6 51.48 

13:01 - 14:00 58.39 52.81 56.18 49.59 56.36 0 0 0 0 59.07 54.53 55.49 

14:01 - 15:00 60.19 54.45 57.92 51.13 58.11 0 0 0 0 60.89 56.22 57.2 

15:01 - 16:00 60.19 54.45 57.92 51.13 58.11 0 0 0 0 60.89 56.22 57.2 

16:01 - 17:00 56.58 51.18 54.44 48.06 54.62 0 0 0 0 57.24 52.85 53.77 

17:01 - 18:00 53.57 48.46 51.55 45.5 51.71 0 0 0 0 54.2 50.04 50.91 

18:01 - 19:00 34.31 31.03 33.01 29.14 33.12 123.9 127.64 137.69 113.51 34.71 32.05 32.61 

19:01 - 20:00 16.25 14.7 15.64 13.8 15.69 58.69 60.46 65.22 53.77 16.44 15.18 15.44 

20:01 - 21:00 13.84 12.52 13.32 11.76 13.36 49.99 51.5 55.56 45.8 14.01 12.93 13.16 

21:01 - 22:00 11.44 10.34 11 9.71 11.04 165 165 165 165 11.57 10.68 10.87 

22:01 - 23:00 10.23 9.26 9.85 8.69 9.88 165 165 165 165 10.35 9.56 9.72 

23:01 - 24:00 0 0 0 0 0 165 165 165 165 0 0 0 
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These values were converted to kilowatts by using the chiller’s efficiency and annual 
electrical rates were applied.  These tables can be found in Appendix B Section 4.  The 
annual running cost of such a system was determined to be $33,000.   
 
Since the analysis of thermal storage systems alone with the existing chillers gave forth 
larger or nearly equal annual operation cost without extra pumping energy included, 
Alternative 3 was automatically forfeit from the feasible design considerations which 
omit it from the cost comparison and payback analysis.  Therefore, an additional 
pumping energy calculation was not performed for Alternative 3.  Through these series 
of calculations, it was determined that chilled water storage is not applicable for such a 
building in such a climate. 
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6.0  Simple Payback Analysis 
 
This analysis began by determining and comparing the additional first costs of the 
alternatives in comparison to the existing system.  Therefore the first cost of the existing 
chillers had to be found.  By contacting the Carrier Corporation at the Harrisburg office, 
it was established that the existing chillers have a first cost value of $70,000 a piece.  
RBI sales representatives were contacted for the boiler information.  Storage tank costs 
were taken from R.S. Means book in the engineering library.  The table below 
summarizes the costs of each alternative system and their components. 
 
Table 6.0.1 

Component First Cost Total First Cost Annual Maintanence 

Control 
Chiller Carrier 19XR 63,000 

126,000 
4,000 

Chiller Carrier 19XR 63,000 4,000 

Alternative 1 

Absorption Chiller Carrier 16LJ 103,000 

472,625 

6,000 

Absorption Chiller Carrier 16LJ 103,000 6,000 

Boiler RBI Futera XLF 52,000 500 

Boiler RBI Futera XLF 52,000 500 

Solar Absorbers (425)   265,625 1,000 

Additional Pumps B&G 4,000   -- 

Alternative 2 

Absorption Chiller Carrier 16LJ 103,000 

 556,050 

6,000 

Absorption Chiller Carrier 16LJ 103,000 6,000 

Boiler RBI Futera XLF 52,000 500 

Boiler RBI Futera XLF 52,000 500 

Solar Absorbers (290)   187,050 1,000 

900 ton Storage Tank   52,000 -- 

Additional Pumps B&G 7,000 -- 

Alternative 3a 

Chiller Carrier 19XR 63,000 

427,000 

4,000 

Chiller Carrier 19XR 63,000 4,000 

2,900 ton Storage Tank   295,000 -- 

Additional Pumps B&G 6,000 -- 

Alternative 3b 

Chiller Carrier 19XR 63,000 

372,000 

4,000 

Chiller Carrier 19XR 63,000 4,000 

1,650 ton Storage Tank   240,000 -- 

Additional Pumps B&G 6,000 -- 

 
As previously stated, since Alternative 3 does not save any money, there is no payback 
period for such a system.  A simple payback comparison was made by comparing the 
additional first cost to the annual energy savings.  Table 5.0.2 shows the breakdown of 
the payback period calculations. 
 

,	-.	/01-�	�23 � 4
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Table 6.0.2 
Simple Payback Calculation 

  Alternative 1 Alternative 2 

Additional First Cost 346,625 430,050 

Additional Maintenance Cost 6,000 6,000 

Annual Savings 19,700 17,185 

Payback Period 17.60 25.02 

  

 
Alternative 1 has the most respectable payback period due to the fact that it costs less 
initially and saves more money annually.  This is a positive response because not only 
are these systems saving money, they’re saving energy as well.  However, due to the 
large number of years such a system would take to break even, the initial investment 
might not ever be made. 
 
This analysis was based off of current energy rates which are sure to fluctuate.  
Hypothetically speaking if Lake Mead dries up; the Hoover Dam supplies the majority of 
electric power to Las Vegas and all surrounding cities with the rest coming from the few 
existing solar farms.  Assuming that the Las Vegas will need to obtain and sustain 
another type of energy to supply its electricity, carbon emissions would increase 
dramatically.  The following figure shows the differences in emissions of CO2 gas for 
Alternative 1, Alternative 2, and the existing system if such a scenario were to take 
place. 
 
Figure 6.0.1 

 
 
If a sort of CO2 credit was given to systems operating with fewer emissions, the payback 
period would become very favorable for Alternative 1. 
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7.0  Depth Summary 
 
The existing system for UNLV Greenspun Hall is innovative and energy efficient, 
achieving LEED Gold certification.  However, such a system could be improved by 
adding different system components to take advantage of the amount of solar radiation 
present in the Las Vegas valley.  Three alternatives were proposed to attempt to 
improve on the existing system.   
 
Alternative 1 added 17,000 ft2 of solar absorbers to the roof to drive the single-effect 
absorption chillers which would replace the existing ones.  Alternative 2 utilizes a chiller 
water thermal storage tank to shift the peak load, thus reducing the area of the solar 
absorbers need to drive the generators.  Alternative 3 differs from the other alternatives 
in that it keeps the existing chillers, and just adds chilled water storage to the load loop 
to shift energy consumption to periods of cheaper electricity cost.  Annual operating 
costs of all the alternatives and the existing system were computed and compared. 
Through this analysis, it was apparent that Alternative 3 consumed more energy than 
the existing system.  Alternative 1 saved the most energy and cost annually.  Figure 
7.0.1 shows the cost savings of the other two alternatives in comparison to the existing 
system. 
 
Figure 7.0.1 
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A simple payback computation was also prepared.  Since Alternative 3 did not save any 
money,  a payback  period  could  not  be  determined.   Through  this  analysis,  Figure 
7.0.2 was created to display the first cost and payback period for Alternative 1 and 
Alternative 2. 
 
Figure 7.0.2 

 
 

Since Alternative 1 had a smaller first cost than the second alternative, saved more 
money annually, and had a reasonable payback period, it would be an appropriate 
replacement for the existing system.  Such a system would also produce less pollutants 
and emissions than the other choices, therefore becomes a more attractive option.  
Alternative 1 saves $19,700 annually and has a 17.6 year payback period. 
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8.0  Structural Breadth 
 
As a part of the redesign of the mechanical system, some alternatives (1and 2) require 
the addition of mechanical equipment to the roof structure.  This breadth analyzes the 
current roof system under the new heavier loading of added equipment.   
 
The current roof is a non-composite slab with 7ft. spans with a depth of 5”.  A 2C22 
deck was used in the original construction.  The table below shows that this particular 
deck meets building standards. 
 
