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Abstract

This report summarizes the cost analysis regarding a HVAC system upgrade to the Cowell
Wellness Center. As part of an ongoing effort to make the university more sustainable
and energy efficient, in August 2011 physical plant purchased a high-efficiency replacement
component for the system called a cold water chiller. While the old cold water chiller
consumed 1.4kW/ton of cooling the new one consumes 52.4% less at .681kW/ton of cooling.
Although the unit of energy / ton may seem obscure it effectively means the new chiller
can perform just as the old but do it while consuming much less energy. Through computer
simulation of the Cowell Wellness Center and its HVAC system it was determined that on
average the new chiller will save 36,530kWh of energy annually (this corresponds to an annual
cost savings of $6,210). While the school spent $25,138 for the cold water chiller, necessary
fittings, and installation the school can expect to break-even on the investment in summer of
2016. Using a conservative estimate of twenty years before the new chiller will need replaced,
it will not only pay itself off but save the school an additional $71,118 in energy costs.



Introduction

In August 2011 University of the Pacific’s physical plant department purchased a new en-
ergy efficient cold water chiller to replace a legacy component in the Cowell Wellness Centers
HVAC system. This replacement project is one of the subprojects that make up the Univer-
sitys ongoing efforts to make the campus more energy efficient and thus more sustainable.
An added benefit in making energy efficient upgrades is that they lower electric utilities costs
for the university. The purpose of this paper is to illustrate the electric energy savings the
university can expect due directly to upgrading the cold water chiller in the Cowell Wellness
Center.

Figure 1: Cowell Wellness Center

Computer Modeling

HVAC systems offer unique challenges when estimating energy consumption. Unlike lighting
systems, HVAC systems have don’t have preset or easily estimated run times. Specifically
cold water chillers dont have discrete modes of operation (ON/OFF), but can operate in
variable modes of load all of which consume energy at different rates. Since HVAC sys-
tem utilization depends heavily on weather and temperature, their utilization is by nature
stochastic. In addition operating time depends heavily on application. Details such as build-
ing size, orientation to the sun, location of earth, and even the efficiency of other components
in the HVAC system all affect the energy consumption the of cold water chiller. It is for
these reasons that deriving a time table for the university to break-even on its investment
on the cold water chiller necessitated a reliable computer program that could simulate both
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the building and the HVAC system.

To do this particular analysis a program named eQuest was chosen. The program is a HVAC
energy consumption simulator that was written by a former employee of Lawrence Berkley
National Laboratory, and is sponsored by the U.S. Department of Energy. Information such
as the building square footage, the number of floors, its orientation to the sun, location of
windows, construction materials, ceiling heights, electrical loads, etc were all inputted into
the program for the Cowell Wellness Center. Once the building construction was inputted
into eQuest the HVAC systems physical specifications were also inputted. Note that the
parameters for the building were derived from technical building drawings provided by phys-
ical plant, and all the specifications for the HVAC system came from documentation created
by the original installer of the equipment. For reference all the parameters used for this
simulation are shown in Appendix A.

Figure 2: eQuest 3D rendering of Cowell Wellness Centercowell3d

Simulation and Results

Once the building and HVAC systems input parameters were doubled checked for accuracy
a simulation was run on the building with its original HVAC system. The simulation yielded
a plot that summarized the estimated energy consumption for all components of the HVAC
system, but only the value for the cold water chiller concerned this analysis. This figure and
the monthly estimates are shown in figure 3, note that the cold water chillers consumption
is listed under space cooling. Note that just the chiller unit consumes 75.35MWh per year,
which is approximately equivalent to the energy usage of over seven average U.S. homes.
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Figure 3: eQuest Simulation of Old Cold Water Chiller

In August of 2011 physical plant had monitored the energy consumption of the cold water
chiller for several weeks using a complex energy measuring device called a Hioki Meter.
This complex tool generated plots of the energy consumption for the cold water chiller.
These several plots are shown in Appendix B, but figure 4 summarizes their findings and
extrapolates them out for the month of Augusts energy usage. Note these extrapolated
values for entire month energy usage were generated my multiplying each energy usage value
by an appropriate scale factor that accounts for 31 days in August rather than the reading
duration ie 12 days, 7 days, 1day.

Figure 4: Table of Hioki Meter Readings Extrapolating for Month of August
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It was found that averaging the extrapolated values for the entire month of August yielded a
value of approximately 14.567MWh consumed. This value was then treated as the standard
to measure the accuracy of the computer modeling against. Since the observed values were for
August to evaluate the accuracy of modeling the simulated value was August was compared
against the aforementioned observed value. It was found that the two values (simulated and
actual) differed by only 3.7%. Figure 5 demonstrates how this error was calculated.

(14.567MWh− 14.03MWh)/(14.03MWh) ∗ 100 = 3.7%

Figure 5: Error Between eQuest Baseline Simulation and Observed

For the purposes of this project 3.7% error was determined to be acceptable considering the
load variables that could be exactly matched in eQuest, such as the actual weather that was
observed in August 2011.

