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Preface

Introduction

In December 2016, the General Services Administration (GSA) published a GSA Proving Ground (GPG) study,
GPG-031, Variable-Speed Direct Drive Screw Chiller Final Report, Sidney R. Yates Building. This study evaluated
the performance of a Carrier Corporation chiller that uses a variable speed screw (VSS) compressor under field
conditions at the Sidney R. Yates Building (Yates) in Washington, DC. Its performance was compared to that of a
Daikin chiller that uses a magnetic bearing compressor (MBC) which was collocated at the site and installed in
parallel to the VSS chiller. Danfoss Turbocor Compressors (Danfoss) manufactured the compressor used on the
MCB chiller.

In February 2017, GSA received written comments from Danfoss and Daikin. GSA commissioned a third-party
review of the report in light of the concerns raised by Danfoss and Daikin. This review was performed by the
National Renewable Energy Laboratory and included assessing the suitability of the measurement and
verification (M&YV) plan, field instrumentation, and data analysis employed in conducting the GPG-031 to deliver
accurate results. GSA’s paramount concern was to ensure that GPG test bed evaluation outcomes are accurate,
objective and credible.

This revised document reflects the outcome of that review. It is divided into three parts. The “Preface” and its
subsections provide additional detail on the test bed design and field data collection, as well as additional data
analysis. The body of the original report, which begins on Page 1, has been edited for clarification and to remove
language which had been misinterpreted. The appendices from the original report have been expanded to
include relevant information that complements the Preface and edits to the original report’s body.

In its entirety, this report clarifies valid conclusions that can be drawn from the analysis of data collected as part
of the study and the subsequent review.

Background

Ten percent of a typical commerecial office building’s energy goes to space cooling. For the 32%" of commercial
buildings relying on a central plant to provide this cooling, selecting a chiller will have a large and lasting impact
on a facility’s energy and operating costs.

A previous GPG study, GPG-009 “Variable-Speed Oil-Free Centrifugal Chiller with Magnetic Bearings”
(December 2013), evaluated a chiller using the MBC technology at a test bed location in Pine Bluff, Arkansas.
This study found that, compared to a Federal Energy Management Program— (FEMP)-designated? high efficiency
rotary screw chiller, the MBC chiller delivered a 35% improvement in efficiency with greatly reduced noise. GSA
has subsequently recommended targeted deployment of MBC technology.

In 2014, a new high efficiency VSS chiller was submitted in response to GPG’s RFI for consideration by the
program. This submission claimed that their technology “already has the best published efficiency in the
industry (as low as 0.299 kW/Ton IPLV)”? and would likely deliver improved performance at comparable or lower

' GPG study, GPG-009 “Variable-Speed Qil-Free Centrifugal Chiller with Magnetic Bearings” (December, 2013); available at
the following link: https://www.gsa.gov/portal/content/180775.

? https://energy.gov/eere/femp/purchasing-energy-efficient-water-cooled-electric-chillers.

* Carrier’s submission to the GPG program.
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cost and across a greater band of operating conditions “as design conditions change.”* Based on this

information, GSA selected the technology for inclusion in the program and further evaluation.

Test Bed Selection

GSA’s goal is to provide the best possible value to the taxpayer by making sound investment decisions in
advanced building technologies. These decisions are made based on how each technology performs in actual
operating facilities, as opposed to performance measured in a controlled environment such as a laboratory or
test facility. To meet this requirement, the GPG uses GSA’s portfolio of federally-owned properties to find a
location in which to conduct each technology’s evaluation.

Oak Ridge National Laboratory (ORNL) developed a set of technical attributes that described a building which
would make a valid test location to measure the VSS chiller’s performance. Based on these characteristics, GSA
facility management staff identified the Sidney R. Yates Building (Yates Building) in Washington, D.C as satisfying
all of the selection criteria. The Yates Building, a 208,000 ft? brick office building, was constructed in 1880 and
was completely renovated as modern office space in 2013. When the renovation was completed, cooling for the
building continued to be provided by two 350-ton chillers. A chiller replacement project, “right sizing” the
cooling capacity to current loads, was planned to complete this project.

As the chiller retrofit project was initially designed, two MBC chillers were specified. These units were to be of
the same technology type that proved its performance in the previously mentioned GPG evaluation. However,
by installing one VSS chiller in place of one MBC unit, the new technology’s performance could be evaluated and
compared to the baseline performance of the current state-of-the-art chiller technology. Each chiller’s
performance could be measured concurrently, thereby minimizing any impact that weather or occupancy
changes would have over an extended time period.

Test Bed Design

GSA asked Setty & Associates (Setty), an engineering firm previously been retained for the Yates Building chiller
replacement project, to revise their design for an optimized chilled water plant at the Yates Building to
substitute a VSS chiller for one of the MBC units. The chillers were to be of equal cooling capacity, one using
MBC and one using VSS technology. Setty’s system design was such that the chillers worked in parallel, serving
the same chilled water loop in the building, the same cooling tower/condenser water loop, and the same pumps
that served both water loops. The design was to create an operating environment for each chiller that was as
equal as possible in an actual building.

The specified cooling capacity for each chiller was 275 tons, the capacity determined as sufficient for each
individual chiller to carry the whole building load in all but the most extreme of operating conditions. The design
was intended to support a test plan in which the chillers would alternate days of operation while meeting the
comfort needs of the Yates Building’s occupants.

The traditional federal procurement process was followed for purchasing the MBC technology. The VSS
technology was obtained through GPG’s RFl and donation acceptance process. Appendix A of the report shows
the cut sheets for the installed MBC and VSS chillers.

* Carrier’s submission to the GPG program.
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MBC Chiller Cooling Capacity

Subsequent to initial publication of the report, the evaluation team was informed by Danfoss, the MBC
compressor original equipment manufacturer (OEM), that the installed MBC chiller was not, in fact, the most
efficient MBC chiller available at the time. They asserted that it was, in fact, oversized for the requested capacity
of 275 tons refrigeration.

To understand how this claimed disparity occurred, the project team conducted a thorough review of events
that led to the selection and installation of the MBC chiller deployed at the Yates test bed. This review included
examination of all correspondence between the project engineers, the project manager, the vendor, and the
evaluation team. The review also includes on-site inspection of individual components of the MBC chiller. Details
of the review are given in Appendix C of this report.

After thoroughly reviewing all documents and correspondence on this issue, the evaluation team draws the
following four conclusions.

e The MBC chiller provided by the vendor in response to GSA’s request for a high-performance 275-ton unit
can, in fact, provide up to 400 tons of cooling.

e At no time throughout the entire process, up until spring 2017, did the project team have any reason to
believe that they had received anything other than an optimized 275-ton Daikin chiller from Havtech. Due
diligence was performed at every step to verify that an appropriate 275-ton MBC chiller was installed at the
Yates test bed. The installed MBC chiller is therefore representative of a vendor-supplied chiller meeting
engineering requirements for a 275-ton load delivered through a well-managed federal procurement
process.

o The test bed design for GPG-031 was to use a chiller technology that GPG had previously proved out as
delivering known state-of-the-art-performance (MBC) as a baseline to compare a second chiller technology
(VSS) with similar or better performance claims. The MBC vendor confirmed that they believed they were
providing the most efficient MBC chiller for the project at the Yates test bed. All documentation supports
the installed MBC chiller as legitimately representative of what a typical engineering and procurement
process would deliver for this application and, therefore, a credible baseline.

e Retrospective speculation about what a different MBC chiller’s performance “could have been” is outside
the scope of this assessment. It cannot be known whether the performance of a chiller of lower nominal
tonnage would have had an incrementally positive, incrementally negative or negligible impact on aggregate
chiller performance.

Measurement and Verification (M&V) Design

The prime M&YV objective of this study was to measure the energy consumption rate for each chiller under
similar conditions. The energy consumption rate is a metric that shows the amount of electrical power,
measured in kilowatts, required at any moment to produce the corresponding quantity of cooling, measured in
tons refrigeration. Therefore, the units for energy consumption rate are kilowatts per ton, shown in shorthand
as “kw/ton.”

In their letter of February 2017, Daikin and Danfoss both pointed to a perceived lack of detail and
documentation in the original report. They focused on the relative accuracy and level of uncertainty in the
methods used to collect and analyze data and compared this to methods used in GPG-031, as originally
published by GSA.
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In response to these comments, the evaluation team performed additional peer review of the test bed M&V
design, including the instrumentation’s accuracy, and the appropriateness of field measurement methods. Also,
the project team analyzed the data beyond that in the original report, including two forms of statistical
confidence analysis. The team also applied a simplified M&V method used by some energy service companies to
compare chillers’ performance. This information is summarized below.

Approach to Field Measurement of Power and Cooling

Power was measured by a revenue grade meter installed on the electrical service to each chiller.

The “tons of refrigeration” part of the metric was calculated by measuring the water flow through each chiller
(gallons per minute) plus the entering and leaving water temperatures (degrees Fahrenheit). The values were
inserted into the following equation to calculate tons refrigeration.

Tons Refrigeration = [Flow (gpm) X (Ty, — Tpyt) CF)] + 24.0

The equation above is a simplification of those below, which show the details of water’s density and specific
heat, as well as the conversions necessary to reach units of “tons refrigeration.”

Q= [VXPXCpX(Tin_Tout)]X
(1cf/7.48 gallons) x (1 ton refrigeration/12,000btuh) X (60 minutes/hour)
V = Flow Rate (gallons per minute)
p = Water Density (62.4lb/cf between 40°F & 60°F)
C, = Water Specific Heat (1 btu/(lbm * °F))

The preferred plan for measuring flow rate across the evaporator and condenser of each chiller would have
been to install a flow meter on the common chilled water and condenser water headers, as well as on the
individual chiller’s piping so measurements could be continued if both chillers were required to operate
simultaneously. However, space constraints did not allow appropriate straight pipe runs for these meters to
operate properly. Therefore, flow rates were estimated at each chiller by measuring the pressure drop across
each heat exchanger (psi) and correlating it to flow/pressure drop data provided by each manufacturer using the
following equation.

Flow (gpm) = Cy X \/Pressure Drop (psi)

The flow coefficient, C,, for each chiller’s evaporator section was calculated directly from flow and pressure drop
data provided in each manufacturer’s chiller cut sheets.

MBC Chiller: 471.43 gpm at 5.6 ft w.c. (2.42 psi) yields a C, of 303
VSS Chiller: 470.9 gpm at 8.6 ft w.c. (3.72 psi) yields a C, of 244
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Data in the VSS cut sheet acknowledge that the pressure drop varies slightly with changes in fluid temperature,
while the MBC data show the pressure drop as constant. Calculating the high and low values for the VSS chiller’s
C, shows a variation of less than +/-1% from its mean value. A +/-1% variation was applied to both chillers’ C,
values when calculating overall variation of their energy consumption rates.’

Each chiller’s operating profile, measured condenser water temperature, and percent full load were tracked

using the instrumentation described in Table P-1.

Table P-1. Instrumentation Plan

Site chilled water return temperature (aka “Evaporator
Entering Water Temperature”)

Site chilled water supply temperature (aka “Evaporator
Exiting Water Temperature”)
Site condenser water supply temperature

Site condenser water return temperature

MBC and VSS evaporator flow rate

MBC and VSS power consumption rate

Johnson Controls
TE-6300 Nickel

Johnson Controls
TE-6300 Nickel

Johnson Controls
TE-6300 Nickel

Johnson Controls
TE-6300 Nickel

Setra Model 230 differential
pressure (dP) sensor. dP was
combined with the respective
chiller’s flow coefficient (Cv) to
determine flow in gallons per
minute.

Veris E5X

Degrees Fahrenheit,
+/-0.34°F

Degrees Fahrenheit,
+/-0.34°F

Degrees Fahrenheit,
+/-0.34°F

Degrees Fahrenheit,
+/-0.34°F

Differential Pressure
- PSI, +/-0.25%

Flow Coefficient

- GPM/PSI?0.5, +/-1%
Evaporator Flow Rate
- GPM, +/-3%
Kilowatts, +/-0.2%

Cut sheets for the power meter, temperature sensor, and differential pressure sensor are shown in Appendix B

of the report.

Performance Measurement and Instrumentation Uncertainty

Data gathered during this study show that the VSS chiller had, on average, an energy consumption rate of
0.623kw/ton and the MBC chiller had an average energy consumption rate of 0.699kw/ton. Put another way,
the VSS chiller consumed approximately 11% less electricity per ton than the MBC chiller.

> ORNL is confident that the method of estimating flow through each chiller (calculating C, from manufacturer’s literature,
measuring pressure drop and using those values to estimate flow) is the most accurate possible approach to comprehensive
measurement of chiller performance under the site specific field conditions at the Yates test bed. During the third-party
review, NREL validated this approach as innovative, but not broadly accepted.

To corroborate its accuracy, the evaluation team analyzed the data set a second way, comparing the hourly energy
consumed by each chiller and correlating it to the average hourly outside air temperature. In this way, the chillers’
performance could be compared without having to use any flow measurements. Details of this method are given in the
Preface section titled “Analyzing Kilowatt-Hours Consumed vs. Average Hourly Outdoor Air Temperature.”

ORNL and GSA leadership have elected to include details of both methods of comparing chiller performance in the final
report. The findings complement each other, and providing details allows readers the opportunity to fully understand the
methods used in this report. Thereby, readers can draw their own conclusions.
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It should be noted, however, that while metered energy consumption is accurate to within 0.2% and
instrumentation used to calculate tons of refrigeration is accurate to within 3%, when the tolerance of all
instrumentation is considered in aggregate, the accuracy of energy consumption rates reported for each chiller,
in kw/ton, could vary by +/-8%. When the variance of +/-8% kw/ton is applied to the average measured energy
consumption rate of the MBC and VSS chillers, it is possible that the VSS’s 11% average energy savings relative
to the MBC installed at the Yates Building could vary from as high as +24% to as low as -4%.° The evaluation
team remains confident that this overall average level of savings is the best possible representation of real world
performance of this technology under field conditions. Both VSS and MBC chillers will deliver performance that
significantly exceeds a chiller delivering FEMP compliant energy consumption.

“A/B” Comparison

Figure 1 in the original report summarizes relevant data describing the operating conditions measured for both
chillers. The tables were used as tools to track the combinations of chiller percent full load and condenser
entering water temperature (EWT) under which each chiller operated, and the time that each chiller spent in
each combination. Every effort was made during the study period to provide reasonably equivalent operating
conditions as tracked by this table. For 82% of the tracked operating conditions, the two chillers had operating
times that were within 1% of each other. For 10% of the conditions, the VSS chiller had more operating time
than the MBC unit, and for 8% of tracked load/lift conditions the MBC chiller had higher operating time.

Analysis provided by Danfoss and summarized in Table P-2 showed that during the times the MBC had higher
operating time, the MBC chiller was operating with higher condenser water temperatures, which they felt could
have a negative effect on the overall characterization of measured energy performance.

As part of the report’s review, the project team conducted an analysis that allowed performance to be
compared within each particular band of condenser EWT. Details of this analysis and the results are given
further in the Preface in the section titled “Analyzing Kilowatt-Hours Consumed vs. Average Hourly Outdoor Air
Temperature.”