Table 8.0.1 

Roof Loads 

Description Weight (psf) 

Mech./Elec./Plumbing 10 

Roof Mat 20 

Slab/Deck (2C22) 50 

Miscellaneous 5 

Beams/Joists 10 

Total 95 

  

 
The table from the Vulcraft Steel Deck Manual the allowable weight of a 2C22 3-span 
deck at 7 ft. spans is 98 psf.  Since this value is greater than the load of the given 
structure, this is allowable.  The next step is to check the maximum clear span of the 
deck, which is 7’1”, by the Vulcraft Manual. 
 
In Alternative 1 and Alternative 2, solar absorbers were added to the roof.  The weight 
given for these absorbers by the manufacturer’s data was roughly 12.5 psf.  This value 
includes the absorber, piping, and fluid weight during operation.  This weight was added 
to the MEP weight for the typical roof load, which makes the total weight 107.5 psf.  
Under this new loading, it is apparent that the current roof system would not support this 
load and therefore must be changed. 
 
This change in roof system can come in several different ways.  The first way to explore 
is to decrease the span of the steel deck, which means extra joists must be installed.  
According to the Vulcraft Manual, a 6’6” span of the same steel deck used in the original 
design could be used as it supports a load of 113 psf.  However, due to the proximity of 
this value to the given load, the span would probably be reduced to 6’. 
 
Another option, which would not include adding more joists, would be to decrease the 
gauge of the deck, thus increasing its strength.  By choosing the 2C20 deck type, a 7’ 
span could support 127 psf of load and the maximum clear span becomes 8’7”.  Both of 
these values exceed requirements for the proposed system, thus this change could be 
implemented. 
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Summary 
 
With the additional weight of the added absorbers to the roof, one of two things would 
need to be done.  Either add more joists to the roof system or increase the strength of 
the deck by decreasing the gauge.  The first solution is a 5” non-composite 2C22 deck 
at a 6’ span and the second solution is a 5” non-composite 2C20 deck at a 7’ span.   
 
The construction and material cost for adding additional joists would far exceed the 
extra material cost for decreasing the gauge of the deck by 2.  Therefore the suggested 
solution to chose is the second one; increase the strength of the deck.  This solution 
would not only be cheaper than the other, but it would not change construction 
scheduling.  The page of the Vulcraft Steel Deck Manual that was used is located in 
Appendix C. 
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9.0  Construction Management Breadth 
 
With two of the alternative designs, thermal storage tanks were incorporated to meet the 
cooling loads.  These two alternatives came with three possible tank sizes.  These tanks 
would not be able to be installed anywhere on site besides the mechanical yard, which 
happens to be far too small to hold such equipment.  The proposed solution is to extend 
the mechanical yard away from the parking lot towards a neutral greenery area. 
 
In order to complete this solution, the strip footer, slab, and CMU wall had to be 
extended by 20 ft for one tank size and 30 ft for the others.  Figure 9.0.1 shows an 
elementary version of the layout of the existing mechanical yard.  Figure 9.0.2 shows 
the extension of the mechanical yard with a thermal storage tank installed. 
 
Figure 9.0.1 

 
 
Figure 9.0.2 

 
 



David Miller  Thesis Final Report 

 

28 

 

In order to complete such an expansion, the labor, material, and equipment costs had to 
be determined for both a 20ft. extension of the south wall and a 30 ft. one.  Table 9.0.1 
displays a cost comparison of the two expansions. 
 
Table 9.0.1 

Cost Analysis 

  Component Material Labor Equipment Total 

20 ft. Extension 

Strip Footer 12" x 12" 259.26 26.31 0.86 286.43 

Slab 6" 1111.11 159.44 5.00 1275.56 

Wire Fabric 6x6 195.00 147.00 0.00 342.00 

CMU Wall 12" x 10ft. 2169.60 3360.00 0.00 5529.60 

Formwork 22.40 135.10 0.00 157.50 

  Total Cost         7591.09 

30 ft. Extension 

Strip Footer 12" x 12" 333.33 33.83 1.10 368.27 

Slab 6" 1666.67 239.17 7.50 1913.33 

Wire Fabric 6x6 292.50 220.50 0.00 513.00 

CMU Wall 12" x 10ft. 3254.40 5040.00 0.00 8294.40 

Formwork 28.80 173.70 0.00 202.50 

  Total Cost         11291.50 

  

 
Along with the extra cost that goes into such an addition, scheduling must be completed 
as well.  The table below summarizes the extra time it would take to build this larger 
mechanical yard.  A 20 ft. extension of the enclosure would take 3.5 days to construct, 
and a 30 ft. extension would take 5 days. 
 
Table 9.0.2 

  Days of Work 

  20 ft. Extension 30 ft. Extension 

Strip Footer 0.05 0.06 

Formwork 0.13 0.15 

Wire Fabric 0.21 0.31 

Slab 0.19 0.28 

Subtotal 1 1 

CMU Wall 2.4 3.6 

Total 3.5 5 

  

 

Summary 
 
If Alternative 2 or Alternative 3 were selected, as opposed to the current existing 
system, the mechanical yard would have to be enlarged.  The tables shown above show 
the additional costs and time it would take to complete such construction.  These values 
are ultimately minuscule in comparison to the total system and cost and construction 
time, thus the extension of the south wall of the mechanical yard is a feasible option. 
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10.0 Conclusions 
 
After all analyses and comparisons were completed, I conclude that Alternative 1 would 
be the best choice to replace the existing system.  Due to a reasonable first cost 
increase and large energy savings, a suitable payback period was revealed.  Such a 
system would also reduce the amount of pollutants and emissions released into the 
Earth’s atmosphere.   
 
Due to the large solar absorber array, however, the structural system for the roof would 
need to be stronger and therefore more expensive.  The expansion of the mechanical 
yard would not need to take place, thus not interfering with the existing schedule.   
 
To summarize, this system would be more energy efficient but also more expensive, 
costing an extra $346,000 upfront.  By saving $19,700 annually on regulated energy, a 
payback period of 17.6 years was calculated.  By implementing this system, designers 
would not just obtain their design goals, but exceed them.  
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Appendix A 
 
Table A 1. 
Annual Hourly Temperature for Las Vegas, Nevada. 

