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EXECUTIVE SUMMARY
Background
Nearly thirty years ago, a prominent Metallurgical Engineer named Charles H.T. Wilkins1 and two co-inventors
(Jack Hammack and Charles B. Thompson) were awarded US Patent No. 4,963,2802 (October 16, 1990 - a copy of
the original Patent is in Appendix A) for developing a “Method and Composition for Improving the Efficiency of
Heat Pump Systems”. The Patent disclosed that injection of a commercially available polar organic compound3 into
the compressor of a 3.3-Ton, 25-year-old York water-cooled self-contained air conditioning unit, resulted in material
reduction in the energy use of the unit over an 84-day test period. The test was done fully thirty-three years ago, in
Tuscaloosa, AL, in Spring, 1987.
Polar Organic Compounds of this nature came to be known as Polarized Refrigerant Oil Additives, or PROAs. Later
products of this class were dubbed Synthetic Refrigerant Additives, or SRAs. Both terms remain in use today.
In the 1990 Patent, the inventors published their full experimental data; thus, the actual experimental data could be
re-analyzed by any investigator. In the Patent, Wilkins et. al. claimed that energy consumption improvements of at
least 10% were achieved4; and that the optimum concentration of the polar organic compound they tested was 4.7%
by volume5 in mixture with the manufacturer’s installed compressor oil (York “C”). The inventors did not, however,
analyze the energy savings in depth. In particular, they did not statistically demonstrate an effect of the concentration
of the Polar Compound independent of other factors; they did not quantify the improvements due to the addition of
incremental amounts of the Polar Compound; and they did not statistically demonstrate the optimality that was
claimed. It appeared that they were satisfied to demonstrate some savings, demonstrate several physical and
chemical compatibilities, and assert an optimal concentration, those being no small accomplishments.
Description of Experiment and New Analysis
The author has analyzed the data from the original Patent using methods not previously applied. The inventors
recorded daily kWh use (kWh), daily cooling degree-hours (CDH), and concentration of the polar organic compound
(PROAVOL) for a total of 35 days during the 84-day test period. The author used linear regression to estimate the
parameters of the models:
kWhi = α * CDHi + β * PROAVOLi + γ + εi

and

kWhi = δ * CDHi + λ + εi

___________________
*Mr. McCarthy is Senior Vice President and Partner at Georgetown Utilities Enterprise, LLC, of New Hudson, MI. Mr.
McCarthy has held this position since 2014. Previously, he held executive positions at Energetics, Incorporated, Lockheed
Martin Corporations, Aspen Systems Corporation, Applied Management Sciences, Inc., and ADM Associates, Inc. He held
engineering positions at Hittman Associates, Inc. He holds an Sc.B. in Civil Engineering and an A.B. In Urban Studies from
Brown University. He has taken additional courses in Mechanical Engineering at the University of California, Davis, and
California State University in Sacramento. (pmccarthy@georgetownutilities.com – (301) 926-7886)
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Based on statistical analyses first presented in this paper, it is shown in the first model, when estimated on the full
dataset, that β, the coefficient on the concentration of Polar Organic compound, was negative, indicating an
INVERSE relationship between PROA concentration and daily kWh. This means that when PROA concentration
increases, kWh usage is reduced, and when PROA concentration is reduced, kWh increases, independent of CDH,
the ambient cooling load. The coefficient was statistically significant at the 1% level. This is empirical proof that
use of the PROA Compound saved energy in this application.
The second model, estimated on subsets of the data with parametrically increasing concentrations of the Polar
Compound, shows that the coefficient δ, the energy used by the test unit per CDH, drops from 12.4 kWh/100 CDH
at 2.5% concentration, to 6.8 kWh/100 CDH at 4.7% concentration. This was a 45% reduction in energy used per
100 CDH as PROA concentration increases from 2.5% to 4.7%.
These results were not in the Patent and have not ever been published before, to the author’s knowledge. The author
believes these are extremely important results of the work of Wilkins, Hammack, and Thompson.
Key Results, Discussion, and Conclusions
Figure ES-1 below, right shows these key results. Each dot is a day. For each day, the daily kWh is shown on the
vertical axis and the CDH is plotted on the horizontal axis. The data fall into three obvious clusters based on PROA
concentration.
• The Low Concentration cluster is 2.5% (blue dots).
• The Medium Concentration cluster is 3.0-4.3% (purple, tan, green, and orange dots).
• The High Concentration cluster is 4.7-5.1% (red and yellow dots).
First, consider the dots in the range
of about 25 CDH and about 135
CDH (between the first pair of
vertical dotted lines). Note the
following:
• At a load of 59 CDH, there
is a blue dot (a day) at 29.4
kWh/day (upper red circle).
• Almost directly below it, at
a load of 60 CDH, is a
green dot at 17.6 kWh/day
(lower red circle).
• These are two days with
cooling loads that differ by
only 1.7%, with the same
test unit, cooling the same
test space, yet the unit used
40% less energy when the
PROA concentration is
increased from 2.5% to
3.9%.
• Looking at days with loads
near 135 CDH, the second
dashed vertical line, there
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•
•

•

are two days in the Low Concentration group (upper red oval) with loads near that line. One day has 129
CDH and 35.7 kWh; the other has 127 CDH and the unit used 32.7 kWh.
Directly below (lower red oval) is another pair of days, in the Medium Concentration cluster, with loads and
energy use similar to one another. One had a load of 134 CDH, and the unit used 25.0 kWh (purple dot); on
the other day, the load was 126 CDH, and the unit used 21.3 kWh (green dot).
The two Low Concentration days averaged a load of 128 CDH, and used 34.2 kWh/day; while the two
Medium Concentration days averaged 130 CDH and 23.1 kWh/day. So, for two pairs of days that differed
in load by only 1.5%, the energy used by the test unit was reduced by 32.5% in association with increased
PROA concentration from 2.5% to about 3.5%.
In addition to the prior specific comparisons of days, or pairs of days, it is further noteworthy that,
considering all low concentration (blue dot) days and all medium concentration days in the same load range
(25 to 135 CDH), on all but one of the low concentration (blue dot) days the unit used more energy than on
any of the colored days, in the same load range, no matter what the load. There was a clear separation of
kWh/day, independent of load. This is visual demonstration of the independent effect of PROA
concentration on reducing energy use, independent of cooling load.

Comparable observations can be made on the days with loads between 165 CDH and 350 CDH, between the third
and fourth vertical dashed lines, the range of load which is common to the high concentration days (red and yellow
dots) and the medium concentration days (purple, tan, green and orange dots). We observe simply that:
For any load level between 165 and 350 CDH, the red/yellow dots at that load level are always below the other
colored dots. For example, there are five days clustered near the 165 CDH mark, (red oval to the right of the
third vertical dotted line). Of the five, all those with low concentration have higher kWh than those with high
concentration. There is only one exception to this. On a day with a load of 178 CDH, the unit used 22.0 kWh/day
and the concentration was medium (tan dot). On that day, the unit used less energy than a comparable day (171
CDH) with high concentration (red dot) when the unit used 22.6 kWh/day.
On all other days where the load was between 165 CDH and 350 CDH, the test unit always used less energy on
days when it had high concentration of PROA and used more energy on days when it had a lower concentration
of PROA in the system.
The conclusion: Controlling for load, increased presence of PROA means less energy use; and reduced presence
of PROA means more energy use. In other words, presence of PROA reduces energy use, (and absence of PROA
increases it) independent of load. There is an INVERSE relationship between PROA concentration and energy
use.
While not illustrated separately here, the regression analyses using the second model on subsets of the data with
constant or comparable PROA concentrations within each dataset and increasing PROA concentration between
datasets, showed steadily declining values of the slope parameter δ, as noted previously. It fell from 12.4 kWh/100
CDH at 2.5% PROA to 8.6 kWh/100 CDH at 3.0-4.3% PROA, a 31% reduction, to 6.8 kWh/CDH at 4.7% PROA,
an additional 21% reduction. In all, δ fell from 12.4 kWh/100 CDH to 6.8 kWh/100CDH, a reduction of 45%, as
PROA increased from 2.5% to 4.7%.
Finally, at PROA concentration of 4.7%, the minimum kWh/100 CDH coefficient of the experiment was achieved.
The 6.8 kWh/100CDH, at 4.7% PROA concentration, was the lowest energy use per 100 CDH rate obtained.
When the PROA concentration was further increased, to 5.1%, the kWh per CDH increased. The regression using
the pooled data including the 4.7 and the 5.1% PROA concentrations had a coefficient of 7.7 kWh per 100 CDH,