Table P-2. Relative operating time that the MBC (aka “centrifugal”) spent operating within each paired
conditions of “Chiller Load” and “Condenser EWT” as compared to time spent by the VSS chiller

Chiller Load (% of Full Load)

0.5 sl 30.0% A00% 50.0% 60.05% .05 BO.O% 90.0%

E" 19.9% 5.9% 0.9% 49,9% S5.9% 29.9% .9% B9.9% 100 R
B 0.0% - 19.95% J0.0% - 29.5% 30.0% - 39.9% 40.0% - 49.9% S0.0% - 55.9% 60.0% - G0LF% 70.0% - 79.9% BO.0P% - B9.5% 90U0% - 100.0%
E ST.E°F 2L {0 =L +0.0% +0L 0% ~0Li0F% =00 +.08% +0L0F% +0. 0%
9.5°F 9T AF 915974 +, 0% =0L % +0.2% +{, 2% +L =0L0% =0, 1% =0 1% +L 0%

hid BTSF  S24F §7.5-504 0.0 1% +.3% +1LB% +0.3% 0% —{.0% —0.0% -0.1%
E BLSF  BTAF BL5-B7A +0.0%% =005 -0.0% HL1% 0% 0 5!&_‘ +5.3% =0.7% =1.5%

w TIL5F  BXAF TI.5- 824 0.0 —0.1% -0.1% 0. 7% +L0% +9.3% +3.9% =7.5%| -1.5%

c TLEF TIAF TLS- 774 -0.1% 0.7 -1.0% -1.9% +1L.5% 6% -11% —0L6% -0.5%

% GT.5F T2AF §7.5- 724 +5.8%] =L.5% =0.4% =1.1% =3.4% =0.4% “0.2% =0.7% =0.1%
= GL5'F  67AF 6L5-674 =0.1% =00 =0.0% =0L0% =0.0% =0 1%/ =0.1% =0.1% =0.0F%

o ST.5F  614F 57.5-624 =0.0% =0l =0.0% =0.0% =0.0% =005 =% =0.0% =0.0%

w 57.4°F s57.4°F =0.0% =0l .05 =005 =0.0% .05 =008 =0 0% +0. 0%

centrifugal higher operating time
t1.000%nearly equal ope 'atung i
pentrifugal lower operating time

® To achieve a result of either 24% or -4% energy savings, temperature, flow, and kilowatt measurements would have to err
in a single direction on one chiller, while erring in the opposite direction on the other chiller. Statistically, this is highly
improbable.
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Data Analysis

Figure P-1 (Figure 3 in the report) shows the MBC and VSS chillers’ instantaneous energy consumption points. It
illustrates the data sets that compare each chiller’s energy consumption rate in kilowatts per ton over the range
of cooling capacity, given as “percent full load.”

10 LA LT 0 T T

— 08} 1
=

=

=

3

o 0.6 | .
o«

=

o

e

(=N

£

2 04} 1
| =

(=]

o -

=

2

<

w 0.2+ i

eee MBC Compressor
ees \SS Compressor
00 | | | L
0 20 40 60 80 100
Percent Full Load (%)

Figure P-1. Chillers’ instantaneous energy consumption points (20% to 100% full load).

The data points show that energy consumption rates for each percent full load have a one magnitude variance,
ranging from 0.1kw/ton to 1.0kw/ton. This variance is attributable to the real-world dynamics of constantly
changing cooling load and resulting changes in power input to the motor to change the cooling capacity
provided by the evaporator section. These transition periods cause the energy consumption rate to vary
significantly from an idealized, laboratory measured single curve across the range of percent full load (such as
the Integrated Part Load Value (IPLV) metric) into a shape more resembling a cloud.

These data show that the median of measured points is between 0.6 and 0.7 kw/ton, whereas both chillers’ IPLV
ratings are in the 0.32-0.33 kW/ton range. This variance is accounted for by the nature of how IPLV is measured.
In contrast to field conditions, IPLV represents the steady state performance of a chiller as measured in a
laboratory environment under tightly controlled conditions of a constant cooling load under constant water flow
and temperature conditions. Under field conditions, cooling demand is constantly changing, requiring a chiller to
adapt dynamically. Chilled water flows and temperatures will rarely be exactly equal to those used in the
standards to calculate IPLV. Because a chiller rarely if ever reaches an idealized steady state of operation, its
kw/ton performance varies considerably, and is typically higher, than when measured in the lab.

Summarizing Field Results

To summarize the difference between the two “clouds” of data points, and to enable calculation of difference in
energy consumption rates, researchers applied a 2" order polynomial curve fit to each data set which was
superimposed on the graph. The equations for each data set are shown below.
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VSS Chiller: Y = 7.15078525e-05 x X"2 - 4.34458454e-03 x X + 5.94514674e-01

MBC Chiller: Y = 3.39824395e-05 x X A2 + 3.97657265e-04 x X + 5.30865291e-01

These equations were used to estimate the average energy consumption rate that would be found at certain
points of percent full load. These curves were included in Section V.A. of the report and represent a depiction of
results that were measured in the Yates Building and could (broadly, and within the range of error) be
considered as indicative of results that would be measured in other locations. For details of the calculations,
Section V.A. should be referenced.

To provide additional insight into the reliability of this data summary, a 95% confidence interval was calculated
for the two polynomial equations that estimate mean energy consumption rates in Figure P-1. This confidence
interval is superimposed as gray shading around each curve in Figure P-2.

The confidence intervals shown on Figure P-2 indicate that if 100 more sets of 20,000+ data points were taken
from the Yates Building chillers, and a second-order polynomial curve fit applied to the data sets, in 95 of those
tests the polynomial curve fit would fall within the shaded areas shown on the graph.

(Note: The gray area is best seen around the 20% Full Load and 95% Full Load areas of the graph, where fewer
data points were available.)

To further bound the level of uncertainty associated with field-measured data presented in the report, a second
statistical method was applied to the two data sets in Figure P-1. This method is known as a LOcal RegrESSion
(aka “LOESS”) analysis. A LOESS analysis calculates the mean value of the data points over a certain segment of
the x-axis. It also calculates a 95% confidence interval of mean Y-values that would be found through repeated
tests over that same segment. The analysis then assembles these values into a curve of mean values with the
associated confidence interval and superimposes these curves onto the respective scatter plots.
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Figure P-2. 95% confidence interval around polynomial curve fit.
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Figure P-3 shows the LOESS analysis that was applied to the data sets shown in Figure P-1.
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Figure P-3. LOESS analysis with 95% confidence interval.

Two points need to be made about the LOESS analysis diagram. First, between 30% and 85% full load, the lines
for each data set are very close to those found in Figure P-1. Second, the confidence interval in this range is very
narrow, which indicates a high probability that in repeating this test, the mean Y-values from those tests would
be very close to the mean Y-values calculated from the test at the Yates Building.

In summary, both the LOESS analysis and confidence interval agree very closely with the analysis presented in
the report and summarized in Figure P-1. The curves follow very similar shapes, and there are sufficient data
points to have confidence that the average kw/ton for each chiller is very close to the calculated curves.

Chiller Plant Energy

The project plan for this study focused on documenting and analyzing the performance of two individual chiller
technologies. As noted in Section VI.B. of this report, the measured energy consumption rate of a chiller is one
of multiple factors that impact the overall energy cost associated with providing cooling to a facility. The entire
chilled water system includes other energy-consuming equipment such as condenser and chilled water pumps
and the cooling tower. The performance of this equipment can vary widely from site to site. Because the energy
efficiency of a chiller is the largest single contributor to the overall efficiency of a chiller plant, selection of the
proper chiller by a qualified mechanical engineer is required to optimize the overall efficiency of the chilled

water plant.
Analyzing Kilowatt-Hours Consumed vs. Average Hourly Outdoor Air Temperature

During the review process, the project team applied an alternative M&V method to see if it would corroborate
findings originally published in GPG-031. This analysis is based upon a protocol found in “M&YV Guidelines:

Variable-Speed Screw Chiller, Revised July 2017 Page xiv



Measurement and Verification for Performance-Based Contracts, Version 4.0,”” published by the Department of
Energy’s Federal Energy Management Program. Table 4-1 of the M&V guidelines describes an “Option B” M&V
method and says, “This option is based on short-term, periodic, or continuous measurements of baseline and
post-retrofit energy use (or proxies of energy use) taken at the component or system level.”

When applied in an energy saving performance contract (ESPC) that involves a new chiller, this option is
frequently applied by correlating energy usage of the baseline and new chillers to the concurrent outside air
temperature (OAT). Given that the project had already gathered power consumption data that could be
compiled into hourly data points, and given that outside air temperature data are available from the National
Weather Service at Reagan National Airport less than 2 miles from the site, it is appropriate to apply this method
to compare the energy performance of the two chillers at the Yates Building.

The VSS and MBC data sets graphed in Figure P-1 were used in this analysis. The sets were parsed in the
following fashion.

e The original data points shown in Figure P-1 were gathered in 5-minute intervals. In the new analysis, the
data were filtered into points that represented 1-hour time blocks. To translate into one of the new data
points, there had to be sufficient data that showed that the same chiller had operated for all twelve
5-minute blocks within the same hour.

e For each chiller’s 1-hour block that contained twelve complete data points, the power measurements were
averaged to determine the total energy consumption (measured in kilowatt-hours) during that hour.

e Hourly average outdoor air temperatures were gathered from National Weather Service data for Reagan
National Airport. The airport is less than 2 miles from the site. The same temperature data set was used for
both chillers’ energy consumption graphs.

e The hourly energy consumption was graphed against the average hourly outside air temperature for each
chiller.

e The new data set was further divided into three separate graphs based upon the condenser EWT during
each hour. The bins used to divide the graphs are the same bins used in Table P-2, with focus being on the
following three bins:

o EWT between 67.5°F and 72.5°F
o EWT between 72.5°F and 77.5°F
o EWT between 77.5°F and 82.5°F

e These specific EWT bins were selected for three reasons.

o First, when the 5-minute data points were compiled into 1-hour points, bins with other EWTs did
not have sufficient 1-hour points to create any meaningful graphs.

o Second, within these three EWT bins are five of the seven boxes shown in green within Table P-2.
The green boxes identify the sets of conditions within which the MBC had slightly more operating

7u.s. Department of Energy, Federal Energy Management Program (November 2015), “M&YV Guidelines: Measurement and
Verification for Performance-Based Contracts,” Version 4.0. Available at
https://energy.gov/sites/prod/files/2016/01/f28/mv_guide 4 0.pdf.
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time than the VSS chiller. The boxes identified in green tended to have higher condenser EWT, and
Danfoss felt that operating the MBC unit a greater time under these conditions would have skewed
the overall findings such that its performance looked less favorable relative to the VSS chiller’s
performance. By focusing on the chillers’ respective performance within these individual narrow 5°F
bands, the impact to the aggregate performance is negated, and their performance can be directly
compared, regardless of any disparity of run time.

Third, these three EWT bins contain eight of the nine sets of conditions identified in red within

Table P-2. The red boxes represent conditions in which the MBC chiller operated somewhat less
than the VSS chiller. The red boxes tended to be grouped where there was lower condenser EWT. As
with the second bullet point above, Danfoss felt that operating the VSS chiller slightly more when
the EWT was lower would have given it an advantage when the two chiller’s aggregate performance
was compared. As with the point above, the impact of these red boxes on aggregate performance is

negated when focusing on individual bins.

Each bin is defined by a band of condenser EWT that is only 5°F wide. By dividing the data into these bins, and
comparing the chillers’ performance to each other only under the conditions within each bin, the project team
can draw inferences that will address the concern raised by Danfoss and discussed in the section above titled

“’A/B’ Comparison.”

Figures P-4 through P-6 show the three graphs that were produced using the above method. Each graph has a
second-order polynomial curve that was fit to the respective chiller’s data set and which represents a mean
value for that set. Also, there is a shaded area around each curve that shows the 95% confidence interval for the

mean value curve of that respective data set.
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Figure P-4. Energy consumed (in kilowatt-hours) per hour when condenser EWT

is between 67.5°F and 72.5°F.
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Figure P-5. Energy consumed (in kilowatt-hours) per hour when condenser
EWT is between 72.5°F and 77.5°F.
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Figure P-6. Energy consumed (in kilowatt-hours) per hour when condenser
EWT is between 77.5°F and 82.5°F.

Figures P-4 through P-6 show that on average, the VSS chiller consumed fewer kilowatt-hours of energy per hour
than the MBC chiller, except when the outside air temperature and condenser EWTs were at their warmest.
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To quantify any difference in energy consumption, the average energy consumption values along each curve
were weighted based upon the number of times that the respective OAT occurred on the x-axis. The differences
are noted below.

e  When the EWT was between 67.5°F and 72.5°F, the MBC chiller consumed 7.7% more electricity than the
VSS.

e When the EWT was between 72.5°F and 77.5°F, the MBC chiller consumed 15.9% more electricity than the
VSS.

o  When the EWT was between 77.5°F and 82.5°F, the VSS chiller consumed 0.8% more electricity than the
MBC chiller.

e When energy savings from the three graphs are averaged and weighted based upon the number of points in
each graph, the VSS chiller used approximately 3.4% less energy than the MBC chiller during this time
period. This finding is within the variance of the initial finding of 11% energy savings from the VSS chiller.

With respect to the Danfoss assertion that having more data points with the MBC chiller operating at higher
condenser EWT might have skewed results, Figures P-4 through P-6 show that as the EWT rose into the

77.5 to 82.5°F range, the MBC chiller actually started to perform favorably relative to the VSS. Therefore, if
gathering more MBC data points at higher EWTs had any impact on the aggregate comparison of the two units,
it would have made the MBC chiller’s performance look better compared to the VSS unit’s, not worse.

The above analysis used no flow readings. This was purposely done as the accuracy of the field methodology
used to calculate flow readings has been debated between various parties reviewing this report, while the
accuracy of electrical power readings is unquestioned.

This analysis corroborates, by a means separate from that used in the original report, the original report’s
finding. That is, that at the Sidney Yates Building, on average, the VSS chiller used less electricity than the MBC
chiller.

First Cost Comparison

The purchase price for the MBC chiller in this report, $185,000, was based upon the actual price paid by GSA
when the unit was purchased through the federal contracting process.

The VSS chiller’s price, $119,000, was based upon a budget figure provided by the chiller’'s manufacturer. To
verify this value, ORNL used a third party to “ghost shop” the VSS manufacturer. This price was consistent with
the value that was originally provided.

These prices are included for reference only and reflect the stated value of the VSS chiller and the actual price
that was paid for the MBC chiller at the time of purchase. Note that these prices are a snapshot in time and may
not be indicative of current market pricing. The price difference is also for two chillers of different potential total
cooling capacities,® though similar IPLVs under the specified load conditions.

¥ See “MBC Chiller Cooling Capacity” Section for details of the MBC chiller’s “potential total cooling” capacity.
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ORNL also surveyed other manufacturers who produced chillers that use the MBC and VSS technologies. This
survey resulted in a wide variety of prices based upon various features that each manufacturer included on their
units.

Condenser Water Temperature Range

The original project plan envisioned manipulating condenser water temperatures at the Yates test bed to create
conditions comparable to those found in other climate zones. At the Yates test bed, however, the MBC chiller
tripped off when the condenser water temperature rose above 90°F, which was the upper limit specified by the
design engineers on this project. Subsequent to publication of GPG-031, Danfoss stated that MBC chillers can
operate at any range of condenser water entering temperatures that is specified by the engineer, provided by
the specification is made clear at the start of the project. If a wider performance range for condenser water
temperature is specified for an MBC chiller, the design engineer should work closely with the vendor to evaluate
cost and/or performance trade-offs that might result.

Conclusions

After reviewing all comments received from Danfoss and Daiken in detail, performing additional due diligence
on the design of the Yates test bed, including installed equipment and additional data analysis, and subjecting
this report to third party review, as described above, the evaluation team affirms the conclusions originally
reported in GPG-031: both VSS and MBC chiller technology deliver state-of-the-art performance with rated
energy consumption that is more than 35% better than FEMP standards for water-cooled chillers. The evaluation
team further notes that GPG test bed evaluations are intended to offer broad guidance, and exact savings
figures from this report represent performance at a specific location under unique conditions, and cannot not be
rigidly extrapolated and applied to other facilities. The evaluation team underscores a key deployment
recommendation from that original report: It is incumbent that any new chiller or chilled water system be
evaluated by a qualified mechanical engineering team to ensure that the selected system is optimized to meet
conditions at the designated facility.
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I. Executive Summary

Executive Order 13693 requires that federal agencies reduce energy intensity by 2.5% annually by 2020.
According to the 2007 US Department of Energy Building Energy Database, heating, ventilation, and air
conditioning (HVAC) systems represent 39% of building energy consumption. In buildings that use large water-
cooled chillers, these devices can constitute a significant portion of energy consumed to meet HVAC demands.

Adopting new HVAC technologies, including advanced water-cooled chillers, provides facilities with the
opportunity to make advances in two areas that are vital to meeting HVAC needs: improving cooling reliability
and reducing energy consumption. Chiller technologies available today can significantly increase the operating
range of the equipment while meeting unique design requirements. They can also help enhance reliable
operation in a wider variety of conditions, whether caused by changes in maintenance practice or as new
demands are placed on the building.

In this project, the GPG program measured the performance of two water-cooled chiller technologies designed
for a 275-ton load:

1. Variable-speed direct drive screw chiller (VSS chiller).

2. Variable-speed direct drive oil-free centrifugal chiller with magnetic bearings (MBC centrifugal chiller, or
simply MBC chiller in this report).