Average Temperature (
o
F) vs. Hour/day 

Hour J F M A M J J A S O N D 

0:01 - 1:00 41.4 43.3 49.6 59.5 68.9 77.9 83.3 80.8 74.1 61.2 49.8 41.5 

1:01 - 2:00 41.2 42.6 48.6 58.6 67.5 75.9 81.7 79.3 72.9 59.7 49.1 41.2 

2:01 - 3:00 40.5 41.5 47.8 57.2 66.0 75.0 80.6 77.9 71.6 59.4 48.0 39.9 

3:01 - 4:00 40.1 41.2 47.3 56.7 65.5 73.9 78.8 77.0 70.2 58.3 47.5 39.0 

4:01 - 5:00 39.9 40.5 46.8 55.8 64.8 72.3 78.3 76.3 69.1 57.4 46.8 38.5 

5:01 - 6:00 39.6 39.7 46.4 55.8 66.6 75.2 80.4 77.2 68.7 57.0 46.4 37.9 

6:01 - 7:00 39.6 40.6 48.4 60.3 70.9 80.4 85.3 81.7 73.4 58.6 47.3 37.8 

7:01 - 8:00 41.0 43.7 51.6 64.4 74.8 84.7 90.0 86.4 79.2 63.7 52.7 40.5 

8:01 - 9:00 44.2 48.4 54.5 67.6 78.3 88.2 93.0 89.6 82.9 67.5 57.6 46.9 

9:01 - 10:00 47.5 51.4 57.2 70.2 80.6 90.1 95.9 92.7 86.4 70.2 60.8 50.0 

10:01 - 11:00 49.6 54.1 60.1 72.7 83.1 93.2 98.1 95.7 88.9 72.7 62.6 53.2 

11:01 - 12:00 51.3 55.8 61.9 74.5 84.4 94.8 100.0 97.7 91.4 74.8 64.0 55.8 

12:01 - 13:00 52.5 57.4 63.3 76.1 85.5 96.4 101.5 99.0 93.0 76.6 65.3 57.0 

13:01 - 14:00 54.0 58.3 64.0 77.2 86.7 97.5 102.0 99.3 94.1 77.9 65.8 57.9 

14:01 - 15:00 54.1 58.8 64.2 77.5 87.1 97.7 102.6 99.9 93.6 78.4 66.2 58.6 

15:01 - 16:00 53.6 58.6 63.7 77.4 87.1 97.7 102.4 99.1 93.0 77.7 65.1 57.9 

16:01 - 17:00 52.3 56.8 63.0 76.6 86.2 96.3 101.3 99.0 91.8 76.1 61.9 54.5 

17:01 - 18:00 50.4 53.2 60.1 74.7 84.4 94.8 99.7 96.8 88.3 73.6 59.2 50.0 

18:01 - 19:00 47.8 51.6 58.1 71.4 81.0 91.8 97.0 93.4 84.6 69.4 56.3 47.7 

19:01 - 20:00 46.4 49.1 56.5 68.5 77.9 88.2 93.9 90.5 81.5 67.3 54.5 46.4 

20:01 - 21:00 45.0 47.7 54.7 66.0 75.4 85.8 90.7 88.0 79.7 65.8 52.7 44.8 

21:01 - 22:00 44.1 46.4 53.2 64.4 73.8 83.5 88.5 86.2 77.5 64.2 51.6 43.5 

22:01 - 23:00 43.7 45.1 52.2 62.8 72.0 81.7 86.7 84.4 75.9 63.3 50.9 42.6 

23:01 - 24:00 43.2 44.4 51.3 61.3 70.5 80.1 84.7 82.6 74.7 61.9 49.8 41.7 
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Table A 2. 
Annual Hourly Solar Radiation for Las Vegas, Nevada. 

Average Direct Solar Radiation vs. Hour/day 

Hour J F M A M J J A S O N D 

0:01 - 1:00 0 0 0 0 0 0 0 0 0 0 0 0 

1:01 - 2:00 0 0 0 0 0 0 0 0 0 0 0 0 

2:01 - 3:00 0 0 0 0 0 0 0 0 0 0 0 0 

3:01 - 4:00 0 0 0 0 0 0 0 0 0 0 0 0 

4:01 - 5:00 0 0 0 1 42 69 42 2 0 0 0 0 

5:01 - 6:00 0 0 16 185 340 429 347 253 90 23 0 0 

6:01 - 7:00 0 68 244 501 535 640 605 551 452 381 161 27 

7:01 - 8:00 302 348 457 674 687 736 726 701 644 646 481 371 

8:01 - 9:00 510 523 545 720 777 784 755 780 695 730 607 549 

9:01 - 10:00 588 606 593 770 798 752 797 807 798 767 689 613 

10:01 - 11:00 655 679 588 769 761 791 810 815 833 748 697 687 

11:01 - 12:00 642 630 615 766 679 760 820 812 817 780 735 676 

12:01 - 13:00 598 662 641 714 689 770 802 752 817 756 724 675 

13:01 - 14:00 577 620 578 673 718 759 775 682 752 696 696 658 

14:01 - 15:00 564 543 554 649 690 703 756 658 641 675 629 602 

15:01 - 16:00 476 443 429 607 658 698 686 585 604 596 463 406 

16:01 - 17:00 144 265 314 470 585 606 614 534 441 323 117 44 

17:01 - 18:00 0 15 108 266 352 435 494 369 160 13 0 0 

18:01 - 19:00 0 0 0 17 46 152 182 53 0 0 0 0 

19:01 - 20:00 0 0 0 0 0 0 0 0 0 0 0 0 

20:01 - 21:00 0 0 0 0 0 0 0 0 0 0 0 0 

21:01 - 22:00 0 0 0 0 0 0 0 0 0 0 0 0 

22:01 - 23:00 0 0 0 0 0 0 0 0 0 0 0 0 

23:01 - 24:00 0 0 0 0 0 0 0 0 0 0 0 0 
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Appendix B 
Section 1 
 

Table B 1.1 
Annual KWh per day and Nevada Power’s demand charge for each month. 

KWh / day 

Time J F M A M J J A S O N D 

0:01 - 1:00 0.00 0.00 0.00 0.00 0.00 14.55 14.99 16.18 13.33 0.00 0.00 0.00 

1:01 - 2:00 0.00 0.00 0.00 0.00 0.00 9.10 9.37 10.11 8.33 0.00 0.00 0.00 

2:01 - 3:00 0.00 0.00 0.00 0.00 0.00 9.10 9.37 10.11 8.33 0.00 0.00 0.00 

3:01 - 4:00 0.00 0.00 0.00 0.00 0.00 9.10 9.37 10.11 8.33 0.00 0.00 0.00 

4:01 - 5:00 0.00 0.00 0.00 0.00 0.00 7.28 7.50 8.09 6.67 0.00 0.00 0.00 

5:01 - 6:00 0.00 0.00 0.00 0.00 0.00 7.28 7.50 8.09 6.67 0.00 0.00 0.00 

6:01 - 7:00 0.00 0.00 0.00 0.00 0.00 12.74 13.12 14.15 11.67 0.00 0.00 0.00 

7:01 - 8:00 5.54 5.01 5.33 4.71 5.35 20.01 20.62 22.24 18.34 5.61 5.18 5.27 

8:01 - 9:00 7.05 6.38 6.79 5.99 6.81 25.47 26.24 28.31 23.34 7.14 6.59 6.70 

9:01 - 10:00 32.24 29.17 31.03 27.39 31.13 116.44 119.95 129.40 106.68 32.62 30.12 30.64 

10:01 - 11:00 42.82 38.74 41.21 36.38 41.34 154.64 159.31 171.86 141.68 43.32 40.00 40.70 

11:01 - 12:00 43.83 39.65 42.18 37.23 42.31 158.28 163.06 175.91 145.01 44.34 40.94 41.65 

12:01 - 13:00 45.34 41.01 43.63 38.52 43.77 163.74 168.68 181.97 150.02 45.87 42.35 43.09 

13:01 - 14:00 48.87 44.20 47.02 41.51 47.18 176.48 181.80 196.13 161.68 49.44 45.65 46.44 

14:01 - 15:00 50.38 45.57 48.48 42.79 48.64 181.93 187.42 202.19 166.68 50.97 47.06 47.88 

15:01 - 16:00 50.38 45.57 48.48 42.79 48.64 181.93 187.42 202.19 166.68 50.97 47.06 47.88 

16:01 - 17:00 47.36 42.84 45.57 40.23 45.72 171.02 176.18 190.06 156.68 47.91 44.23 45.01 

17:01 - 18:00 44.84 40.56 43.15 38.09 43.29 161.92 166.81 179.95 148.35 45.36 41.88 42.61 

18:01 - 19:00 28.72 25.98 27.63 24.39 27.72 103.70 106.83 115.25 95.01 29.05 26.82 27.29 

19:01 - 20:00 13.60 12.30 13.09 11.55 13.13 49.12 50.60 54.59 45.00 13.76 12.71 12.93 

20:01 - 21:00 11.59 10.48 11.15 9.84 11.19 41.85 43.11 46.50 38.34 11.72 10.82 11.01 

21:01 - 22:00 9.57 8.66 9.21 8.13 9.24 34.57 35.61 38.42 31.67 9.68 8.94 9.10 

22:01 - 23:00 8.56 7.75 8.24 7.28 8.27 30.93 31.86 34.37 28.34 8.66 8.00 8.14 

23:01 - 24:00 0.00 0.00 0.00 0.00 0.00 21.83 22.49 24.26 20.00 0.00 0.00 0.00 

Max KWh 50.38 45.57 48.48 42.79 48.64 181.93 187.42 202.19 166.68 50.97 47.06 47.88 

Demand Charge 0.50 0.50 0.50 0.50 0.50 9.17 9.17 9.17 9.17 0.50 0.50 0.50 

Total 25.19 22.79 24.24 21.40 24.32 1668.34 1718.67 1854.10 1528.49 25.48 23.53 23.94 

$$$$ 6960.48                       
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Table B 1.2 
Consumption Charge rates, consumption charges, and total annual operating costs. 

