SUSTAINABLE CLIMATE CONTROL FOR A MID-RISE OFFICE BUILDING IN

THE SALT LAKE VALLEY

By

PHILIP M. COLEMAN

A Senior Project submitted
in partial fulfillment
of the requirements for the degree of

Bachelor of Science in Industrial Engineering

California Polytechnic State University

San Luis Obispo

Graded By: Submitted On:

Checked By: Approved By:




Table of Contents

I o) B ST ={ U LSRR 4
LISE OF TADIES .ottt sttt ettt e bt e b e s bt e s et e et e et e bt e beesbeesaeeeat e e beenbeenaeesane e 4
EXECUTIVE SUMMIAIY ittt ettt e e e ettt et e e e e e e ettt e e e e e s e aabbeeeeeeeeesaasbsbaeeeeesesannsnaaaeeessnnan 5
Ta1ageTe [V AT ] o HUUT O PP UUTOPPTOTOUPRR 6
SCOPE AN DEIVEIADIES .....eeeeeeieeeeeeee ettt e e e et e e e e tta e e e easaeeeeasaeeesansaeeesanseeeesansaneaaan 7
(O17- 1 a174- 14 (0] o IO TP 8
F AN oY o] =T I @e U171V o o PP RPP 8
2ol 4= o TU T o o USRS 9
LItErature REVIEW ...ccoiuiiiiiiiie ettt st e e s senr e e s snte e e s sneeeessanee 10
D T=E] = o 1 PPPPPRE 17
(0] oY [=Tot 4 1YL= PP PR 17
L0110 ) TSP P PP PSTPSPORPOPRO 17
Y=o T8 1T =T 0 aT=T ] KPPt 18
Setting UP the SIMUIGTION ...ooeceeieeeeeee ettt e e et e e e e tb e e e e eat e e e e e abeeeeenbeeeeenarenas 20
EXISTING SYSTEM .eiiiiiiiiiiiiiieeee ettt e e sttt e e e s e s s bbbt e e e e e e sssaasbsaaaeeeesessassssseaaeeeesssnssssseaeaesssnssnssnn 21
ARLEINATIVE SYSEEIMS .. e e e e e e e e e e s et e e e e e e e e esasabeaeeeeeeesasssstaseeeeeseansssenneeens 21
1Y/ L=] 1 g Yo [o] Lo} -V SR 22
RESUITS ..ttt ettt sttt e bt e bt e s bt e s ae e st et e bt e b e ehe e ea e e et e e b e nheesaeesane e re e reenes 25

(000 1161 1V 1Y o] 1 TR 27



VY Lo T < O =T PR RRR 28

F YT 1= oY [ SR 30
F YT oT<T o Yo [t = SR 39
ClIMATE DAt eeieeieiiee ettt ettt et e sttt e st e st e e bt e e s be e e s bt e e s abe e s bee e sabe e e baeeaabe e s beeenareesreeeneeesreeenn 39
KOPPEN ClIMAte SYSTEM ceiiiiiiie ittt e e s st te e e e sbee e e s sbteeessbeeeessbtaeeessteeessnssenessnes 40
AppPendix C— COMPIETE RESUILS ...eeiiiiiiieeciiee ettt e e e et e e e eta e e e e ata e e e s ataeeesnssseeeennssaeesanssneenan 41
Design AIrfloW QUANTITIES .....veeeieiiiee ettt ee e e e et te e e e ebt e e e e ebteeeesbteeesesteeeesstaeessassenassnnes 41
ECONOMIC CASN FIOWS ...ttt ettt et sttt ettt e st e s bt e s sate e sabe e e sabeesabeeenteesabeeenanes 42
ECONOMIC COMPATISONS .. .iiiiiiiiieieeiiiiiiittee et e e seeirreeeeeessesabtreeeeeesssssubbaaaeeeessssassssaaaeesssssssssseaeaesssnsnnnnsnns 44
Y T a1 o] VA1 411 A o 1y £ UPPNE 47
ECONOMIC PArameEters ....ooi ittt e s esr e e e s snre e e s sneeeessanee 48
ECONOMIC SUMIMAIY ciiiiiiiiiiieieee ettt e e e sttt e e e s s s sabb et e e e e e essssasbsaaaeeeesssssssssaeaeeessssnsssssnaeeesssnnsnssnn 49
Energy CoNSUMPTION SUMIMATIES ......uuiiiiiiiiiiiiiiiiieeee e e e sriiirteeee e e s s ssitaaeeeeessesssaasssaeeesssssssssseneeesssssssnnnnes 50

MoNthly ENErgy CONSUMPLIONS. .. .uiiiiiiiieeieitieeeeeciteeeeectteeeeeitteeeeetteeeeeeteseeeeasseeeeaseseeseassesessssaeessassesessnses 52



List of Figures

Figure 1 - Simplified Free CooliNg Diagram ........ucuuii ittt eesree e st e e s siaee e s s sree e s s sabee e s snneeessnareeas 12
Figure 2 - SIMPIE ClIMAte ZONES......oii ettt ee et e e e s te e e e s te e e e et e e e s e abaeeeesbaeeeaataeesennseeeeennsenas 19
Figure 3 - Annual Electricity Cost of the FOUI SYSTEMS ....ccccuiiii it 25
List of Tables

Table 1 — Conventional and Cold Al SYStEMIS.......uiiii e e e sb e e e e sareeas 16

Table 3 - Ecological Impact of the Baseling SYSteM ..........uuiiiiiiii i arrreee s 26

Table 4 - Ecological Impact of the EArthWisSe ™ SYSTEM ....vvveveeeveeeeeeeeeeeeeeeeeeeeeseeeseseeeseseseseseseseessesenesenenenes 26

Table 2 - Economic Comparison of Alternative SYStEMS .......uiiiviiiiie i 26


file:///C:/Users/Phil/Documents/My%20Dropbox/Senior%20Project/SP_Report_Coleman_Philip_12_2_2010.docx%23_Toc279132498
file:///C:/Users/Phil/Documents/My%20Dropbox/Senior%20Project/SP_Report_Coleman_Philip_12_2_2010.docx%23_Toc279132499
file:///C:/Users/Phil/Documents/My%20Dropbox/Senior%20Project/SP_Report_Coleman_Philip_12_2_2010.docx%23_Toc279132500
file:///C:/Users/Phil/Documents/My%20Dropbox/Senior%20Project/SP_Report_Coleman_Philip_12_2_2010.docx%23_Toc279132501
file:///C:/Users/Phil/Documents/My%20Dropbox/Senior%20Project/SP_Report_Coleman_Philip_12_2_2010.docx%23_Toc279132504

Executive Summary

This report examines the sustainability of Trane’s EarthWise™ climate control systems in the
Salt Lake Valley (and the United States Mountain West in general). A simulation is performed to
determine the best climate control system for a LEED Silver, 5-story tenant office building. This new
building is a duplication of a pre-existing building. The climate control system installed at the preexisting
building is used as a baseline against which three (3) alternative systems are compared. The social,
ecological, and economic impact of each alternative is examined to determine which is the most
sustainable. Since the baseline system is a proven option for LEED, and therefore ecologically

sustainable, emphasis is given to the economic viability of the alternatives.

The first alternative reduces temperature of the air supplied to the conditioned space. The
theory is that by supply cooler air, less of it can be delivered, which should result in smaller equipment
with lower installation and operation costs. This system would save approximately $8,000 per year in
utility costs. The second alternative adds thermal storage to the baseline. With this system, ice can be
produced at nighttime, when electricity is cheap and plentiful, and then melted during the day to offset
some of the cooling requirements for the building. By shifting the time the energy is consumed to off-
peak hours, this alternative saves over $18,000 a year in electricity costs. The final alternative combines
the first two alternatives with a new high efficiency chiller running a more efficient refrigerant. In the
end, despite the increased installation cost of the fourth alternative, it is selected as the favored system
because of its low cost of operation (saving over $26,000 a year) which results in a payback period of
less than 3 years. These savings result in a 44.5% return on investment, which makes this particular
alternative a highly attractive climate control system for the given building, and one that is worth

considering for other buildings in similar climates.



Introduction

Although commonly looked at as a burden of doing business in the modern era, green building
and sustainable production can actually provide a business advantage. Green building, in particular, can
result in substantially higher construction costs as steps are taken to mitigate the environmental impact
of new construction. However, building green may not always a burden. There may be instances in
which energy saving options may not only reduce environmental impact, but may also positively affect
the bottom line for the builder. If such a system lowered the overall environmental impact of a building
while at the same time reducing expenses, it would be well on its way to be considered not just green,

but sustainable.

Sustainability can be simply defined as “development that meets the needs of the present
without compromising the ability of future generations to meet their own needs” (NGO Committee on
Education 1987). So, in order for an HVAC system to be considered a sustainability improvement, it
needs to reduce environmental impact, while lowering costs or increasing profits, and beneficially
impacting the community into which the system is installed. Only when something meets all three of
these requirements, does it qualify as sustainable. This project examines the five-story “Thanksgiving
Park II” office building in Lehi, Utah to determine if an energy saving (and therefore more-green)
heating, ventilation, and air-conditioning (HVAC) system would provide both a business advantage and a

more positive community impact than a traditional system.

As one might imagine, the highly conservative Salt Lake Valley is not quick to adopt anything
simply because it is green. In order for a green HVAC system to be installed in a new building, it needs to
be proved as sustainable. In the summer of 2010, the Rocky Mountain division of the Trane Company
was given the opportunity to help select the HVAC system to be installed at Thanksgiving Park Il. The

building will be a five story office building of identical design to a pre-existing building. The HVAC system



will bid late in 2010 with a selection being made by the owner and engineers by the end of the year.
Rocky Mountain Trane decided to use this opportunity to evaluate some new, supposedly much more
efficient, technology. This seeks to determine the most sustainable (economically, ecologically, and

socially) system to present for possible installation.

Scope and Deliverables

Within the six-month time frame, an entire heating, ventilation, and air-conditioning system
needs to be laid-out to service the new 250,000 square foot building. Starting with the system installed
in the pre-existing building as a baseline, multiple alternatives will be analyzed to establish the best
recommendation based on the criteria. The analysis aims to find the most sustainable air-conditioning
and ventilation system available from Trane. The heating system of the building will not be analyzed as
Trane has not introduced any major changes to heating equipment since the installation of the system in
the pre-existing building. The main technologies to be analyzed are low-temperature low-flow air,
thermal storage, and “free-cooling” economizers. Once the analysis is complete, a final recommendation

will be made for the most sustainable system.

The analysis will be carried out using the TRACE 700 software package from Trane. The program
will be given the dimensions and exposures of the building, then using a highly specialized weather data
package, TRACE will determine the exact heating and cooling load experienced by the building for every
day of the year. Once the loads have been determined, various HVAC systems can be simulated in the
building to find the one with the lowest economic, environmental, and social impact. Of particular
importance is the economic impact. It is necessary to determine if it is possible to see a return on the
investment in a newer (and potentially more expensive) HVAC system. This process will be discussed in

further detail in the Methodology section of this report.



Organization

The report will be organized as follows:

e A case is made by presenting related coursework that finding the solution to this
problem is in-fact an ideal Industrial Engineering project.

e The background of sustainability as it relates to green building, and in particular heating,
ventilation, and air-conditioning, is presented.

e Areview of pertinent academic and professional literature to support the assumptions
and conclusions of this report.

e The project organization and design will be established.

e Adetailed description of the process by which the conclusions are reached.

e The conclusions of the analysis and final recommendations of the Rocky Mountain Trane
sales office to the builders is described in detail, along with supporting reasoning.

e Finally, conclusions and pertinent generalizations are presented to the reader.

Applied Coursework

As a Senior Project, this report will draw upon material from the following Industrial Engineering

courses offered at California Polytechnic State University, San Luis Obispo:

IME 239 — Industrial Costs & Controls provides the foundation of business practices that will allow this

project to be successfully implemented by Rocky Mountain Trane at Thanksgiving Park II.

IME 314 — Engineering Economics has laid out the financial decision-making system which proves that

this system is a financially wise investment.

IME 319 — Human Factors Engineering principles are applied to define comfortable working

environments.



IME 401 — Sales engineering skills are used to research and recommend the solution. Consultative sales

abilities are utilized to present the solution to the decision-making engineering firm.

IME 301/405/407 — The ability to optimize the competing economic, ecological, and social factors is

essential to a successful system selection.

IME 420 — The TRACE 700 program is an analytical simulation technology that requires careful tuning in

order to achieve accurate results.