The MBC technology is well established and its performance has been documented in a previous GPG study,
GPG-009, “Variable-Speed Qil-Free Centrifugal Chiller with Magnetic Bearings” (December 2013). The MBC
chiller in this project was used as the baseline standard to which the VSS chiller would be compared. These
chillers were installed in parallel in the Sidney Yates Building in Washington, DC. Instrumentation was installed
on the chillers to measure and verify performance in 5-minute intervals. Measured parameters included cooling
capacity, condenser water temperatures, power consumption, and chiller energy consumption rate in kilowatts
per ton.

Also during the evaluation, maintenance records were kept to indicate whether either unit experienced down
time or required any special repairs that might indicate a reliability challenge. Finally, the evaluation tracked
ongoing conversations with the site operations team to gather their overall impressions of the two units.

During the evaluation, close track was kept of the cooling demand and condenser water temperatures
experienced by each chiller. This was to ensure that each unit was operated as equally as possible under a broad
range of field operating conditions. Also, in early spring 2016, unusual weather presented the opportunity to
start the chillers with a much colder than normal condenser water temperature. Then, during the summer’s
peak, the condenser water temperature was allowed to exceed 95°F to see how the chillers might operate in hot
climate zones or in the event of a cooling tower failure.

When measured across a broad range of operating conditions, the VSS chiller had an energy consumption rate
that was 11% lower than the MBC chiller (savings could range from +24% to -4% due to measurement
uncertainty®). Using the local unit cost of electricity of $0.122/kWh and the operating profile experienced at the

® To achieve a result of either 24% or -4% energy savings, temperature flow, and kw measurements would have to errin a
single direction on one chiller, while erring in the opposite direction on the other chiller. Statistically, this is highly
improbable.

Variable-Speed Screw Chiller, Revised July 2017 Page 1



test site resulted in $3,080/year in energy cost savings. The VSS chiller used on this project had an equipment
price that was about $65,000 less than that of the MBC chiller.

During testing in early spring, the water entering the condenser was as low as 55°F. The VSS was able to start
operation without any issues. The MBC manufacturer recommended 65°F as the minimum operating
temperature for which the chiller was designed and indicated that starting the MBC chiller at a condenser
entering water temperature of 55°F would void the warranty. During the high condenser water test, the VSS
chiller operated throughout the range of temperatures, while the MBC chiller reached an operating limit at 95°F.

The MBC chiller manufacturer was contacted about the limits experienced during this evaluation and was asked
how well the chiller would perform if placed in an unusually hot or cold climate. The manufacturer’s response
was that the chiller could be selected and designed to operate in whatever the normal range for condenser
water temperatures was in the site area. The chiller at the Yates Building was designed for Washington, DC, not,
for example, Phoenix, Arizona, or Fargo, North Dakota. Based on testing results and this response from the MBC
manufacturer, the evaluation team concluded that is incumbent on the engineer designing the chiller plant to
provide the chiller manufacturer with the minimum and maximum condenser water temperatures that might be
experienced at the site. If the proper temperature range is specified, both the VSS and MBC technologies can
provide chilled water without tripping off line due to reaching a high or low temperature limit.

As for maintenance challenges experienced during the evaluation, both machines operated without a
mechanical failure. However, the MBC chiller did require a repair to components related to mechanical
unloaders. The manufacturer made the repair promptly under warranty.

Based on findings in this study (see Table ES.1), the US General Services Administration recommends broad
deployment of both MBC and VSS chiller technology for new installations, end-of-life replacements, and energy
savings retrofits in facilities across all climate zones.

Table ES.1. Performance Objectives

.. . .. Metrics and Data ..
Quantitative Objectives . Success Criteria Test Bed Results
Requirements

Reduce Energy/Water Use Sufficient measurement and Lower kilowatts per ton Variable-speed screw (VSS)
verification points to measure than comparable chiller consumed 11% less
chiller load, condenser magnetic bearing energy than the comparable
temperature, power input, and compressor (MBC) chiller MBC chiller over the range
efficiency (kw/ton). under the same of operating conditions

conditions. during this evaluation

(savings could range from
+24% to -4% due to
measurement

. 10
uncertainty ).

%70 achieve a result of either 24% or -4% energy savings, temperature flow, and kilowatt measurements would have to err
in a single direction on one chiller, while erring in the opposite direction on the other chiller. Statistically, this is highly
improbable.
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Table ES.1. Performance Objectives (continued)

o s Metrics and Data .
Quantitative Objectives Success Criteria Results

Requirements

Reduce Costs Purchase price. VSS chiller has a lower At this site, the VSS chiller
Installation cost. overall life-cycle cost than had a lower purchase price
Maintenance cost. the MBC chiller and energy cost than the

MBC chiller. Indications
are that an operations and
maintenance contract at a
GSA facility would cost the
same whether either
chiller were installed at the

site.
Reduce Maintenance Manufacturer’s maintenance VSS requires less The MBC chiller had repair
recommendations. unscheduled maintenance. performed under
Maintenance repair tickets. warranty. The VSS chiller

had no mechanical issues.

Qualitative Objectives

Increase Comfort Chilled water supply temperature No difference in chilled Both chillers provided
over range of operating water supply appropriate temperatures.
conditions temperatures

Increase Reliability Continuous operation over entire VSS operates over the Both chillers operated
range of operating conditions. same or greater range of  successfully within the

operating conditions. range of conditions for
which they were specified.
The VSS unit

demonstrated an ability to
continue operating during
excursions outside its
specified range of
condenser entering water

temperature.
Increase Occupant Hot or cold complaints from No complaints from Neither chiller induced any
Satisfaction occupants. occupants or from complaints from
Chilled water supply temperature operations personnel. occupants.

records.

Il. Introduction
A. Objectives

Chillers are typically among the largest electrical loads in heating, ventilation, and air conditioning (HVAC)
systems. Due to technology improvements, the energy efficiency of chillers has increased more than 20% in
the last 15 years,™ while operational flexibility and ease of operation have also increased. Therefore,
replacing water-cooled chillers provides a significant opportunity to reduce energy use and achieve
appreciable energy efficiency improvement for a relatively large electrical load.

Y ANSI/ASHRAE/IES Standard 90.1-2016, Energy Standard for Buildings Except Low-Rise Residential Buildings, The American
Society of Heating, Refrigerating and Air-Conditioning Engineers, 2016.
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Large A Efficiency x Large Horsepower = Very Large Energy Savings Opportunity for Chillers

Most new chiller models will easily outperform 20- to 30-year-old chillers. However, there can be significant
efficiency differences between the new chiller models on the market. For this reason, it is important to
compare new chillers relative to each other and not just a single type or model relative to the old, inefficient
chiller being replaced. Some technologies will save significantly more energy.

It is also worthwhile to evaluate differences in operating ranges and capabilities among the different
technologies. Chillers providing greater operating range yield more reliable cooling and less sensitivity to
operating challenges that commonly manifest themselves in older buildings. Operators can also leverage
pump and system synergies using chillers designed for variable flow and or variable set point control. Given
the impact of chiller replacements on energy use reduction and operational reliability, understanding the
impact of competing technologies is valuable.

B. Opportunity

Within the US General Services Administration (GSA) real estate portfolio, nearly all large buildings
(>100,000 ft?) use a water-cooled chiller of some sort. This trend is true within the commercial sector as
well. Therefore, any technology that improves the energy efficiency of a water-cooled chiller has potential
to broadly impact energy consumption within these facilities.

Around 2010, a new type of chiller technology became a presence in the market. These chillers used
compressors that operated with oil-free bearings. Rather than using conventional lubricants, they operated
by levitating the bearings in a magnetic field. Hence, these chillers and compressors were referred to as “oil-
free centrifugal chillers with magnetic bearings” or “MBC centrifugal chillers” or simply “MBC chillers.”
These compressors use the centrifugal process to provide compression to the refrigerant and can vary their
speeds as the chiller load changes. They also use mechanical unloaders to limit refrigerant flow and cooling
capacity as demand changes.

In 2013, the GSA Proving Ground (GPG) program published a report that compared performance of the MBC
chiller to an existing chiller that used a constant-speed screw compressor. The MBC chiller showed 42%
energy savings relative to the existing chiller.*? The publication of these results had a significant impact on
chillers that were purchased for use in GSA facilities.

In 2014, the GPG program requested evaluation of a variable-speed screw (VSS) chiller that uses
conventional bearings with a variable-speed compressor that changes speed to match cooling demand. This
chiller is purported to offer energy efficiency that is higher than MBC compressor chillers. It is also claimed
to be able to operate under a wider range of operating conditions, especially condenser water
temperatures, than MBC units.

C. Technology Description

The chiller evaluated during this project is equipped with a positive displacement screw compressor that
uses three helical meshed rotors (aka “screws”) to draw a gas into a confined space between the rotors. As
they rotate, the gas is forced into a smaller confined volume, thereby raising its pressure. This type of
compressor is commonly used in industry, both in refrigeration systems as well as compressed air systems.
Until recently, this type of compressor typically operated at a constant speed. This meant that refrigeration

>GSA Green Proving Ground, Variable-Speed Magnetic Levitation Chiller Compressor, GPG Findings, GPG-009, December
2013; available on the GSA website under GPG-009 (https://www.gsa.gov/portal/content/180775).
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and compressed air systems had to use a variety of methods to change the unit’s operating capacity as its
operating requirements fluctuated.

What makes the chiller evaluated in this project unique is that its screw compressor is directly coupled to a
variable speed motor. When the motor changes speed, the compressor also changes speed, thereby
increasing or reducing the amount of refrigerant being compressed. Because the refrigerant flow rate can be
changed by altering the motor/compressor speed, this chiller’s capacity can adapt to changing cooling
demands without needing the accessories associated with constant speed screw compressors.

The VSS chiller is conventional in other aspects of its operation. It uses R-134a refrigerant and is available in
nominal capacities from 175 to 550 tons. It operates with condenser and chilled water flows and
temperatures that are consistent with other chillers used in HVAC applications.

Chillers operate within a system that includes other mechanical devices such as pumps and cooling towers.
System efficiency improvements like variable-speed pumps are becoming more common. When selecting a
replacement chiller, consideration should be given to its ability to support variable flow.

As mentioned before, the VSS chiller is offered in the 175-550 ton range. The MBC chiller is offered in
similar cooling capacities. It is possible for both types of chillers to be operated in chiller plants that have
only one unit, or multiple units can be installed to optimize service to the given facility. When considering
new chillers for a facility, it is critical to conduct a thorough engineering analysis to determine which
configuration will best serve facility needs.

lll. Methodology
A. Demonstration Objectives

The purpose of this study was to enable the adoption of new chiller technologies by identifying their ability
to deliver efficiency and operational flexibility. Two leading technologies were selected for testing in a field
environment, operating in parallel in an actual building. To enable the assessment of energy savings across
the GSA portfolio, each technology was operated and measured over a wide range of operating conditions,
providing confidence that the tested technology would perform in real-world applications.

The demonstration had three primary objectives.

1. Measure the energy consumption rate of each chiller. That is, determine how much electrical power
(measured in kilowatts) was required to produce a ton of cooling capacity.

2. Measure the energy consumption rate over the wide range of conditions that might be found at a
variety of sites around the country. The rate was measured across the chillers’ ranges of cooling
capacity, from 20% to 100% full load. Also, the entering and exiting water temperatures of the
condensers were tracked as this has a significant impact on energy efficiency. Site operations personnel
worked with the evaluation team to adjust condenser water temperatures higher than normal to
evaluate how the chillers would perform in a simulated hot climate zone. Close track was also kept of
the percent of full load and condenser water temperature each time an efficiency measure was made.
By tracking these data, the evaluation team and site operations personnel attempted to ensure that
each chiller was operated for roughly the same amount of time under each set of conditions, thereby
allowing a comparison under conditions as close to identical as possible.

3. Evaluate maintenance issues for the two chillers, and determine how they would impact life-cycle
costs.
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B. Criteria for Site Selection
The original criteria for choosing a demonstration site were very straightforward: a GSA office building with
the following characteristics.

e Atypical mix of usage: private offices, cubicle space, conference rooms, and common areas.

e A need for a new chiller in the 200—-400 ton range. (This is a common size range for facilities in both the
federal and commercial sectors.)

e An existing chiller to which the new VSS chiller could be compared.
e A supportive management and operations staff who were enthused about the project.

As the project team was searching for sites, a facility was found that met all the above criteria but was
planning for a complete chiller plant replacement. This full-plant replacement allowed for two new chillers
to be installed. One was a VSS unit, and one used MBC compressors. While such an arrangement was not
part of the original test plan, it presented an opportunity to evaluate the VSS unit’s performance and
compare it to the market’s incumbent state-of-the-art chiller technology.

. Measurement & Verification Plan

A. Description of Demonstration Site

The Sidney R. Yates Building, located at the corner of Independence Avenue and 16th Street, SW, in
Washington, DC, is a 208,000 gross square foot red brick office building constructed in 1880. The building is
listed on the National Register of Historic Places and serves as the headquarters of the US Forest Service.

In January 2014, after one year of renovations, the building reopened its doors to the 800 Forest Service
employees stationed at headquarters. Renovations focused on occupied spaces and an upgrade to the
building automation system.

The existing chiller system included two 350 ton centrifugal chillers (about 30 years old), constant-speed
chilled and condenser water pumps, and a 30,000 gallon in-ground concrete cooling tower. In 2014, the
building facility management team began planning for a renovated chiller plant—about the same time that
the GPG project team was scouting demonstration sites for a VSS chiller evaluation.

Because of the complete chiller plant renovation, there was an opportunity to install both an MBC chiller
and a VSS chiller in parallel to each other. The building’s new cooling load was calculated and determined to
be 275 tons, which would become the specified capacity for each new chiller.

The chillers were installed in parallel. Each was connected to the same chilled water and condenser water
loops so that the operating conditions for each would be as close to identical as possible within the field
environment.

The Yates Building chiller plant went into operation late in the summer of 2015. Performance data were
gathered for a few weeks during that summer and for the entire summer period in 2016.

Because the site is typical of office buildings found in the GSA inventory and located in a moderate climate
zone, findings from the Yates Building will be useful to facility managers across a wide range of other GSA

Variable-Speed Screw Chiller, Revised July 2017 Page 6



facilities. However, it must be emphasized that each facility should perform its own energy analysis to
determine what type of chiller plant will best serve the unique characteristics found at that site.

B. Test Plan

The test plan for this evaluation was very straightforward. As part of the chiller plant’s renovation, a
comprehensive instrumentation and control system that tracked a multitude of performance parameters
was installed. Critical to this evaluation, instruments were installed which could measure the following
parameters.

e Condenser manifold entering and exiting water temperatures. Understanding these values facilitated
adjusting the condenser water temperature to simulate cooling tower conditions that might be found in
different climate zones around the country.

e Chilled water flow rate at each chiller. This value, when combined with the entering and exiting water
temperatures, enabled calculation of the instantaneous cooling capacity of the chiller.

e Instantaneous electric power demand for each chiller. This value, when combined with the
instantaneous cooling capacity of the chiller, allowed a snapshot of the chiller’s energy consumption
rate measured in kilowatts per ton (kW/ton). This value is commonly used by the industry to represent
chiller performance.

Measurements for the chilled and condenser water temperatures were taken at a point in the piping system
that was common to both chillers. By positioning the sensors in this fashion, the project team ensured that
the same set of instruments was being used. Flow measurements were taken at each chiller’s respective
condenser and evaporator section. There was not sufficient space to install in in-line flow meter in the
common header, so measuring at each chiller’s heat exchanger was the appropriate path forward.

This project did not lend itself to establishing a conventional “baseline” of technology performance in which
an existing incumbent technology is operated and measured for a period of time and then the new
technology is installed and tested. Rather, both the MBC and VSS chillers were installed as part of the same
retrofit. These chillers were then operated in an alternating fashion to meet the facility’s daily cooling needs.
Data were gathered on each unit in 5-minute intervals during its operating periods. Data were gathered
instantaneously at each interval. Data were not averaged over the previous 5-minute period.