Consumption Charge ($/KW) vs. Hour/day 

Time J F M A M J J A S O N D 

0:01 - 1:00 0.06406 0.06406 0.06406 0.06406 0.06406 0.0623 0.0623 0.0623 0.0623 0.06406 0.06406 0.06406 

1:01 - 2:00 0.06406 0.06406 0.06406 0.06406 0.06406 0.0623 0.0623 0.0623 0.0623 0.06406 0.06406 0.06406 

2:01 - 3:00 0.06406 0.06406 0.06406 0.06406 0.06406 0.0623 0.0623 0.0623 0.0623 0.06406 0.06406 0.06406 

3:01 - 4:00 0.06406 0.06406 0.06406 0.06406 0.06406 0.0623 0.0623 0.0623 0.0623 0.06406 0.06406 0.06406 

4:01 - 5:00 0.06406 0.06406 0.06406 0.06406 0.06406 0.0623 0.0623 0.0623 0.0623 0.06406 0.06406 0.06406 

5:01 - 6:00 0.06406 0.06406 0.06406 0.06406 0.06406 0.0623 0.0623 0.0623 0.0623 0.06406 0.06406 0.06406 

6:01 - 7:00 0.06406 0.06406 0.06406 0.06406 0.06406 0.0623 0.0623 0.0623 0.0623 0.06406 0.06406 0.06406 

7:01 - 8:00 0.06406 0.06406 0.06406 0.06406 0.06406 0.0623 0.0623 0.0623 0.0623 0.06406 0.06406 0.06406 

8:01 - 9:00 0.06406 0.06406 0.06406 0.06406 0.06406 0.0623 0.0623 0.0623 0.0623 0.06406 0.06406 0.06406 

9:01 - 10:00 0.06406 0.06406 0.06406 0.06406 0.06406 0.0623 0.0623 0.0623 0.0623 0.06406 0.06406 0.06406 

10:01 - 11:00 0.06406 0.06406 0.06406 0.06406 0.06406 0.08653 0.08653 0.08653 0.08653 0.06406 0.06406 0.06406 

11:01 - 12:00 0.06406 0.06406 0.06406 0.06406 0.06406 0.08653 0.08653 0.08653 0.08653 0.06406 0.06406 0.06406 

12:01 - 13:00 0.06406 0.06406 0.06406 0.06406 0.06406 0.08653 0.08653 0.08653 0.08653 0.06406 0.06406 0.06406 

13:01 - 14:00 0.06406 0.06406 0.06406 0.06406 0.06406 0.10001 0.10001 0.10001 0.10001 0.06406 0.06406 0.06406 

14:01 - 15:00 0.06406 0.06406 0.06406 0.06406 0.06406 0.10001 0.10001 0.10001 0.10001 0.06406 0.06406 0.06406 

15:01 - 16:00 0.06406 0.06406 0.06406 0.06406 0.06406 0.10001 0.10001 0.10001 0.10001 0.06406 0.06406 0.06406 

16:01 - 17:00 0.06406 0.06406 0.06406 0.06406 0.06406 0.10001 0.10001 0.10001 0.10001 0.06406 0.06406 0.06406 

17:01 - 18:00 0.06406 0.06406 0.06406 0.06406 0.06406 0.10001 0.10001 0.10001 0.10001 0.06406 0.06406 0.06406 

18:01 - 19:00 0.06406 0.06406 0.06406 0.06406 0.06406 0.10001 0.10001 0.10001 0.10001 0.06406 0.06406 0.06406 

19:01 - 20:00 0.06406 0.06406 0.06406 0.06406 0.06406 0.08653 0.08653 0.08653 0.08653 0.06406 0.06406 0.06406 

20:01 - 21:00 0.06406 0.06406 0.06406 0.06406 0.06406 0.08653 0.08653 0.08653 0.08653 0.06406 0.06406 0.06406 

21:01 - 22:00 0.06406 0.06406 0.06406 0.06406 0.06406 0.08653 0.08653 0.08653 0.08653 0.06406 0.06406 0.06406 

22:01 - 23:00 0.06406 0.06406 0.06406 0.06406 0.06406 0.0623 0.0623 0.0623 0.0623 0.06406 0.06406 0.06406 

23:01 - 24:00 0.06406 0.06406 0.06406 0.06406 0.06406 0.0623 0.0623 0.0623 0.0623 0.06406 0.06406 0.06406 

Total 31.44 28.43 30.25 26.7 30.35 167.5 172.55 186.15 153.46 31.8 29.36 29.87 

Days 31 28 31 30 31 30 31 31 30 31 30 31 

Total 974.49 796.15 937.68 801.05 940.71 5024.99 5349.1 5770.62 4603.74 985.84 880.84 926.09 

$$$$ 27991.30 
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Appendix B 
Section 2 
 
Table B 2.1 
Hot Water Temperature generated by a 17,000 ft

2
 solar absorber array 

Temperature Generated vs. Hour/day 

Hour J F M A M J J A S O N D 

0:01 - 1:00 0 0 0 0 0 0 0 0 0 0 0 0 

1:01 - 2:00 0 0 0 0 0 0 0 0 0 0 0 0 

2:01 - 3:00 0 0 0 0 0 0 0 0 0 0 0 0 

3:01 - 4:00 0 0 0 0 0 0 0 0 0 0 0 0 

4:01 - 5:00 0 0 0 0.4 16.56 26.9 16.56 0.8 0 0 0 0 

5:01 - 6:00 0 0 6.37 68.67 117.72 142.39 119.76 91.14 34.78 9.14 0 0 

6:01 - 7:00 0 26.52 88.26 160.48 168.44 190.68 183.66 172.06 148.35 129.4 60.39 10.71 

7:01 - 8:00 106.41 120.04 149.62 197.12 199.48 207.9 206.25 201.97 191.46 191.84 155.62 126.6 

8:01 - 9:00 162.62 165.67 170.71 205.24 214.35 215.4 210.96 214.81 200.91 206.91 184.07 171.61 

9:01 - 10:00 180.11 183.87 181.16 213.29 217.45 210.48 217.31 218.73 217.45 212.83 199.84 185.3 

10:01 - 11:00 193.57 198.03 180.11 213.14 211.9 216.43 219.15 219.85 222.29 209.85 201.26 199.48 

11:01 - 12:00 191.07 188.71 185.71 212.68 198.03 211.75 220.54 219.43 220.13 214.81 207.74 197.49 

12:01 - 13:00 182.21 194.89 190.87 204.22 199.84 213.29 218.02 210.48 220.13 211.12 205.91 197.3 

13:01 - 14:00 177.76 186.72 177.98 196.93 204.9 211.59 214.05 198.58 210.48 201.09 201.09 194.13 

14:01 - 15:00 174.94 170.26 172.73 192.42 200.02 202.32 211.12 194.13 190.87 197.3 188.52 183.04 

15:01 - 16:00 154.39 146.04 142.39 184.07 194.13 201.44 199.3 179.47 183.45 181.79 151.14 136.26 