Before the energy consumption that eQuest was turned into cost, it was discovered that
some of its output would need to be adjusted to better characterize the Wellness center.
Specifically eQuest suggested that cold water chiller would consume energy in the months of
December, January, February, and March. After discussing this phenomenon with physical
plants HVAC system experts Scott Heaton and Mark Trujillo it was decided that these
months cold water chiller energy consumption be assumed to be zero since it is manually
turned off in these months. Figure 6 displays the weather observed for the calendar year of
2011, and from this it can be seen that there no days with a high above 75 for the months
of January, February, March, or December. Figure 6 shows the manually adjusted simulated
values for cold water chiller energy consumption.

4



Figure 6: Observed Weather of 2011

Figure 7: Simulated Monthly Energy Consumption (Adjusting for No Load Months)

Using the above data, the total annual energy consumption for the old cold water chiller was
approximately 67MWh. After transportation costs for moving energy from the universitys
electrical substation, the each kWh of energy costs $.17. Using the energy cost figure of $.17
per kWh provided by physical plant, figure 8 shows the annual cost of running the old cold
water chiller was $11,395.10.

67.03MWh ∗ (1000kWh/1MWh) ∗ $.17/1kWh = $11, 395.10

Figure 8: Annual Cost of Old Cold Water Chiller

Next for comparison the new cold water chiller was introduced to the eQuest software. Since
the effective capacity of the two chillers was the same all that needed be to changed in the
simulation was its energy efficiency. Figure 7 shows the difference of the old and new cold
water chillers in energy efficiency. Note that the unit of ton refers to a ton of cooling which
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is a common measure of cooling capacity and refers to the heat required to melt a 1 ton
block of ice in a 24 hour period.

Figure 9: Energy Efficiencies of New and Old Chiller

Using the chiller efficiency of .681kW/ton another eQuest simulation was run. This new
simulation represents the energy consumption of the new cold water chiller. Figure 10 shows
the actual eQuest output while Figure 11 shows the adjusted values (disregarding energy
consumption in the four no load months).

Figure 10: eQuest Output for New Cold Water Chiller
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Figure 11: Adjusted Simulation Values for Energy Consumption

Once again this energy consumption was converted to annual cost by multiplying by the
university’s energy rate. Figure 12 shows the method used to calculate the estimated annual
operating cost of $5185.

30.5MWh ∗ (1000kWh/1MWh) ∗ $.17/1kWh = $11, 395.10

Figure 12: Annual Operating Cost of New Cold Water Chiller

The replacement chillers annual operating cost is less than 50% of what the old chillers
operating cost was. This information is summarized in figure 13.

Figure 13: Annual Operating Cost of Chillers and Resultant Savings

Project Financials

In total the purchase of the cold water chiller, its required adapters, and installation cost
the school a total of $25,158. With a savings of $6,210.10 per year the school can expect to
have saved as much capital as it spent on the chiller in approximately 4 years. Figure 14
illustrates this calculation.
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$25, 158[cost of chiller]/$6, 210.10[savings/year] = 4.05 years

Figure 14: Break-Even Analysis Calculation

It is important to note while the above calculation suggests that one could merely add 4
years to the purchase date of the chiller to determine the date of break-even, this is not the
case. While the chiller was purchased and received by the University in August of 2011,
physical plant was not able to have it installed until it could be confident the cooling system
for Cowell Wellness Center would not be needed for several weeks. In addition, the chiller
is only in use (at variable levels) for eight months out of the year. This phenomenon is
illustrated in figure 15.

Figure 15: Expected Energy Usage of New Chiller per Month

Bearing this in mind, the chiller will approximately take all of the calendars for 2012-2015
and pay itself off somewhere in the summer or late spring of 2016. Since the cooling load
the Cowell Wellness Center will represent is based heavily on the random nature of weather
it is imperative to keep in mind that this break even time period could end up being shorter
or longer than estimated. In the event that the following four years bring larger numbers of
days necessitating cooling, the chiller will pay for itself sooner, in the opposite situation it
would take longer.
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A conservative estimate for the lifetime of the new chiller would be 20 years, since many
chillers have been used for over 25 years. This being the case, since the new chiller is
expected to pay for itself by summer of 2016, the chiller will still have 15 years left of
service. Assuming the energy cost the university pays stays at a flat rate of $.17/kWh the
university can expect to save a grand total of $96,256. Figure 16 illustrates this calculation.

14.5 years ∗ $6, 210.10/year = $96, 256

Figure 16: Expected Lifetime Savings

Conclusion

The replacement of the cold water chiller in the Cowell Wellness Center is an excellent
example of how sustainability investments made today in energy efficiency can save Pacific
significant amounts of money over the coming years. This particular investment is estimated
to pay for itself by mid summer of 2016, saving the university $6210.10 annually in energy
costs. Specifically the $25,158 investment for the new chiller is expected to save the university
$96,256 dollars in energy costs over a conservative lifetime of 20 years. Therefore the $25,158
investment will not only pay for itself off but also save teh university an additional $71,118.
Last but certainly not least Pacific can stand tall knowing that it has decreased its electricity
demand from the utility company and helped California take a step toward a more sustainable
tomorrow.
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