As mentioned previously, there was an attempt to give each unit roughly the same amount of operating
time under the same conditions. To facilitate this, tables like those shown in Figure 1 were set up to track
the number of data points, which were gathered under specific combinations of condenser entering water
condition and chiller full load. By doing this, the operations staff could modify chiller plant operations as
needed to balance the data gathered on each machine.
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Yates Bulldinh V55 Chiller (Data Set #1)
>97.5dF 1 0 0 0 2 1 0 0 0
92.5-97.4dF 0 1 0 0 0 1 El 8 0
&~ |B7.5-92.4dF 16 8 147 3 1 0 2 4 8
45';9 82.5-87.4dF 4 1 20 & 2 2 88 605 376
59@‘0 77.5-82.4dF El 14 24 82 204 701 1090 996 295
,é‘ 72.5-77 4dF 61 151 367 615 730 950 385 9 122
T 67.5-72.4dF 233 370 607 879 636 58 31 15 21
{tﬂé 62.5-67 4dF 17 2 4 5 5 11 10 10 2
éx?‘ 57.5-62.4dF 2 1 2 1 2 2 5 3 2
o <57.4 2 0 0 1 1 0 2 2 0
Total 11156 0-19.9% 20-29.5% 30-39.5% 40-49.5% 50-59.5% 60-69.9% 70-79.5% 80-89.5% 50-100%
Chiller Load (% of full load)
Yates Bulldin& MBC Chiller (Data Set #2)
>97.5dF 0 0 0 0 0 0 0 0 0
52.5-97.4dF 0 0 21 17 0 0 0 0 0
&g~ |B7.5-92.4dF 10 14 162 287 34 0 0 0 0
45"? 82.5-87 4dF 5 5 17 13 5 54 727 475 84
‘;}?‘3 77.5-82.4dF 7 6 14 8 289 1592 1391 105 120
é\. 72.5-77.4dF 42 68 135 163 818 528 137 23 58
N 67.5-72.4dF 806 188 515 575 228 49 3 1 1
{:ﬂé 62.5-67 4dF 4 0 0 0 0 0 0 0 0
Q‘g‘ 57.5-62.4dF 0 0 0 0 0 0 0 0 0
o <57.4 0 0 0 0 0 0 0 0 0
Total 10209 |0-19.9% 20-29.9% [30-39.9% |40-49.9% |50-59.9% |60-69.9% |70-79.9% |80-89.5% |90-100% |
Chiller Load (% of full load)

Figure 1. Sample tables showing how data on chiller performance were gathered and recorded.

C. Instrumentation Plan

During renovation of the Yates chilled water plant, the site’s building management system was upgraded so
that it tracked a myriad of performance data points. To focus on the energy consumption rate for each
chiller, the following parameters (Table 1) were closely tracked.

Table 1. Parameters Closely Tracked during the Evaluation

Site chilled water return temperature (aka “Evaporator Entering Water Temperature”) Degrees Fahrenheit
Site chilled water supply temperature (aka “Evaporator Exiting Water Temperature”) Degrees Fahrenheit
Site condenser water supply temperature Degrees Fahrenheit
Site condenser water return temperature Degrees Fahrenheit
MBC evaporator flow rate Gallons per minute
MBC condenser flow rate Gallons per minute
VSS evaporator flow rate Gallons per minute
VSS condenser flow rate Gallons per minute
MBC power consumption rate Kilowatts

VSS power consumption rate Kilowatts

Figure 2 shows the relative positions of the instruments used to track the various performance parameters.
The diagram also clearly shows how the chillers operated in parallel on the same condenser water and
chilled water circuits that served the facility. This allowed an excellent opportunity to focus on each
individual chiller’s performance without having as many outside variables to focus on.
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Figure 2. Schematic diagram showing the relative positions of the various
instruments used to track performance parameters.[MLC = maglev
centrifugal (chiller), an alternate name for the MBC chiller.]

Site Chilled

V. Measurement & Verification Results
A. Energy Consumption Rates vs. Percent Full Load

The data collected were assembled into a variety of graphs for analysis. Each graph is discussed in the
following paragraphs.

The first graph, shown in Figure 3, assembled the chillers’ instantaneous energy consumption points,
measured in kilowatts per ton, and plotted them against an x-axis of “percent full load.” A curve was then fit
to each chiller’s data set. Graphs such as this are very common in the industry when looking at a chiller’s
energy efficiency over the breadth of its cooling capacity.

At the testbed, the VSS consumed less energy than the MBC, though it is important to note that the
evaluation results may have been impacted by three factors:

e Measurement uncertainty. When the tolerance of all instrumentation is considered in aggregate,
the accuracy of energy consumption rates reported for each chiller, in kW/ton, could vary by +/-8%
kW/ton. Overall, the average VSS energy use was 11% lower than that of the MBC but savings could
range from +24% to -4%" due to measurement uncertainty.

e Uneven load profiles. As might be expected in a real-world test, the load profiles for the two chillers
were not exact. When the MBC had higher operating time, it was operating at a higher load and
with higher condenser water temperatures, which could have a negative effect on measured energy
performance.

2 To achieve a result of either 24% or -4% energy savings, temperature flow, and kilowatt measurements would have to err
in a single direction on one chiller, while erring in the opposite direction on the other chiller. Statistically, this is highly
improbable.
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e Chiller compressor capacity. The 275-ton MBC chiller purchased for this project was scrutinized
heavily prior to its installation to ensure that the vendor knew the expectation that they were to
provide a chiller with 275 tons of cooling capacity, and the vendor verified it as such. Subsequent to
the GPG study, the project team learned that the MBC chiller used on this project has the ability to
provide up to 400 tons of cooling capacity. It is not known, and is beyond the scope of this study, to
determine what impact, if any, this had on the project’s overall findings.
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Figure 3. Chillers’ instantaneous energy consumption points (20% to 100% full load).

The formulas for each of the curves are given in the equations below. They will be used later to determine
the energy consumption rate at specific points on the x-axis.

VSS Chiller: Y = 7.15078525e-05 x X2 - 4.34458454e-03 x X + 5.94514674e-01
MBC Chiller: Y = 3.39824395e-05 x X A2 + 3.97657265e-04 x X + 5.30865291e-01

To quantify the improved performance and its impact at the Yates Building, a second graph, Figure 4, was
assembled to show the facility’s load profile. It shows the amount of time that each chiller spent operating
within bins that are each 10% of each chiller’s full load capacity of 275 tons. When the hours in each bin are
summed (at the top of each bar in the graph), a realistic picture of the building’s operating profile emerges.
It should be noted that at no time were both chillers operating simultaneously to carry the facility’s cooling
load.
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Figure 4. Yates Building operating load profile.

To quantify the average energy consumption rate for each chiller at the Yates Building, the actual run hours
in each band from the bar graph above were assembled into the table shown in Figure 5.

Combined Chillers / Total Building| Midpoint of Band | Number of Hours in % of Full Year's | WSS kw/ton Weighted MBC kwi//ton | Weighted
% of full load, band width % Full Load Band Profile at midpoint kw/ton at midpoint kwi/ton

20-30% 25 50.8 3.8% 0.531 0.020 0.562 0.021

30-40% 35 112.3 8.3% 0.530 0.044 0.586 0.048

40-50% 45 153.8 11.3% 0.544 0.062 0.618 0.070

50-60% 55 177.3 13.1% 0.572 0.075 0.656 0.086

60-70% 65 340.3 25.1% 0.614 0.154 0.700 0.176

70-80% 75 328.7 24.3% 0,671 0.163 0.752 0.183

80-90% 85 176.6 13.0% 0.742 0.097 0.810 0.106

90-100% 95 14.8 1.1% 0.827 0.009 0.875 0.010

Totals: 1,355.5 100.0% 0.623| 0.699

Figure 5. Average energy consumption rate for each chiller.

The bands were totaled, and then the run hours from each band were divided by the total run hours to give
a percent of time that the total building spent operating within each band. This percentage is given in the
table’s fourth column (percent of full year’s profile).

The midpoint of each band was determined and placed in the second column. These midpoints were then
entered into the curve fit equations to determine an energy consumption rate in kilowatts per ton for each
band. This kilowatt-per-ton value is shown in the fifth column for the VSS chiller, and the seventh column for
the MBC chiller.
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In the sixth and eighth columns, each bin’s kilowatt-per-ton energy consumption rate was multiplied by the
percent of time that the building operated within that range. These values were then summed to give a
weighted average energy consumption rate for the operating profile at the Yates Building.

For the VSS compressor chiller, the energy consumption rate is 0.62 kW/ton.
For the MBC compressor chiller, the energy consumption rate is 0.70 kW/ton.

This indicates 11% lower energy use for the VSS chiller (savings could range from +24% to -4% due to
measurement uncertainty™®).

B. Energy Consumption Rates vs. Condenser Water Return Temperature

The evaluation team then took the same data sets but graphed them slightly differently. This time, the
energy consumption rate stayed the same on the y-axis, but the x-axis shows the condenser water return
temperatures (Figure 6). This graph was assembled to compare chiller performance under a wide variety of
cooling tower conditions. These variations can happen when facilities are located in different climate zones.
They can also happen when cooling tower fans fail and the condenser water reaches an abnormally high
temperature for the particular region (climate zone).
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Figure 6. Energy consumption rate vs. condenser water return temperature
when the chillers are running at 20%-100% of full load.

Figures 3 and 6 are compilations of all data points, including every combination of percent full load and
condenser water return temperature. The graphs in Figures 7-11 were produced in an effort to analyze the
data in more detail. For each of these figures, energy consumption rates are shown on the y-axis and

" To achieve a result of either 24% or -4% energy savings, temperature flow, and kilowatt measurements would have to err
in a single direction on one chiller, while erring in the opposite direction on the other chiller. Statistically, this is highly

improbable.
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condenser water return temperature on the x-axis for a “slice” of the load. A few notes to help the reader
correctly interpret the graphs follow.

Each graph has a curve fit to the data points for each chiller. These curves are not as gentle as the lines
shown in the composite graph (Figure 6). This is due to the fact that the graphs in Figures 7-11 have fewer
data points from which to fit the curve. Therefore, sharper bends are to be expected. However, the lines do
serve to make it visually clear that the VSS chiller has a lower energy consumption rate than the MBC chiller
at every point evaluated within the operating range.

The reader also might notice that the condenser water return temperature tends to be lower within the
graphs that show data points for a lower percent of full cooling capacity. This is quite normal as lower
outside air temperatures cause both events. The building doesn’t need as much cooling when it’s cool
outside. Also, the cooling tower works better and provides colder water when the ambient air temperature
is lower.

The graph in Figure 7 shows very few data points as the chillers were operating between 0 and 20% of full
load. This is typical of a normal facility’s operation as chillers do not often operate within this range.
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Figure 7. Energy consumption rate plotted against condenser water return
temperature when the chillers are operating at 0 to 20% of full load.

The graph in Figure 8, which presents data for the chillers operating in the 20%—40% full load range, shows a
larger mass of data points on the left side of the x-axis. This is typical of what would be expected as cooler
outside air causes both lower cooling demand and lower condenser water return temperatures.
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Figure 8. Energy consumption rate plotted against condenser water return
temperature when the chillers are operating at 20% to 40% of full load.

However, there are two knots of data points on the right side of the graph between 90°F and 95°F (one for
the MBC chiller and one for the VSS chiller). These points occurred during a test when the team deliberately
allowed the condenser water temperature to rise to this range so they could evaluate how the chillers
would respond under these conditions. As shown, the difference between the two energy use rates
increased dramatically. The MBC chiller vendor was contacted about this finding and responded that if one
of its chillers were going to be installed in a hotter climate zone, it would be designed for those conditions so
that the energy use rate would be lower than on the unit installed at the Yates Building.

The graph in Figure 9, in the 40%—60% full load range, shows the difference between the energy
consumption rates of the two units. This operating range is where many chillers spend a significant amount
of their time. If a facility is one of those, the VSS chiller could lower the cost of electricity for operating the
chiller.

The odd curves in the graph in Figure 10 are due to the small mass of VSS data points that are above 95°F.
During one particularly warm period, the facility’s operating staff operated the cooling tower into this range
to see how the chillers would respond. The VSS chiller continued to operate normally. However, the MBC
chiller tripped a compressor, and the operations staff elected to discontinue the test to prevent any damage
to the unit.
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Figure 9. Energy consumption rate plotted against condenser water return
temperature when the chillers are operating at 40% to 60% of full load.
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Figure 10. Energy consumption rate plotted against condenser water return
temperature when the chillers are operating at 60% to 80% of full load.

The graph in Figure 11 shows chiller performance at near maximum cooling capacity (80% to 100% of full
load).
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Figure 11. Energy consumption rate plotted against condenser water return
temperature when the chillers are operating at 80% to 100% of full load.

C. Operating with High and Low Condenser Water Temperatures

As mentioned previously in this report, among the evaluation’s goals was to determine how well the chillers
would perform in areas of the country that are hotter or colder than Washington, DC. The main impact that
these different climates would have on the chillers would be higher or lower condenser water temperatures.
Therefore, the project sought to create such temperatures within the cooling tower system at the Yates
Building.

As fortune would have it, in early 2016 there was a series of unusually warm days during which the building
needed the chiller system turned on. However, the cooling tower basin water was still at 55°F, which is
below the recommended operating parameters of both chillers. Site operations personnel contacted each
chiller manufacturer to learn how to do a start-up under these conditions.

The MBC manufacturer recommended not doing a start-up to avoid causing damage to the unit. According
to the manufacturer, the original specifications for purchasing the MBC chiller did not call for the ability to
start the chiller when the tower basin water was at unusually lower temperatures. Therefore, the MBC
chiller was not designed by the manufacturer to be started under these conditions. According to the chiller’s
manufacturer, chillers using the MBC technology can be built to start with a wide range of condenser water
temperatures, but the manufacturer has to know the expected parameters at the time of purchase to meet
these requirements.

The VSS manufacturer approved doing the start-up with the colder condenser water. Operations personnel
proceeded with the start-up, which went smoothly. The tower basin water temperature gradually rose into
what would be a “normal” operating range, and chilled water was able to be supplied to the building’s HVAC
system.
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Conversely, this project wanted to evaluate chiller performance when condenser water temperatures were
allowed to run higher than what would normally be seen at the facility. Higher temperatures would be
found in a hotter climate zone. They could also occur if the cooling tower fan failed.

Site operations staff reset the cooling tower temperature to 95°F. While operating under these conditions,
the MBC chiller had one compressor that tripped off line due to the higher temperatures. After the
condenser water temperature was lowered, the compressor was reset and continued operating normally.
Again, the MBC chiller manufacturer stated that the technology can operate at higher than normal
condenser water temperatures, but the range of expected temperatures has to be specified at the time of
purchase.

When the VSS chiller was operated with a 95°F entering water temperature, it continued operating normally
without any signs of distress.

Based on findings from these tests, it is incumbent upon the engineer designing the chilled water system to
perform a thorough analysis of their site’s specific condenser water temperature parameters to determine
the appropriate range to specify for their respective site. The VSS chiller demonstrated the ability to handle
wide temperature swings, and the MBC chiller manufacture asserts that their technology can handle wide
temperature ranges if they are specified up front in the purchase process. It was beyond the scope of this
study to determine if there are purchase price premiums associated with each chiller coming equipped with
the ability to continue operating over a wide range of temperatures. The chiller plant design team must
account for this cost if it exists, and weigh it against the criticality of their site’s need for continuous chilled
water.

D. Energy Savings

Table 2. Energy Savings and Greenhouse (GHG) Emissions Reduction

% Energy Savings GHG Emissions Reduction
(Compared to Baseline) (National Avg. Fuel Mix, M Ib CO,,

Yates Building The MBC unit, had it operated the entire
cooling season, would have consumed
approximately 168 Mwh of electricity.
The VSS unit would have consumed
approximately 150 Mwh. This is
approximately an 11% energy savings
compared to the baseline MBC unit at the
Yates Building (savings could range from
+24% to -4% due to measurement
uncertainty)

22,300 Ib of CO, equivalent, based upon
the US average CO, equivalent of
1,238.52 Ib/Mwh of energy saved

GHG calculation should be kilowatt-hours energy saving x local emissions rate = total emissions avoided.

The total emissions rate is found in column six (CO,e) of the table on page 1 of the EPA eGrid summary tables
(https://www.epa.gov/sites/production/files/2015-01/documents/egrid 9th edition v1-
0 year 2010 summary tables.pdf).

E. Cost-Effectiveness Analysis

The chiller is but one component in the chilled water plant that serves the cooling needs of any given facility.
Each component (pumps, cooling tower, control sequence, economizer heat exchangers, etc.) can have a
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great impact on the equipment costs, installation costs, operating costs, life-cycle costs, and overall
economics of the chiller plant.

It is not appropriate to attempt a detailed economic assessment looking at the MBC and VSS chillers in
isolation from the total chilled water plant; however, Table 3 offers a simple economic assessment based on
this test case.

Any facility management organization considering upgrading or replacing HVAC system chillers should
employ a qualified mechanical engineer to do a thorough economic and technical analysis that incorporates
all facets of chiller plant design to determine which type of chiller, which combination of components, and
what control sequence will best serve facility needs.