16:01 - 17:00 54.4 94.95 110.03 152.9 179.47 183.87 185.5 168.21 145.52 112.72 44.71 17.33 

17:01 - 18:00 0 5.98 41.43 95.27 121.2 143.96 158.79 126.04 60.04 5.19 0 0 

18:01 - 19:00 0 0 0 6.77 18.1 57.23 67.65 20.8 0 0 0 0 

19:01 - 20:00 0 0 0 0 0 0 0 0 0 0 0 0 

20:01 - 21:00 0 0 0 0 0 0 0 0 0 0 0 0 

21:01 - 22:00 0 0 0 0 0 0 0 0 0 0 0 0 

22:01 - 23:00 0 0 0 0 0 0 0 0 0 0 0 0 

23:01 - 24:00 0 0 0 0 0 0 0 0 0 0 0 0 
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Table B 2.2 
Change in Hot Water temperature needed from Auxiliary Boilers 

ΔT needed from Auxiliary Boilers vs. Hour/day 

Hour J F M A M J J A S O N D 

0:01 - 1:00 20 20 20 20 20 20 20 20 20 20 20 20 

1:01 - 2:00 20 20 20 20 20 20 20 20 20 20 20 20 

2:01 - 3:00 20 20 20 20 20 20 20 20 20 20 20 20 

3:01 - 4:00 20 20 20 20 20 20 20 20 20 20 20 20 

4:01 - 5:00 20 20 20 20 20 20 20 20 20 20 20 20 

5:01 - 6:00 20 20 20 20 20 20 20 20 20 20 20 20 

6:01 - 7:00 20 20 20 4.52 0 0 0 0 16.65 20 20 20 

7:01 - 8:00 20 20 15.38 0 0 0 0 0 0 0 9.38 20 

8:01 - 9:00 2.38 0 0 0 0 0 0 0 0 0 0 0 

9:01 - 10:00 0 0 0 0 0 0 0 0 0 0 0 0 

10:01 - 11:00 0 0 0 0 0 0 0 0 0 0 0 0 

11:01 - 12:00 0 0 0 0 0 0 0 0 0 0 0 0 

12:01 - 13:00 0 0 0 0 0 0 0 0 0 0 0 0 

13:01 - 14:00 0 0 0 0 0 0 0 0 0 0 0 0 

14:01 - 15:00 0 0 0 0 0 0 0 0 0 0 0 0 

15:01 - 16:00 10.61 18.96 0 0 0 0 0 0 0 0 13.86 20 

16:01 - 17:00 20 20 20 12.1 0 0 0 0 19.48 20 20 20 

17:01 - 18:00 20 20 20 20 20 20 20 20 20 20 20 20 

18:01 - 19:00 20 20 20 20 20 20 20 20 20 20 20 20 

19:01 - 20:00 20 20 20 20 20 20 20 20 20 20 20 20 

20:01 - 21:00 20 20 20 20 20 20 20 20 20 20 20 20 

21:01 - 22:00 20 20 20 20 20 20 20 20 20 20 20 20 

22:01 - 23:00 20 20 20 20 20 20 20 20 20 20 20 20 

23:01 - 24:00 20 20 20 20 20 20 20 20 20 20 20 20 
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Table B 2.3 
Energy output of chillers driven by the auxiliary boilers. 

Output of chiller (MBH) vs. hour/day 

Hour J F M A M J J A S O N D 

0:01 - 1:00 0 0 0 0 0 208.67 214.96 231.9 191.18 0 0 0 

1:01 - 2:00 0 0 0 0 0 130.42 134.35 144.94 119.49 0 0 0 

2:01 - 3:00 0 0 0 0 0 130.42 134.35 144.94 119.49 0 0 0 

3:01 - 4:00 0 0 0 0 0 130.42 134.35 144.94 119.49 0 0 0 

4:01 - 5:00 0 0 0 0 0 104.34 107.48 115.95 95.59 0 0 0 

5:01 - 6:00 0 0 0 0 0 104.34 107.48 115.95 95.59 0 0 0 

6:01 - 7:00 0 0 0 0 0 0 0 0 139.26 0 0 0 

7:01 - 8:00 79.45 71.87 58.78 0 0 0 0 0 0 0 34.8 75.51 

8:01 - 9:00 12.02 0 0 0 0 0 0 0 0 0 0 0 

9:01 - 10:00 0 0 0 0 0 0 0 0 0 0 0 0 

10:01 - 11:00 0 0 0 0 0 0 0 0 0 0 0 0 

11:01 - 12:00 0 0 0 0 0 0 0 0 0 0 0 0 

12:01 - 13:00 0 0 0 0 0 0 0 0 0 0 0 0 

13:01 - 14:00 0 0 0 0 0 0 0 0 0 0 0 0 

14:01 - 15:00 0 0 0 0 0 0 0 0 0 0 0 0 

15:01 - 16:00 383.28 619.44 0 0 0 0 0 0 0 0 467.53 686.44 

16:01 - 17:00 678.98 614.15 653.33 349.05 0 0 0 0 2187.84 686.88 634.18 645.25 

17:01 - 18:00 642.86 581.48 618.58 546.06 620.58 2321.46 2391.49 2579.94 2126.86 650.35 600.45 610.93 

18:01 - 19:00 411.72 372.41 396.17 349.72 397.45 1486.78 1531.63 1652.32 1362.14 416.51 384.56 391.27 

19:01 - 20:00 195.03 176.4 187.66 165.66 188.27 704.26 725.51 782.68 645.23 197.3 182.16 185.34 

20:01 - 21:00 166.13 150.27 159.86 141.12 160.37 599.93 618.02 666.73 549.64 168.07 155.17 157.88 

21:01 - 22:00 137.24 124.14 132.06 116.57 132.48 495.59 510.54 550.77 454.05 138.84 128.19 130.42 

22:01 - 23:00 122.79 111.07 118.15 104.3 118.54 443.43 456.8 492.8 406.25 124.22 114.69 116.69 

23:01 - 24:00 0 0 0 0 0 313.01 322.45 347.86 286.77 0 0 0 
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Table B 2.4 
Boiler energy output to drive absorption chillers. 

Boiler Output (MBH) vs. hour/day 

Hour J F M A M J J A S O N D 

0:01 - 1:00 0 0 0 0 0 300.83 309.91 334.33 275.62 0 0 0 

1:01 - 2:00 0 0 0 0 0 188.02 193.69 208.96 172.26 0 0 0 

2:01 - 3:00 0 0 0 0 0 188.02 193.69 208.96 172.26 0 0 0 

3:01 - 4:00 0 0 0 0 0 188.02 193.69 208.96 172.26 0 0 0 

4:01 - 5:00 0 0 0 0 0 150.42 154.95 167.16 137.81 0 0 0 

5:01 - 6:00 0 0 0 0 0 150.42 154.95 167.16 137.81 0 0 0 

6:01 - 7:00 0 0 0 0 0 0 0 0 200.77 0 0 0 

7:01 - 8:00 114.55 103.61 84.74 0 0 0 0 0 0 0 50.17 108.86 

8:01 - 9:00 17.33 0 0 0 0 0 0 0 0 0 0 0 

9:01 - 10:00 0 0 0 0 0 0 0 0 0 0 0 0 

10:01 - 11:00 0 0 0 0 0 0 0 0 0 0 0 0 

11:01 - 12:00 0 0 0 0 0 0 0 0 0 0 0 0 

12:01 - 13:00 0 0 0 0 0 0 0 0 0 0 0 0 

13:01 - 14:00 0 0 0 0 0 0 0 0 0 0 0 0 

14:01 - 15:00 0 0 0 0 0 0 0 0 0 0 0 0 

15:01 - 16:00 552.56 893.02 0 0 0 0 0 0 0 0 674.02 989.61 

16:01 - 17:00 978.86 885.4 941.88 503.22 0 0 0 0 3154.14 990.26 914.27 930.24 

17:01 - 18:00 926.79 838.3 891.78 787.23 894.67 3346.78 3447.72 3719.41 3066.22 937.58 865.64 880.75 