Background

The HVAC system to be analyzed is destined for the Thanksgiving Park Il office building. The
owner of the Thanksgiving Park office building complex prides itself on green building. According to the
website, Thanksgiving Park | is the first Class-A office building in Utah to be certified as LEED Silver. The
building owners claimed to emphasize “state-of-the-art strategies for sustainable site development,
water savings, energy efficiency, materials and resources selection, and indoor environmental quality”
(Thanksgiving Park 2010). As such, the owners desire to implement the most environmentally
responsible systems feasible in Thanksgiving Park Il. For this reason, the owner’s engineers approached
Rocky Mountain Trane with a request for a highly efficient air-conditioning system. Although not an
abnormal request, given the current economic climate, most builders are requesting the least expensive
installed HVAC option, often at the expense of efficiency and life-cycle costs. The climate of 129,000
square feet of tenant office space can be very expensive and difficult to maintain even with the best
equipment; using a bargain priced option may make it impossible. Because of the scale and prominence
of the Thanksgiving Park Il building, the leadership at Rocky Mountain Trane has determined to spend

extra time selecting the most sustainable system possible.



This decision fits nicely with Trane’s recent push into the green building market. Dubbed
“EarthWise™” systems, Trane recently introduced a line a HVAC systems aimed at reducing
environmental impact while potentially lowering overall life-cycle costs. A typical EarthWise™ system
employs the so-called “low-temperature, low-flow” central chiller plant paired with a high efficiency
chiller. In this system, the central chiller plant produces supply air for the air-conditioning system at 48°F
rather than the standard 55°F. As a result, a smaller volume of cold air is required. Therefore smaller
fans, coolant pumps, and ductwork can be used. The result, in theory, is that less energy is required to
keep the conditioned space at a comfortable level. The problem is, these systems were designed by
corporate engineers, and the possibility exists that the new systems are not the as sustainable as they
are purported to be in all regions and climates. Thus, the system selection for Thanksgiving Park Il is not
just another opportunity for the office to close a large deal, but also to test the viability of the
EarthWise™ systems in the Salt Lake City market. The climate of Salt Lake City is similar to much of the
mountain west with cold winters and hot, dry summers. Monsoonal rains are common in the summer as
are temperatures far in excess of 100°F. So, proving the EarthWise™ systems in Salt Lake City could lend
credibility to these systems throughout the Rocky Mountain States. But, in order to close the deal
(which remains the number one goal), the EarthWise™ system needs to live up to its reputation as an

economically wise decision, not just an ecologically sound one. This is where the analysis begins.

Literature Review

The system analysis begins by reviewing the pertinent literature on a variety of topics, from
sustainability and green building to various energy saving technologies, optimizing HVAC systems,
refrigerants, and occupant comfort. Studies linking employee comfort and productivity are reviewed as
well. The owners of the Thanksgiving Park corporate park claim that their goal is to be sustainable and
that to that end, they have built the first LEED building in Utah (Thanksgiving Park 2010). They assert

that every effort has been made to reduce energy use. Specifically, the building complex uses the most



efficient air-cooled chillers available. This is important because “buildings are some of the largest
consumers of natural resources and the largest generators of carbon emissions” (Hsieh 2007). According
to some estimates, buildings are responsible for 39% of all CO, emissions and use 70% of all electricity in
the United States. Globally, buildings consume 15trillion gallons a water a year and consume 40% of all
raw materials (Hsieh 2007). Thankfully, Hsieh also points out that “green buildings use 36% less energy
... and reduce CO2 emissions by [up to] 50%.” Reducing energy consumption is the first step in the

process for a building to become LEED certified.

The first rule in saving HVAC energy is to reduce the building load. This can be accomplished
through proper orientation of the building to minimize thermal gains at peak times, by glazing exterior
glass, and by proper construction techniques that limit the amount of unconditioned outside air leaking
into the building (Biesterveld 2008). Once the building itself is as efficient as possible, it is necessary to
begin work on the HVAC system itself. There are a number of different technologies for reducing climate
control costs. The trick is to find which options will optimize the system for a particular climate, and

more importantly, for a specific building.

One of the most important considerations in the selection of HVAC equipment is which
refrigerant to use. Currently, two refrigerants are used in central chilling plants, HCFC-123 and HCFC134-
A, better known as R123 and R134-A, respectively. R123, though more efficient than R134-A, is actually
slated to be phased out over the next 20 years while R134-A has no official phase-out date at this time.
According to the Kyoto Protocol, R123 will not be allowed in new HVAC equipment after 2020, but the
refrigerant itself can continue to be produced until 2030 (Thompson 2009). After 2030, R123 can only be
replaced through the recycling of existing refrigerant. Because R134-A has no specific phase-out date
and a lower global warming potential than R123 may companies view R134-A as preferable to R123.

However, R134-A systems run at higher pressures (R123 actually run under a vacuum) and so the



leakage rate of R134-A is much higher than the leakage rate for R123. This means that although the
global warming potential for each gram of R123 is higher than the potential for each gram of R134-A,
more R134-A leaks into the environment than does R123, which results in R134-A causing more
environmental damage. As a result of this, Europe has already banned the use of R134-A in all new cars
as of 2011 (Thompson 2009). And, because R123 systems run at much lower pressures, they are actually
much more efficient. The research therefore seems to support the use of R123 to achieve the most
efficient (green) system possible, which is convenient for the Trane sales office, since Trane chillers use

R123 almost exclusively.

One of the oldest concepts for saving energy on building climate control is what is known as
“free cooling.” The simple idea is to use the ambient environment (outside air) to provide as much
cooling as possible. Because of the heat load generated inside of a building by office equipment, people,
lighting, etc. most large office buildings require year-round cooling in order to maintain a comfortable

Figure 1 - Simplified Free Cooling Diagram working environment. Free cooling utilizes

74°F Outside Air

a heat sink that is below the return

76 Entering temperature to reduce the load on the

78°F Return

Chiller cooling system. Figure 1 shows a simplified

free cooling system. In this system, cool air
flows from the chilling plant at 55°F to the
conditioned space which is maintained at
35 F Bupply Conditioned Space 72°F. As the supply air warms it is sent
back to the chiller at the return
temperature of 78°F. But, if there is a natural heat sink (outside air, incoming domestic water, etc) that

is below the return temperature, then some of the heat energy in the return can be absorbed by the

natural heat sink. In the figure, this is depicted as the 74°F outside air that absorbs 2°F off the return,



allowing a 76°F entering temperature. This means that instead of having to lower the temperature of
the return by 23°F, the chiller only has to lower it 21°F. This may not seem like a lot, but every little bit
helps. “Not surprisingly, truly free cooling is a myth. Just as there is no free lunch, free cooling is a
concept, not a reality” (Trane Company 1991). There is always a cost. In this example, extra energy is
needed for the fans to push the supply air through a longer loop exposed to the outside air. Another
type of free cooling is known as an airside economizer. An airside economizer uses outdoor air instead
of the return air as long as the outside air is cooler than the return air. The most common cost
associated with an airside economizer is the loss of control over humidity levels. This is generally not an

issue in dry climates, but can be problematic in more humid climates.

Another common method of saving energy is to employ a variable primary flow (VPF) system. In
a VPF system, two or more small chillers are linked to the same system in such a way that when only a
little cooling is required, only one chiller needs to operate. Then, for the short periods of the day when
cooling loads are very high, both chillers can be run to meet the needs of the building. This method can
be highly effective and often has a lower installed cost than a single chiller that produces the same
maximum cooling capacity (Schwedler 1999). However, a VPF system is not right for every situation.
These systems often require more floor-space because two (or more) chillers are being installed rather
than one, and if the building has a level cooling load throughout the day, a single large chiller operating
at its maximum efficiency will be more cost-effective to operate than two chillers that cycle on-and-off

throughout the day.

The final energy saving technique examined is the use of a thermal storage medium, typically
ice. Thermal ice storage “does for cooling what a domestic water heater does for hot water... ice storage
utilizes plentiful nighttime-produced electricity to generate and store daytime cooling” (Tarcola 2009).

According to PSEG (2010) electricity is generated at approximately the same rate during the day and the



night. But significantly less electricity is used during the nighttime than is used during the day. As a
result, nighttime electricity rates are much lower than daytime rates. In order to take advantage of this
phenomenon, an HVAC system can be used to produce ice during the off-peak hours and then melt the
ice to reduce the load on the chiller during the peak hours. The ice that was made very inexpensively
during the night can be used like free cooling, which was previously discussed. For example the
University of Arizona installed a massive ice storage system in 2005 and was able to save over $38,000 a
month simply by shifting when energy was used from the middle of the day to the middle of the night,
when electricity is much less expensive (Tarcola 2009). While ice storage itself does not lower the
energy usage of a building (in fact, it may increase it slightly) it does reduce the demand on the electric
grid during peak times, and often reduces energy cost because the electricity being used is purchased at
a cheaper rate. LEED looks at energy cost in addition to energy usage, so ultimately, “an ice-storage
system may help the overall building design receive points from the “LEED Energy & Atmosphere credit
1” based on the building energy savings beyond ASHRAE Standard 90.1-2004” (Solberg 2007). Armed

with these techniques and technologies a “green” HVAC system should be achievable.

But, just because a building is green does not mean that it is sustainable — nor will it qualify for
LEED simply by reducing energy costs. As stated in the report on Dutch green homes, “sustainable
building has developed ... towards a discipline comprising various practical and scientific issues” (Bossink
2007). Often, a social component is examined as well as ecological issues. So, in order to be sustainable,
the owners have installed showers in the building as a way to encourage employees to exercise while on
lunch breaks, thereby improving the health and wellbeing of the occupant employees. This is where the
building moves from just being green (or energy efficient) into being sustainable. This practice, of
weighing not only economic concerns, but also ecological concerns and the comfort and health of the
employees is at the crux of a truly sustainable building. It is actually possible to apply a weighted metric

system to any building project that can help to balance these three “pillars” of sustainability (Avgelis



2009). By giving a weighted value to the comfort of the employees, the builders of Thanksgiving Park
came to the conclusion that valuable floor space should be used for employee showers rather than
additional rental space. They also were willing to accept a more expensive climate control system in
order to reduce the building’s impact on the environment. These decisions could be very different for
another owner, but for the owners of Thanksgiving Park, these sustainability issues were given a priority

over a purely economic view.

Although a great start, the showers were only one small thing the owners of Thanksgiving Park
could do to improve the condition of the employees that would one-day occupy the building. What else
could, or should, have been done to increase occupant comfort? One study out of Japan found that
giving employees the ability to control the climate in their immediate space resulted in employees being
on-task, in their assigned work areas, as much as twice as often as those without this ability. Across the
board, these employees preferred a cooler, drier work area than the standard climate provided to the
building as a whole (Akimoto et al 2010). Another Japanese study confirmed that participants preferred
a lower humidity environment. But, not only were employees more comfortable in a lower humidity
environment, but they were less tired, and took longer to become fatigued. In other words, a lower
humidity environment was linked to increased productivity (Harigaya et al 2007). Interestingly, HVAC
specialist have been advocating the delivery of cooler, drier air as a way to improve indoor air quality

through the reduction of mold spores for at least the last decade (Eppelheimer 2000).

In order to achieve the increased comfort of a low humidity environment, and indoor air quality
improvements, low-temperature low-flow supply-air systems typically deliver air to the conditioned
space at 48°F rather than 55°F(Eppelheimer 2000). With the reduced temperature of the incoming air,
the volume of air needed to cool the space to the same temperature is also reduced. Because of the

improved comfort of a drier environment, the conditioned space can actually be kept at a slightly higher



temperature, which again reduces the amount of supply air needed to maintain a comfortable working

environment. All of these reductions in airflow result in
Table 1 — Conventional and Cold Air Systems

smaller air handlers, which in turn use less energy and Conventional ~ Cold Air®
Supply air bh°F 45°F

have improved acoustics. Table 1, borrowed from -
Room set point 75°F 78°F

Eppelheimer (2000), compares a conventional system Room humidity 55-60% RH  40-45% RH
Cooling-coil AT 20°F 33°F

toa “cold air” system. Airflow rate for bb3 cfm/ton 335 cfm/ton
space sensible
cooling load

There are other advantages to the cold air

2This phenomenon is described by the equation,

. . Q = 1.085 x cfm x AT.
system as well. According to Eppelheimer, because of

the reduced supply air requirements, the size of the air handler can be reduced. Smaller air handlers are
easier to install, run quieter, and are more easily and cheaply maintained, thus providing both economic
benefits to the building owner(s) and further increasing comfort for occupants. Additionally, smaller
ductwork can be used to supply the air to the conditioned space, and return it to the chiller. As with the
air handlers, smaller ductwork is much easier, and therefore much less expensive, to install and
maintain. Although not the case with Thanksgiving Park, larger buildings could actually realize additional
floor space (or even an extra floor) due to the shorter floor-to-floor height allowed by the reduced
ductwork sizing. Certainly “a comfort system that reduces building cost, and lowers energy cost while
improving comfort and indoor air quality makes sense in today’s competitive marketplace”

(Eppelheimer 2000).