Copyright © Georgetown Utilities Enterprise, LLC
New Hudson, MI – August 15, 2017 -- Confidential

Page ES-3 of 6

GUE Technical Paper 2017-01.10
August 15, 2017 updated June 5, 2020
indicating that additional PROA concentration did not further reduce the energy use rate, but increased it. Thus, a
local minimum of 4.7% was empirically verified, as claimed by Wilkins, et.al., in the Patent.
Figure ES-2, right, shows the reduction of
kWh per 100 CDH (termed CCDD in the
chart) as PROA concentration increases,
with the minimum kWh/100 CDH occurring
at 4.7%, then increasing thereafter, thus
confirming the optimum claimed by
Wilkins, et al.
Impact on
Community

the

Energy

Efficiency

The results disclosed in Wilkins’ Patent
were impressive and caused a significant
impact in the energy efficiency community
in the mid-1990s through the mid-2000s as
firms introduced products that availed of
this newly-disclosed science, following the
teachings of the Patent. In the Patent
Document, however, Wilkins, et al
unfortunately stated:
“…The preferred polar compounds
are the liquid halogenated α-olefins and liquid halogenated paraffins; preferably the halogen is Chlorine.
With the most preferred group of polar compounds being the liquid chlorinated α-olefins.”6
In this unfortunate sentence, they unfortunately steered entrepreneurs towards chlorine-based formulations.
And indeed, the polar compound used in the Patent research, and producing the results shown in this paper, was a
commercially available chlorinated α–olefin sold by the Diamond Shamrock Company, under the trade name
Chlorowax-500AO. Interestingly one of the main reasons the inventors advocated chlorinated products was that
such were non-carcinogenic and were believed to therefore be suitable for refrigeration applications involving food7.
That halogenated compounds generally, and chlorinated compounds specifically, would corrode and ultimately
damage equipment, under certain conditions, was not lost on Wilkins, an expert Metallurgical Engineer. In the
Patent, he cautioned:
“When using halogen-containing polar compounds it is preferred to use a stabilizer to prevent free halogen
from forming if there is any moisture in the system. The presence of free halide can cause corrosion
problems. Suitable stabilizers for chlorides are commercially available and are typically buffers which will
combine with the halogen to render it benign8.
Notwithstanding Wilkins’ clear warning, chlorine-based commercial products, such as FRIGAID and others, were
introduced between 1990 and 1995, to take advantage of the promised performance improvements in older
equipment.
Indeed, in 1995, the US Department of Energy’s Federal Energy Management Program (FEMP) published a
“Technology Alert” on the topic of PROAs, citing their potential, and encouraging federal facility managers to
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investigate their applicability for their facilities. In that document, they characterized PROAs as “chlorinated
paraffin,” unfortunately perpetuating the notion that chlorinated formulations were the successful products9.
Unfortunately, the early PROA products quickly earned a bad name for at least five reasons:
• First, some early adopters suffered equipment damage based on flawed formulations containing Chlorine.
Word of damaged equipment spread fast in the industry.
• Second, other users had favorable results that didn’t persist due to formulations containing alcohol, which
evaporated.
• Third, other users and advocates became disenchanted by unpredictable energy savings, which indeed are
somewhat complex due to the mechanism of the savings, and the interaction of that mechanism with the
control logic of typical RTU and Chiller units.10 This made them especially unpopular with ESCOs, who
generally had to guarantee savings.
• Fourth, the technology, which is a Nano-technology metallurgical treatment, effectively a one molecule
thick coating, was mischaracterized as an oil additive11, which raised suspicion, and was dubbed “snake oil”.
• Fifth, the measure, which is truly a permanent metallurgical retrofit, a coating which once applied will not
wear off and cannot be removed, was mischaracterized as a “maintenance measure”12. That misnomer made
it ineligible for most utility incentive programs, and this lack of utility industry imprimatur had the effect of
casting further doubt on the validity of the energy-savings performance claims.
This faltering launch left a legacy of damaged equipment, disappointed users, and vendors exposed to lawsuits. It
created in surmountable Market Barriers for PROAs, which barriers have persisted over 20 years, and some remain
today.
Thus ends the sad story of First Generation Polarized Refrigerant Oil Additives, or PROAs. It was a promising
discovery, hastily rushed to market, and poorly executed. The early products caused disappointment and damage.
They fell out of use and into disrepute. With them was nearly lost the promise of the Wilkins’ Patent. Unfortunately,
the fact that PROAs indeed saved considerable energy and were harmless when properly applied, was lost. “That
sh*t don’t work, and it’ll tear up your system…” was the scuttlebutt among the boys in the boiler rooms.
Introduction of Second Generation Synthetic Refrigerant Additives, Led by ProaTEQ®
The purpose of this paper is to sustain and validate the impressive energy savings promise of polar compounds while
still admitting the Market Barriers faced by first generation products and to enlighten readers to the existence of a
second generation PROA industry. The energy savings of the polar compounds will be conclusively documented
via a re-analysis of Wilkins’ data.
The paper introduces second generation PROA products, the so-called Second Generation Synthetic Refrigerant
Additives or 2G-SRAs. These are chlorine-free products, which offer the energy-efficiency improvement of a PROA
without the adverse side effects. The original second-generation product is ProaTEQ, formulated in 1996,
extensively field tested in 1997, and introduced to the market in 1998. ProaTEQ is Chlorine Free. In a 2004 study
of such products, the National Institute of Science and Technology (NIST) chose ProaTEQ, stating that “…ProaTEQ
was chosen because it has low sulfur content and it does not contain Chlorine.”13 In that study it was shown, among
other things, that under certain laboratory conditions in a pool boiling experiment, ProaTEQ caused an average heat
transfer improvement of 73%, and a maximum improvement of 95% (nearly doubling)14.

ProaTEQ saves energy by recovering lost cooling capacity in older equipment. Georgetown Utilities has
provided and installed ProaTEQ since 2006. Projects include testing, energy analysis, and a guarantee on capacity
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recovery and payback period. GUE has treated over 238 Units and 4,331 Tons. We also offer HVAC Controls
modernization and lighting modernization under both traditional and performance contracting models.
Future papers in this series disclose ProaTEQ’s energy savings mechanism, and a model to analyze such savings,
and present (with permission) results of field tests by GUE on actual units in a large US Chemical Company.
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EXECUTIVE SUMMARY END NOTES
____________________________________________________________________________________________
1