Table 3. Economic Assessment

Equipment Cost at the Test Bed  $185,000 $119,000
Installation Both chillers were installed at the same  Both chillers were installed at the same
time as part of a chiller plant time as part of a chiller plant

recommendation. Therefore, there was recommendation. Therefore, there was
no distinction between the two in their no distinction between the two in their

installed costs. installed costs.

Maintenance No measurable difference in scheduled No measurable difference in scheduled
maintenance costs. (See text in maintenance costs. (See text in
Section V.H. for details.) Section V.H. for details.)

Energy Saved 11% savings relative to baseline (savings
Baseline could range from +24% to -4% due to

measurement uncertainty).

F. Occupant Satisfaction

Both chillers provided chilled water at appropriate temperatures to the Yates Building. There was no noted
change in customer satisfaction during this test.

G. Installation and Commissioning

Installation for both chillers went smoothly. There was no difference between the two units during the
installation and commissioning phase.

H. Operations & Maintenance

As for maintenance challenges experienced during the evaluation, both machines operated without a
mechanical failure. However, the MBC chiller did require repair of a component. The manufacturer made
the repair promptly under warranty.

When evaluating ongoing scheduled maintenance costs, GSA requires that its site operations and
maintenance (O&M) contractors actually propose to charge less for a certain chiller before they can claim
that its maintenance costs are lower than a competing type. In the case of comparing scheduled
maintenance costs of VSS vs. MBC chillers, the evaluators could find nothing definitive that would indicate
that one chiller had lower maintenance costs than the other.
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The VSS chiller has only been installed at one GSA site (the Yates Building) to date, and that building’s O&M
contract did not change due to its installation.

Some facility managers who have longer term experience with MBC chillers indicated that the MBC chillers
would have lower maintenance costs due to the fact that these chillers use no oil in their compressors.
Intuitively there is merit to this assertion, but no O&M quotes have been provided to quantify any
maintenance cost savings.

Other facility managers posited that while there might be a slightly lower cost with the MBC chiller, it would
be so small that the overall 0&M contract would not change.

The project team discussed this issue with many knowledgeable parties, concluding that any difference in
scheduled maintenance cost, if any, would be very slight.

I. Information Technology Security

Neither chiller required special considerations from an information technology security perspective.

VI. Summary Findings and Conclusions
A. Overall Technology Assessment at Demonstration Facility

The assessment of the MBC and VSS chillers was completed under conditions that were as similar to each
other as was practical given dynamic field conditions. The results show that both chillers performed
effectively, consistent with rated energy consumption that is more than 35% better than FEMP standards for
water-cooled chillers. In summary, GSA recommends that both MBC and VSS chiller technologies be
considered when a facility is considering the purchase of a new chiller.

B. Lessons Learned and Recommendations
Importance of Proper Chiller Plant Design and Commissioning

The chillers are but one component in the equipment that provides chilled water to a facility. There are
pumps to move chilled and condenser water, a cooling tower to reject heat from the condenser water loop,
possibly heat exchangers to provide free cooling when appropriate, and a host of ancillary equipment all of
which will impact the overall success of the plant.

When a facility management organization is faced with either replacing a chiller or designing an entirely new
chiller plant, it is critical that it use the services of an engineer who is qualified and experienced in designing
chiller plants. The engineer will be able to make a detailed assessment of the facility’s needs and look at all
components of the chiller plant to optimize how they work together to maximize both the operational and
economic benefits to the facility.

As part of the design process, it is important for the facility staff and the chiller plant engineer to ask key
questions. Below is a partial list of those questions to help facilities in the early stages of considering a new
chiller. It is by no means meant to be all inclusive, nor is it meant to replace the advice of a qualified
mechanical engineer.

What is the actual peak cooling requirement of the facility?

For facility management organizations that are simply looking to replace an old chiller at its end of life, there
is a reflexive notion to simply purchase a new chiller with the same cooling capacity. However, it is likely
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that a facility’s actual cooling needs have changed since the original chiller’s installation. Added electrical
and computer equipment, changing outside air requirements, greater people density, or an entire change in
use (office space becoming a data center) can all change the overall cooling requirements. It is critical that a
new heat gain/loss calculation be performed to correctly size the new chiller plant.

What is the facility’s cooling load profile?

Most office facilities do not spend a significant amount of time at peak cooling capacity. Much of their time
is in the 40%—-80% peak load range. If a building operates like this, it is important to look at a chiller’s partial
load efficiency to see whether it has a low energy consumption rate (in kilowatts per ton) at the partial load
levels where it will spend much of its time.

By the same token, if a facility operates 24/7/365 with a fairly high and constant internal load, such as at a
data center, it would behoove facility management to focus on a chiller’s efficiency at maximum capacity.

Determining a building’s load profile is fairly straightforward. Simply track the chilled water flow rates and
temperature drops over time. These two values are almost always tracked in a building management
system. An annual load profile can be calculated with this information using a simple spreadsheet.

What is the cooling tower’s typical condenser water supply temperature?

This value is significantly influenced by a building’s climate zone. It can have a huge impact on a chiller’s
overall performance.

During this evaluation at the Yates Building, evaluations were conducted at both cooler and warmer than
average condenser water temperatures, and the MBC chiller had difficulty operating outside its design
parameters. The MBC vendor indicated that its chillers are custom designed to operate within certain
condenser water temperature ranges. For example, a chiller designed for Phoenix, Arizona, would be
different from one designed for Fargo, North Dakota. History has shown that when designed for a particular
facility’s operating conditions, MBC chillers perform reliably.

Condenser water temperature is an important data point to consider when designing a new chiller plant.

What is the local electricity rate structure, both consumption and demand, for the site?

There is a tendency to estimate a chiller plant’s energy cost by simply looking at a site’s utility bill and
calculating its average composite cost per kilowatt-hour ($/kWh). While this approach is okay for doing very
preliminary calculations, it is important to look at the impact of both the consumption charges and demand
charges and how they impact the site’s average composite cost.

If there are high demand charges within the rate structure, it is possible that thermal storage or some other
method of load shifting might be a cost-effective part of a new chiller plant design. Only a thorough
technical and economic analysis that includes consumption and demand charges can determine the optimal
chiller plant design.

Is there a chiller manufacturer that has a stronger presence in the facility’s area?

It is possible that certain manufacturers might be able to provide better service for a chiller based upon their
presence within a certain locale.
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C. Barriers and Facilitators to Adoption

This evaluation found no barriers to adopting either the MBC or VSS chiller technology at GSA and
commercial facilities.

D. Deployment Recommendations

The MBC and VSS chillers are appropriate for deployment across a broad variety of applications within the
GSA and commercial portfolios.

Any time a new chiller is required, whether being installed at a new facility or simply replacing a chiller that
has reached its end of life, the MBC and VSS chillers are valid options that should be considered.

The VSS chiller’s ability to tolerate swings in condenser water temperature may make it especially valuable
for critical applications such as data centers, high security facilities, or facilities that must operate 24/7/365.
Operations of such facilities can be hampered in the event of a cooling tower failure or other event that
causes condenser water temperature to swing unusually high. The VSS chiller demonstrated its ability to
tolerate these swings and continue providing chilled water better than the MBC chiller.

However, the MBC compressor OEM states that chillers equipped with their equipment can be designed to
tolerate any range of condenser water temperatures. The design engineer has to make sure they specify the
extremes that might be experienced at any critical site and communicate same to the chiller vendor.

Proper engineering prudence would then dictate which chiller provides the optimized option for the
respective facility.

A

.Appendices
A. Detailed Technology Specification

The images on the following five pages are from submittals for the VSS and MBC chillers that were installed
and evaluated at the Yates Building as a part of this test.
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=" AquaEdge Chiller Performance Outputs
Project Mame: 23XRV Government 275 ton chiller 111472014
Sales Ofifice: Camjer Smatepic Accounts 03:45 PM
Tag Name: 275 ton 23¥RV
Chiller Weight=
Chiller Modal . ZIXAVABABNPJR3S1- Total Rigging Waight 15791 b
Starter / VFD_._____ VFD - Unit Mounted {STD Tier) Total Oparating Waight _H107 b
Rafrigarant Typs R-134a Rafrigarant Waight 840 b
lzalation Valve Inztalled Condenzer
Hot Gas Bypass Inztalled Size Ab
Opearation Type Cooling Watsrbox Type . Marine Waterbox, 150 psi
lar Pazsas 2
Size Al Mozzle Arrangsment R
Waterbox Typa _____ Marine Waterboox, 1350 pei Tubing ______ Spike Fin Il {SPK3), 025 in, Copper
Passes 2 Fluid Type Frazh Water
Nozzle Amangement C Fouling Factor (hr-sgft-FRBTUY 0000025
Tubing . ._Super E3 (SUPE3), 025 in, Copper Motor
Fluid Typs Fresh Water Size J (P comp)
Fouling Factor (hr-aqft-F)/BTU _ 000010 Lina VoltagaHsartz A60-3-80
Compressor
Siza P (PL Opt.)
Economizer Ho
Output Typs Full Load Part Load Part Load Part Load
Parcant Load 100.00 T5.00 50.00 25.00
Ghiller Gapacity 275 Tons 208 Tona 138 Tone 69 Tons
Chilliar Imput kKW 168 kW BS kKW 38 KW 21 kKW
Chillar Input Powsr 0615 kWiTon (0414 kKW/Ton  |0.278 kWiTon  [0.303 KW/Ton
Chillsr GOP b2 B.50 12.66 11.60
IPLV 0.328 kWiTon  |N/A MNAA MNAA
Coolar
Entaring Temp. 538TF 51.48 F 48.98 F 46,48 F
Laaving Temp. 00 F 44.00 F 44.00 F 44.00 F
Flow Rats 660.0 gpm 6600 gpm 6600 gpm 680.0 gpm
Preasure Drop 13.9 ftwg 13.9 ftwg 14.0 ft wg 14.0 ft wg
Condenssr
Leaving Temp. MAZF B1.71F BB F B7.18F
Entaring Temp. B5.00F T5.00 F B5.00 F B5.00 F
Flow Rats B25.0 gpm B25.0 gpm 8250 gpm B825.0 gpm
Preasura Drop 124 ftwg 12.7 fitwg 130ftwg 130 wg
Motor
Motor Rated Load Amps | 244 183 140 123
Chiller Ratad Line Ampa | 252 151 7 45
Chiller Imnush Amps 252
Max Fuss/CB Ampsa L]
Min Gircuit Ampacity 1 B
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=== AquaEdge Chiller Estimated Acoustic Data
Project Mame: 23XRV Government X75 ton chiller 11/14/2014
Sales Office: Camer Smatepic Accounts 03:45 PM
Tag Mame 275 ton 23XRV
Chiller Model 23XRVAGAGNPJR3S1-
Sound Treatment Full Factory Acoustic Insulation

Airborne Sound Pressure, dB

Percent Load DBA
100 83
ia 83
a0 v
25 v

The full lead and part load DBA valuss are accurate according to Enginesring Data Releass.

Hotes:

Estimated Sound Pressure Levels - dB re: 20 micropascal.

Sound pressure levels used to develop this program were measured per AHRI Standard 575.

The sound pressure levels were measurad in an acoustical free-field, i.e. a non-reflective environment. Field sound measurements
can vary significantly as a function of the reflectivity and proximity of nearby surfaces and the presence of other sound sources.

Octave band sound pressure level data, for each of the above specified loads, are available upon request.

The images on the following three pages are from fact sheets on the MBC chiller that was installed and
evaluated at the Yates Building as a part of this test. They contain performance information such as that
provided on the VSS unit and related information such as electrical requirements.
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MAGNITUDE™ Water Cooled Centrifugal Chiller P DAIKIN

Technical Data Sheet

Job Name Maryn-Sidney Yates

Date 10/14/2014

Submitted By Dick Shafer

Software Version 09.64

Unit Tag 275 Ton WMC Assembled
Unit FPAR AUTO_80

Country of Origin USA

Model Number Cap Voltage Drive Type ASHRAE 30.1 LEED EA Credit 4
iWItm

WMC400DC 275.0 0.332 460 v { 60 Hz VFD/Integral "04, 07 &"10

Maodel Number:  WMC400DCSN25/E3012-HB2C-2/C2612-GB2C-2/R134-DAABR-U
Approwal:  AHRI and ETL / cETL
Vessel Code:  ASME

Campressar Quantity Capacity Contral Refrigerant Type Refrigerant Weight
2 VFD [ Inlet Guide Yanes R134a 1142 b
Evaporatar
Enmtering Fluid Tem Leaving Fluid Temp Fluid Type Actual Fluid Alow Minimum Fluid Flow
53.99°F 44 00 °F Water 6&0.00 gpm 2716 gpm
Length Diameter Number of Tube Fouling Factor
Passes Material 'Wall Thickness
12 f 30in 2 Copper 0.025% in 000010 *F f.h/Btu
Condenser
Entering Fluid Temp Leaving Fluid Temperature Fluid Type Fluid Flow
85.00 =F 9436 °F Water 825 00 gpm
Length Dismeter Mumber of Tube Fouling Factor
Passes Melmterial Wall Thickness
12 f 26 in 2 Copper 0.025% in 000025 *F f.h/Btu
Design
Capacity Input Efficiency RLA IPLV Part Load Efficiency Evaporator Fluid Condenser Fluid
ton KW KWW /fton A kW fton 75% 0% 5% Pressure  Emtering  Pressure Leawing
k'Wi'ton W/ ton kWton Drop Temperature Drop Tempemture
ft HyD 'F ft HyD °F
2750 12583 0.543 i 0332 041z 0295 0.265 10.8 53.99 73 a4 36
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MAGNITUDE™ Water Cooled Centrifugal Chiller P DAIKIN

Unit Performance

Performanoe Points Rated at AHR] Condenser Refief

Poant # u of Capadty Input  Efficiency RLA Evaporator Fluid Condenser Fluid
Diesign ton kW K'Wton A Flow Temperature Pressure Flaw Temperature Pressure
Lead zpm Entering  Leaving Drop zpm Entering  Leaving Drop
"F F ft Hz D 'F F ft HzD
1 10000 2753.0 1494 0.543 204 G60.00 3395 44.00 108 E25.00 B5.00 94 36 73
2 S0 2475 1236 0.500 174 GE0.00 52.99 44.00 oz 225.00 B1.00 8830 74
3 BO.D 220.0 26.7 0.439 138 GE0.00 31.99 44.00 0.7 E25.00 77.00 B4.26 7.5
4 TO.0 1825 75.2 0.350 112 SE0.00 50.99 44.00 0.7 E25.00 73.00 79.26 77
5 600 165.0 56.0 0.340 GE0.00 4999 44.00 0.7 825.00 62.00 7425 7.8
6 0.0 1375 406 0.255 &0 G60.00 4899 44.00 0.7 E25.00 65.00 69.35 79
7 AD 1100 288 0.271 GE0.00 48.00 44.00 0.7 825.00 65.00 6246 759
4 30.0 E25 218 0.264 35 GE0.00 47.00 44.00 0.7 825.00 65.00 67.60 79
o 200 55.0 18.5 0.355 i3 SE0.00 46.00 44.00 0.7 E25.00 65.00 66.74 B0
1o 1o Rating Point not within scope of Chiller - modify Input Conditions [270]

Service Data

Service Points Rated ot AHR] Condenser Refief

Point Superhent Subcooling Evaporator Fluid Condenser Auid
A°F 4°F Temp P Velocity Temperzture Pressure Velocity
°F psig fifs 'F PE fifs
1 10 95 432 383 43 953 1145 42
2 10 8.6 433 383 43 901 1045 432
3 10 77 433 383 43 85.0 95.3 42
4 10 67 434 384 a3 798 BE6 42
5 1.0 5.7 434 384 43 748 TES 432
[ 10 47 434 385 43 6.7 07 42
7 1.0 38 435 385 a3 65 E 69.3 432
8 1.0 28 435 386 43 678 BED 432
9 10 19 436 386 a3 669 66.7 42
10 Rating Point not within scope of Chiller - modify Input Conditions [270]

Evaporator
Inket Location Hender Type Header Material Tube Sheet Material Design Pressure (Waterside)
Left Dished, Flanged Carbon Steel Carbon Steel 150 psig
Condenszer
Inket Location Hender Type Header Material Tube Sheet Material Design Pressure (Waterside)
Left Dished, Flanged Carbon Steel Carbon 5teel 150 psig

Voltage RLA LRA®
[per unit) |per compressor)
460 v / 60 Hz { 3 Phase 204 A 112 4

* The fiaid wiring must ba sized in eccordance with the MCA ond not the LA as some selactions may be below the minfmum requined protection.