This is not to say that cold air is always the best solution. There are certain factors that need to
be considered including the design of the building and the layout of the HVAC ductwork, which is the
purpose of this project. Additionally, lower temperature supply air should be paired with more heavily
insulated ductwork to prevent excessive heat transfer while the air is in transport. Mr. Eppelheimer

(2005) puts it this way, “it’s tempting to rely on ARl standard rating conditions ... But, as valuable as



these benchmarks are for verifying performance, they are unlikely to reflect optimal conditions for the
entire system ... especially as mechanical efficiencies improve and customer requirements change.” In
other words, each building needs to be evaluated as an individual, and an optimal system selected for
each particular building (Biesterveld 2008). This evaluation needs to be done not just for peak load
times, but for an entire year, or a number of years, in order to accurately reflect the true level of
sustainability achieved by the building (James et al 2010). This is especially true when seeking LEED
certification — which is a true measure of sustainable development. The need to individually analyze

each climate zone, and each building for that matter, is the impetus for this project.

Design

Objectives

The new building at Thanksgiving Park needs a sustainable HVAC system. The ideal system will
provide a low first cost, a low operating cost, reduced environmental impact, and improve the comfort
of all occupants. In order to achieve these four goals a high efficiency, low cost refrigerant will be
utilized in the central chilling plant. The first and lifecycle costs of high efficiency and standard chillers
will be examined. Fresh-air economizers will be used to supply the required fresh air to the system and
an optimal on/off temperature will be determined. Additionally, a low-flow, low-temperature supply air

system will be analyzed to determine its feasibility for this project and for the Salt Lake Valley in general.

Climate

Positioned at the junction of the Utah and Salt Lake Valleys, Lehi, Utah sits at the intersection of
“Bsk” and “Dfa” Képpen Climate Zones. These zones denote a dry, hot, continental climate. In particular,
the summers are hot, the winters cold, and the rate of precipitation is lower than the rate of

evaporation. (See appendix B for more detailed climate information and sources.) This has three



significant impacts on the selection of an HVAC system. First, hot summers require high levels of cooling.
Second, cold winters require more heating than temperate winters. Lastly, a dry climate reduces the
need for supply air dehumidification. Since this project is intended to find the optimal cooling system,
the high summer temperatures and humidity control requirements will significantly impact the final
equipment selection. Summer temperatures in Lehi typically exceed 90°F from June through August with
high temperatures reaching 110°F or more for short periods of time. Although humidity levels average
between 40% and 50% during the summer months, it can be as low as 10% on the hottest days, while
climbing above 80% during thunderstorms which frequent the valleys. Typically, 40% relative humidity
is considered the low-end threshold for office buildings. Below this level, static electricity can become
problematic. Therefore, the HVAC system will need to be able to handle the high temperatures as well

as the swings in relative humidity.

Requirements

There are four main ways in which heat energy is transferred to a conditioned space:
conduction, radiation, infiltration, and internal loads. Conduction is the heat gained by a conditioned
space due to one of its boundaries being warmer than the conditioned space. A good example of
conduction is wall in direct sunlight — the wall will heat-up and transfer some of that heat into the
conditioned space. Radiation is the heat gain produced by sunlight shining through glass and directly
warming the conditioned space. Infiltration refers to unconditioned air that leaks into the conditioned
space through poorly sealed doors, windows, and the through the natural respiration of porous
materials. The internal heat load is produced by people, equipment, and lighting inside the conditioned
space. As was discussed in the literature review, the number one rule of energy efficiency (for an HVAC

system) is to reduce the load.



In an effort to reduce the load due to solar radiation, Thanksgiving Park Il will be oriented 45°
counter-clockwise from true north. This orientation takes advantage of a large mountain range to the
north and east of the building to minimize morning-time heat-gain. It also minimizes the true westward
exposure of the building which is important in reducing the load due to solar radiation. The highest solar
load generally occurs at 4 o’clock in the afternoon as the afternoon sun streams in through west-facing
glass. Since as much as 86% of each floor will have glass walls, this orientation offset must be factored in

to the calculations for selecting the best cooling system.

In order to calculate the total cooling requirements for the building it is necessary to break each
floor into zones that can be individually analyzed and then summed together. The simplest building

zoning system calls for the building to be broken into five zones. The first four zones cover the area that

extends 15 feet into the conditioned space Figure 2 - Simple Climate Zones
from each of the walls facing in the four
North Zone
cardinal directions. The fifth zone covers
N

everything inside of this area and is simply

&
called the “internal” zone. While this Internal Zone "N*

o

3
simplified zoning system, depicted in Figure ™
2, is adequate for most small scale buildings,
it will n ffice for the Thanksgiving Park Il
it will not suffice for the Thanksgiving Pa South Zone -

building.
15 ft

Thanksgiving Park Il is a large building. With 129,000 square feet of conditioned office space
spread across 5 floors, a much more detailed approach to zone determination is needed. The simplified
zones shown above assume that the entire interior of the building has a uniform heat load, but this will

not be the case with this building. Additionally, large buildings require a certain amount of outdoor air to



be vented into the conditioned space in order to prevent the air from becoming stale. This fresh air also
helps to flush out pollutants that can significantly reduce indoor air quality. So, accurately calculating the
buildings loads by hand would be a prohibitively time consuming process. Therefore, the TRACE 700

program will be utilized to determine the cooling and fresh-air required for the building.

Setting up the Simulation

TRACE 700 is a powerful simulation tool developed by the Trane Company. It is able to take into
account the specific climate of the new building’s location — it even comes pre-loaded with 30 years of
historical climate data for every major area in the United States. The program requires the user to input
the exposures of the building, which includes the height, amount of glass, construction material, and
direction of every external surface. Next, the user specifies the number of floors and enters the basic
parameters to which the system should be designed, such as desired indoor air temperature and relative
humidity. After defining the building basics, the user inputs the internal divisions of each floor into Trace
by defining rooms, hallways, etc. This information allows TRACE 700 to output the total heating and

cooling requirements for the building.

Armed with the knowledge of the total heating and cooling requirements for the building, the
sales engineer then proceeds to choose a baseline set of HVAC system components through the use of
generalizations. Rooms and zones are then assigned to be serviced by the different equipment. Utility
rates are established and an estimate of the installed equipment cost is also entered into TRACE. Once
all these parameters are established, the sales engineer runs the simulation and receives preliminary
results. This is when the ingenuity and creativity of the Sales Engineer comes into play. S/he must take
the baseline system and begin to tweak it through iterative changes to find the best system for the

building. This process can take anywhere from hours to weeks depending on the size of the building and



the competiveness of the bid. The more competitive the bid process, the more optimized the final

system must be.

Existing System

The Thanksgiving Park Il simulation benefits from the fact that an identical building already
exists at the site. Because of this, the process of selecting an optimized HVAC system can begin from a
baseline with an acceptable track record rather than from scratch. The existing system employs a 350
nominal-ton, air cooled water chiller running on R134-A, an air-handler for each floor, fresh-air
economizers that activate when outside air is below the set-point, and Variable Air Volume (VAV) reheat
boxes in zone, to provide 250 tons of cooling and 115,000 CFM of air to the building. A VAV reheat box
receives the cold air from the air handler via ducting and then using an electric heating-coil, reheats the
air (if it is too cold) before distributing it to each of the diffusers in the zone. Although the VAV box may
sound inefficient, cooling the air below the desired delivery temperature is often done to reduce
humidity and improve the quality of the air being delivered to the space. The chiller installed at
Thanksgiving Park | (which is the baseline) achieving an 8.6 Energy Efficiency Ratio (EER) — which is a
ratio of the output cooling to the input energy. Although it may seem strange to have an efficiency
rating greater than one, EER does not use the same units for input and output. An EER of 12 means that
a chiller is capable of producing one ton of chilling for every KW consumed. So, an 8.6 EER chiller

consumes about 1.4 KW for each ton of chilling it produces.

Alternative Systems

Given the baseline system and the research performed, several good opportunities exist to
improve the efficiency of the HVAC system for Thanksgiving Park Il over the baseline system. One option
will be to take advantage of the concept of low-flow low-temperature supply air. Another option is to

incorporate thermal-ice storage to help reduce the cost of operating the system. An EER of 8.6 is rather



low, most R-123 centrifugal chillers can reach 12.5 EER, and therefore a more efficient chiller may be a
good option as well. At the direction of the sales manager in the sales office the following three

alternatives will be examined:

e Alternative 1 will be the baseline, as-installed, system.

e Alternative 2 will utilize a low-flow low-temperature supply air configuration with the baseline
equipment.

e Alternative 3 will make add thermal-ice storage to the existing system without changing the
supply air flow rate or temperature.

e Alternative 4 will be an EarthWise™ system that utilizes low-flow low-temperature supply air,

thermal-ice storage, and a more efficient R-123 chiller rated at 12.5 EER.

Methodology

The process began by determining the exposures and dimensions of Thanksgiving Park II. This
was a time consuming process that required some estimation. Using scale plans of the building, the total
exposure for each wall was determined. Then, using an engineering scale, the percentage of glass on
each wall was estimated. Shading factors for the glass (amount of solar radiation screen out) and
insulation factors for the walls were provided by CCl Mechanical, the contracting engineer. This process
was repeated for each of the five floors. Once the floors and walls were established, internal zones were
developed based on the planned rental pattern of the building. Some floors, such as floor four, were to
be rented out as a single large office space, so no internal divisions were made. However, the first floor
consisted of five different rental spaces, three hallways, a set of showers/lockers, and an entry way, that
would each need their own climate controls. This information, along with the climate data and building

type (Mid-rise office building) were entered into TRACE 700.



With the zones established it was time to add the baseline equipment to the simulation. The
sales records from Thanksgiving Park | were used to select identical equipment to be used as a baseline
in the simulation for Thanksgiving Park II. After selecting the equipment, each piece needed to be
assigned to its service zones and told how to service them —in this case, a Variable Air Volume (VAV)
reheat-box per zone was selected. VAV boxes adjust the amount of supply air coming into the
conditioned space to keep the space at the correct temperature. VAV reheat boxes will also heat the
supply air if it is too cold to allow into the space in the volume required for adequate ventilation. The
baseline system made use of fresh-air economizers which had to be defined in the TRACE simulation.
This took some doing, but after several emails to and from technical support, the economizers were
established in the simulation and appeared to be working properly. Next, the chilled water pumps
needed to be defined. These were very difficult to define as the size of the pumps would vary with the
equipment selections and sizing of the components. Eventually, a way was found to force the pumps to
vary with the type of equipment selected. With all of the baseline equipment selected it was time to run
the simulation. The results of this first run were then fed back into the simulation each time an

alternative system was added. In this way, the first run became the baseline for comparison.

One of the first details to be added back into the system was the selection of a utility rate plan.
Rocky Mountain Power, which supplies electricity to the state of Utah, suggested one of two rate plans.
The first was plan 6A and the second 6B. Schedule 6A (a usage-based plan) had varying rates per
kilowatt-hour used based on the time of day and time of year the electricity was consumed. Schedule 6B
(a demand-based plan) had varying rates based on the peak kilowatts demanded by the building again
based on time of day and time of year. The demand-based schedule was eventually chosen for its
moderate charge for electricity usage (kWh) at any time of day and its zero-cost for demand occurring
during off-peak hours. The specifics of Schedule 6B can be found in Appendix A. The process of

determining the best electricity rate structure to use was, like the rest of the simulations, an iterative



process of adding an alternative and fine tuning the simulation until the desired results were obtained.

The iterative steps went as follows:

10.

Exposures, zones, chiller, air-handlers, and regional climate were established.

Fresh-air economizers were added.

Chilled water pumps were added along with ducting for supply and return air.

The results of the baseline were fed back into the system to better determine what equipment
should be selected. Utility rates were investigated; ultimately the most cost effective plan was
selected.

Installed cost and maintenance were determined and added.