Dr. Charles Henry Tully Wilkins was a Metallurgical Engineer with US Steel in Pittsburgh, PA, from the 1940s through 1960.
In 1961, he became Chairman of the Metallurgical Engineering Department at the University of Alabama, Tuscaloosa, AL,
where he served for over 30 years. Dr. Wilkins is the Principal inventor listed on US Patent #4,963,280.
2
U.S. Department of Commerce, US Patent and Trademark Office: US Patent 4,963,280, October 16, 1990, “Method and
Composition for Improving the Energy Efficiency of Heat Pump Systems”, Charles H.T. Wilkins, Tuscaloosa, AL, Jack
Hammack, Hattiesburg, MS, Charles B. Thompson, Tuscaloosa, AL.
3
In the experiments done and reported in the Patent, the inventors used Chlorowax 500AO, a product of Diamond Shamrock
Corporation. Chlorinated products were later found to damage equipment. Diamond Shamrock became the subject of several
merger and acquisition activities, and its remnants, such as they exist, are now part of Valero Oil Co. The author is uncertain
whether Chlorowax 500AO remains in production today.
4
U.S. Department of Commerce, op cit, part 5, lines 7-9.
5
Ibid., part 8, lines 4-6.
6
Ibid., part 2, lines 41-45.
7
Ibid., part 2, lines 45-50.
8
Ibid., part 4, lines 49-55.
9
US Department of Energy, Federal Energy Management Program (FEMP), “Federal Technology Alerts -- Polar Refrigerant
Oil Additive: Technology for Improving Compressor and Heat Exchanger Efficiency”. Prepared for the US Department of
Energy by Pacific Northwest National Laboratory, Sept. 1995, p. 2, bottom under “Energy Saving Mechanism”.
10
GUE has solved this problem by its development of a model, based on ASHRAE Bin Methodology, that properly models the
energy savings of PROA products applied to major classes of legacy Roof Top Packaged HVAC equipment. See McCarthy,
P.M., and R. L. Piepenbrink, “Methodology for Estimating Energy Savings of ProaTEQ in RTU Applications”. Technical Paper
2017-2.02. New Hudson, MI, Georgetown Utilities Enterprise LLC (forthcoming).
11
Polar organic compounds have been characterized by many as oil additives because they initially mix with the compressor oil
and indeed provide lubricity improvement. However, in reality, polar refrigerant additives are a class of metallurgical treatment,
akin to a coating. The principal benefit comes from the passage of the polar compound through the refrigeration system, where
it forms a one-molecule thick layer on the metallic surface of the heat transfer components. There, it acts, through Van der
Waals forces, to penetrate and dislodge an unwanted, insulating, oil boundary layer, known as “oil fouling”. It permanently
attaches to the metal and cannot be dislodged. Due to its polarity, the monolayer cannot grow thicker by adhesion of its own
molecules, and other compressor oil molecules cannot adhere to it either. Thus, it initially removes, then permanently prevents
the unwanted oil fouling boundary layer. It improves heat transfer in heat exchange components, partially restoring lost capacity,
and thus saving energy.
12
Indeed, utilities have been reluctant to offer financial incentives for this measure because it is erroneously judged as a
“maintenance” measure; and maintenance is not incentivized by program policy.
13
Kedzierski, Mark A., “Effect of Refrigerant Oil Additive on R134a and R123 Boiling Heat Transfer Performance and Related
Issues for GSA”, Report No. NISTIR 7132. Gaithersburg, MD: US Department of Commerce, National Institutes of Standards
and Technology, June 2004. Pages 4, 5.
14
Ibid, p. 1
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The (Re-) Emerging Opportunity for Significant Energy Savings via
Metallurgical Treatment of Heat Transfer Surfaces in Legacy Refrigeration Systems
by
Patrick M. McCarthy*
Georgetown Utilities Enterprise, LLC

TECHNICAL PAPER
Introduction
This paper contains a statistical analysis of data published in US Patent 4,963,280, (hereinafter referred to as “The
Patent”) which was awarded to Charles H.T. Wilkins, Jack Hammack, and Charles B. Thompson on October 16,
1990.1 The analyses provided in this paper were not provided in the Patent, and to the author’s knowledge have
never before been performed or published.
The foregoing five-page Executive Summary contains valuable information not repeated in the Technical Paper,
which starts here. Readers are advised to read the Executive Summary before starting the Technical Paper, to gain
the full picture. Further, a copy of the original Patent Document, copied directly from the U.S. Patent and Trademark
Office Archive, is provided as Appendix A. Reading that document can provide rich historical context to this paper;
and references in this paper frequently cite language and data in the Patent.
The thesis of this paper is that the results disclosed in the Patent, when seen in the light of the statistical analyses
provided here, show without question, that the deployment of properly formulated Polarized Organic Compounds in
refrigeration systems, can and will save considerable energy, and will not damage equipment, when properly applied.
The original Polar Organic Compounds, products that emerged in the wake of Patent 4,963,280, came to be known
as Polarized Refrigerant Oil Additives, or PROAs. For reasons to be documented in this paper, many PROAs were
manufactured at variance with the teachings of the Patent, and were therefore unsuccessful in producing the results
documented in the Patent, produced results that did not persist, or worse, caused equipment damage. This led to
their discrediting, and the formation of major Market Barriers to the use of properly formulated PROA products.
A further objective of this paper, then, is to introduce the class of Polarized Compounds known as Second
Generation Synthetic Refrigerant Additives, or 2G-SRAs, and to briefly describe ProaTEQ, the original secondgeneration product.
Background: Key Objectives of Wilkins’ et. al.
Wilkins, Hammack and Thompson’s work stated that their objectives were to:
____________________
*Mr. McCarthy is a Senior Vice President and Partner at Georgetown Utilities Enterprise, LLC, of New Hudson, MI. Mr.
McCarthy has held this position since 2014. Previously, he held executive positions at Energetics, Incorporated, Lockheed
Martin Corporation, Aspen Systems Corporation, Applied Management Sciences, Inc., and ADM Associates, Inc. He held
engineering positions at Hittman Associates, Inc. He holds an Sc. B. in Civil and Structural Engineering and an A.B. in Urban
Studies from Brown University. He has taken additional courses in Mechanical Engineering at the University of California,
Davis, and at California State University, Sacramento. (pmccarthy@georgetownutilities.com – (301) 926-7886)
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1. “Provide a composition which is capable of greatly increasing the energy efficiency of heat pump systems;
2. Provide a composition which will be useful both in air conditioning and refrigeration units to improve their
energy efficiency; and
3. To provide a method for improving the energy efficiency of heat pump systems”2 (numeric list format added)
They then stated that:
“These and other objectives…. have been achieved by introducing into heat pump systems a composition
containing a compound containing polar sites such that there are portions of the molecule which have low
electron densities and other portions which have high electron densities into the system”3
They note that the introduction of such polar compound addresses a problem for which awareness was then
emerging, that is now known as “oil fouling”. They wrote:
“…As is well known, all heat pump systems contain a lubricant which is continuously circulating throughout
the system, to lubricate the moving parts of the compressor.”4.
And:
“The polarity of the molecule is believed to result in the polar compound physically attaching itself to the
metal walls of the heat pump system. The metal surfaces in the heat pump system are believed to contain a
high electron charge such that the present polar molecule will orientate itself towards and form a Van der
Waals bond with the metal surface. Without being bound by any particular theory, it is believed that when
the polar compound binds to the metal wall that this results in a reduction in the boundary layer
phenomenon which is encountered in the transfer of heat from a fluid contained within a tube through
the tube wall to the surrounding fluid. This boundary layer phenomenon reduces the heat transfer
coefficient thereby decreasing efficiency. From tests conducted to date it appears that the utilization of the
polar compound significantly reduces the effect of this boundary layer phenomenon. Tests thus far have
demonstrated not only lower energy consumption but also substantially increased heat transfer across the
heat transfer surfaces. This improved heat transfer is demonstrated by an increase in the heat transfer
coefficient for the system and by shorter system cycle times. Because of the improved heat transfer, one
achieves significantly reduced power consumption in the heat pup system.”5 (bold and italics added)
The inventors continued to discuss the method of insertion, use of carrier oils, the need for stabilizers to avoid
formation of corrosive acids in the presence of moisture in the system, the importance of compatibility between the
polar compound and the refrigerant, and the compressor oil, and the importance of the polar compound remaining
liquid through all the temperature and pressure states of the system.
The inventors conclude their teachings by stating:
“It has been determined from testing conducted to date that the present composition and method is effective
in improving the efficiency of heat pump systems both using reciprocating and rotary compressors.
Substantial improvements in energy efficiency have been found in all sizes of units ranging from a 1 ton
unit up to units nominally rated at 800 tons. Energy consumption improvements of greater than 10% have
been achieved by the use of this invention. (bold, italic added)”6
Following the teachings, the results of an experiment are provided. In the following section, a description of the
experiment, from the Patent text, is provided. Following that, a linear regression modeling analysis of the
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experimental data, heretofore unpublished, which clearly and empirically establishes the validity of the savings
delivered by this measure, is provided.
Description of Wilkins, Hammack, and Thompson’s Experiment
In the Patent, the inventors describe an experiment in which a 3.3 ton, York Model 354, water cooled, self-contained
air conditioning unit, manufactured in 1962 (25 years old at the time of the experiment) with a 3.0 hp hermetically
sealed compressor driven by a 208/220v, 3-phase, 60-hertz electric motor, was run in a controlled environment with
continuously increasing volumes of the polar compound Chlorowax-500AO added, over an 84-day test period
featuring varying cooling load. On 35 days during the 84-day test period in the Spring of 1987, starting March 6,
1987 and ending May 28, 1987, the daily Cooling Degree Hours (CDH), the daily kWh (kWh) and the current
Polarized Refrigerant Oil Additive Volume (PROAVOL) were measured. Note, PROAVOL did not vary daily, or
was not even different for each of the 35 measurement days. But it was variable over the full test period.
The tests were conducted using a 7,200 cu.ft. teaching laboratory. The York unit used Freon R-22, and contained
0.875 gal of York “C” oil as the factory installed and hermetically sealed compressor oil lubricant. The details of
the instrumentation are provided in Part 5, lines 46-57 of the Patent document. True kW was metered, in addition
to kWh, kVAR, and kVA. Power factor was computed. The power to the motor remained essentially constant at
2.79 kW7.
Chlorowax was introduced into the system in aliquots of 15 ml each. The insertion method involved, while the
compressor was running, extracting a small volume of high-pressure liquid refrigerant into a copper cartridge
containing 15 ml of liquid Chlorowax. The mixture in the pressurized cartridge was then isolated from the highpressure side of the compressor, and vented into a needle valve into the low-pressure, Freon vapor line to become
entrained in the refrigerant flow to the suction port of the compressor. Details are described in Part 6 of the Patent.
The test procedure involved making 12 such injections of 15 ml each over 84 days, for a total injection of 180 ml.
Each aliquot introduced about 0.4167% by volume. After 12 aliquots, the liquid, totaling 180 ml, or about 5.1% by
volume, had been introduced.
The room being cooled was isolated from the building’s HVAC System. The only cooling in the room was the test
unit. The room was on a corridor, with one wall and fenestration exposed to the ambient conditions, and conditioned
spaces above, below, in the adjoining corridor, and on either end along the corridor. The building interior ranged
from 77oF to 84oF over the test period. The test unit was held at a setting of 71oF continuously through the test
period, and this setting maintained the room at 70-71oF dry bulb and 64-65oF wet bulb over the entire test period.
Additional details are provided in Part 6 of the Patent.
Wilkins, et. al. Published Data Tables
The data published by Wilkins, et al spanned 84 days from March 6, 1987, the date of the first injection, through
May 28, 1987, the date indicated as “Test Terminated”, which was one day after the last daily kWh reading was
taken.
The inventors provided two data tables in the Patent, shown in Part 6 and Part 7. They are reproduced as Figures 1
and 2 in this paper for the benefit of our analysis of apparent data anomalies and the resolution of such anomalies.
Figure 1, below, provides the over-arching chronology of the Experiment. It lists the Twelve Injections, by Injection
Number, 1 through 12, the Injection Dates, the Days Since Last Injection, and provides Comments on each of the
Injection Events.
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The injections occurred over the 77-day period from Injection #1 on March 6, 1987 through Injection #12 on May
21, 1987. The first and second injections of 15 ml each were done on the same day, March 6, 1987. The third
injection, of 15 ml on March 9, 1987, and all subsequent
injections were one injection per day. The interval
between injections is irregular and the Patent offers no
overarching rationale for the intervals chosen.
Note that on March 6 and March 9, there are notations of
chart paper problems. This is referring to the Esterline
Angus S-22904 Mini Servo III Power Survey unit (a chart
and pen recorder) with 3-pen capacity for continuous
recording of KVA, kW, and KVAR that was used. Note
that on the occasion of Injection #5, March 13, there was
notation of a change in the building environmental
program. Further, note that on March 16, the date of
Injection #6, the Comments say:
“Cold spells, fan motor failures, and cooling
water interruptions”
This is an indication that equipment and instrumentation
failures and interruptions surrounded the activity
associated with Injection #6, and potentially immediately
thereafter. Finally note that for all dates after March 16,
the notations are “continuous operation, with system in
control.” indicating a resolution of initial start-up
problems.
The second Table provided by the inventors, was labeled
Table I in the Patent Document (Part 7, lines 27-62), and
is reproduced below, as Figure 2. It is a listing of 35
observations of seven variables. The data included 35
intermittent days over the 71-day period from the date of
the first kWh readings, which was determined by GUE to
have been March 19, 1987, to the date of the last kWh
reading, which was determined by GUE to have been
May 27, 1987.
Note that the inventors did not provide the dates of the
observations in Figure 2. Determination of these dates became necessary, however, and was done by GUE using
multiple methods, outlined below. It was important to determine the actual dates in order to correctly address the
data anomalies discovered. More on that to follow.
The seven variables recorded for each day included:
1. PROA Volume in the system on that day (ml)
2. Approximate volume percent of PROA in the system (%)
3. Days since last injection (days)
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4. Daily cooling degree hours (hr-deg F)/day. Note that the structure of the CDH metric used was not
documented by the inventors, but it was determined and confirmed by GUE analysis that the CDH metric
used was the sum of the daily positive deviations between the hourly temperature and 65oF. That is:
24