18:01 - 19:00 593.56 536.89 571.14 504.18 572.99 2143.44 2208.09 2382.09 1963.76 600.47 554.4 564.08 

19:01 - 20:00 281.16 254.32 270.54 238.82 271.42 1015.31 1045.94 1128.36 930.2 284.44 262.61 267.2 

20:01 - 21:00 239.51 216.64 230.46 203.44 231.21 864.9 890.99 961.2 792.39 242.3 223.71 227.61 

21:01 - 22:00 197.85 178.96 190.38 168.06 191 714.48 736.03 794.03 654.59 200.16 184.8 188.03 

22:01 - 23:00 177.03 160.13 170.34 150.37 170.89 639.27 658.55 710.45 585.68 179.09 165.35 168.23 

23:01 - 24:00 0 0 0 0 0 451.25 464.86 501.49 413.42 0 0 0 
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Table B 2.5 
Energy Input to boiler supplied by natural gas. 

Gas Firing Rate (CFH) of Boiler vs. Hour/day 

Hour J F M A M J J A S O N D 

0:01 - 1:00 0 0 0 0 0 376.04 387.38 417.91 344.52 0 0 0 

1:01 - 2:00 0 0 0 0 0 235.03 242.12 261.19 215.32 0 0 0 

2:01 - 3:00 0 0 0 0 0 235.03 242.12 261.19 215.32 0 0 0 

3:01 - 4:00 0 0 0 0 0 235.03 242.12 261.19 215.32 0 0 0 

4:01 - 5:00 0 0 0 0 0 188.02 193.69 208.96 172.26 0 0 0 

5:01 - 6:00 0 0 0 0 0 188.02 193.69 208.96 172.26 0 0 0 

6:01 - 7:00 0 0 0 0 0 0 0 0 250.96 0 0 0 

7:01 - 8:00 143.18 129.51 105.93 0 0 0 0 0 0 0 62.71 136.07 

8:01 - 9:00 21.66 0 0 0 0 0 0 0 0 0 0 0 

9:01 - 10:00 0 0 0 0 0 0 0 0 0 0 0 0 

10:01 - 11:00 0 0 0 0 0 0 0 0 0 0 0 0 

11:01 - 12:00 0 0 0 0 0 0 0 0 0 0 0 0 

12:01 - 13:00 0 0 0 0 0 0 0 0 0 0 0 0 

13:01 - 14:00 0 0 0 0 0 0 0 0 0 0 0 0 

14:01 - 15:00 0 0 0 0 0 0 0 0 0 0 0 0 

15:01 - 16:00 690.7 1116.28 0 0 0 0 0 0 0 0 842.53 1237.01 

16:01 - 17:00 1223.57 1106.75 1177.35 629.02 0 0 0 0 3942.67 1237.82 1142.84 1162.79 

17:01 - 18:00 1158.49 1047.88 1114.73 984.04 1118.33 4183.47 4309.66 4649.26 3832.77 1171.98 1082.05 1100.94 

18:01 - 19:00 741.95 671.11 713.93 630.23 716.24 2679.3 2760.12 2977.62 2454.7 750.59 693 705.1 

19:01 - 20:00 351.45 317.9 338.18 298.53 339.27 1269.14 1307.42 1410.45 1162.75 355.54 328.26 333.99 

20:01 - 21:00 299.38 270.8 288.08 254.3 289.01 1081.12 1113.73 1201.49 990.49 302.87 279.63 284.51 

21:01 - 22:00 247.32 223.7 237.98 210.08 238.75 893.1 920.04 992.54 818.23 250.2 231 235.03 

22:01 - 23:00 221.28 200.16 212.93 187.96 213.61 799.09 823.19 888.06 732.1 223.86 206.68 210.29 

23:01 - 24:00 0 0 0 0 0 564.06 581.08 626.87 516.78 0 0 0 

  

 

 
 
 
 
Table B 2.6 
Natural Gas and Total Cost Analysis 

Natural Gas Cost Analysis 

Month J F M A M J J A S O N D 

Days 31 28 31 30 31 30 31 31 30 31 30 31 

Therm/day 5.1 5.08 4.19 3.19 2.92 12.9 13.3 14.37 16.04 4.29 4.87 5.41 

Therm/month 158.07 142.35 130 95.8 90.4 388 413 445.34 481.09 133.08 146 168 

Cost/Therm 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 

Cost/Month 155.41 139.96 128 94.2 88.9 381 406 437.84 472.99 130.84 144 165 

Base/Month 30 30 30 30 30 30 30 30 30 30 30 30 

Total/Month 185.41 169.96 158 124 119 411 436 467.84 502.99 160.84 174 195 

Total 3103.24 

Existing Pump Cost 8265.62 

Additional Pump Cost 3760 

Total System Cost $15,128.86 
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Appendix B 
Section 3 
 
Table B 3.1 
Energy Output of Chiller via Boiler Hot Water. 

Chiller Output (tons) via Boiler Hot Water vs. Hour/day 

Hour J F M A M J J A S O N D 

0:01 - 1:00 0 0 0 0 0 100 100 100 100 0 0 0 

1:01 - 2:00 0 0 0 0 0 100 100 100 100 0 0 0 

2:01 - 3:00 0 0 0 0 0 100 100 100 100 0 0 0 

3:01 - 4:00 0 0 0 0 0 100 100 100 100 0 0 0 

4:01 - 5:00 0 0 0 0 0 100 100 100 100 0 0 0 

5:01 - 6:00 0 0 0 0 0 100 100 100 100 0 0 0 

6:01 - 7:00 0 0 0 0 0 0 0 0 83.25 0 0 0 

7:01 - 8:00 6.62 5.99 4.9 0 0 0 0 0 0 0 2.9 6.29 

8:01 - 9:00 1 0 0 0 0 0 0 0 0 0 0 0 

9:01 - 10:00 0 0 0 0 0 0 0 0 0 0 0 0 

10:01 - 11:00 0 0 0 0 0 0 0 0 0 0 0 0 

11:01 - 12:00 0 0 0 0 0 0 0 0 0 0 0 0 

12:01 - 13:00 0 0 0 0 0 0 0 0 0 0 0 0 

13:01 - 14:00 0 0 0 0 0 0 0 0 0 0 0 0 

14:01 - 15:00 0 0 0 0 0 0 0 0 0 0 0 0 

15:01 - 16:00 31.94 51.62 0 0 0 0 0 0 0 0 38.96 57.2 

16:01 - 17:00 56.58 51.18 54.44 29.09 0 0 0 0 84.92 57.24 52.85 53.77 

17:01 - 18:00 53.57 48.46 51.55 45.5 51.71 93.46 99.29 114.99 77.24 54.2 50.04 50.91 

18:01 - 19:00 34.31 31.03 33.01 29.14 33.12 123.9 127.64 137.69 113.51 34.71 32.05 32.61 

19:01 - 20:00 16.25 14.7 15.64 13.8 15.69 58.69 60.46 65.22 53.77 16.44 15.18 15.44 

20:01 - 21:00 13.84 12.52 13.32 11.76 13.36 49.99 51.5 55.56 45.8 14.01 12.93 13.16 

21:01 - 22:00 11.44 10.34 11 9.71 11.04 41.3 42.55 45.9 37.84 11.57 10.68 10.87 

22:01 - 23:00 10.23 9.26 9.85 8.69 9.88 100 100 100 100 10.35 9.56 9.72 

23:01 - 24:00 0 0 0 0 0 100 100 100 100 0 0 0 
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Table B 3.2 
Boiler Output to drive chiller generators. 