The first alternative was added by specifying supply air temperature, which took several
attempts. It was finally determined that using a value below 48°F for the supply air would
“break” the simulation resulting in massive loads as the heating system would try to constantly
reheat the space while the chiller kept attempting to reduce the temperature of the space.
The second alternative was added by adding thermal storage equipment to the baseline chiller
and defining an operating schedule for this equipment. This was highly dependent on the utility
rate structure selected.

The third alternative was established by building-off the first alternative and adding thermal
storage and a high-efficiency chiller. Again, the utility rate structure played a major role in
defining a valid set of selections.

Economics were finally established for all four builds including installed cost, utility rates,
depreciation, taxes, and maintenance costs.

Technical support was contacted to assess the validity of the model. After several fine-tuning

issues, the simulation was complete.



Results

After numerous runs and refinements, the simulation had finally yielded results that seemed
reasonable, were verifiable, and hopefully valid. Figure 3 shows the annual electric utility cost of each of

the four systems.

Figure 3 - Annual Electricity Cost of the Four Systems
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From these results it is clear that the EarthWise™ system with thermal storage has the lowest
operating cost of any of the systems. However, there were trade-offs to consider. The more efficient
system might be substantially more expensive to install. The additional cost of not only the more
efficient chiller, but also the thermal storage tanks, could very-well eat-up the $28,000 in annual electric
savings. The EarthWise™ system delivers the more comfortable cooler, drier air, but is it really more
sustainable than any of the other system? An economic analysis shows that the EarthWise™ system not
only saves money annually, and produces a more comfortable environment, but is in-fact, a wise long-

term economic choice. Table 2 details the economic comparison. Because the system uses smaller



piping for chilled water and smaller ducts for supply air the EarthWise™ system only costs about

$42,000 more to install than the baseline system. This is paid back in less than three years.

Table 2 - Economic Comparison of Alternative Systems

First Cost
Yearly Savings Difference Cumulative Cash Simple Met Present Value Life Cycle Internal Rate of
($) (%) Flow Difference ($) | Payback (yrs.) (%) Payback (yrs.) Return (%)
Alt2vs Alt 1 8,186 -203,860 280,995 0.0 232,271 No Payback] 1,000.0
Alt 3vs Alt1 18,465 177,480 267,285 9.6 -15,110 No Payback] 8.9
Alt 4 vs Alt 1 26,603 42,140 509,935 1.6 159,399 29 445
Alt 3vs Alt 2 18,465 381,340 -13,710 371 -247.381 No Payback] Does Not Payback
Alt 4 vs Alt 2 26,603 246,000 228,938 13.4 -72,872 No Payback] 6.0
Alt3vs Alt 4 18,465 135,340 -242 650 -1.0 -174,509 No Payback Does Mot Payback

The final question is whether or not this EarthWise™ system is more efficient that the baseline.

Although the baseline system is capable of qualifying the building for LEED Silver, a more ecological

choice would be nice. Table 3 shows the ecological impact for the baseline, while Table 4 details the

ecological impact of the EarthWise™ system. And the answer is, yes — The EarthWise™ alternative is a

more ecologically sound choice than the baseline system.

Table 3 - Ecological Impact of the Baseline System

Energy Consumption

Building
Source

Floor Area

Table 4 - Ecological Impact of the EarthWise™ System

128,800 fi2

45,118 Btu/(ft2-year)
120,047 Btu/(ft2-year)

Energy Consumption

Building
Source

Floor Area

*A complete set of results are available to the reader in Appendix C

128,800 fi2

43271 Btu/(ft2-year)
115,152 Btu/(ft2-year)

Environmental Impact Analysis

Cco2
S02
NOX

3,611,040 Ibm/year
3,267 gm/year
6,513 gm/year

Environmental Impact Analysis

S02

Ccoz2

NOX

3,463,263 Ibm/year
3,134 gm/year
6,246 gm/year



Conclusions

The EarthWise™ system examined is a more sustainable choice than the baseline system
analyzed. As a result, the Trane Sales Office should recommend the EarthWise™ system to the owners
of the new building at Thanksgiving Park as it will increase profits while reducing environmental impact
and improving the quality of life (or air at least) for the occupants of the building. Because of the
location of Thanksgiving Park Il it can be assumed that a similar system should provide similar results for
other buildings in the Salt Lake and Utah Valleys. Although, a thorough analysis should be performed for
every building, the results of this analysis can be used as support for the recommendation of other
EarthWise™ systems in the region. Ultimately, the new climate control technologies available from the
major companies, Trane in particular, can provide more sustainable options than those available even a
few years ago. Since building climate control uses up such a large proportion of all electricity, these

systems should be considered for all buildings of even moderate size.

To expand the validity of these results a more thorough comparison of just the EarthWise™
system and the baseline should be evaluated. More accurate values should be obtained for the installed
cost of the EarthWise™ system. Additionally, examining the varying technologies from companies other

than Trane could lend validity to the concept of sustainable HVAC in general.
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Appendix A

Appendix A contains the executive summary report that was presented by the Rocky Mountain

Trane sales office to CCl Mechanical on 9 September 2010.
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This report outlines four alternative HVAC equipment selections for the Thanksgiving Park office
building. Thanksgiving Park is a five-story, “low rise” office building with approximately 128,000 sq-ft of
tenant office space. The first alternative is an attempt to model the equipment currently installed in the
Thanksgiving Park Phase 1 building. The second alternative is a typical low-flow, low temperature
system. The third alternative reuses the currently installed equipment with the addition of thermal ice
storage. The fourth, and final alternative, represents an advanced Trane EarthWise™ system which
incorporates low-flow, low-temperature supply air with thermal storage (ice), and a high efficiency air-
cooled chiller. Critical to this analysis is the use of Rocky Mountain Power’s Schedule 6B, which provides

time-of-day based peak and off-peak pricing for power demand (KW).

Alternative 1 — Baseline (as installed)

Chiller: 250 Ton Trane Air Cooled Rotary Chiller
Efficiency: 8.5 EER

Supply Air Temperature: 55°F

Chiller Water AT: 12°F

Alternative 2 — Low-Flow, Low-Temp

Chiller: 250 Ton Trane Air Cooled Rotary Chiller
Efficiency: 8.5 EER

Supply Air Temperature: 48°F

Chiller Water AT: 16°F



Alternative 3 — Baseline w/ Thermal Storage
Chiller: 250 Ton Trane Air Cooled Rotary Chiller
Efficiency: 8.5 EER

Supply Air Temperature: 55°F

Chiller Water AT: 12°F

Thermal Storage: 2000 Ton-Hr

Alternative 4 — EarthWise™ Low-Flow, Low-Temp w/ Thermal Storage
Chiller: 250 Ton Trane Air Cooled Rotary Chiller

Efficiency: 12.8 EER

Supply Air Temperature: 48°F

Chiller Water AT: 16°F

Thermal Storage: 2,000 Ton-Hr

Rocky Mountain Power Schedule 6B

On-Peak Demand Off-Peak Demand Usage
(7a.m. 11 p.m.) (11 p.m.—7a.m.)
May — September $15.16 / kW $0.00 3.1907¢ / kWh

October - April $12.17 / kW $0.00

2.9416¢ / kWh
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This graph displays the net result of the electricity demand and usage charges for each of the four
alternatives. Note that the demand charge accounts for the largest portion of the total bill. As such,
anything that can shift electric demand from the peak to the off-peak times will result in substantial
savings. For example, the installation of thermal storage reduces the total utility bill by over

$20,000/year, even though the total usage went up, it occurs during off-peak hours.
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Bldg Elec Monthly Demand Costs by Equip ($)
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This graph shows the monthly electric demand cost for each type of equipment by alternative. By
making use of thermal storage (ice) alternatives 3 and 4 are able to reduce the cooling equipment

demand charges to almost zero, even during the peak months.




Bldg Elec Monthly Energy Costs by Equip ($)
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This graph depicts the monthly electricity usage cost for the first year of operation for the various
alternatives. Note that during the peak months the thermal storage systems use a significant amount of
power. But, because this power is utilized during off-peak hours, only the usage is charged, at roughly

3¢/kWh, while the demand is not billed at all.




The next two pages break out the monthly charges for electric demand and usage for all four

alternatives.

Demand Charges

Alt 1 Alt 2
Lights Misc Cooling Fan Heating Lights Misc Gooling Fan Heating
$ $ $ $ $ $ $ $ $ $
Jan 2139.26 2274.96 0 486.98 60.79 2140.76 2276.55 0 296.55 62.94
Feb 2139.49 2275.21 0 516 0 2141.04 2276.85 0 327.71 0]
Mar 2138.71 2274.38 0 614.51 0 2140.8 2276.6 0 358.49 0]
Apr 2135.81 2271.29 283.4 742.9 0 2136.56 2272.09 462.25 453.6 0]
May 2641.65 2809.22 281277 1189.95 0 2643.62 2811.31 2597.8 716.97 0]
Jun 2639.28 2806.69 3682.48 1293.25 0 2640.87 2808.38 3483.96 808.09 0]
Jul 2634.68 2801.81 5875.15 1721.76 0 2636.1 2803.31 5601.66 1068.74 0]
Aug 2635.82 2803.02 5204.06 1629.5 0 2637.4 2804.7 4903.28 1004.33 0
Sep 2638.46 2805.83 3926.96 1433.06 0 2640.35 2807.84 3637.48 879.43 0]
Oct 212775 2262.72 1700.83 924.49 0 2130.05 226517 1503.11 577.36 0]
Nov 2138.44 2274.09 0 655.67 0 2139.89 227563 89.22 379.65 0]
Dec 2139.56 2275.28 0 506.46 0 2141.17 2276.99 0 314.53 0|
Usage Charges
Alt 1 Alt 2
ﬁhts Misc Cooling Fan Heating Lights Misc Cooling Fan Heati ng |
$ $ $ $ $ $ $ $ $ $

Jan 10B7.48 1548.1 0 25117 98.25 1087.48 1548.09 0 190.78 101.65]
Feb 983.91 1400.33 0 219.07 85.99 983.9 1400.31 0 164.93 B88.96|
Mar 1191.06 1675.4 0 237.42 71.42 1191.06 1675.41 0 172.39 71.65
Apr 1035.7 1477.63 27.84 223.62 32.61 1035.69 1477.61 62.66 145.85 30.6
May 1235.75 1748.24 448.94 358.74 0.63 1235.74 1748.22 459.44 228.94 0.65
Jun 1235.76 1740.85 7775 435.3 0 1235.75 1740.84 824.68 278.43 0|
Jul 1123.41 1610.15 1985.06 619.28 0 1123.4 1610.14 1938.76 396.39 0|
Aug 1291.93 1817.29 1566.1 598.08 0 1291.91 1817.26 1556.57 380.46 0]
Sep 1123.42 1602.77 709.8 366.31 0 1123.39 1602.74 727.97 236.3 0]
Oct 1139.27 1611.74 2741 264.11 25.68 1139.25 1611.72 269.98 172.22 25.22
Nov 10B7.47 1541.26 0 225.65 66.22 1087.48 1541.27 16.07 160.81 65.38
Dec 1035.69 1484.44 0 221.81 84.26 1035.68 1484.42 0 163.93 88.06|

I Lights Misc Cooling Fan Heating | I Lights Misc Cooling Fan Heating I
Annual
Total $41,719.76 $49,192,70 $29,272.99 $15,735.09 $525.85 $41,739.34 $49,213.45 $28,144.89 $9,876.88 $535.11

[ =)



Demand Charges

Alt 3 Alt 4
Lights Misc Cooling Fan Heating Lights Misc Cooling Fan Heating
$ $ $ $ $ $ $ $ $ $
Jan 2139.26 2274.96 0 486.98 60.79 2140.76 2276.55 0 296.55 62.94
Feb 2139.49 2275.21 0 516 0 2141.04 2276.85 0 327.71 0|
Mar 2138.71 2274.38 0 614.51 0 2140.8 2276.6 0 358.49 0|
Apr 2137.35 2272.92 57.39 743.44 0 2139.57 2275.29 54.81 454.23 0
May 2651.9 2820.12 .21 1194.57 0 2654.63 2823.02 68 719.96 0
Jun 2651.37 2819.55 71.2 1299.18 0 2654.07 2822.42 67.99 812.13 0
Jul 2646.56 2814.44 731.59 1729.51 0 2649.28 2817.33 735.02 1074.08 0
ALIQ 2649.57 2817.64 104.89 1638 0 2652.6 2820.86 126.33 1010.11 0
Sep 2650.65 2818.79 71.18 1439.68 0 2653.67 2822 67.97 883.86 0
Oct 2136.11 2271.61 57.36 928.12 0 2138.59 2274.25 54.78 579.68 0
Nov 2138.44 2274.09 0 655.67 0 214016 227592 54.82 379.7 0|
Dec 2139.56 2275.28 0 506.46 0 214117 2276.99 0 314.53 0]
Usage Charges
Alt3 1 Alt 4
Lights Misc Cooling Fan Ice Heating Lights Misc Cooling Fan Ice Heating
5 5 $ ] ] $ 5 $ 5 $ § $