𝐶𝐷𝐻 𝑝𝑒𝑟 𝐷𝑎𝑦 = ∑ 𝑇ℎ𝑟 − 65
ℎ𝑟=1

Where (Thr – 65) < 0 is set to 0.
5. Daily compressor motor energy use –
midnight to midnight 24 hr period
(kWh/day)
6. Daily maximum temperature (oF)
7. Daily minimum temperature (oF)
Determination of the actual dates of the data
observations in Figure 2 was done in multiple ways,
but one that is easily demonstrated is by comparison
with historical weather data. The first observation is
stated to have occurred on a date that is “3 days after
last injection” and that on that date, the “Chlorowax
concentration is 90 ml”. Only two dates meet that
criteria:
•

•

March 16, 1987, the date of Injection #6,
bringing the concentration to 90 ml, and
which is 3 days after the prior Injection, that
being Injection #5 on March 13; and
March 19, 1987, which is also 3 days after
the prior injection, that being Injection #6 on
March 16, 1987, and so on March 19 the
concentration remains at 90 ml.

Note that on the occasion of Observation #1, Figure
2 indicates that the CDH is 32 deg-hr. Also, on the
occasion of Observation #2, which listed as 5 days
after the prior injection, thus 2 days after
Observation #1, the CDH is listed as 100.
GUE researched hourly temperatures from March 19 and March 21, 1987 from Weather Underground.Com, a web
site based on National Weather Service data. The results are shown in Figure 3, below. The hourly data for March
19 indicate 32 CDH, as shown in Figure 3, a precise match with the Patent table, using the 65F base methodology.
Further, for March 21, 1987, the 65F cooling degree hours were computed as 100, an exact match with Table I in
the Patent. From this, data, GUE concluded that Observation #1 was on March 19, 1987 and Observation #2 was
March 21, 1987. Other dates were then set based on those known dates.
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As an added measure of certainty, GUE
analyzed the Weather Underground data
for the other candidates for Observation
#1 and #2, those being March 13 and
March 15, 1987. On those dates, the CDH
were 0 and 19 respectively. This analysis
gave GUE confidence that the CDH
metric used by Wilkins, et al was indeed
the 65F base sum of positive deviations
between the hourly DB Temperature and
65F, as illustrated in the Table above; and
that the set of 35 data observations in
Wilkins, et.al. work begun on March 19,
1987, three days after Injection #6,
bringing the concentration to 90 ml.
Data Anomalies Observed by GUE and
Their Resolution
GUE noted that for the first daily
observation, which was determined to
have been March 19, 1987, the CDH was
only 32, the lowest value recorded, and the
kWh was 44.83 kWh, the highest value
recorded except for Observation #21
which was judged faulty for other reasons,
described below. The CDH and kWh data
for Observation #1 therefore deserved
special attention and treatment.
After GUE analyzed the weather data for March 16, 1987, it was conclusive that the 32 deg-hr value of CDH was
correct, as it was reproduced from published historical weather data. But then the 44.83 kWh came under suspicion.
The Patent, at Part 8 line 3, stated that the demand of the compressor motor remained constant at 2.79 kW. To
generate 44.83 kWh, the unit would have had to run more than 16 hours at full load. Note from the Weather
Underground data, that there were non-zero CDH for only 7 of the 24 hours on March 16. Even allowing for cooling
load from the walls in common with other conditioned spaces, it is hard to believe that with 0 load from ambient
conditions in 17 of 24 hours, that conduction or air infiltration from adjacent internal spaces held at “77 to 84oF
throughout the test period” (Part 6, lines 1-20) would have required the system to run 16+ hours at full load.
Moreover, later in the first test cycle, with the PROAVOL constant at 90 ml, there were other occasions when the
unit generated 35-45 kWh. For example:
•
•
•