Boiler Output (MBH) vs. Hour/day 

Hour J F M A M J J A S O N D 

0:01 - 1:00 0 0 0 0 0 1730 1730 1730 1730 0 0 0 

1:01 - 2:00 0 0 0 0 0 1730 1730 1730 1730 0 0 0 

2:01 - 3:00 0 0 0 0 0 1730 1730 1730 1730 0 0 0 

3:01 - 4:00 0 0 0 0 0 1730 1730 1730 1730 0 0 0 

4:01 - 5:00 0 0 0 0 0 1730 1730 1730 1730 0 0 0 

5:01 - 6:00 0 0 0 0 0 1730 1730 1730 1730 0 0 0 

6:01 - 7:00 0 0 0 0 0 0 0 0 1440.22 0 0 0 

7:01 - 8:00 114.55 103.61 84.74 0 0 0 0 0 0 0 50.17 108.86 

8:01 - 9:00 17.33 0 0 0 0 0 0 0 0 0 0 0 

9:01 - 10:00 0 0 0 0 0 0 0 0 0 0 0 0 

10:01 - 11:00 0 0 0 0 0 0 0 0 0 0 0 0 

11:01 - 12:00 0 0 0 0 0 0 0 0 0 0 0 0 

12:01 - 13:00 0 0 0 0 0 0 0 0 0 0 0 0 

13:01 - 14:00 0 0 0 0 0 0 0 0 0 0 0 0 

14:01 - 15:00 0 0 0 0 0 0 0 0 0 0 0 0 

15:01 - 16:00 552.56 893.02 0 0 0 0 0 0 0 0 674.02 989.61 

16:01 - 17:00 978.86 885.4 941.88 503.22 0 0 0 0 1469.19 990.26 914.27 930.24 

17:01 - 18:00 926.79 838.3 891.78 787.23 894.67 1616.78 1717.72 1989.41 1336.22 937.58 865.64 880.75 

18:01 - 19:00 593.56 536.89 571.14 504.18 572.99 2143.44 2208.09 2382.09 1963.76 600.47 554.4 564.08 

19:01 - 20:00 281.16 254.32 270.54 238.82 271.42 1015.31 1045.94 1128.36 930.2 284.44 262.61 267.2 

20:01 - 21:00 239.51 216.64 230.46 203.44 231.21 864.9 890.99 961.2 792.39 242.3 223.71 227.61 

21:01 - 22:00 197.85 178.96 190.38 168.06 191 714.48 736.03 794.03 654.59 200.16 184.8 188.03 

22:01 - 23:00 177.03 160.13 170.34 150.37 170.89 1730 1730 1730 1730 179.09 165.35 168.23 

23:01 - 24:00 0 0 0 0 0 1730 1730 1730 1730 0 0 0 
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Table B 3.3 
Natural Gas Analysis. 

Gas Firing Rate (CFH) of Boiler vs. Hour/day 

Hour J F M A M J J A S O N D 

0:01 - 1:00 0 0 0 0 0 2162.5 2162.5 2162.5 2162.5 0 0 0 

1:01 - 2:00 0 0 0 0 0 2162.5 2162.5 2162.5 2162.5 0 0 0 

2:01 - 3:00 0 0 0 0 0 2162.5 2162.5 2162.5 2162.5 0 0 0 

3:01 - 4:00 0 0 0 0 0 2162.5 2162.5 2162.5 2162.5 0 0 0 

4:01 - 5:00 0 0 0 0 0 2162.5 2162.5 2162.5 2162.5 0 0 0 

5:01 - 6:00 0 0 0 0 0 2162.5 2162.5 2162.5 2162.5 0 0 0 

6:01 - 7:00 0 0 0 0 0 0 0 0 1800.28 0 0 0 

7:01 - 8:00 143.18 129.51 105.93 0 0 0 0 0 0 0 62.71 136.07 

8:01 - 9:00 21.66 0 0 0 0 0 0 0 0 0 0 0 

9:01 - 10:00 0 0 0 0 0 0 0 0 0 0 0 0 

10:01 - 11:00 0 0 0 0 0 0 0 0 0 0 0 0 

11:01 - 12:00 0 0 0 0 0 0 0 0 0 0 0 0 

12:01 - 13:00 0 0 0 0 0 0 0 0 0 0 0 0 

13:01 - 14:00 0 0 0 0 0 0 0 0 0 0 0 0 

14:01 - 15:00 0 0 0 0 0 0 0 0 0 0 0 0 

15:01 - 16:00 690.7 1116.28 0 0 0 0 0 0 0 0 842.53 1237.01 

16:01 - 17:00 1223.57 1106.75 1177.35 629.02 0 0 0 0 1836.49 1237.82 1142.84 1162.79 

17:01 - 18:00 1158.49 1047.88 1114.73 984.04 1118.33 2020.97 2147.16 2486.76 1670.27 1171.98 1082.05 1100.94 

18:01 - 19:00 741.95 671.11 713.93 630.23 716.24 2679.3 2760.12 2977.62 2454.7 750.59 693 705.1 

19:01 - 20:00 351.45 317.9 338.18 298.53 339.27 1269.14 1307.42 1410.45 1162.75 355.54 328.26 333.99 

20:01 - 21:00 299.38 270.8 288.08 254.3 289.01 1081.12 1113.73 1201.49 990.49 302.87 279.63 284.51 

21:01 - 22:00 247.32 223.7 237.98 210.08 238.75 893.1 920.04 992.54 818.23 250.2 231 235.03 

22:01 - 23:00 221.28 200.16 212.93 187.96 213.61 2162.5 2162.5 2162.5 2162.5 223.86 206.68 210.29 

23:01 - 24:00 0 0 0 0 0 2162.5 2162.5 2162.5 2162.5 0 0 0 

  

 

Table B 3.4 
Annual Natural Gas and Total Cost Analysis for Alternative 2 

  Natural Gas Cost Analysis 

Month J F M A M J J A S O N D 

Days 31 28 31 30 31 30 31 31 30 31 30 31 

Therm/day 5.1 5.08 4.19 3.19 2.92 25.24 25.55 26.37 28.03 4.29 4.87 5.41 

Therm/month 158.06 142.36 129.86 95.81 90.37 757.31 792.01 817.43 841 133.08 146.06 167.57 

Cost/Therm 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 

Cost/Month 155.4 139.96 127.67 94.2 88.84 744.56 778.67 803.66 826.84 130.84 143.6 164.75 

Base/Month 30 30 30 30 30 30 30 30 30 30 30 30 

Total/Month 185.4 169.96 157.67 124.2 118.84 774.56 808.67 833.66 856.84 160.84 173.6 194.75 

Total 4559 

Existing Pump Cost 8265.62 

Additional Pump Cost 4820 

Total System Cost 17,644.62 
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Appendix B 
Section 4 
 