Jan 1087.48 1548.1 0 25117 0 98.25 1087.48 1548.09 0 190.78 0 101.65]
Feb 983.91 1400.33 0 219.07 0 85.99 983.9 1400.31 0 164.93 0 88.96|
Mar 1191.06 1675.4 0 237.42 0 71.42) 1191.06 1675.41 0 172.39 0 71.65]
Apl’ 1018.25 1452.73 55.21 219.85 47.6 32.06) 999.12 1425.44 99.88 140.7 98.64 29.52
May 1067.26 1509.87 572.55 309.82 546.26 0.54) 1052.84 1489.48 436.83 195.08 551.54 0.55]
Jun 1017.99 1434.07 977.78 358.59 810.37 0| 993.59 1399.7 666.66 223.87 800.28 0
Jul 873.31 1251.7 1661.8 481.42 1222.27 0| 843.5 1208.97 1104.01 297.63 1146.2 0
Aug 1024.08 1440.53 1622.15 474.09 1192.85 0| 993.22 1397.11 1021.97 292.49 1114.21 0
Sep 92299 1316.83 828.66 300.96 731.66 0| 903.55 1289.09 588.67 190.08 723.03 0
Oct 1029.39 1456.3 327.31 238.64 328.24 23.2 1017.77 1439.86 278.08 153.88 3476 2253
Nov 1087.47 1541.26 0 225.65 0 66.22) 1081.14 1532.28 23.75 159.87 16.77 64.99
Dec 1035.69 1484.44 0 221.81 0 84.26) 1035.68 1484.42 0 163.93 0 88.06

| Lights Misc Cooling Fan Ice Heating | | Lights Misc Cooling Fan Ice Heating |
Annual
Total $40,557.85 $47,520.55 $7,210.28 $15,290.61 $4,879.25 §522.73 $40,429.19 $47,328.24 $5,449.57 $9,556.60 $4,798.27 $530.85
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The following tables display the total monthly energy consumptions for each alternative.

Utility Jan Feb Mar Apr May June July Aug Sept Qct Nov Dec Total
Alternative: 1 Baseline
Electric
On-Pk Cons. (kWh) 92,606 83,780 100,816 89,141 113,603 125714 153230 156723 113083 107,007 92,158 87,749 1,315,610
Off-Pk Gons. (kWh) 8,869 7,843 7129 5,957 5,188 5,586 14,085 8,550 6,084 5,684 7,130 8,329 90,213
On-Pk Demand (kW) 400 398 408 439 618 682 854 804 707 569 409 g7 854
Off-Pk Demand (kW) 47 ar 41 41 48 a8 235 142 48 41 41 48 235
Gas
On-Pk Cons. (therms) 2977 2,132 1,438 293 1 0 0 0 0 240 1.250 1,800 10,131
On-Pk Demand (therms/hr) 18 16 15 1 0 0 0 0 0 7 15 15 16
Energy Consumption Environmental Impact Analysis
Building 45,118 Btui(ft2-year) co2 3,611,040 Ibmiyear
Source 120,047 Bui(ft2-year) s02 3,267 gmiyear
NOX 6,513 gmiyear
Floor Area 128,800 fi2
Alternative: 2 Low Temp Low Flow
Electric
On-Pk Cons. (kwh) 90,684 82,048 98,737 87,735 109,745 121,962 144,562 149,333 109,484 103,650 90,492 85,912 1,274,345
Off-Pk Cons. (kWh} 8,854 7635 7.004 5834 5372 5,899 14,297 8822 6,178 5,762 7108 8,328 91,093
On-Pk Demand (kW) 385 383 385 430 573 837 793 743 851 525 394 381 793
Off-Pk Demand (kW) 47 47 41 41 46 a3 214 146 47 45 a1 46 214
Gas
On-Pk Cons. (therms) 2,930 2,052 1,345 261 1 0 0 0 1] 210 1,185 1721 9,705
©On-Pk Demand (therms/hr) 15 15 15 1 0 0 0 0 1] 7 14 15 15
Energy Consumption Environmental Impact Analysis
Building 43,717 Btul{ft2-year) co2 3,498,916 Ibm/year
Source 116,488 Btu/{ft2-year) 502 3,166 gm/fyear
NOX 6,310 gmiyear
Floor Area 128,800 fi2
Alternative: 3 Thermal Storage
Electric
On-Pk Cons, (kWh) 92,606 83,780 100,816 88,658 101,173 103,526 101,605 112,088 93,073 98,708 92,158 87.749 1,155,940
Off-Pk Cons. (kWh) 8,869 7,643 7129 7.402 24,388 40,606 70,474 68,237 35,459 16,979 7.130 8,329 302,646
On-Pk Demand (kW) 400 398 406 4 439 445 517 470 455 438 409 397 517
Off-Pk Demand (kW) a7 47 a1 188 316 377 461 438 376 271 a1 46 461
Gas
On-Pk Cons. (therms) 2,977 2,13z 1,438 293 1 1] 0 1] 0 240 1,250 1,800 10,131
On-Pk Demand (therms/hr) 16 16 15 " 0 1] 0 1] 0 7 15 15 16
Energy Consumption Environmental Impact Analysis
Building 46,516 Btu/(ft2-year) co2 3,722,942 Ibmiyear
Source 124,242 Blu/(ft2-year) 502 3,369 gm/year
NOX 6,715 gm/year
Floor Area 128,800 12
Alternative: 4 EarthWise with Storage
Electric
On-Pk Cons. (kWh) 90,684 82,048 98,737 86,489 97,258 98,677 95,070 105,333 89,092 95,763 90,410 85,912 1,115,475
Off-Pk Cons. (kWh) 8,854 7,635 7,004 8,470 19,528 29,324 49,109 45,699 26,694 15,062 7,456 8,328 233,152
On-Pk Demand (kW) 385 383 385 397 407 413 474 430 418 407 391 381 474
Off-Pk Demand (kW) a7 47 41 207 218 248 308 285 246 207 80 48 306
Gas
On-Pk Cons. (therms) 2,930 2,052 1,345 261 1 0 0 0 0 210 1,185 1,721 9,705
On-Pk Demand (thermsthr) 15 15 15 1 0 0 0 0 0 7 14 15 15
Energy Consumption Environmental Impact Analysis
Building 43,271 Btui(ft2-year) co2 3,463,263 Ibmiyear
Source 115,152 Btu/(ft2-year) S02 3,134 gm/year
NOX
Floor Area 128,800 ft2

——

6,246 gm/year
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Appendix B

Climate Data

http://www.wrcc.dri.edu/cgi-bin/cliMAIN.pl?ututah

UTAH LAKE LEHI, UTAH (428973)
Period of Record Monthly Climate Summary

Period of Record: 1/ 1/1928 to 11/30/2003

Jan Feb Mar Apr May Jun Jul

Average Max.
Temperature (F)

Average Min.
Temperature (F)
Average Total
Precipitation (in.)
Average Total
SnowFall (in.)

Average Snow
Depth (in.)

Percent of possible observations for period of record.

36.2 42.0 50.4 61.3 714

15.0 20.3 27.2 34.0 414

0.91 0.90 1.04 1.17 1.10

81 42 3.0 09 0.0

2 1 0 0 ©

81.7 90.0 87.6 78.1 65.0 48.3 38.8

48.2 55.6 54.1 442 34.3 249 18.0

0.72 0.66 0.91 0.84 1.08 1.00 0.85

00 00 00 00 03 34 6.8

Max. Temp.: 98.1% Min. Temp.: 98.1% Precipitation: 97.1% Snowfall: 93.9% Snow Depth: 83.3%
Check Station Metadata or Metadata graphics for more detail about data completeness.
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http://www.wrcc.dri.edu/cgi-bin/cliMAIN.pl?ututah
http://www.wrcc.dri.edu/cgi-bin/cliMeta.pl?ututah
http://www.wrcc.dri.edu/cgi-bin/cliMeta2.pl?ututah

Koppen Climate System

Koeppen Classification for Utah

Classes
BSk
BWk
% [|Csa
Dfa
S Dfb
Ldaho Dfc
Etate Dsa
CLIMATE
SERVICES SSb
sc
100 1] 100 Kilometers
e — Untversityotidshe || H

http://snow.cals.uidaho.edu/clim map/images/ut.gif

An excellent discussion of the Koppen Climate System can be found on Wikipedia* at the following link:

http://en.wikipedia.org/wiki/K%C3%B6ppen climate classification#GROUP D: Continental.2Fmicrothe

rmal climate

*According to a study conducted by Nature Journal, Wikipedia is an accurate source of technical information,
containing on average, about half as many errors as the Encyclopedia Britannica.

http://science.slashdot.org/science/05/12/15/1352207.shtml?tid=95
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http://snow.cals.uidaho.edu/clim_map/images/ut.gif
http://en.wikipedia.org/wiki/K%C3%B6ppen_climate_classification#GROUP_D:_Continental.2Fmicrothermal_climate
http://en.wikipedia.org/wiki/K%C3%B6ppen_climate_classification#GROUP_D:_Continental.2Fmicrothermal_climate
http://science.slashdot.org/science/05/12/15/1352207.shtml?tid=95

Appendix C - Complete Results

Design Airflow Quantities

Alternative 1 describes the airflow for the baseline and the thermal storage alternative.

Alternative 2 describes the airflow for the low temperature supply air and EarthWise™ alternatives.

DESIGN AIRFLOW QUANTITIES
By Trane
MAIN SYSTEM Auxiliary Eysiemn Floom
Carteide Coaling Heating Reeturmn Exhauct Zupply Exhaust
Alrfiow: Birfiow Alrfiow Alrfiow Alflow Alrflow Alrfiow
Zysiem D Eycism Type om ofm ot otm ofm tm ofm
Alternative 1
IH-AHU Pariisl Fan Fowered VAN, Hig Coll on Mixing Box Outs 3,248 24211 ] 24211 24211 o o
D2-AHU Pariisl Fan Fowered VA, Hig Coll on Mixing Box Outs 35 =5 9,352 22570 22,570 o o
D3-AHU Parallal Fan Fowersd VAV, Hig Coll on Mixing Box Ouh 3.5 =z 5,352 35832 25,822 o L]
D4-AHU Parallal Fan Fowersd VAV, Hig Coll on Mixing Box Ouh 1,862 I3Am 8,322 23484 23,484 o L]
D5-AHU Paraial Fan Powered VAV, Hig Coll on Mixng Box Outy 7ET 19,487 8,016 19,487 19,487 o o
Totaic 16288 116,676 44,480 TIEETE TI6ETE [ ]
Alternative 2
D-AHU Parallal Fan Fowered VAV, Hig Coll on Mixing Box Outh 3,983 15472 LR ] 1EATE 16,473 o [}
D2-AHU Parallal Fan Fowersd VAV, Hig Coll on Mixing Box Ouh 3LHE 15440 8,352 15420 15,440 o L]
D3-AHU Parallal Fan Fowersd VAV, Hig Coll on Mixing Box Ouh 3,982 17457 8,352 17487 17,487 o L]
Da-AHU Pl Fan Fowered VA, Hig Coll on Mixing Box Outs 2,852 15,286 8,322 15,886 15,886 o o
D5-AHU Paralil Fan Fowered VAW, Hig Coll on Mixing Box Outh 2,687 13,873 8016 13,873 13,873 o o
Totals 16040 7B, 184 4,480 TH 184 TH 184 L] ]

Mote: Airflows on this report are not additive because they are each taken at the time of their respective peaks. To view the balanced system design
airflows, see the appropriate Checksums report [Airflows section).