Observation #2, the unit generated 43.55 kWh, and the CDH was 100;
Observation #3, the unit generated 35.71 kWh, and the CDH was 129;
Observation #9, the unit generated 41.04 kWh, and the CDH was 121.
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These data showed triple and quadruple values of CDH associated with kWh in the range of 35-45 kWh/day,
compared to the 32 CDH associated with 44.83 kWh/day for Observation #1. This information, combined with the
inventors’ notations about equipment problems, convinced GUE that the reading of 44.83 kWh for 32 CDH in
Observation #1 was flawed.
A regression of the kWh upon the CDH for the 11 observations with 90 ml volume was done for analytical purposes.
It was found that there was a substantial intercept, and the intercept was highly statistically significant, indicating
that the “dead load”, i.e., the cooling load from adjacent spaces, independent of variations in the ambient conditions
as measured by CDH, was considerable. GUE therefore applied a regression based imputation, and replaced the
known implausible value with a value based on the model-based imputation, of 23.90 kWh. Imputation details for
Observation #1 are found in Appendix B.
Similarly, GUE noted that the kWh for Observation #21, determined to have been made on May 9, 1987, the date of
Injection #9, bringing the Chlorowax concentration from 120 to 135 ml, was also clearly an erroneous datum. The
kWh observation was 123.02 kWh/day. This value was determined by GUE to be physically impossible. As noted
previously, the Patent states that the York 354 unit had a continuous demand of 2.79 kW, which was measured, not
estimated. For a 2.79 kW machine to generate 123.02 kWh, it would need to run at full load for 44.09 hours. Since
these were 24-hour observations, the kWh reading listed for Observation #21 was physically impossible. For
Observation #21, then, GUE did a regression-based imputation, similar to Observation #1, using observations from
surrounding days. The imputed value was 29.37 kWh. Again, the imputation details for Observation #21 are shown
in Appendix B.
A third minor data anomaly was determined, not affecting the kWh or PROAVOL or CDH measures, but
documented here for full disclosure. The inventors listed “Days after last injection” for each observation in Figure
2. For Observation #13, 14, and 15, which were the observations with CDH of 239, 175, and 134 respectively,
GUE’s thorough calendar analysis deemed the dates of these observations to be May 1, 2, and 3, 1987. Given that
Injection #7 was on May 1, the days after injection should have been 0, 1, and 2 rather than 1, 2, and 3 as listed in
the Patent. From the historic weather data, GUE confirmed that on May 1, the CDH were exactly 239 deg-hr.
Therefore Observation #13 had to have been May 1, and since Injection #7 was on May 1, the “days after” should
have been 0. So, in the GUE analysis data set, the “days after last injection” for Observations 13, 14, and 15 are 0,
1, and 2 respectively rather than the 1, 2, and 3 originally published.
But for these three very minor changes, two kWh adjustments and one correction of “days after last injection”, all
other data in Figure 2 appeared to be reasonable and were used by GUE exactly as the inventors had recorded them
in the GUE Analysis Data Set.
Development of the GUE Analysis File
The data from Figure 2, as amended for kWh for Observations #1 and #21, were used as the GUE Analysis File.
There were 35 daily observations each of:
1. PROA Volume (Chlorowax-500AO) in the system (in ml);
2. CDH per Day using 65 F base; and
3. kWh per Day
The data were 100% from the data published by Wilkins, Hammack, and Thompson, except for the two regressionbased imputations used for data that were demonstrably implausible or physically impossible. The GUE Analysis
File is provided in Appendix C. Any reader may use this file to replicate GUE’s analysis in Excel.
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GUE’s Three-Part Analytic Plan
In the analysis of this data, GUE sought to conclusively establish (or not) three things:
1. That presence of the PROA in the system had an observable effect of reducing energy use; and that the effect
of PROA in reducing the energy use was statistically significant, and independent of change in cooling load;
2. That increased concentration of PROA led to quantifiably reduced values of energy intensity, up to a limit;
and
3. That the optimal level of PROA concentration was approximately 4.7% by volume, as reported by Wilkins,
et. al, and stated in the Patent, Part 8 line 4-6.
To address these objectives, GUE developed and executed a three-part analysis plan, as described below.
Analytical Plan Part 1: Demonstrate Effect of Polar Compound to Reduce kWh, Independent of Cooling Load
The first part of the analytic plan is to model the full data set, all 35 observations, using multiple regression analysis
to estimate the parameters of the following specification:
kWhi = α * CDHi + β * PROAVOLi + γ + εi

(1)

Where:
kWhi

=

Daily kWh measured for ith day

α

=

Parameter to be estimated, interpreted as the partial derivative of kWh/day with respect to CDH/day,
or the sensitivity of kWh to CDH independent of PROAVOL

CDHi =

The daily observed ambient cooling load, as measured by the 65F base Cooling Degree Hours/day

β

Parameter to be estimated, and interpreted as the partial derivative of kWh/day with respect to
PROAVOL, the concentration of Polar Compound, independent of CDH

=

PROAVOLi

Volume of Polar Compound in the system on the ith day. This variable doesn’t change from day to
day, but changes six times over the 71 days containing the 35 days on which observations were
made.

γ

=

εi

=

Constant (intercept), indicating the amount of kWh expected if both PROAVOL and CDH were 0.
May be roughly interpreted as the kWh required to remove any heat gained from the adjacent
spaces in the classroom building, which are kept at relatively constant conditions by the building
heating and cooling system.
The error term.

In specification (1) above, the sign of the estimated parameter α is expected to be positive, as kWh will rise as CDH
rises and kWh will fall as CDH falls.
However, the sign of the estimated parameter β is unknown, and is to be determined empirically, by the regression
procedure. This is the key research question of Part 2. If the Polar Compound reduces energy use, independent of
cooling load (CDH), then kWh will be shown to fall as PROAVOL increases, and kWh will increase as PROAVOL
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falls, an inverse relationship. A negative sign on the estimated β parameter is a key result and will establish this
inverse relationship.
Each parameter must also be statistically significant, meaning that the value of that parameter was not a product of
random chance, in order for the interpretations to be valid.
Figure 4 shows a scatter plot of the 35 data points in the full data set. Each data point represented a single daily
observation. The kWh is show on the vertical axis; the CDH is on the horizontal axis. The color indicates the value
of PROAVOL, the volume of PROA in the system that day (blue for 90 ml, purple for 105 ml, etc., see Legend).
The following observations are made relative to Figure 4:
•

•
•

•
•

The “Low Concentration” cluster (blue dots) represents the days with 90 ml (2.5%) of the Polar Compound
in the system. They are found in the range of about 25 to 135 CDH of cooling load on the horizontal axis.
Note that in the range of 25-135 CDH, there are virtually no dots of other colors higher on the kWh axis
than the blue ones. In other words, the highest kWh at any CDH between 25 and 135 are associated with
the low Polar Compound volume. Once PROA volume increases, kWh is lower even in the same CDH
range.
The “High Concentration” cluster (red and yellow dots) represent the days with the highest PROA volumes.
They are all the lowest kWh days, for their CDH values, on the picture.
The “High Concentration” cluster contains days in the cooling load range of about 165 to 350 CDH. In that
range, there are also days in the “Medium Concentration” cluster (purple, tan, green, and orange dots).
However, it is very noteworthy that in that range of cooling load, all but one of the Medium Concentration
dots fall at kWh levels that are higher than the High Concentration cluster dots.
In other words, the Polar Compound concentration levels very clearly drive a clustering of high, medium,
and low kWh/day, corresponding to Low, Medium, and High Polar Compound Concentration respectively.
The ability of the Polar
Compound, to drive change
in kWh/day, independent
of CDH Cooling load, is
visibly indicated by the
obvious
and
robust
clustering in the data.