Type Model Looation Endlosure Type Motor Protection
VFD Integral Terminal Mounted NEMA 1 Standard
. Compressor Circwit . . Short Cirouit Current:
Lime Resctor B Disconmnect: Switch Power Connection Rating Approwal
Standard Standard Standard Single Point Standard ETL, ETLc

Power Connection MCA MOCP Lug Size
{wires per phase]
Single Point 230 A 300 A {2} 3/0 - 250MCM
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MAGNITUDE™ Water Cooled Centrifugal Chiller P DAIKIN

Sound |without Insulation)

Sound Pressurs
Load Chwersll 63 Hz 135Hz 250 Hz 500 Hz 1kHz 2 kHz 4 kHz B kHz
100% 8315 46.0 555 65.5 70.5 745 76.0 B0.0 745
75% 825 455 555 655 69.5 735 76.5 750 725
50% 810 45.0 545 64.0 69.0 710 745 775 70.0
25% 77.0 445 515 61.0 64.5 67.5 730 730 62.0

Sound Pressure (oF) mersured in aocordanoe with ANSIZAMRI Standord 575-2008 A weigitod)

Packaging: Bagging only
Knockdown: Type A; Fully Assembled Bolted Construction
Insulation
Thermak  (0.75" on evap shell, suction piping, compressor inlet & motor barrel
Control
Communication Protocok BACnet IP

Disconnect | Breaker Type:  Disconnect Switch
Ground Fauwlt Protection:  Yes

Unit Startup:  Diomestic by Daikin Factory Service (Std.)
Standard Warranty-  Diomestic, First Year Standard Warranty (Parts & Labor)
Refrigerant Warranty: 1 year R-134a Warranty
Delayed Warranty Start:  None (Startup 12-18 months after ship date)

Warranty

AHRI Certification

Certified in accordance with the AHRI Water-Cooled Water Chilling Packages Using Vapor Compression Cycle

Certification Program, which is based on AHRI Standard 550/590 (I-P) and AHRI Standard 551,/591 (5l). Certified
units may be found in the AHRI Directory at www.ahridirectory.org

1. Abowve RLA wvalues are per Unit.

Performance kW values are total kW, unless noted otherwise.

3. Minimum flow is based upon standard condenser water relief and not increased lift due to constant condenser water
temperature.

4. The field wiring must be sized in accordance with the MCA and not the RLA as some selections may be below the
minimum required protection.

L. The USGBC bases its LEED EA credit 4 calculations for Emhanced Refrigerant Management on the default values for a
water cooled centrifugal chiller with a 25-year life, 10% end of life loss and 2% annual leak rate. The gross ARl cooling
capacity for the unit is at least 10 tons, and the refrigerant charge is 10 Ibs.

6. The LEED result above considers the chiller only. When applying this information for credit or prerequisite compliance
the entire building must be considered.

7. Use only copper supply wires with ampacity based on 75°C conductor rating. Connections to terminals must be made
with copper lugs and copper wire.

i
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Instrument Cut Sheets

E5X SERIES

Versatile Energy Monitoring Solution

E50/E51

The E5x Series DIN Rail Meter combines exceptional performance

and easy installation to deliver a cost-effective solution for power
monitoring applications. The ESx can be installed on standard DIN

rail or surface mounted as needed. The Modbus, LON, and BACnet
output models offer added flexibility for system integration. The

data logging capability (E5xC3 and E5xx5) protects data in the event
of a communications or power faifure elsewhere in the system.
Combinations of serlal communication, pulse output, and phase alarms
are provided to suit a wide variety of applications. Additional pulse
inputs on ESxHx and ESOFx provide an easy way to incorporate simple
flow sensors to track gas, water, steam, or other energy forms using a
BACnet or LON system,

The E51 models add a bi-directional monitoring feature designed
expressly for renewable energy applications, allowing measurement
of power imported from the utility grid as well as power exported
from the renewable energy source (e.g. solar panels). In this way, a
facility administrator can track all energy data, ensuting accuracy in
billing and crediting. They are also useful for monitoring loads that use
regenerative braking.

SPECIFICATIONS

INPUTS

Control Power, AC 56/60 Hz; 5 VA max.; 90V min,; UL Maximums:

600VL-L (347 VL-N); CE Maximum: 300 VL-N

3W max,; ULand CE: 125 to 300 Vdc
{external DC current limiting required)

UL 90 VLN to 800VL-L; CE: SOVL-N to 300 VL-N

Control Power, OC

Voltage Input
CURRENT INPUT
Scaling 5At032000A

0100.333Vor 0 to 1V {selectable) CTs must be rated
for use with Class 1 voltage inputs

Input Range

Pulse Inputs ESxHx
& E50Fx only

ACCURACY

Contact inputs to pulse accumulators (one set with
ESxH2 and ESOF2; two sets with E5xH5 and ES1F5)*

._? Real Power &Energy  0.2% (ANS| C12.20, IEC 62053-22 Class 0.25)

OUTPUTS

E50B1 & E5xCx Real Energy Pulse: N.O, static™;

Alarm contacts: N.C. static™*

Revenue grade

measurements

Meets ANSI C12.20 Class 0.2
standards

High reliability
ANSI €12.200.2% accuracy, IEC
62053-22 Class 0.25 on ESxxx

Easy installation

DIN rail or screw mounting options

APPLICATIONS

+  Energy monitoring in building
automation systems

« Renewable energy

+  Energy management

Chiller Power Meter, 1 of 2

Multiple
applications

Real energy output and phase
loss alarm output on ES0Bx
and E5xCx models...one device
serves multiple applications

Data logging

Ensures long term data retrieval
and safeguards during power
Faflures (F5xC3 and F5xx5)

Wide CT
compatibility

Compatible with CTs from 5 A to
32000 A

+ Commercial sub-metering
- Industrial menitaring

+ Cost allocation

ES0Bx Reactive energy pulse 30 Vac**

ESxCx RS-485 2-wire Modbus RTU {1200 baud %o 38.4 kbaud)

ESxHx RS-485 2-wire BACnet MS/TP (9600 baud to 115.2
kbaud)

E50Fx 2-wire LONFT

MECHANICAL

Mounting DIN Rait or 3-peint screw mount

ENVIRONMENTAL
Altitude of Operation ~ 3000m

Operating Temp Range  -30 to 70 °C(-22 to 158 °F)
Storage Temp Range ~40 to 85 °C (-40 to 185 °F)

Humidity Range
WARRANTY
Limited Warranty 5 years
AGENCY APPROVALS
Agency Approvals

<95% RH noncondensing; indoor use only

U1.508 (Open Type Device), EN61010-1, California CSI

Solar, ANSIC12.20, Cat i#l, Pollution Degree 2

CE® = @ @

o

Aeddagicne

£Sicxanly Esutizonly E59Fconly

*10 k¢ Vac/de to 4 to 10 Vdc. **30 Yac/de, 100 mA max. (AC: 50/60Hz).

*The CE mark indicates RoHS2 compliance. Please refer to the CE Declaration of Conformity

for additienal details,

intl@veris.com - W veris.com-
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' MEASUREMEN

Bi-ditectioral Energy Meastiraments

T CAPABILITY - F

DATA SET

Pouiey (3-phase lotal and per phasc):Real
(kW) Reactive (KVAR), and Apparent (k¥i)

Pover Factor: 3-phase average & per
phase

Present Povrer Demand:Real (W),
Reactive (RKVAR), end Apparent (kvA)

fmport and Export totals of Present
Powsr Demand: Real (W), Readtive
(KVAR), & Apperent (kVA)

Peak Povrer Demand:Real {kW),
Reactive {KVAR] and Apparent (KA}

[

Inport and Export Accumulators of
Realand Apparent Eneigy

Current {3-phaseaverageandperphiseh [ o | o | o | o [ o f o [ o |«
Voltage: Lina-Line and Line-Neutral

(3-phase average and per phase} it rcLtrtl
Frequency . . . . . . e |
ANSIC12.200.2% accuracy, IEC62053-22

iy oo | oo ]]=
Accumutated Net Energy: Real (kWh), - . . . . . . .
Reactive (KYARD), and Apparent (xYAH)

ccumulated RealEnaray by phase

Reactive Energy Accumtfators by
Quadrant
{3-phasetotal &per phass)

Demand Interval Lnnr?ql.lah'nl!'
Fixedor Aolling Block

Demand nterval Configuration:
External Syne ta Comims

Datalogaing: 10 16-8it Configurable
{caninclude Date/Time] Data Duffers

Datalogging: 3 Timestamped 32 8it
Configurable Data Buffers

Storewp o 50 days of readings
at 15 minute intervals

)

1Pulse Output{N O}

2 PubseQutputs (NO)

FRS-485 Serial (ModbusRTU Protocol}

RS-485 Serial (BACnet MS/TP Protocol)

LONFT Serial {LorTalk Prolocol}

2Pulse Contact Accummulator Inputs

1 Pulse Contact Accumubator Input

DIN MOU

NT CONFIGURATICN

Mounting Diagram

mom) T

36"
(93 min}

02"

SCREW MOUNT CONFIGURATION

Mounting Diagram

(19

24"
(61mm)

"

—(31 mm}

T 03"

1 gom

- 04
(10mm]
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TE-6300 Series Temperature Sensors

Chilled/Condenser Water Temperature Sensor, 1 of 4

Description

The TE-6300 Temperature Sensor line
provides economical sofutions for a wide
variety of temperature sensing needs,
including wall-mount, outdoor-air, duct,
strap-mount, well-insertion, duct-averaging,

and Variable Air Volume (VAV) flange-mount

duct-probe applications. The TE-8300 line

offers both a metal and a plastic enclesure far

the most popular models.

Sensors are available in the following types:
+ 1k ohm thin-film nickel

1k ahm nickel averaging

1k chm thin-film platinum

100 ohm platinum equivalent averaging
1k ohm platinum equlvalent averaging
2.2k (2,252) ohm thermistor

10k ahm thermistor, Johnson Controls®
Type 1l

Each sensor Is packaged with the necessary

mounling accessaries to maximize ordering
and installation ease and reduce both
commissioning time and cosl,

Refer 1o the TE-6300 Temperalure Sensors
Product Buiietin (LIT-216320) for important
product application information.

Features

your temperature sensing needs from a
single supplier: wall mount, outdoor air,
duct probe, duct averaging, sirap-mount,

well insertion, and flange mount duct probe

single assembly ordering — simplifies

ordering; providas a complete assembly in

ona box

— intrease sensor connaction strength,
which eliminates the need for a special
adaptor

— protect the sensor white increasing
coffesion resistance

metal enclosure (TE-63xxM Models only)
— meels plenum reguirements

holdser — allow you to lock the sensor
holder into the conduit box

brushed slainless steel mounting plaie —
offers a durable, aesthelically-pleasing

full line of versatile sensors — supports alt

models featuring an integral NPT Adaptor

models with a stainless steel sensor probe

models featuring a retainer for the sensor

include two hex-head self-drilling screws
for mounting

come equippad with a 10 ft (3 m)
plenum-rated cable with 1/4 in. (6.35 mm)
female insulated quick-connect
termirations on leads

TE-63xxF Models
The TE-63xxF (flush mount) models:

provide a low profile when instalted in an
electrical bax

feature thermally isolated sensor from the
wall with a faam pad

offer & rugged stainless siee! cover
provide 22 AWG lead wires with low
voltage installation

TE-63xxM Models
The TE-83xxM (metal enclosure) models:

come with a corrosion-protected steel
enclosure with a 0.88 in. {22 mm) hole for a
1/2in. (12.7 mm) conduit fitting

include two hex-head self-drilling screws
for mounting the duct and duct averaging
models

offer (weli modals only) either a direct
mount or 1/2-14 NPT threaded well sensor
holder for mounting in TE-6300W Series
thermal wells (Order the thermal well
separately.)

provide optional well sensor holders (order
separately} to mount duct medeis in
thermal welis.

meet UL 1895 plenum uss requirements
offer oplional accessory kit (order
separalely) to replace plastic hole piug and
wirfng bushing to meet International
Mechanical Code {IMC}) requirements

TE-63xxP Models
The TE-63xxP (plastic enclosure) models:

provide a thermoplastic conduit box with
1/2-14 NPT {emale thread for connecting to
conduit

provide aluminum mounting plate and
1/2-14 NPT threaded hub mounting options
for the duct and duct averaging models
usethe 1/2-14 NPT female thread 1o mount
the Outdoor Air models directly to ridged
conduit

provide opticnal sensor halders {order
separately) to mount duct models in
thermal wells

i

e

TE-6300 Series Temperature Sensors

TE-63x4P Wall Mount Models
The TE-83x4P (plastic enclosure) models:

come with a white thermoplastic ventilated
cover with a brushed aluminum face plate
and a steel mounting plate for surtace
mounting

include faceplates for both horizontal and
vertical mounting

offer an accessory mounting kit for
mounling 1o a standard electrical box
ofter opticnal covers

TE-63xS Models
The TE-63xS (Strap-Mount) models:

provide a 1/4 in. (6.35 mm) diameter
slainless steel prohe without an enclosure
include three cable lies for mounting to
pipe up to 2-5/8 in. (67 mm}) diameter
come equipped with a 10 f{ (3 m) plenum
rated cable

meet UL 1995 plenum use requirements
offer an accessory mounting kit for
mounting to a pipe up to 11 in. (280 mm)
diameter

TE-63xxV Models
Iha TE-63xxV (VAV flangs mouns) models:

provide a stainless steel mounting flange
with two hex-head self-drilling mounting
SCrews

come equipped with a 10 ft (3 m) plenum
rated cable with 1/4 in. {6.35 mm) female
insutated quick-connect terminalions on
leads

mest UL 1985 plenum use requirements

Repair information

if the TE-B8300 Serias Temperalure Sensor
falls to opsrate within its specifications, refer
to the TE-6300 Series Temperaiure Sensors
Product Bulletin (LiT-216320) for a list of
repair paris available,

design

low profile flush mount design — provides
atamper-procf installation ideally suited for
schools, sporting complexes, retailers,
prisons, and more

All TE-6300 series sensors are two-wire,
passive, resistance cutput devices.