Project Mame:

Catasei Mame:

Thanksghing Park
TG FARK STD ELTRC

——

TRACES 700 ¥6_2.5 calculated at 10:58 AM on OVD22010
Design Alflow Quantiies Report Page 1 of 1
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Economic Cash Flows

Alternative:
Life Cycle Cost:

1

$2.332,756.66

Year Uility Maint. Interest Principal ~ Property  Insurance  Revenue  Replace. Deprec.  CashFlow  Present
Cost Cost Cost Cost Taxes Cost Penalty Expenses Tax Effect Value
($) $) $) $) ($) ($) $) ($) ($) ($) $)
0 0 0 0 1,500,000 0 0 0 0 0 1,500,000 1,500,000
1 142,456 3,000 0 0 0 0 0 0 75,000 57,273 52,067
2 149,578 3,090 0 0 0 0 0 0 71,250 63,101 52,150
3 157,057 3,183 0 0 0 1] 0 0 67,688 69,069 51,893
4 164,910 3,278 0 0 0 0 0 0 64,303 75,192 51,357
] 173,156 3,377 0 0 0 0 0 0 61,088 81,484 50,595
6 181,814 3,478 0 0 0 0 0 0 58,034 87,961 49,652
7 190,904 3,582 0 0 0 1] 0 0 55,132 94,639 48 565
8 200,449 3,690 0 0 0 0 0 0 52,375 101,533 47 366
9 210,472 3,800 0 0 0 0 0 0 49,757 108,661 46,083
10 220,995 3,914 0 0 0 1] 0 0 47 269 116,038 44738
11 232,045 4,032 0 0 0 0 0 0 44,905 123,684 43,350
12 243,647 4,153 0 0 0 0 0 0 42,660 131,616 41,937
13 255,830 4,277 0 0 0 0 0 0 40,527 139,853 40,511
14 268,621 4406 0 0 0 1] 0 0 38,501 148,416 39,083
15 282,052 4,538 0 0 0 0 0 0 36,576 157,324 37,662
16 296,155 4,674 0 0 0 0 0 0 34,747 166,599 36,257
17 310,963 4814 0 0 0 1] 0 0 33,010 176,262 34873
18 326,511 4,959 0 0 0 0 0 0 31,359 186,338 33,515
19 342,836 5,107 0 0 0 0 0 0 29,791 196,850 32,186
20 359,978 5,261 0 0 0 0 0 0 566,030 -7,269 -1,080
Alternative: 2
Life Cycle Cost: $2,100,485.70
Year Utility Maint. Interest Principal Property Insurance  Revenue Replace. Deprec. Cash Flow  Present
Cost Cost Cost Cost Taxes Cost Penalty Expenses Tax Effect Value
(%) ($) ($) (8) ($) ($) ($) $) ($) (€] $)
1] 0 0 0 1,296,140 0 0 0 0 0 1,296,140 1,296,140
1 135,270 2,000 0 0 0 0 0 0 64,807 56,439 51,308
2 142,034 2,060 0 0 0 0 0 0 61,567 61,830 51,099
3 149,135 2,122 0 0 0 0 0 0 58,488 67,359 50,608
4 156,592 2,185 0 0 0 0 0 0 55,564 73,041 49,888
5 164,422 2,251 0 0 0 0 0 0 52,786 78,889 48,984
6 172,643 2319 0 0 0 0 0 0 50,146 84918 47,934
7 181,275 2,388 0 0 0 0 0 0 47,639 91,142 46,770
8 190,339 2,460 0 0 0 0 0 0 45 257 97,576 45520
9 199,856 2534 0 0 0 0 0 0 42 994 104,236 44 206
10 209,848 2,610 0 0 0 0 0 0 40,845 111,137 42,848
11 220,341 2,688 0 0 0 0 0 0 38,802 118,296 41462
12 231,358 2,768 0 0 0 0 0 0 36,862 125,731 40,062
13 242 926 2,852 0 0 0 0 0 0 35,019 133,459 38,658
14 255,072 2937 0 0 0 0 0 0 33,268 141,498 37,261
15 267,825 3,025 1] 0 0 0 0 0 31,605 149,869 35,877
16 281,217 3,116 1] 0 0 0 0 0 30,025 158,590 34514
17 295278 3,209 0 0 0 0 0 0 28,523 167,683 33175
18 310,041 3,306 0 0 0 0 0 0 27,097 177,169 31,865
19 325,543 3,405 0 0 0 0 0 0 25,742 187,072 30,588
20 341,821 3,507 0 0 0 0 0 0 489,103 11,555 1,718

——
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Alternative: 3
Life Cycle Cost $2,347 866.70
Year Utility Maint. Interest Principal Property Insurance  Rewvenue Replace. Deprec. Cash Flow Present
Cost Cost Cost Cost Taxes Cost Penalty Expenses Tax Effect Value
(%) ($) ($) (8) %) %) (8) ($) %) (€3] &)
0 0 0 0 1,677,480 0 0 0 0 0 1677480 1,677,480
1 121,991 5,000 0 0 0 0 0 0 83,874 42,645 38,768
2 128,090 5,150 o] 0 0 0 0 4] 79,680 48,072 39,729
3 134,495 5,304 0 0 0 0 0 0 75,696 53,601 40,271
4 141,219 5,464 0 0 0 0 0 0 71,911 59,245 40,465
5 148,280 5,628 0 0 0 0 0 0 68,316 65,018 40,371
6 155,694 5,796 0 0 0 0 0 0 64,900 70,934 40,041
7 163,479 5970 1] 0 0 0 0 0 61,655 77,008 39,517
8 171,653 6,149 0 0 0 0 0 0 58,572 83,252 38,838
9 180,236 6,334 0 0 0 0 0 0 55,644 89,684 38,035
10 189,247 6,524 0 0 0 0 0 0 52,862 96,318 37,135
1" 198,710 6,720 1] 0 0 0 0 0 50,218 103,170 36,161
12 208,645 6,921 0 0 0 0 0 0 47,708 110,257 35,131
13 219,077 7,129 1] 0 0 0 0 0 45322 117,585 34,063
14 230,031 7,343 0 0 0 0 0 0 43,056 125,202 32,970
15 241,533 7,563 0 0 0 0 0 0 40,903 133,096 31,862
16 253,610 7,790 a 0 0 0 0 0 38,858 141,296 30,750
17 266,290 8,024 1] 0 0 0 0 0 36,915 149,822 29,641
18 279,604 8,264 0 0 0 0 0 0 35,069 158,693 28,542
19 293,585 8512 0 0 0 0 0 0 33,316 167,932 27,458
20 308,264 8,768 0 0 0 0 0 0 633,003 -62,982 -9,362
Alternative: 4
Life Cycle Cost: $2,173,357.55
Year Utility Maint. Interest Principal Property  Insurance  Revenue Replace. Deprec.  CashFlow  Present
Cost Cost Cost Cost Taxes Cost Penalty Expenses Tax Effect Value
3) $) $) (3) $) $) 3) $) 8 $) ®)
1] 0 0 1] 1,542,140 0 1] 0 0 0 1542140 1542140
1 113,853 5,000 0 0 0 0 0 0 77,107 40,469 36,790
2 119,546 5,150 0 0 0 0 0 0 73,252 45,517 37,617
3 125,523 5,304 0 0 0 0 0 0 69,589 50,661 38,062
4 131,799 5,464 1] 0 0 1] 0 0 66,110 55,914 38,190
5 138,389 5628 0 0 0 0 0 0 62,804 61,288 38,055
6 145,309 5,796 0 0 0 0 0 0 59,664 66,797 37,705
7 152,574 5,970 0 0 0 0 0 0 56,681 72454 37,180
8 160,203 6,149 1] 0 0 1] 0 0 53,847 78,273 36,515
9 168,213 6,334 0 0 0 0 0 0 51,154 84,266 35,737
10 176,623 6,524 0 0 0 0 0 0 48,597 90,450 34,872
11 185,455 6,720 0 0 0 0 0 0 46,167 96,838 33,941
12 194727 6,921 1] 0 0 1] 0 0 43,858 103,446 32,961
13 204,464 7,129 0 0 0 0 0 0 41,666 110,289 31,947
14 214,687 7,343 0 0 0 0 0 0 39,582 117,385 30,911
15 225421 7,563 a 0 0 a 0 0 37,603 124,749 29,864
16 236,692 7,790 1] 0 0 1] 0 0 35,723 132,400 28,814
17 248,527 8,024 0 0 0 0 0 0 33,937 140,355 27,769
18 260,953 8,264 0 0 0 0 0 0 32,240 148,634 26,733
19 274,001 8,512 0 0 0 0 0 0 30,628 157,257 25713
20 287,701 8,768 1] 0 0 1] 0 0 581,932 -54,892 -8,159

——
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Economic Comparisons

Alternative 2 vs Alternative 1

First Cost Difference -203,860.00
Diown Payment Difference -203,860.00
Met Present Value of Incremental Cash Flows 23227096
Life Cycle Cost Difference 232,270.96
Revenue Penalty Difference 0.00
Simple Payback on Invesiment 0.0 years
Life Cycle Payback on Investment 0.0 years
Internal Rate of Refum Cwver 1,000 %
Cost of capital (%) 10.0
Year Cash Flow Cumulative Present Value et
Difference Cash Flow of Flow Present
Difference Difference Walue
1] 203,860.00 203,560.00 203,860.00 203,5860.00
1 534.10 20469410 75827 204,618.27
2 1,271.53 205,965.63 1,050.85 205,669.12
3 1,710.08 207,675.70 1,284.81 206,953.93
4 2,150.82 209,826.52 1.469.04 208,422.96
5 2,594 81 21242133 161117 210,034.14
5] 3,043.14 215,464 .47 1,717.77 211,751.91
7 3,496.87 218,961.34 1,794.45 213,546.36
g 3,957.10 22291544 1,846.01 215,392.37
9 442492 227,343.35 1,676.60 217,268.97
10 490145 232,244.81 1,889.72 219,158.69
11 5,387.83 23763264 1,888.40 221,047.09
12 5,885.21 243,517.85 1,675.21 22292230
13 6,394.77 24991262 1,852.34 22477464
14 6917.72 256,830.34 1,621.85 226,596.29
15 7.455.28 264,285,652 1,784.73 228,381.02
16 8,008.73 27229435 1,74293 230,123.96
17 8,579.36 280,873.71 1,697.38 231,821.34
13 9,168.52 290,042.23 1,649.04 233 470.37
19 977759 299,819.82 1,598.71 235,069.09
20 -18,824.39 280,995 44 -2,798.12 232,270.96
Alternative 3 vs Alternative 1
First Cost Difference 177,480.00
Down Payment Difference 177,480.00
Net Present Value of Incremental Cash Flows -15,110.04
Life Cycle Cost Difference -15,110.04
Revenue Penalty Difference 0.00
Simple Payback on Investment 9.6 years
Life Cycle Payback on Investment Does not pay back
Internal Rate of Retum B89%
Cost of capital (%) 10.0
“ear Cash Flow Cumulative Present Value et
Difference Cash Flow of Flow Present
Difference Difference Value
0 -177.480.00 -177,480.00 -177,480.00 -177,480.00
1 14,628.63 -162,851.37 13,298.76 -164,181.24
2 15,029.10 -147,822.26 1242075 -151,760.50
3 15,468.07 -132,354.20 11,621.39 -140,139.11
4 15,946.58 -116,407.62 10,891.73 -129,247.38
5 16,465.80 -99,941.82 10,223.96 -119,023.42
6 17,026.98 -52,914.84 9,611.29 -109,412.13
7 17,631.49 -65,283.35 9.047.74 -100,364.39
& 18,280.79 47 00255 852812 -91,836.27
9 18,976.47 -26,026.08 5.047.87 -83,788.39
10 19,720.21 -8,305.88 7,602.99 -76,185.40
11 20,513.82 12,207.94 7.189.97 58,995 44
12 21,35923 33,567.17 6.805.71 -62,189.73
13 2225851 55 825.68 6.447.50 5574223
14 2321385 79,030.53 6.112.93 -49,629.30
15 24 23757 103,267.10 5.799.89 -43,829.42
16 25,302.14 128,569.25 5.506.48 -38,322.94
17 26,440.19 155,009.44 5.231.05 -33,091.89
18 2764448 182,653.92 497210 -28,119.79
19 28,917.96 211,571.88 4.728.31 -23,391.47
20 55,713.35 267,285.23 5.281.43 -15,110.04

——
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Alternative 3 vs Alternative 2