As a supplement to the clustering,
GUE inserted lines representing
approximate best fit to the data in
each concentration cluster. Note in
the next section the exact location
of these lines is derived by
regression, but these are provided
here, to highlight their comparison
visually on a single chart.
•

Figure 4 shows three lines
that represent approximate
best fit to the data points in
the Low, Medium, and
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•

High Concentration Clusters. The slopes of the lines are diverging from left to right, indicating that their
slopes are decreasing.
The slopes of the lines have units of kWh use per CDH. That the slopes are falling in three regimes of
PROAVOL is yet another indication that increasing concentration of the Polar Compound is reducing the
kWh per unit Cooling load.

Using all 35 data points, GUE conducted a multiple linear regression, estimating the parameters of Specification (1),
above, with the dependent variable of kWh/day, and independent variables CDH and PROAVOL. The regression
results are shown in Figure 5. Figure 5 is a listing of the results from the EXCEL2010 LINEST function. It is
applied in a multiple regression analysis, on the GUE Analytical Data Set of Appendix C.
Figure 5 provides the estimated values of the parameters α, β, and γ from Specification (1), above. It also provides
diagnostic statistics relative to the regression procedure. The following are key findings from Part I of the analysis:
1. The coefficient on PROAVOL, β, is negative. This confirms that the relationship of PROAVOL to kWh is
INVERSE; that increasing PROA Concentration reduces kWh, and reducing PROA concentration increases
kWh, independent of CDH.
2. The coefficient on PROAVOL, β, is statistically significant at the 1% level. This means that there is a less
than 1% chance this result occurred due to random effects in the data.
3. The coefficient on CDH, α, is positive. This is as expected. It indicates that for any level of PROAVOL,
kWh will increase as CDH increases. It is a positive relationship independent of PROAVOL.
4. The coefficient on CDH is also statistically significant at the one percent level.
5. The intercept term is highly significant.
6. The R2 of the regression is just under
FIGURE 5:
30%. This is a low value, but in a
LINEST
FUNCTION
RESULTS
FOR FULL DATA SET
multiple regression analysis with
REGRESSON INCLUDING FULL DATA SET
significant independent variables
driving both a positive and a negative
correlation with the dependent kWh = (0.061) * CDH - (0.161)*PROAVOL + 39.4
variable and both independent variable R2 = 29.8%
coefficients being highly significant, it
is not uncommon to have low R2 value
PROAVOL
CDH
INT
on the overall model, estimated upon mi , b
-0.1614
0.0611
39.3985
the overall data set.
se(m)
0.0446
0.0186
3.8701
2

In Part 2 of the analysis, we will partition the
data into subsets with parametrically
increasing values of PROAVOL between
datasets, but constant or nearly constant values
of PROAVOL within the datasets. The R2 of
models in part 2 are considerably higher.

R , se(y)
F, df
ssreg, ssres id
T (0.01,32)
ti = mi /se(mi )
ti > T?
mi , b significant?

0.2984
6.8039
388.2142

5.3412
32
912.92258

2.7385
-3.617
YES
YES

2.7385
3.279
YES
YES

#N/A
#N/A
#N/A
2.7385
10.180
YES
YES

Part 1 Conclusion
The conclusion of Part 1 is thus demonstrated.
The presence of Polar Compound in the system is associated with a statistically significant reduction in energy use,
independent of cooling load. As the volume of the Polar Compound increases, the kWh per day is reduced, over all
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ranges of CDH observed in the study. PROA Concentration is shown to be Inversely related to energy use. Insertion
of the Polar Compound saved energy at all load levels.
We now proceed with Part 2 of the Analysis plan, quantification of energy savings at parametrically varying values
of Polar Compound.
Analytical Plan Part 2: Document Degree of Energy Efficiency Improvement Available through Introduction of
Polar Compound.
For Part 2, the dataset was partitioned into three subsets:
1. The 12 observations with “low” (90 ml, 2.5%) Concentration of Polar Compound;
2. The 14 observations with “medium” (105, 120, 135, and 150 ml; 3.0%, 3.4%, 3.9%, and 4.3%)
Concentration of Polar Compound.
3. The 6 observations with “optimal” (165 ml, 4.7%) Concentration of Polar Compound
GUE uses the term “optimal” in group 3, because the inventors stated, “These tests reveal an optimum concentration
of 4.7 volume percent for the Chlorowax.”8.
GUE notes that no analysis of the data is provided in the Patent to support this claim of optimality. That is the
subject of Part 3 of the Analytical Plan. But for now, GUE names the three subsets, “low”, “medium” and “optimal”
concentration groups. The highest concentration used was 5.1%, which was present on only the final three
observations. It is used in Part 3.
For Part 2, the data in each Concentration Cluster was modeled separately, estimating the parameters of the model:

kWhi = δ * CDHi + λ + εi

(2)

Where:
kWhi

=

Daily kWh measured for ith day

δ

=

Parameter to be estimated; interpreted as the derivative of kWh/day with respect to CDH,
or the sensitivity of kWh to CDH, at constant, or approximately constant, PROAVOL

CDHi =

The observed daily ambient cooling load, as measured by the 65F base Cooling Degree Hours /day

λ

=

Constant (intercept) indicating the amount of kWh/day expected if CDH were 0.
May be roughly interpreted as the kWh required to remove any heat gained from the adjacent
spaces in the classroom building, which are kept at relatively constant conditions by the building
heating and cooling system.

=

The error term.