TE-63xxA Models

The TE-63xxA (adjustable tength) models:

+ provide a thermoplastic mounting flange
and gland nut to adjust the length of the
prabe

offer an optional accessory metal cover kit
(order separately) to repiace the plastic
cover {o meet UL 1995 plenum use
requirements

include a replaceable sensing probe on
duct probe, outdeor air, and well insertion
models

consult the tocal Johnscn Conlrels office.
wwiw.johnsoncontrals.com

The performance specilicalions are rominal and conferm to industry For applicallons at beyond these
Johnson Conlrols, Inc. shalt not be fzble for damages resuiting from infsapplication of misusa of its products. € 2013 Johnsen Contiols, Tne.
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TE 6300 Sertes Temperature Sensors (Continued)

Chilled/Condenser Water Temperature Sensor, 2 of 4

Selection Charts Sensor Mounting Style |Probe Length | Product Code
|5ensor Mounting Style | Probe Length | Product Code in. (mm) Number
in. (mm) Number Plat{num 1k ohm . 10f(3m) TE 6327F‘1
ickel AdosiableT T E03) TE-6311A T 1 Averaging 20 (6.1 m)
-_9 (1k ofym) Averaging BH(2Am) TE-G316M-1 100 ohm on@m
(EHE Averaging’ S0 (6.1 m)
752 m) TE-6316M-1 Thermistor | Adjuslable 8 (203)
FE-6atov-al (@2kohm)  IFpg B (203) TEG341P-1
Duci a(0zy TEB31GM-1 Fiange q(i0zy TE-634GV-2
B (203) TE-6311M-1 B(203) TE-6341V-2
TE-B311P-1 Outdoor Alr 3(76) TE-6343P-1
168 {457 TEB31IM-A Wall® NiA TE-6344P-1
Flange 4 (102) TE-631GV-2 well 8 (203) TE-634211-1
8 (203) TE-631V2 6(152) TE-634AN-2
Flush N7A TE-6370F-0 Thermistor | Adjustable B8(203) TE-6361A-1
TE-B310F-1 %m‘a'i{‘ml Duct 4(103) TEBABEMA
Gutdoof Air 3(76) TE-6313P-1 © 8 (203) TE-6261M-1
{Strap-Mount 3(76) TE-6315-1
Wall /A TE-6314P-1 18 (457)
Well  ——3[8{152) TE-631AM-2 Flange 4 (102) TE-636GV-2
_> B0 TE-6312M 1 B (208) TE-6361v-2
Platinum Adustable 8(203) TE-6351-A Flush [nia TE-G360F-0
(kohm)  I5q (102 TE-635GM-1 (TEeagoRT |
8 (203) TE-Ga51M-1 Outdoor Air 3(78) TE-8363P-1
TE-6351P-1 Sirap-Mount e TE-63681
18 {457) T[TEG@AEIMAT Well 6 (152} TE-G36AM-2
Flange 4(io2) TE-BAEGV2 B (203) TE-6362M-1
8 (203) TE-6351V-2 1. Two TE-6001-8 Element Holders come with the platinum equivalent
Fhush 7% “ITE6350F-0 averaging sensors, Order separalely to use with a nickel averaging sensor,
TE IS0 2 Orglel the TE-1800-9600 Mounting Hardware separately to mount the wall
unit to a wallbox.
Slrap-Mounl 3 {76) TE-6355-1
Guidoor Air 3(76) TE-6353P-1
Wall WA TE-6324P-1
Well 6(152) TE-635AM-2
8 (203) TE-6352M-1

-ﬁ-} TE-6300W-101
TE-6300W-110

Optional Accessories

Product Code Number

Description

F-1 82 Thermal Conduclive Grease for element wells (B oz.}
T-4000-31x% Wall Mount Caver
T4000119 Allen Head Tool Tor Wall Mount Cover Screws {order ins mulliples of 30}
TE-1800-8500 Mounting Hardware for mounting the wall mount unit to a wall box
TE-6001-8 Element Holder jor mounting an averaging sensor (ordel in mullmiss uf ﬂ))
TE-6001-13 Metal Cover and Gaskel Kit (5 per package)
TE-6300-101 12 in. (305 mm) (1k ohm) Nickel Proba {cut to an appropriate length)’
TE-6300-105 i21in. {305 mm) (1k ohm) Plainum Class A Prabe {cut to an appropriale length)
TE-6300-103 1/2-14 NPT Plaslic Sensor Holder withoul relainer {order in mulliples of 10)
TE-6300-104 12 i, (305 mm) (2.2k ohm) Thermislor Probe (cul 16 an appropriate lengthy
TE-8300-613 IMC Kit, Metal Knackout Piug, Metal Clamp Conneclor {order in mulliples of 1C)
TE-6300-614 Cable Tie Mounting Kit, 0.50 to 2.625 in. {12.7 to 66.7 mm) Bundle Diameler (10 per package)
TE-6300-615 Cable Tie Mounting Iit, 11 in. (280 mm) Max Bundle Diametar
TE-6300-616 8in. (203 mm) 1k ohm Platinum Class A Probe
TE-6200-617 3in. {76 mm) 1k ohm Platinum Class A Probe
TQ-6000-1 4 to 20 mA Cutpul Transmitter {or use with the 100 chm platinum sensor
TE-6300W-102 8in. (152 mm) Stainiess Steel Well (direct mount)

§in. (152 mm) Brass Well (direct moun1 with thermal grease included)

8in. (203 mm} Stainless Steel Well

1. Cut 12in. probes tc a minimum of 3 in. (76 mm}.

consult the lecal Johnson Controls office.

are nominal and

The i N )
Johnson Conlrals, Inc. shall not be liable for damages resuiting from misapplication ar misusa of its prad'uc!s ©2013 Johnzon Cantrols, Inc.

fndmtw stendards, For at conditions beyord these

www.johnsoncontrais.com
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Chilled/Condenser Water Temperature Sensor, 3 of 4

TE-6300 Series Temperature Sensors (Continued)
T-4000 Covers Available for the Wall Mount TE-63x4P Series

Product Code Horizonlal Vertical THermometer, Faceplate/Cover Color
Number Johnson Controls Loge |Johnson Controls Logo  |with °F/°C Scale

T—QUUU-ZWG' Brushed Aluminum/Beige
T-4000-2138 [l

T-4000-214¢ L L

7-4000-2144 [

T-4000-263% L] Brown and Gold/Beige
T-4000-2640 [] "

T-4000-2644 [}

T-4000-3139 " Brushed AlzminumAvhile
T-4000-3140 B u

T-4000-3144 ]

1. Without Johnson Controls logo

Technical Specifications

TE-6300 Series Temperature Sensors (Part 1 of 2)

Sensor Reference | 1k ohm Nickel
Resistance 7K ohen Nickel Avera

+k ohms at 70°F (21°C)

1k ohm Platinum

T ohms at 32°F (C°C)

100 ohm Platinum Averaging
1k ohm Platinum Averaging

706 ohms al 32°F (0°C)
1K ohms al 32°F (0°C)

2.2k ohm Thermistor

2,252 phms al 77°F (25°C)

10k ohm Thermistor
Sensor Accuracy |1k ahm Nickel

10.0k ohms al 77°F (26°C)

130,347 a1 70°F (10.19G° at 21°G) é

1k ohm Nickel Averaging

T5.4F° 8l 70°F (11,907 al 21°C) ~

1k ohm Platinum Class A

10.35F° at 70°F (£0.19C" at 21°C), DIN Class A

1k ohm Plalinum Class B

40,73F° al 70°F (10.41C* at 21°C), DIN Class B

100 ohm Platinum Averaging

1k ahm Platinum Averaging

+1.0F°at 70°F (+0.58C° at 21°C)

2.2k ohm Thermistar

+0.36F° {0.2C°} in the range: 32 to 158°F (0 0 70°C)

10k ohm Thermistor

+0.9F° (+0.5G°) In the range: 32 to 158°F (0 lo 70°C})

Sensor 1k ohm Nickel Approximately 3 ohms/° (5.4 ohms/C?)
Coaff ° 1k ohm Nickel Averaging .
1k ohm Platinum Approximalely 2 ohms/F° (3.9 chms/C?) 3850 ppm/K
100 ohm Platinum A aing PRroxi ly 0.2 chms/F° (0.39 ohms/C®)
1k ahm Platinum gi P 2 ohmsie (3.9 Ghms/G®)
2.2k ohm Thermistor 0 Temperature Coafficient (NTC)
t0k ohm Thermistor Nenlinear NTC, Johnson Controls Typs |1
Electrical TE-83xxM 22 AWG (0.6 mm diameter) X 6 In. {152 mm) lcng
Connection TEGo0P
TE-§3xxF 22 AWG (0.6 mm diameler) x 12 1t (3 m) braided-copper wizes, low voliage insulation, half-

slripped ends

TE-63xxP Nickel Averaging
TE-63xS T

|22 AWG (0.6 mm diameter) x 10 1t (3 m} long pienum-raled cable

18 AWG (1.0 mm diameler) x & in. (152 mm} leng

TE-63xxA, TE-63xxV

22 AWG (0.8 mm diameler) x 101t (3 m) long plenum-raled cable with 0.25 in. (6.36 mm) femala
quick-connect lerminals

The pedformance specilications are nominal and conform to

Far
Johnson Centols, Inc. shall nol be fable for damages resulting kom mlsap)imahnn of misuse ol ils pt\JdIJLI'.-. ©2013 Jul nson Conizols, Inc.

beyond these sp , censull the Jecal Johnson Cortrols offica.
www johnsoncontrols.com
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Chilled/Condenser Water Temperature Sensor, 4 of 4

TE-6300 Series Temperature Sensors (Continued)

TE-6300 Series Temperature Sensors (Part 2 of 2}
Materials Probes Nickel Averaging: 0.094 in. (2.4 mm) Culside Diameter (Q.D.) copper tubing
Nickel Averaging Adaptor: 0.25 in. {6.35 mm) O.D. Brass
Platinum Averaging Probe: 0.19 in. (4.8 mm) Aluminum fubing
All others {except Averaging): 0.25 in. (6.35 mm) C.D. Slainless Steel

TE-63XXA Mounting Adapter Plate and Gland: Thermoplastic
TE-G3xnF Flush Mount: Stainfess Steel
TE-63xxM Enclosure: Cortosion-Protected Slesl

Well Sensor Holder: .875 in. (22.2 mm) Hex Brass
TE-63xxP Conduit box and Shield: Rigid Thermoplastic

Mounting Plate: Aluminum

Sensor Helder: Rigid Thermoplastic

Wall Mount Base Plate: Corrosion-Protecled Steel
Wall Mount Cover: Rigid Thermaoplastic {Whits}
Wall Mount Face Ptale: Brushed Aluminum

TE-63xxV Mounting Flange: Stainless Steel
Operating TE-63:0¢A ’ 5016 TA0°F (4B 10 60°C)
Conditions TE-B3xxF 32 10 104°F (0 10 40°C)

TE-63xxM -50 o 220°F (-46 lo 104°C)

[TEG3xP Enclosure: -60 to 122°F (-46 10 50°C)

Sensor Probe: -50 to 220°F {-46 lo 104°C)

TE-63xS Sensor Probe: -50 to 220°F (-46 ta 104°C)

TE-B3xxV Wira Harness: -50 lo 122°F (-46 to 50°C)
Shipping Weight |TE-63xxA 0.21b {0.09 kg)

TE-83xxF 0.251b (113.4 kg)

TE-630M Buct Averaging: 0.6 Ib {0.41 kg) R

{Duct Mount: 0.4 b (0.18 kg)
;WE" Insertion: 0.5 Ib {0.283 kg)
TE-63xxP Duct Averaging: 0.5 Ib {0.23 kg}
{Duct Mount: .4 Ib {0.18 kg)
Outdoor Air; 0.5 1b (0.23 kg)
Wall Mount: 0.2 Ib (0.09 kg}
Wall Inserlicn: 0.35 Ib (0,16 kg)

TE-63xS Strap-Mount: 0.2 1o (0.0€ kg)
TE-83xxV Dugt Averaging: 0.7  (0.32 kg)
Duct Mount: 0.2 b (0.09 kg
Dimensions TE-63:00A 217 In. (55 mm) diameter plus 4 or B 7. (102 or 203 m) elemant
{H x W x D) TE-BInKF Fitish Mount. 4-14  2-5/4 in. {114 X 70 mm)
TE-B3xxM gucl Averaging: 1.87 x 1.87 x 1.80in. (47.5x 47.5 x 45.8 mm) plus 8 or 17 it (2.4 or 5.2 m)
ement

Buct Molinl: 1.87 X 1.87 x 1.801n. {47.5 X 47.5 X 46,8 mia) plus 4, 8, or 18in,

(102, 203, ar 457 mm) element

Well Insertion: 1.87 X 1.87 x 1.80in, (47.5 X 47.5 X 45,8 mm} plus 6 or 8in, (152 or 203 mim)
element

TE-B2:0P Duet Averaging: 5.97 X 1.38 x 2,75 Ia. (152 X 36 ¥ 70 mm) plus 8, 10, 17, ar 2011

(2.4, 3.0, 5.2, or 6.1 m} element

Duct Mount: 5,97 x 1.38 x 2.75 in. (152 x 86 % 70 mm) plus 6 or Bin. (152 or 203 mm) probs
Quidoor Air: 597 x 3.47 x 4.48 in. (152 x 88 x 113 mm)

‘Wall Mount: 2,09 x 3.12 x 1.80 in. (53 x 78 x 46 mm)

‘Well Inserlion: 5.97 x 1.38 x 2.75 in. (152 x 35 x 70 mm) plus & or 8 In. {152 or 203 mm) probe
TE-63x5 Strap-Mount: 0.25 in. (6,35 mm) diameter x 3.00 in. (76 mm.) long

TE-B3xxV Duct Averaging: 2.25 x 1.50¢in. (57 x 38 mm) pius 8 or 17 ft (2.4 or 5.2 m) element

Duct Mount: 2.25 x 1.50 In. {57 x 38 mm} plus 4 or 8 in. {102 or 203 m) element

The parfenmance specifications are nominal and conform to acoeptable Indusiry standards. For applications at conditions beyond these spacilications, cansull the lacal Johnscn Contrels clfice.
Johnson Canfrols, Ing. shall not be fiable for damages resulling from misapplication or misuse of its products. @ 2013 Johnson Cantrols, Inc. www.johnsoncontiole.com
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Model 230'

True Wet-to-Wet Differential
Pressure Transducer

The Model 230 is Setra’s highest accuracy solution for monitoring
differential pressure in wet-to-wet applications. Its single diaphragm
design enables a true wet-to-wet differential pressure measurement
with superior £0.25% FS accuracy compared to competitive units
which calculate differential pressure using twa single point pressure
sensors. The stainless steel capacitive sensor provides a highly accu-
rate, linear analog output proportional to the pressure over a wide
temperature range. The 230 is offered with an optional 3 or 5 valve
machined brass manifold for ease of installation and maintenance.

Avoid Line Pressure w/ Single Diaphragm Sensor
Unlike the competition, the 230 Is a true wet-to-wet sensor with a
single diaphragm construction. The differential pressure range of a
single diaphragm Is not impacted by line pressure whereas dual dif-
ferential pressure sensors require the individual sensors to measure
gauge pressure, comparing the outputs to determine the differential
pressure.

Increase the Sensors Response Time

The 230 utilizes an all stainless steel capacitive sensor which responds
20x faster than oil filled sensors and provides conditioned electronic
circuitry with a highly accurate, linear analog output proportional to
the pressure over a wide temperature range.

Save Time on Money & Installation

When time and project costs are a priotity, the 230 is offerad with an
optional 3 or 5 valve machined brass manifold for ease of installation
and maintenance. The brass body has no Internal process connec-
tions, therefore efiminating the risk of internal leaks.

Evaporator Differential Pressure Sensor, 1 of 4

» Single Diaphragm Design
= All Stainless Steel Capacitive Sensor
» 3 or 5 Valve Manifold Assembly Options

Model 230 Features:
025% FS Accuracy, Gamem
+ No Liquid Fill Diaphragm
+ NEMA 4 Rated Housing
« Low Line Pressure Effect
« Fast Response Time
+Gas & Liquid Compatible
« Meets CE Conformance Standards

Applications:

» Energy Management Systems

« Process Control Systems

« Flow Measurement of Various Gases or Liquids
«Liquid Level Measurement or Pressurized Vessels
« Pressure Drop Across Filters