First Cost Difference
Diown Payment Difference

Net Present \Value of Incremental Cash Flows

Life Cycle Cest Difference

Revenue Penalty Difference

Simple Payback on Invesiment
Life Cycle Payback on Investment

Internal Rate of Retumn

381,340.00
381,340.00
-247,381.00
-247 381.00

0.00
37.1 years

Does not pay back
Does not pay back

Cost of capital (%) 100
Year Cash Flow Cumulative Present Value Net
Difference Cash Flow of Flow Present
Difference Difference Value
0 -381,240.00 -381,340.00 -381,340.00 -381,340.00
1 13,794.53 -367,545.47 12,540.48 -368,799.52
2 13,757.58 -353,787.89 11,369.90 -357,429.62
3 13,757.99 -340,029.90 10,336.58 -347,093.04
4 13,795.76 -326,234.14 9,422 69 -337,670.35
5 13,870.99 -312,363.15 8,612.79 -329,057.56
6 13,983.54 -2598,379.31 7,893.52 -321,164.04
7 14,134.62 -284 244 69 7.253.30 -313,910.75
g 14,323.70 -269,920.99 6,682.11 -307,228.64
9 14,551.55 -255,369.44 6,171.28 -301,057.36
10 14,818.75 -240,550.68 5,713.27 -295,344 09
11 15,125.98 -225424.70 5,301.56 -290,042.53
12 15,474.02 -209,950.68 4.930.50 -285,112.03
13 15,863.74 -194 086.94 4.,595.16 -280,516.87
14 16,296.13 -177,790.81 4.291.28 -276,225.59
15 16,772.29 -161,018.52 401515 -272,210.44
16 17,293.41 -143,725.11 3,763.55 -268,446.89
17 17,860.83 -125,864.28 3,533.67 -264,913.22
18 18,475.96 -107,388.32 3,323.068 -261,590.16
19 19,140.37 -B8,247.95 3,129.60 -258,460.56
20 7453774 -13,710.21 11,079.55 -247,381.00
Alternative 3 vs Alternative 4
First Cost Difference 135,340.00
Down Payment Difference 135,340.00
Net Present Value of Incremental Cash Flows -174,509.15
Life Cycle Cost Difference -174,509.15
Revenue Penalty Difference 0.00
Simple Payback on Investment Does not pay back
Life Cycle Payback on Investment Does not pay back
Internal Rate of Refum Does not pay back
Cost of capital (%) 10.0
Year Cash Flow Cumulative Present Value MNet
Difference Cash Flow of Flow Present
Difierence Difference alue
0 -135,340.00 -135,340.00 -135,340.00 -135,340.00
1 -2,175.73 -137,515.73 -1,977.94 -137,317.94
2 -2,555.20 -140,070.94 -2,111.74 -139,429.68
3 -2,940.11 -143,011.04 -2,208.95 -141,638.62
4 -3,331.40 -146,342 .44 -2,275.39 -143,914.01
5 -3,730.04 -150,072.49 -2316.06 -146,230.08
6 -4,137.02 -154,209.50 -2,335.24 -148,565.32
7 4,553.31 -158,762.82 -2336.57 -150,901.88
8 -4.979.95 -163,742.77 -2,323.18 -153,225.07
9 -5,417.98 -169,160.75 -2,297.75 -155,522.82
10 -5,868.45 -175,029.20 -2,262.54 -157,785.36
11 -6,332.47 -181,361.67 -2,219.49 -160,004.85
12 -6,811.16 -188,172.83 -2,170.24 -162,175.10
13 -7,305.68 -195,4758.50 -2,116.19 -164,291.29
14 -7.817.23 -203,295.73 -2,058.52 -166,349.81
15 -5,347.04 -211,642.77 -1,938.21 -168,348.02
16 _8,896.39 -220,539.16 -1,936.11 -170,284.14
17 -9,466.62 -230,005.78 -1,872.92 -172,157.06
18 -10,059.08 -240,064.86 -1,809.21 -173,966.27
19 -10,675.21 -250,740.07 -1,745.48 -175,711.75
20 8,090.51 242 649.56 1.202.60 -174,509.15



Alternative 4 vs Alternative 1

First Cost Difference 42,140.00
Down Payment Difference 42,140.00
Net Present \Value of Incremental Cash Flows 159,380.11
Life Cycle Cost Difference 159,399.11
Revenue Penalty Difference 0.00
Simple Payback on Investment 1.6 years
Life Cycle Payback on Investment 2.9 years
Internal Rate of Retumn 445%
Cost of capital (%) 100
Year Cash Flow Cumulative Present Value Met
Difference Cash Flow of Flow Present
Difference Difference Value
1] -42,140.00 -42,140.00 -42,140.00 -42,140.00
1 16,804.37 -25,335.63 15,276.70 -26,863.30
2 17,584.30 -7,751.33 14,532.48 -12,330.82
3 18,408.17 10,556.84 13,830.33 1,499.51
4 19,277.98 29,934 .52 13,167.12 14,666.63
5 20,195.54 50,130.67 12,540.03 27,206.66
g 21,164.00 71,204 67 11,046.53 39,153.18
7 22,184.81 93,479.47 11,384.31 50,537.50
] 23,260.75 116,740.22 10,851.31 61,358.80
] 24,394 45 141,134 67 10,345.62 71,734.43
10 25,585.66 166,723.32 9.865.53 81,599.96
1 26,846.28 193,569.61 9,409.46 91,009.42
12 28,170.39 221,740.00 5.975.95 99,985.37
13 29,564.19 251,304.19 8.563.69 108,549.06
14 31,031.08 282,335.26 8,171.45 116,720.51
15 32,574.61 314,909.87 7.798.10 124,518.61
16 34,198.54 343,108.41 7.442.59 131,961.20
17 35,906.50 385,015.21 7,103.97 139,065.17
18 37,703.56 422 71877 6.781.31 145,846.48
19 39,593.17 462,311.94 6,473.80 152,320.28
20 47,622.54 509,934.79 7,078.83 159,399.11
Alternative 4 vs Alternative 2
First Cost Difference 246,000.00
Down Payment Difference 246,000.00
Net Present Value of Incremental Cash Flows -12,671.86
Life Cycle Cost Difference -72,671.86
Revenue Penalty Difference 0.00
Simple Payback on Investment 13.4 years
Life Cycle Payback on Investment Does not pay back
Internal Rate of Retum 6.0%
Cost of capital (%) 10.0
Year Cash Flow Cumulative Present Value Net
Difference Cash Flow of Flow Present
Difference: Difference ‘Value
1] -246,000.00 -246,000.00 -246,000.00 -246,000.00
1 15,970.27 -230,029.73 14,518.42 -231,481.58
2 16,312.78 -213,716.96 13,481.63 -217,999.94
3 16,698.10 -197,018.86 12,545.53 -205,454.42
4 17,127.16 -179,891.70 11,698.08 -193,756.33
5 17,601.03 -162,290.67 10,928.85 -182,827.48
6 18,120.86 -144,169.81 10,228.75 -172,598.73
7 18,687 94 -125,481.87 9,589.87 -163,008.86
8 19,303.65 -106,178.22 9,005.29 -154,003.57
9 19,969.53 -86,208.69 5,469.03 -145534.54
10 2068721 -65,521.48 7,975.81 -137,558.73
11 2145845 -44 063.02 7.521.05 -130,037.67
12 22,285.18 -21,777.85 7.100.74 -122,936.93
13 23,169.42 1,391.56 6,711.35 -116,225.58
14 2411336 25,504.92 6,349.80 -109,875.78
15 2511933 50,624.25 6,013.37 -103,862.42
16 26,189.81 76,5614.06 5,699.66 -98,162.75
17 27,327 .44 104,141.50 5,406.59 -92,756.17
18 28,535.04 132,676.54 5.132.28 -87,623.89
19 29,815.58 162,492.12 4,875.08 -82,746.81
20 66,447.23 228,930.35 9.876.95 _72,871.86
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Monthly Utility Costs

———  Monthly Utility Costs ——-—
Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Alternative 1
Electric
©On-Pk Cons. (3) 2724 2464 2,966 2622 3625 4011 4,889 5,001 3,608 3,148 271 2,581 40,350
Of-Pk Cons. (3) 261 225 210 175 166 178 449 273 194 167 210 245 2752
On-Pk Demand (S) 4917 4,886 4,983 5,388 9,409 10,377 12,988 12,227 10,759 6,971 5023 4,876 92,804
Off-Pk Demand (3) 45 45 45 45 45 45 45 45 45 45 45 45 540
Total (S): 7,947 7620 8,203 8231 13244 14,611 18,371 17,546 14,607 10,331 7.989 7,748 136,445
Gas
On-Pk Cons. (8) 1,767 1,273 860 156 0 0 0 0 0 128 747 1,076 6,009
Monthly Total (3): a,714 8,893 9,083 8,387 13,244 14 611 18,371 17,546 14,607 10,459 8736 8,824 142,456
Building Area = 128,800 ft*
Utility Cost Per Area = 1.11 $ift2
——— Monthly Utility Costs ———
Utility Jan Feb Mar Apr May June July Aug Sept Qct Nov Dec Total
Alternative 2
Electric
On-Pk Cons. () 2,668 2414 2,904 2,581 3,502 3,891 4613 4,785 3,493 3,049 2,662 2,527 39,088
Off-Pk Cons. () 260 225 208 172 171 133 456 281 197 169 209 245 2,781
On-Pk Demand ($) 4732 4,701 473 5279 8,725 3,706 12,065 11,308 8,920 5431 4839 4,688 87,121
Off-Pk Demand () 45 45 45 45 45 45 45 45 45 45 45 45 540
Total ($): 7,705 7,384 7,886 8,077 12,443 13,831 17,178 16,396 13,655 9,694 7,755 7,505 129,510
Gas
On-Pk Cons. (3) 1,739 1227 805 139 0 0 0 0 0 12 708 1,028 5,760
Manthly Total ($): 9,444 8,610 8,691 8216 12,443 13,831 17,178 16,296 13,655 9,806 8,464 8,534 135,270
Building Area = 128,800 fi2
Utility Cost Per Area=  1.05 §/fi®
——— Monthly Utility Costs ————
Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Alternative 3
Electric
On-Pk Cons. (3) 2724 2,464 2,966 2,608 3228 3,303 3242 3,576 2,970 2,904 2,711 2,581 35,277
Cff-Pk Cons. () 261 235 210 218 778 1,296 2,248 2,177 1,131 489 210 245 9,498
On-Pk Demand () 4817 4,886 4,983 5,166 6,693 8,796 7877 7,165 8,935 5348 5023 4,876 70,666
Off-Pk Demand (3} 45 45 45 45 45 45 45 45 45 45 45 45 540
Total (3): 7,947 7,620 8,203 8,037 10,744 11,440 13413 12,964 11,081 8796 7,989 7,748 115,981
Gas
Cn-Pk Cons. () 1,767 1,273 860 156 0 0 0 0 0 128 747 1,076 6,009
Monthly Total ($): 9,714 8,893 9,083 8,193 10,745 11,440 13,413 12,964 11,081 8,925 8,736 8,824 121,991
Building Area = 128,600
Utility Cost Per Area=  0.95 $ift?
——-— Monthly Utility Costs -—
Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Alternative 4
Electric
©n-Pk Cons. (S) 2,668 2414 2,904 2544 3,103 3,148 3,033 3,361 2,843 2817 2,859 2,527 34022
Off-Pk Cons. (S) 260 225 206 249 623 938 1,567 1,458 852 443 218 245 7,283
On-Pk Demand () 4732 4,701 4731 4,879 6,221 6312 7,231 6,565 6,382 5002 4,806 4,688 66,248
Off-Pk Demand (3) 45 45 45 45 45 45 45 45 45 45 45 45 540
Total (3): 7.705 7,384 7,866 TTIT 9,992 10,441 11,676 11429 10,122 8,307 7729 7,505 108,093
Gas
©n-Pk Cons. ($) 1,739 1,227 805 139 ] 0 0 0 0 12 708 1,029 5,760
Monthly Total ($): 9,444 8610 8,681 7,856 9,992 10,441 11,876 11,420 10,122 84139 B.438 8,534 113,853
Building Area = 128,800 ft=
Utility Cost Per Area= 0.88 $/ft*
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Economic Parameters

Project Name:
Location:
Building Owner:
Program User:

Thanksgiving Park
Salt Lake City UT

Philip Coleman

Company: Trane
Comments:
Study Life: 20 Yrs Income Tax Rate: 40.0 %
Mortgage Life: 20 Yrs Cost of Capital: 10.0 %
Depreciation Life: 20 Yrs Property tax rate: 0.0 %
Mortgage Interest Rate: 10.0 % Insurance Expense rate: 0.0 %
Percent Financed: 0.0 %
Depreciation Method: Declining balance Annual Inflation Rate Of
Declining Balance Taxes: 100.0 % Maintenance Expense 30%
Replacement Expense 30%
Property Taxes 30%
Insurance Expense 30 %
Al # First First Additional First Tatal First Maintenance Maintenance Total Maint. Total Al
Cost Cost Cost Cost Cost Cost Cost Cost
(3fton) (BFE) {Bfton) (54
4 8,240.55 11.87 0,00 1.542,140.00 20,23 0.04 5,000.00 1.547.140.00
3 8,716.33 13.02 0,00 1,677 420.00 20002 0.04 5,000.00 1,682.480.00
2 5,245.06 10.06 0.00 1,286,140.00 8.08 0.02 2,000.00 1,288,140.00
1 6,005.73 11.85 0.00 1.500.000.00 120 0.02 3,000.00 1.503.000.00