and
εi

The difference between Part 1 and Part 2 is that in Part 2, the Concentration of Polar Compound is held constant or
approximately constant in each dataset being modeled. The models in Part 2 are intended to reveal the kWh/CDH
usage rates in parametrically varying levels of PROAVOL concentration.
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“Low” Concentration Cluster Model. In the first modeling activity, the data observations in the Low Concentration
Cluster were used to estimate the parameters of Specification (2), δ (the slope) and λ (the intercept). The results are
show in Figure 6. With the Polar Compound held at 90 ml (2.5%) the estimated model is:
kWh = 0.124 CDH + 19.9
What this says is that at 2.5% PROA concentration, the test unit daily required 12.4 kWh per 100 CDH load it
faces, plus a base of 19.9 kWh.
In this model, the estimate of δ, the Slope, had a tstatistic of 2.67, rendering it significant at the 2.5%
level. The estimate of λ, the Intercept, at 19.9 kWh,
is also highly significant. The R2 of the regression
was just under 42%.
The “Low” Concentration model is considered a
proximate baseline for this experiment. The system
has a low level of Polar Compound in it. It will be
seen that as the concentration of Polar Compound
increases, the estimated value of δ decreases steadily.
It is unclear why the inventors did not make kWh and
CDH observations with 0 concentration of the Polar
Compound, and rendered a “true pre-treatment”
baseline.
But in the reported Patent, those
measurements were not provided. The first CDH and
kWh observations were made by Wilkins, et. al. at
the Polar Compound Concentration of 90 ml, 2.5%
by volume in the system.
“Medium” Concentration Model. Figure 7, below, shows the results of the second modeling activity. The data in
the Medium Concentration Cluster were used to estimate the parameters of Specification (2). These included pooling
the observations for days with concentrations of 3.0%, 3.4%, 3.9% and 4.3% concentrations of the Polar Compound
by volume. The cluster had 14 observations, with Medium concentration levels.
It is noted that, as mentioned above, the periods between injections varied, and the inventors provided no explanation
of why the variation was chosen. But the result is that there were, for example, three days at 3.0%; five days at
3.4%, three days at 3.9% and three days at 4.3%. GUE observed that for most of these individual concentration
levels, with only three observations, and two parameters to be estimated in Specification (2), there was not enough
data to provide sufficient degrees of freedom for models at individual concentration levels. For this reason, GUE
determined that modeling individual concentration levels in the mid-range would not be possible.
Another alternative was to use two pools for the modeling, a “Lower-Medium” pool containing the eight
observations at 3.0% and 3.4%; then an “Upper-Medium” pool containing the six observations at 3.9% and 4.3%.
GUE disfavored this idea again because the models would be estimated with so few degrees of freedom. But GUE
ran those regressions, for comprehensiveness, and the results were not materially different than the actual 14observation, fully pooled cluster, but they had weaker explanatory power due to fewer observations.
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Therefore, the decision was made to settle on the “Medium Concentration” cluster of 14 observations, pooling four
mid-range concentration levels, of 3.0%, 3.4%, 3.9%
and 4.3%.
Combining the four medium
concentration values provided 14 observations,
which was about the same as the 12 observations at
2.5%, allowing comparable confidence in the
statistical inference.
For the “medium” concentration dataset, the estimate
of δ, the Slope, was 0.086. The δ estimate of 0.086
kWh/CDH means that with Polar Compound
concentrations from 3.0% to 4.3%, the test unit daily
required 8.6 kWh per 100 CDH of load. The
estimate of δ was statistically significant at the 0.01
level. The estimate of the Intercept, λ, was 12.3 kWh,
and was also highly statistically significant. The
regression achieved an R2 of 74.6%, indicating the
model had a very good explanatory power, and the
data were well correlated.
The slope of 8.6 kWh per 100 CDH compared to the prior value of 12.4 kWh per 100 CDH for the Low Concentration
Cluster, indicates a 4.2 kWh per 100 CDH reduction in the energy use per unit of cooling load.
This was approximately a 34% reduction in energy use per unit of load between the low range of 2.5% PROA and
the mid-ranges from 3.0% to 4.3% PROA. This is a significant reduction in energy requirement associated with
the increased concentration of the Polar Compound.
“Optimum” Concentration Model. Results of the
third modeling activity are shown in Figure 8, below.
In the third modeling activity, the parameters of
Specification (2) were again estimated, using the
observations
in
the
so-called
“optimum”
concentration. This group is different than the “High
Concentration” cluster from Figure 4. It includes only
the six days with concentrations of 4.7%.
As noted previously, the inventors reported 4.7% by
volume as the “…optimum concentration found in
these tests….” For that reason, GUE decided to
perform a single-concentration analysis on the
observations with 4.7% concentration. Figure 8 thus
shows the third model in Part 2, the regression of kWh
on CDH, with PROAVOL held constant at 4.7% to
estimate the parameters of Specification (2).
In Figure 8 it is seen, again, that the slope of the best fit line is visually “flatter” than that of Figure 7. This indicates
graphically that the unit uses less kWh per CDH than the unit did with medium concentration. In the optimum
model, the estimated value of δ was 0.068. It was statistically significant at the 0.01 level. The intercept, λ, was 0.8
Copyright © Georgetown Utilities Enterprise, LLC
New Hudson, MI – August 15, 2017 -- Confidential

Page 13 of 21

GUE Technical Paper 2017-01.10
August 15, 2017 updated June 5, 2020
kWh, also statistically significant. The regression produced an R2 of 92.0%, indicating very strong relationship
between kWh and CDH and good explanatory power of this model.
The δ estimate of 0.068 kWh/CDH means that at 4.7% concentration of the Polar Compound, the test unit daily
used 6.8 kWh per 100 CDH.
The value of 6.8 kWh per 100 CDH is yet a further reduction from the medium concentration case, which provided
8.6 kWh per 100 CDH. The change between the two is 1.8 kWh per hundred CDH. That is approximately a 21%
reduction from the medium case.
Moreover, the 6.8 kWh per 100 CDH in the optimum model is a full 5.4 kWh per 100 CDH reduction from the “low”
PROA concentration case, which was 12.4 kWh per 100 CDH at 2.5% PROA. This represents a 45% reduction in
kWh per 100 CDH as the Polar Compound concentration increases from 2.5% to 4.7%.
Part 2 Conclusion
In Part 2 of the GUE analysis plan, it has been clearly demonstrated that for the three clusters of observations, which
clusters feature observations with constant or nearly constant concentrations of the Polar Compound; and between
which clusters, the concentration is parametrically increasing, the estimated kWh per CDH is reduced first by 34%
between “low” (2.5%) and “medium” (3.0-4.3%) concentration clusters; then by 21% between “medium” (3.0-4.3%)
and “optimal” (4.7%) concentration clusters. In all, the kWh per 100 CDH is reduced from 12.4 kWh/100CDH to
6.8 kWh/100CDH, fully 45% between the low and optimal concentration levels. In the modeling that has produced
these results, all estimated parameters estimated are statistically significant at the 2.5% level or better, most at the
1% level, and the models’ R2 values are consistent with strong explanatory power.
Analytical Plan Part 3: Empirical Confirmation of
Optimal Concentration Claimed in Original Patent
Teachings.
In the language of the Patent, the inventors state, in
Part 8 lines 4-6, that “The tests reveal an optimum
concentration of 4.7 volume percent for the
Chlorowax.” While this optimality is claimed and the
experimental data is tabulated, there are no analytics
offered in the Patent to establish the claimed
optimality.
In Part 3 of the GUE analytical plan, GUE formed a
“High Concentration” data cluster, shown previously
on Figure 4, containing the nine observations with
4.7% concentration and above. There were six
observations with 4.7% concentration; and three with
5.1% concentration. Again, the data were pooled
across two concentration values of to provide a data set of nine values, comparable in size to the ones used previously.
The three observations at 5.1% taken alone would not be sufficient for modeling, as they produce only one degree
of freedom for the regression. These data were used to estimate the parameters of Specification 2, and the results
are shown in Figure 9.
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The estimated value of δ, the Slope, was 0.077 kWh/CDH. This was higher than that for the “optimal” dataset.
The parameter estimate was statistically significant at the 0.01 level. The estimate of the Intercept, λ was 9.2 kWh,
consistent with the other models. The slope estimate was statistically significant at the .01 level. The R2 for the
model was 91.5%.
The slope estimate of .077 kWh/CDH for the High Concentration cluster corresponds to 7.7 kWh per 100 CDH.
This is higher than the 6.8 kWh per 100 CDH found with the Optimal Concentration cluster, indicating that the
addition of the three observations with 5.1% concentration was enough to bring the kWh per 100 CDH, which had
been falling with increasing concentration, through its minimum, and up again, indicating at least a local optimum.
Since the Experiment provided no kWh measurements for concentrations higher than 5.1% is impossible to know if
the kWh/CDH continues to rise at Polar Compound volumes beyond 5.1%.
Part 3 Conclusion
The conclusion of Analytical Plan Part 3, then, is that the parameter δ, of Specification 2, the daily kWh/CDH, was
shown to achieve a minimum 6.8 kWh per 100 CDH at the concentration of 4.7%, and to increase thereafter.
This is thus shown to be at least a local optimum, and potentially a global optimum for all concentrations above
4.7%. When pooled with the data for the next highest concentration level measured, 5.1%, the system kWh/100CDH
increased to 7.7 kWh/100CDH. This provides statistical confirmation of the result reported by Wilkins, et.al.
Conclusions Re Wilkins Patent
US Patent No. 4,963,280 was awarded to Charles Henry Tully-Wilkins, Jack Hammack and Charles B. Thompson
on October 16, 1980. The Patent was significant in that it demonstrated that the performance of a 25-year old, York,
vapor compression HVAC cooling unit, running Freon R-22 refrigerant and with a compressor lubricated by York
“C” oil, could be considerably improved, by the injection of a commercially available polar organic compound,
Chlorowax-500AO, made by Diamond Shamrock, which was a class of halogenated α-olefin compounds in which
the halogen was Chlorine.
In the Patent, an experiment was documented in which the Polar Compound was injected into the compressor of the
test unit, and the inventors note that it:
“…significantly reduced the effect of (the oil) boundary layer phenomenon… (leading to) …lower energy
consumption (and) substantially increased heat transfer across the heat transfer surfaces. This improved
heat transfer is demonstrated by an increase in the heat transfer coefficient for the system and by shorter
system cycle times. As a result of the improved heat transfer, one achieves significantly reduced power
consumption in the …system”9
Further, the inventors claim to have determined an optimum concentration of the Polar Compound:
“...These tests reveal an optimum concentration of 4.7 volume percent for the Chlorowax.”10
The inventors published the data from the experiment, but in the Patent, they provided no statistical analysis of the
data to support the claim that the additive reduced energy use independent of other variables; to quantify the
reduction in relation to the concentration of the additive; or to establish the optimality of the concentration of 4.7%.
In addition, it can be shown that two of the published observations for kWh in a 24-hour period were implausible or
physically impossible, and three of the data on dates were in error.
GUE has studied the Patent’s Teachings, and added the following value. The principal results are stated below and
illustrated in Figure 10:
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1. Impossible and implausible data have been detected and corrected using model-based imputation, a widelyaccepted statistical method for addressing data cleaning. The erred dates were also corrected.
2. A robust Analysis Data File, the GUE Analysis File, has been created from the original Patent Data.
3. Using the GUE Analysis File, the data has been structured into four clusters, the Low Concentration,
Medium Concentration, Optimal Concentration, and High Concentration Clusters.
4. Using Multiple Regression Analysis on the full data file, GUE showed that the concentration of Polar
Compound can be empirically demonstrated to have an effect on kWh per day that is:
a. Statistically significant:
b. Of an inverse nature (higher PROA concentration leads to lower energy use; lower PROA
concentration leads to higher energy use); and
c. Independent of the proportional relationship between energy use and ambient cooling load.
5. Using Univariate Regression Analysis of three of the four Clusters individually, GUE showed that the
presence of Polar Compound was shown to reduce energy use of the test system by significant amounts:
a. Energy per unit of load fell by 34%, from 12.4 kWh/CCDH11 to 8.6 kWh/CCDH, when PROA
concentration increased from 2.5% to ~3.6%12;
b. Energy per unit load fell by 21%, from 8.6 kWh/CCDH to 6.8 kWh/CCDH, when concentration
increased from approximately ~3.6% to 4.7%.
c. In all, Energy per unit load fell by 45% when concentration increased from 2.5% to 4.7%.
6. The concentration of Polar Compound of 4.7% was shown to be at least a local optimum, in that when
modeled with data with concentrations of 4.7 combined with those with 5.1%, the Energy per Unit load
increased to 7.7 kWh/CCDH, after having decreased over prior ranges of increasing concentration.
GUE has obtained the reported results by proven, accepted statistical methods, operating on the original data as
published in the Patent, with the exception
of two imputed values out of 105 data
values used; and based on the original
experimental work carried out by well
known professionals13 and reviewed by a
pair of U.S. Patent Examiners14.
Positive
Legacy