Table B 4.1 
Chiller KW consumption with 246,000 gal storage tank 

KW with Storage vs. Hour/day 

Hour J F M A M J J A S O N D 

0:01 - 1:00 0 0 0 0 0 225.99 225.99 225.99 225.99 0 0 0 

1:01 - 2:00 0 0 0 0 0 225.99 225.99 225.99 225.99 0 0 0 

2:01 - 3:00 0 0 0 0 0 225.99 225.99 225.99 225.99 0 0 0 

3:01 - 4:00 0 0 0 0 0 225.99 225.99 225.99 225.99 0 0 0 

4:01 - 5:00 0 0 0 0 0 225.99 225.99 225.99 225.99 0 0 0 

5:01 - 6:00 0 0 0 0 0 225.99 225.99 225.99 225.99 0 0 0 

6:01 - 7:00 0 0 0 0 0 225.99 225.99 225.99 225.99 0 0 0 

7:01 - 8:00 5.54 5.01 5.33 4.71 5.35 225.99 225.99 225.99 225.99 5.61 5.18 5.27 

8:01 - 9:00 7.05 6.38 6.79 5.99 6.81 225.99 225.99 225.99 225.99 7.14 6.59 6.7 

9:01 - 10:00 32.24 29.17 31.03 27.39 31.13 0 0 0 0 32.62 30.12 30.64 

10:01 - 11:00 42.82 38.74 41.21 36.38 41.34 0 0 0 0 43.32 40 40.7 

11:01 - 12:00 43.83 39.65 42.18 37.23 42.31 0 0 0 0 44.34 40.94 41.65 

12:01 - 13:00 45.34 41.01 43.63 38.52 43.77 0 0 0 0 45.87 42.35 43.09 

13:01 - 14:00 48.87 44.2 47.02 41.51 47.18 0 0 0 0 49.44 45.65 46.44 

14:01 - 15:00 50.38 45.57 48.48 42.79 48.64 0 0 0 0 50.97 47.06 47.88 

15:01 - 16:00 50.38 45.57 48.48 42.79 48.64 0 0 0 0 50.97 47.06 47.88 

16:01 - 17:00 47.36 42.84 45.57 40.23 45.72 0 0 0 0 47.91 44.23 45.01 

17:01 - 18:00 44.84 40.56 43.15 38.09 43.29 0 0 0 0 45.36 41.88 42.61 

18:01 - 19:00 28.72 25.98 27.63 24.39 27.72 0 0 0 0 29.05 26.82 27.29 

19:01 - 20:00 13.6 12.3 13.09 11.55 13.13 0 0 0 0 13.76 12.71 12.93 

20:01 - 21:00 11.59 10.48 11.15 9.84 11.19 0 0 0 0 11.72 10.82 11.01 

21:01 - 22:00 9.57 8.66 9.21 8.13 9.24 225.99 225.99 225.99 225.99 9.68 8.94 9.1 

22:01 - 23:00 8.56 7.75 8.24 7.28 8.27 225.99 225.99 225.99 225.99 8.66 8 8.14 

23:01 - 24:00 0 0 0 0 0 225.99 225.99 225.99 225.99 0 0 0 

  

 

Table B 4.2 
Annual Cost analysis with 246,000 gal storage tank 

246,000 gal Cost Analysis 

Month J F M A M J J A S O N D 

Max Demand 50.38 45.57 48.48 42.79 48.64 225.99 225.99 225.99 225.99 50.97 47.06 47.88 

Demand Charge 0.5 0.5 0.5 0.5 0.5 9.17 9.17 9.17 9.17 0.5 0.5 0.5 

$/month 25.19 22.79 24.24 21.4 24.32 2072.33 2072.33 2072.33 2072.33 25.48 23.53 23.94 

$/day 31.44 28.43 30.25 26.7 30.35 174.43 174.43 174.43 174.43 31.8 29.36 29.87 

days 31 28 31 30 31 30 31 31 30 31 30 31 

Consumption Cost 974.49 796.2 937.7 801.1 940.7 5232.78 5407.2 5407.2 5232.78 985.8 880.8 926.1 

Total Cost 37003.2 
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Table B 4.3 
Chiller KW consumption with 153,000 gal storage tank 

KW with storage vs. hour/day 

Hour J F M A M J J A S O N D 

0:01 - 1:00 0 0 0 0 0 138.11 138.11 138.11 138.11 0 0 0 

1:01 - 2:00 0 0 0 0 0 138.11 138.11 138.11 138.11 0 0 0 

2:01 - 3:00 0 0 0 0 0 138.11 138.11 138.11 138.11 0 0 0 

3:01 - 4:00 0 0 0 0 0 138.11 138.11 138.11 138.11 0 0 0 

4:01 - 5:00 0 0 0 0 0 138.11 138.11 138.11 138.11 0 0 0 

5:01 - 6:00 0 0 0 0 0 138.11 138.11 138.11 138.11 0 0 0 

6:01 - 7:00 0 0 0 0 0 138.11 138.11 138.11 138.11 0 0 0 

7:01 - 8:00 5.54 5.01 5.33 4.71 5.35 138.11 138.11 138.11 138.11 5.61 5.18 5.27 

8:01 - 9:00 7.05 6.38 6.79 5.99 6.81 138.11 138.11 138.11 138.11 7.14 6.59 6.7 

9:01 - 10:00 32.24 29.17 31.03 27.39 31.13 116.44 119.95 129.4 106.68 32.62 30.12 30.64 

10:01 - 11:00 42.82 38.74 41.21 36.38 41.34 154.64 159.31 171.86 141.68 43.32 40 40.7 

11:01 - 12:00 43.83 39.65 42.18 37.23 42.31 158.28 163.06 175.91 145.01 44.34 40.94 41.65 

12:01 - 13:00 45.34 41.01 43.63 38.52 43.77 0 0 0 0 45.87 42.35 43.09 

13:01 - 14:00 48.87 44.2 47.02 41.51 47.18 0 0 0 0 49.44 45.65 46.44 

14:01 - 15:00 50.38 45.57 48.48 42.79 48.64 0 0 0 0 50.97 47.06 47.88 

15:01 - 16:00 50.38 45.57 48.48 42.79 48.64 0 0 0 0 50.97 47.06 47.88 

16:01 - 17:00 47.36 42.84 45.57 40.23 45.72 0 0 0 0 47.91 44.23 45.01 

17:01 - 18:00 44.84 40.56 43.15 38.09 43.29 0 0 0 0 45.36 41.88 42.61 

18:01 - 19:00 28.72 25.98 27.63 24.39 27.72 103.7 106.83 115.25 95.01 29.05 26.82 27.29 

19:01 - 20:00 13.6 12.3 13.09 11.55 13.13 49.12 50.6 54.59 45 13.76 12.71 12.93 

20:01 - 21:00 11.59 10.48 11.15 9.84 11.19 41.85 43.11 46.5 38.34 11.72 10.82 11.01 

21:01 - 22:00 9.57 8.66 9.21 8.13 9.24 138.11 138.11 138.11 138.11 9.68 8.94 9.1 

22:01 - 23:00 8.56 7.75 8.24 7.28 8.27 138.11 138.11 138.11 138.11 8.66 8 8.14 

23:01 - 24:00 0 0 0 0 0 138.11 138.11 138.11 138.11 0 0 0 

  

 

Table B 4.4 
Annual Cost analysis with 153,000 gal storage tank 

153,000 gal Cost Analysis 

Month J F M A M J J A S O N D 

Max Demand 50.38 45.57 48.48 42.79 48.64 158.28 163.06 175.91 145.01 50.97 47.06 47.88 

Demand Charge 0.5 0.5 0.5 0.5 0.5 9.17 9.17 9.17 9.17 0.5 0.5 0.5 

$/month 25.19 22.79 24.24 21.4 24.32 1451.46 1495.24 1613.06 1329.78 25.48 23.53 23.94 

$/day 31.44 28.43 30.25 26.7 30.35 159.17 160.75 165.02 154.76 31.8 29.36 29.87 

days 31 28 31 30 31 30 31 31 30 31 30 31 

Consumption Cost 974.49 796.2 937.7 801.1 940.7 4775.04 4983.37 5115.68 4642.82 985.8 880.8 926.1 

Total Cost 32,840.19 
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Appendix C 
 
The following pages contain cut sheets and performance data of the mechanical 
equipment analyzed in this thesis, including chillers, boilers, pumps, and solar 
absorbers. 
 
Also included are other information sheets that were used to evaluate the mechanical 
systems of this thesis. 
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Existing Chiller: Carrier 19 
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Absorption Chiller 
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Boiler: Futera XLF 
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Electrical Rates: Nevada Power 
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