——
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Economic Summary

Economic Summary

Project Information

Location Ealt Lake City UT ‘Eudy L= 0 years.
Project Hame Thanksghiing Fark Cost of Capitak 10%
User Fhilp Coleman Aftermesiive 1: Baseine
CaOmpany Trane Aftermesiive 2 Liow Temp Low Flow
Commenis Atemesve 3 Thermal Shorage
Atermaive 4 Eariviiise with Siomge
Economic Comparison of Alternatives
First Cost
Yeary Savings Cifference Curulatve Cash Simple Met Present Vakee Life Cyoe Intermal Rate of
(51 [ 9] Flow Difference (§) | Payback dyrs.) (& 1] Payback (s Fosturn (%)
ARZws M1 8,186 -203,550 e =eE oo o rierd | Mo Fayback] 1,000.0
AE3ws AL 1 18,465 177480 DT IES =11 =15 110 Mo Payback] B9
AR ws AL 26,503 &2 140 SR SGE 15 155,395 - | 445
AEIWSMNEZ 18,465 381,350 12,710 A -247,381 Mo Payback] Does Mot Fayback
ARdws NEZ 26,603 246,000 el 1324 “TZBTZ ko Payback) 6.0
ARZIws Mt 4 18,865 135,320 =242 =50 -10 -174,509 Mo Payback| Do=s Mot Fayback
Annual Operating Costs
$160,000 -
$140,000 [
$120,000 -
5100,000 1
80,000
$60.000
40,000
520,000
50
Yaary Savings ve Al 1 “fearty Total Operaing Cost sty Uity Cost
WAL At2 EAL3 mALS
Yeary Savings vs Alt 1 Yearly Totl Operaiing Cost (F) Yearty USIty Cost (5] ¥ earfy Maini=nanos Cost (5]
ANt 1] 145456 14z455 3,000
ANt B, 186 137,270 135z 2,000
At 3 18,465 126,991 121591 &, 000
At 4 26,603 118,853 1138253 E, 000
Monthlv Utility C
320,000
16,000
$12.000
6,000
54,000
50
January February  March Aprl May June July Augusl September Oclober Movember Decembar
WAt Atz Hat3 WAt

Project Mame:  Thanksghing Fark

Daset Mame- TE PARK ETD E2.TRC
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49

TRACE 700 6.2.5

Calcuiated at B8:52 Al on OVOS20A0

—



Energy Consumption Summaries

Elect Gas % of Total Total Building Total Source
Cons. Cons. Building Energy Energy®
(KWh) (KBtu) Energy (kBtulyr) (KBtufyr)
Alternative 1
Primary heating
Primary heating 1,013,080 174 % 1,013,080 1,068,400
Other Htg Accessories 15,808 08 % 53,951 161,869
Heating Subtotal 15.808 1,013,080 18.4 % 1,067,031 1,228,270
Primary cooling
Cooling Compressor 151,006 89 % 515,690 1,547,224
Tower/Cond Fans 18,211 11 % 62,156 186,486
Condenser Pump 00 % 0 0
Other Clg Accessories 6,576 04 % 22445 67,340
Cooling Subtotal.... 175,883 103 % 600,290 1,801,050
Auxiliary
Supply Fans 130,369 77 % 444 951 1,334 986
Pumps 6,298 04 % 21,496 64,498
Stand-alone Base Utilities 00 % 0 0
Aux Subtotal 136,668 80 % 456,447 1,399,451
Lighting
Lighting 445391 262 % 1,520,118 4,560,814
Receptacle
Receptacles 632,074 371 % 2,157,267 6,472,448
Cogeneration
Cogeneration 00 % 1] 0
Totals
Totals™ 1,405,823 1,013,080 100.0 % 5,811,155 15,462,062
Elect Gas % of Total Total Building Total Source
Cons. Cons. Building Energy Energy*
(kWh) (kBtu) Energy (kBtulyr) (kBtufyr)
Alternative 2
Primary heating
Primary heating 970,474 172 % 970,474 1,021,552
Other Htg Accessories 16,049 10 % 54 777 164,347
Heating Subtotal 16,049 970,474 18.2 % 1,025,251 1,185,899
Primary cooling
Cooling Compressor 151,006 92 % 515,689 1,547,223
Tower/Cond Fans 18,430 11 % 62,901 188,721
Condenser Pump 00 % 0 0
Other Clg Accessories 7,638 05 % 26,069 78,216
Cooling Subtotal.... 177,164 10.7 % 604,660 1,814,160
Auxiliary
Supply Fans 87,460 53 % 298,503 895,506
Pumps 7,300 04 % 24916 74,756
Stand-alone Base Utiliies 00 % 0 0
Aux Subtotal.... 94,761 57 % 323,419 970,353
Lighting
Lighting 445,391 7.0 % 1,520,119 4,560,814
Receptacle
Receptacles 632,074 383 % 2,157,267 6,472,446
Cogeneration
Cogeneration 00 % 1] 0
Totals
Totals™ 1,365,438 970,474 100.0 % 5,630,715 15,003,673
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Elect Gas % of Total Total Building Total Source
Cans. Cons. Building Energy Energy*
(KWh) (kBtu) Energy (kBtuiyr) (KBtulyr)
Alternative 3
Primary heating
Primary heating 1,013,080 16.9 % 1,013,080 1,066,400
Other Htg Accessories 15,808 09 % 53,951 161,869
Heating Subtotal 15,808 1,013,080 17.8 % 1,067,031 1,228,270
Primary cooling
Cooling Compressor 197,717 113 % 74,810 2,024 631
Tower/Cond Fans 22,240 13 % 75,904 227735
Condenser Pump 00 % o 0
Other Clg Accessories 7,656 04 % 26,129 78,394
Cooling Subtotal.... 227,613 130 % 776,842 2,330,760
Auxiliary
Supply Fans 130,369 74 % 444 951 1,334,986
Pumps 7,332 04 % 25025 75,082
Stand-alone Base Utilities 00 % o o
Aux Subtotal... 137,702 78 % 469,976 1,410,068
Lighting
Lighting 445,391 254 % 1,520,119 4,560,814
Receptacle
Receptacles 632,074 360 % 2,157,267 6,472,448
Cogeneration
Cogeneration 00 % o 0
Totals
Totals™ 1,458,586 1,013,080 100.0 % 5,991,235 16,002,358
Elect Gas % of Total Total Building Total Source
Cans. Cons. Building Energy Energy*
(KWh) (kBtu) Energy (kBturyr) (KBtuiyr)
Alternative 4
Primary heating
Primary heating 970,474 174 % 970,474 1,021,552
Other Hig Accessories 16,048 10 % 54,777 164,247
Heating Subtotal 16,049 970,474 18.4 % 1,025,251 1,185,899
Primary cooling
Cooling Compressor 130,917 80 % 446,819 1,340,592
Tower/Cond Fans 20,560 13 % 70,171 210,534
Condenser Pump 00 % 1] 0
Other Clg Accessories 8271 05 % 28,230 84,697
Cooling Subtotal.... 159,748 9.8 % 545,220 1,636,823
Auxiliary
Supply Fans 87,450 54 % 298 503 895,598
Pumps 7,905 05 % 26,981 80,951
Stand-alone Base Utilities 00 % 0 o
Aux Subtotal.... 95,366 56 % 325,483 976,548
Lighting
Lighting 445391 273 % 1,520,118 4,560,814
Receptacle
Receptacles 632,074 3BT % 2,157,267 6,472,448
Cogeneration
Cogeneration 00 % 1] 0
Totals
Totals™ 1,348,628 970,474 100.0 % 5,573,340 14,831,551
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Monthly Energy Consumptions

Utility Jan Feb Mar Apr May June Juty Aug Sept Oct Nov Dec Total
Alternative: 1 Baseline
Electric
On-Pk Cons. (kWh) 92,606 83780 100,816 89,141 113803 125714 153230 156723 113083 107007 92,158 87,749 1315610
Off-Pk Cons. (KWh) 5,869 7,643 7128 5,857 5,188 5,586 14,085 8,550 6,084 5,684 7,130 8329 90,213
On-Pk Demand (kW) 400 398 406 438 618 682 854 804 707 569 409 387 854
Off-Pk Demand (kW) 47 a7 41 41 45 48 235 142 48 41 41 46 235
Gas
On-Pk Cons. (therms) 2,977 2,132 1,438 293 1 0 ()] i [ 240 1,250 1,800 10,131
On-Pk Demand (therms/hr) 16 16 15 1 0 0 0 0 [i] 7 15 15 16
Energy Consumption Environmental Impact Analysis
Building 45118 Btu/(ft2-year) co2 3,611,040 Ibmiyear
Source 120,047 Biw/(fi2-year) 502 3,267 gmiyear
NOX 6,513 gmiyear
Floor Area 128,800 fi2
Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Alternative: 2 Low Temp Low Flow
Electric
On-Pk Cons. (kWh) 90,684 82,048 98,737 87735 109,745 121962 144,562 149,333 108484 103650 90,492 85,812 1,274,345
Oft.Pk Cons. (kWh) 8,854 7,635 7,004 5,834 5,372 5,899 14,297 8,822 6,178 5,762 7,108 8,328 91,093
On-Pk Demand (kW) 385 383 385 430 573 837 783 743 851 525 394 381 793
Off-Pk Demand (kW) a7 47 41 41 45 49 214 146 47 45 41 46 214
Gas
On-Pk Cons. (therms) 2,930 2,052 1,345 261 1 o [} i o 210 1,185 1,721 9705
On-Pk Demand {thermsihr) 15 15 15 1 0 0 0 0 0 7 14 15 15
Energy Consumption Environmental Impact Analysis
Building 43,717 Btu(ft2-year) co2 3,498,916 lomiyear
Source 116,488 Bu/(ft2-year) s02 3,186 gmiyear
NOX 6,310 gmiyear
Floor Area 128,800 f2
Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Alternative: 3 Thermal Storage
Electric
On-Pk Cons. (kiWh) 92,606 83780 100,616 88558 101,173 103526 101,605 112089 93073 98,708 92,158 87,749 1,155,940
Off-Pk Cons. (kWh) 8,869 7,643 7129 7.402 24,388 40,608 70,474 68,237 35459 16,979 7,130 8,329 302,648
On-Pk Demand (kW) 400 388 406 a2 439 445 517 470 455 43 409 397 517
Off-Pk Demand (kW) a7 47 41 188 316 3T 451 438 376 27 41 46 461
Gas
On-Pk Cons. (therms) 2977 2,132 1,438 293 1 o 0 [ [i] 240 1,250 1,800 10,131
On-Pk Demand (therms/hr) 16 16 15 1 i 0 )] o [i] 7 15 15 16
Energy Consumption Environmental Impact Analysis
Building 45,516 Btwi(ft2-year) co2 3,722,942 lomiyear
Source 124,242 Bhw/(ft2-year) 502 3,369 gmiyear
NOX 6,715 gm/year
Floor Area 128,800 fi2
Utility Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total
Alternative: 4 EarthWise with Storage
Electric
On-Pk Cons. (kWh) 90,684 82,048 98,737 86,489 97,258 98,677 95070 105333 89,082 95,763 90410 85,812 1,115,475
Oft-Pk Cons. (KWh) 8,854 7,635 7,004 8470 19,528 29,324 49,109 45699 26,604 15,052 7,456 8,328 233,152
On-Pk Demand (kW) 385 383 385 387 407 413 474 430 418 407 381 381 474
Off-Pk Demand (kW) a7 a7 41 207 218 248 306 285 246 207 80 46 308
Gas
On-Pk Cons. (therms) 2,930 2052 1,345 261 1 0 a 0 1] 210 1,185 1,721 9,705
15 s 15 11 o 0 [} 0 [i] T 14 15

On-Pk Demand (therms/hr)

Energy Consumption
43271 Btul(ftz-year)

Building
Source 115,152 Btu/(ft2-year)
Floor Area 128,800 12

Environmental Impact Analysis

coz2 3,463,263 lbmiyear
502 3,134 gmiyear
NOX 6,246 gmiysar
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