Phone: B00-257-3872 « Fax: 978-264-0292 » setracom @ Setra Systems, Inc. All tights reserved. The Satra Systems name and logo ara reglstered trademarks of Setra Systems, Inc.
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Evaporator Differential Pressure Sensor, 2 of 4
True Wet-to-Wet Differential Pressure Transducer
PROOF PRESSURE GENERAL SPECIFICATIONS
Unidirectional Performance Data Physical Description (Model 230}
Prassure Range Praof Pressure Proof Pressure Accuracy RSS! {at constant temp) | +0.25%FS {22 Staiitless Steel/Alumtium
__ psip Highside PSt LowSidePs! Non-linsarty, BFSL S0ES Fiecnical Censection Barrler stalp teanina block with conduit enclosure &
0tal0 50 28 0,875 DIA condultaperng
fte20 50 s Hysteresis .05 1S Pressure Altings 118 HPTintemal
oS0 100 128 Non-Repeatability 0.05%FS Welyht {approxc) 1440
Bta10.0 100 5 Thermal Effects? Sensor Cavity Volume 0.27 In* Pasttive Port, 0.08 in’ Negative Part
4N inasi 4 [ [
010250 350 62.5 — 5010465} Mjh T4HPT NPT exteinal
010300 350 7 Mtgs}
i N P E + "
010500 350 1 Tern SHIft46FS00°F%FS/S0°C) | 20(1.8) Physical Description (3-Valve Manifold Assembly)
010100.0 350 %0 Span Shift$6FS/100°FI96FS/50°C) | 2.0(1.8) Manifold Block Brass
— Taro shift +0.004% FS/PSIG fine Valves (3 V1 fer Canaection 10+ port
ine Pressive fect pressie V2 for Connection o - port V3 for Equalizing Pressuze
S B Id II'ECFEO ”,EEI - Resclulen Infinite, Hmited only by output ValveType 90° DnJ0dT
Pressure Range | Proof Pressure Proof Pressure i noise feval {0.02FS)
psio High Sid PSi Low Side PSI otk ) g 9 JY T ———
05 5 155 Hatuzal Frequency 500 Hz [gaseous media} Dimensions 105" Wx 6.25"Hx 2160
Oio £1.0 0 L] WarmapShit SIS et Weight Qshs.
Oto+25 o0 635 Response Time 3010 50 millsecords Physical Description (5-Valve Manifold Assembly)¢
Ot 5.0 108 125 Long Term Stability 0.59%I51YR Hanifold Dlock Brss
o100 Ll ¥ Masimum line Presure BU5G Valve (5 U1 for Conmectionto + Pot
Qto £25.0 350 62.5 N R V2 or Conreclion to~Port
tal Data V3 for Equalizing Pressure
Oto£50.0 350 125 . VA& V5 for Confetion Lo Briernat
Operating' Temperature °F {°C) O1e+175(-1810.+80) Gauge or Mernate Plumbing onfizuration
Storage Tempatature °F {°() -850 +250{-54t0 +121} Process Comnection 1418 NPT Inteinal Thread
Vibratien 5 fiom 5 Hzta SC0 Hz Dtmenslans L0 W6 25 He 216D
Acceleration ] Weight <33 Iis.
Shack 50 Electrical Data (Voltage)}
Pressure Media Gecuit 2-Wne {Fwc, Out, Com}
Medel 230 Exdiation 9o 30YBC for &-5VOL Output, 13 10 30 VOC for 0-10
YBCOutput
Gases orliguids cmpatbiewith 17-4 P Stainles Steet, 300Series | S Sto5¥DC' Oto T0VRC!
Aton 0-fings. Hate: Hyd dsewith 17-4 Outpul lmpedance 16000
PH stainless steel, Oy aall for Electrical Data (Current)
hydrocarbon applications. it > ie
3RS Valve Magifold Ouipu?® 410 20mA"
Gases ot figuids compatible vilh 360 brass, Coper 122, Acetal plug Extemal Load 010 1000 ohms.
valves and Hitdle 0-rings. Vie) §4+0.02 £ plsine).
o s o gty o, | Maimum sipplvologe (00 | 30:+-0.004x [Resstanceafveceher pis e
be considesatiy bighes : :
SReferto draings
“Onder assembled il the Model 250 (Code5¥)
bleialo 550
ez oetput factony st 3 vithin +25m¥ (for SYDCampun) oz 50V for 10VDC
anpe)
Span {Fill Scale) aetput factiy sel to 25 mW (for SWOC sutput ) er+ SO mY (for 10
ViR outpuc
o il D 5echmioad.
e wwitia £0160A lin £0.16.mA
Phone: B0O-257-3871 « Fox: 970-264-0292  setra.com  © Setra Systemns, Inc. All rights reserved. The Setra dlog gl of Setra Systems, |
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Model 230

MODEL 230 DIMENSIONS
SIDEVIEW FRONTVIEW
5
i-l:hf - : —],

Dia. 0.675 Conduit
Bia. 22 Opening
/
1/4"-18
NPT High
Pressure Port

1/4-18 NPT Low
Pressure Port — |

Transducer—-F

Mounting Holes

{Scravet and motnting bracket suppled)

DIMENSIONS W/ 3-VALVE MANIFOLD ASSEMBLY

MOUNTING BRACKET
g0
78250

o3

Evaporator Differential Pressure Sensor, 3 of 4
Wet-to-Wet Differential Pressure Transducer

[

Iy

[198.3)
781
TRGOEL 730 [158_8]
DXFFERENTIAL PRESSURE 6.25
TRANSDUCER
SHUNTVAVES L ‘,‘Q'ﬂ

563

SHUT
aff
S VALVES
vz -
- —0
HEGH PROCESS COMNECTIN LOV PROCESS CONNECTION 1 I
R eer

a shunt valve across the high and low {reference} pressure ports as shown,

PIONG BUD-£5(-55/2 » 13 Y/B-268-ULIL « SCUBLOM O SeLH

ems, inc. Al

0. 1he detra

For differential pressure measuremeants at high line pressure (350 PSIG max), it is recommended that the pressure sensor be installed with a valve in each ling, plus

Setra systems, inc.
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Evaporator Differential Pressure Sensor, 4 of 4
t

Model 230 SEtra

True Wet-to-Wet Differential Pressure Transducer

ORDERING INFORMATION
2fsfoln) - [LLITT] - [0 -[017- OO0 - O
Model Range Pressure Fitting Output Bleed Screw Seals Optienal
Unidirectional Bidirectional 1 [420ma | s Calibration
Certificate
001PD | Oto 1PSID ORSPB | #0.5PSID § 3V | 3-Valve Manifold | 20 0.05-5.05 Opt, A | Buna-N

VDC

002PD i Dta2 PSID 001PB | +1 PSID 5V § 5-Valve Manifold | (2E)

005PD | Oto 5 PSID 2ZRSPB | +2.5PSID
010PD | 0to10PSID | 005PB | £5 PSID
025PD | 0to25PSID | 010PB | +10PSID
430PD [ 0to30PSID | 025PB | £25 PSID
0to50PSID: | 050PB | +50 PSID
100PD | 010 100PSID

Please contact factory for versions not shown,

Ordering Example: 2301005PD2F118 = Model 230 0 to 5 PSID unidirectional, 1/4-18 NPT Male fitting, 4 ta 20 mA Output, and Viton/Silicone Seals.
2301605PD3V118 = Model 230, 0 ta 5 PSID unidirectional, 3-Valve Manifoid, 4 to 20 mA, Qutput, and Viton/Silicone Seals (A bled w/3- Valve Manifold).

DIMENSIONS W/ 5-VALVE MANIFOLD ASSEMBLY

[179]
705

[102]
400

K

|~ SHUNTVALVE

IHODEL230
DIFFERE NTIAL PRESSURE
i TRANSDUCER

Vo4 LewPracess
“Camamlsslon
TANPT
Cannzetion

SHUT OFF VALVES

High Process Connecdon Low Pracess Cannecton
VATNET TAHRT

For differential pressure measurements at high line pressure (359 PSIG max), itis recommended that the pressure sensor be installed with a valve in each line, plus
a shunt valve across the high and low {reference) pressure ports as shown.
Note: V6 and V7 bleed valves are not required when used with a Setra Model 230. Use the bleed screws on Model 230 to blead the lines of air,

SSPRIBREVXORNIS

Phone: 800-257-3872 + Fax: 978-264-0292 « setracom Setra Systems, fne. All rights reserved. The Setra Systems are reglstered Setra Systems, Inc.
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C. Correspondence Regarding the Correct Sizing of the MBC Chiller

As discussed in the Preface section titled “MBC Chiller Cooling Capacity,” after the initial report was
published, Danfoss Turbocor Compressors (Danfoss) informed the project team that the MBC chiller
evaluated at the Yates was oversized for the required 275 tons cooling capacity. They asserted that it was, in
fact, a 400-ton chiller.

To determine if this was, in fact, the case. And if so, to determine how this might have come to pass, the
project team conducted a thorough investigation of events that led up to this chiller’s selection. Details of
this investigation are in the following paragraphs, and in the pages of e-mail images contained within this
appendix.

In 2014, Setty & Associates (Setty) calculated the cooling capacity requirements for each chiller to be 275
tons. The pages captured below in this appendix show a 2014 e-mail chain between Tatyana Shine (project
manager), Michael Rakes (Senior Engineer with Setty), and Thor Fraser (Sales Engineer for Havtech, the local
Daikin representative). In their correspondence, it is very clear that the requested cooling capacity is

275 tons. Mr. Fraser verifies this in writing, and provides performance details of a Daikin WMC400 chiller
that he stated meets this specification.

In October 2014, GSA asked Dan Howett of Oak Ridge National Laboratory (Principal Investigator on this
project) to review the submittals from Daikin and Carrier. Each submittal showed that the proposed chillers
were rated for 275 tons of cooling capacity, had the same condenser water flow rates and temperature
drops, and the same evaporator flow rates and temperature drops. Their Integrated Part Load Values (IPLVs)
were both in the range o0f.328 - .332kw/ton, within 1.2% of each other. In short, there was no reason to
suspect that both units were other than 275 ton chillers.

Later in the project, Dan Howett noted that the submittal from Daikin called for a “WMC400” chiller, which
Daikin’s literature listed as being the frame for units with nominal 300—400 ton cooling capacities. He
reached out to Havtech to clarify the apparent discrepancy and received the following response from Mr.
Dick Shafer of Havtech.

“There are thousands of selections by computers these days as opposed to years ago where the selections
were in the catalog and that is what you get. Still true of water-cooled and air-cooled scroll chillers.

“You have 400 ton shells in the evaporator and condenser and less than 275 tons in compressors. Chillers
were selected for the most efficient.”

Again, the project team had no reason to believe that the Daikin chiller provided by Havtech was anything
but a chiller that was optimized to provide 275 tons of cooling under the conditions specified by Setty.

As part of the evaluation team’s post-publishing investigation of the installed MBC equipment, GSA
documented that the Daikin WMC400 chiller was equipped with two TT500 compressors. According to
information provided by Danfoss in May of 2017, their TT500 compressor has a nominal 200 ton cooling
capacity. Therefore, it can be reasonably concluded that the Daikin chiller provided by Havtech at the Yates
test bed can, in fact, provide 400 tons of cooling capacity, even though the performance specification called
for only 275 tons and the vendor’s engineer repeatedly affirmed, in writing, that this was the capacity
supplied.
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Kevin Powell, GPG Program Manager, reached back to Havtech in May 2017 for further clarification. The
response provided by Havtech is printed verbatim and in its entirety below.

Kevin:

| was requested for an efficient 275 Ton selection ton back in 2014 at the tonnage and conditions noted
by Setty & Associates. | remember the request as | did in within an hour with the lowest full load KW/Ton
at 42 LWT design conditions. There was never further discussions regarding the application of the or the
building load profile. If we selected a chiller optimized for the actual building profile and low load
conditions, the selection could have been different than one driven by the full load. In this case the 42
LWT NPLV is better indicator of annual energy consumption than the full load KW/Ton machine.

Dick Shafer

After thoroughly reviewing all documents and correspondence on this issue, the evaluation team draws the
following three conclusions.

e At no time throughout the entire process, up until spring 2017, did the project team have any
reason to believe that they had received anything other than an optimized 275-ton Daikin chiller
from Havtech. Due diligence was performed at every step to verify that an appropriate 275-ton MBC
chiller was installed at the Yates test bed. The installed MBC chiller is therefore representative of a
vendor-supplied chiller meeting engineering requirements for a 275-ton load delivered through a
well-managed federal procurement process.

e The test bed design for GPG-031 was to use a chiller technology that GPG had previously proved out
as delivering known state-of-the-art-performance (MBC) as a baseline to compare a second chiller
technology (VSS) with similar or better performance claims. The MBC vendor confirmed that they
believed they were providing the most efficient MBC chiller for the project at the Yates test bed. All
documentation supports the installed MBC chiller as legitimately representative of what a typical
engineering and procurement process would deliver for this application, and therefore a credible
baseline.

e Retrospective speculation about what a different MBC chiller’s performance “could have been” is
outside the scope of this assessment.

(Screen captures of the referenced e-mail chain are on the pages that follow.)
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Spencer Matusky

From: Tatyana Shine <tatyanashine@gmail.com>

Sent: Tuesday, October 07, 2014 4:31 PM

To: Spencer Matusky

Subject: Fwd: Yates Chiller Project

Attachments: WMC400DC-E3012-L2F-C2612-L2F_Chiller.20141007.205202.docx
FYI

---------- Forwarded message ----------

From: Thor Fraser <ThorFraser@havtech.com>
Date: Tue, Oct 7,2014 at 3:55 PM

Subject: RE: Yates Chiller Project

To: Tatyana Shine <tatyanashine @ gmail.com>

Hi Tatyana,

Attached is a picture of the WMC400 that Setty has worked up with us. | spoke with Larry Manross, who handles
Flotron’s account, and it sounds like this is the machine they quoted you to furnish/install.

The performances are:

Capacity: 275 Tons
Evaporator: 53 .9F entering, 44F leaving,
Flow rate = 660 gpm,
Pressure drop = 10.8 ft wg
Condenser: 85F entering, 94.36F leaving,
Flow rate = 825 gpm,
Pressure drop = 7.3 ft wg
Electrical: Chiller Input Voltage = 460V
Chiller RLA =204 amps

MCA =230 amps
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MOCP = 300 amps

Thor Fraser

Sales Engineer
HAVTECH

9505 Berger Road
Columbia, MD 21046
Ballimore: 410-724-37C3
Washington: 301-206-9225
Direct: 443-832-1671
Mabile: 301-787-5689
ThorFraser@havtech.com

www. HAVTECH.com

From: Tatyana Shine [mailto:tatyanashine@amail.com]
Sent: Monday, October 06, 2014 2:32 PM

To: Thor Fraser

Subject: Fwd: Yates Chiller Project

Hi Thor,

Please see the Carrier chiller performance data, below. What Daikin's machine (250 or 290) performance witl be
closer to Carrier 275- ton machine performance?

Carrier's 275-ton chiller is under production now and it will cost additional money to change it to a larger or
smaller tonnage, now.

Thanks,
Tatyana
—————————— Forwarded message ----------

From: Dwyer, Brian P BIS <brian dwyer@carrier,utc.com=
2
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Date: Mon, Oct 6,2014 at 1:59 PM
Subject; RE: Yates Chiller Project
To: Tatyana Shine <tatyanashine@gmail com>

Tatyana.. Performance data at ARI conditions for Carrier chiller noted below was sent to design team following
our first site walk-through.

Let me know if you have any question.

Brian

Brian Dwyer, LEED AP

General Manager, Government Solutions
Carrier Corporation

1 Carrier Place

Farmington, CT (06034

brian.dwyer@ carrier.utc.com

Phone 860.674.3157

Cell 203.558.1312

From: Dwyer, Brian P BIS

Sent: Friday, September 12, 2014 10:57 AM
To: 'Michael Rakes'

Cc: Tatyana Shine; Spencer, Michael BIS

Subject: RE: Yates Chiller Project

Michael,
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Here’s performance and electrical data for Carrier machine. Component dimensions and weights will follow.

We are furnishing chiller directly to GSA, so there is no quotation for chiller. Quotation for Carrier to provide
disassemble/reassembly of machine will be provide to mechanical contractors.

Capacity: 275 Tons
Evaporator: 54F entering, 44F leaving,
Flow rate = 660 gpm,
Pressure drop = 139 ft wg
.(Jondenser: 85F entering, 94 4F leaving,
Flow rate = 825 gpm,
Pressure drop = 12.4 ft wg
Electrical: Chiller Input Voltage = 460V
Chiller RLA = 252.2 amps
Chiller Inrush = 252.2 amps
MCA =315 amps
MOCP = 500 amps

Recommended current protection: Not less than 400A, not more than S00A

Regards,

Brian

Brian Dwyer, LEED AP

General Manager, Government Solutions
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Carrier Corporation
1 Carrier Place

Farmington, CT 06034

brian dwyer@carrier.utc.com

Phone 860.674.3157

Cell 203.558.1312

From: Dwyer, Brian P BIS

Sent: Friday, September 12, 2014 8:25 AM
To: Michael Rakes; Spencer, Michael BIS
Subject: RE: Yates Chiller Project

Michael... We are collecting this information and expect to have it to you later foday.
Regards,

Brian

Brian Dwyer, LEED AP

General Manager, Government Solutions

Carrier Corporation

1 Carrier Place

Farmington, CT 06034

brian dwyer@carrier.utc.com

Variable-Speed Screw Chiller, Revised July 2017 Page 43



Phone 860.674.3157

Cell 203.558.1312

From: Michael Rakes [mailto:Michael. Rakes@setty.com]
Sent: Wednesday, September 10, 2014 4:26 PM

To: Spencer, Michael BIS; Dwyer, Brian P BIS

Subject: [External] Yates Chiller Project

Gentlemen —

Please provide cut sheets that include weight, all performance characteristics including electrical information.
Additionally, please provide pricing for chiller and an estimate of installed cost including breakdown and
reassembly.

Thank you,

Michael Rakes, P.E.,LEED”, HBDP | Sr Mechanical Engineer

SETTY

| Fairfax, YA | New York, NY | Washington, 1XC | Mysore, India
| MVE/P/EP Design Engineering | Project Management |Construction Management | Design-Build Services | Commissioning

| Yaice 703.691 2115 5142 | Fax 703.691 8084 1 Cell 703.214.1500 | michaei rakes@setty.com | www selly com

This e-mail and any files transmitted with it are confidential and are intended solely for the use of the individuai or entity to whom they are addressed. If you are NOT the
intended recipiam or the person responsibte for delivering the e-mail t the intended recipien, be advised thal you have received this e-mail in error and that any use,
dissemination, forwarding, printing or copying this e-mail is strictly prohibited.
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