Significance

and

Negative

The positive significance of the 1990
Patent was that it was the first
demonstration of a Polar Compound
materially improving the performance of
commercial HVAC equipment.
The
Patent, however, led to a family of products
with a very negative legacy.
The energy efficiency benefits were
immediately seized upon, and from 1990
through 2005 several products entered the
market based on this technology.
However, the Patent also – very
unfortunately – stated that:
Copyright © Georgetown Utilities Enterprise, LLC
New Hudson, MI – August 15, 2017 -- Confidential

Page 16 of 21

GUE Technical Paper 2017-01.10
August 15, 2017 updated June 5, 2020
“Essentially any polar compound meeting the foregoing criteria (i.e., conditions of physical combability
with the HVAC Unit) can be used in the practice of the current invention.
“The preferred polar compounds are the liquid halogenated α-olefins and liquid halogenated paraffins,
preferably the halogen is chlorine. With the most preferred group of polar compounds being liquid
chlorinated α-olefins. (parenthetical, bold, italic added)”15
And later,
“Of the chlorinated α-olefins particularly preferred is a product sold by Diamond Shamrock under the
tradename Chlorowax-500AO which is a chlorinated α-olefin and has the formula of C12H20Cl6. The
preferred chlorinated liquid paraffins are sold by Diamond Shamrock under the tradename Chlorowax 5760
and Chlorowax 5960. Chlorowax 5760 has the formula C13H22Cl6 while Chlorowax 5960 has the formula
C12H20Cl6.”16
Later in Part 5, lines 12-16, it is disclosed that Chlorowax-AO500 is the Polar Compound used in the published
Experiment. The Patent, in effect, steered industry towards Chlorine-based products, but warned against acid
formation, and recommended use of a stabilizer. The unfortunate result was that many of the Polar Compound
products introduced in the period 1990-2000 were Chlorine-based products.
The association of Chlorine with Polar Compounds was – unfortunately -- further reinforced, in a 1995 US
Department of Energy Publication on the subject of PROAs, entitled Federal Technology Alert: Polarized
Refrigerant Oil Additive. This publication by the well-respected Federal Energy Management Program (FEMP)
reinforced the choice of chlorinated compounds as the preferred Polar Compounds by stating, in a section called
“Energy Savings Mechanism”, that:
“The addition of a PROA to refrigerant oil in the compressor introduces an α-olefin molecule, a chlorinated
paraffin, which remains in a liquid state as it moves throughout the system with refrigerant oil. The activated
polar molecule in PROA is carried in a non-particular (contains no particles) oil base which readily mixes
with the refrigerant oil. Each molecule, possessing a negatively charged region, seeks to attach itself to the
metal surfaces throughout the refrigeration system. The molecule displaces other molecules including dirt,
carbon deposits, and oil, eventually forming a thin layer. Because the polar molecules have no affinity for
each other, the layer is a single molecule thick... (bold, italic added)”17
The study goes on to cite how removal of the oil-fouling boundary layer improves performance and saves energy,
and recommended that Federal Facility Managers consider and evaluate PROA products for their facilities. The
Federal Technology Alert also warns of moisture entering the system when installing PROA, but does not discuss
the corrosion potential of Chlorine based products, or drive the reader towards insisting on chemical stabilizers in
the products.
The negative legacy enters the picture when it is learned that chlorine-based PROA products react with moisture in
the systems to form hydrochloric acid, which eventually causes system components to corrode, and ultimately fail.
Ironically, Wilkins et al, at Part 4, lines 49-55, specifically warned of this in the Patent and recommended use of
stabilizer compounds to prevent formation of free halogens leading to acid formation in the presence of moisture in
the system. None the less, acid forming products such as FRIGAID and others were introduced to the market. Other
early products contained lubricants to improve performance, including silicon, molybdenum, phosphorous, and
sulfur, all which had the possibility of forming acids or other unwanted byproducts. Others contained alcohols,
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which improved performance temporarily, then evaporated and the performance improvement was lost. Others used
compounds with other halogens, but, lacking stabilizers, those suffered the same acid-formation as chlorine.
There is limited formal literature documenting equipment failures due to First Generation PROA Products. Victims
are embarrassed to publish it, and product producers reluctant to disseminate their products’ problems. However, in
some engineering web sites can be found ample adverse testimonials about PROAs, attributed to apparently
knowledgeable contributors, though typically posting under pseudonyms. They begin appearing in 1995-2005.
There is more content casting doubt on claims than actually documenting equipment damage. The following
selection is from Eng-Tips.com, under the heading “Polarized Refrigerant Oil Additives”:
“In the fall of 1998, we ran a test to evaluate a PROA named FRIGAID at our hospital.
We chose two identical, 5-year-old, 3/4 hp, walk-in cooler refrigeration units and installed two new kW
meters on the condensing units. We then monitored both for 20 days, installed FRIGAID in one, waited a
week for it to completely circulate throughout the system, and then monitored both for another 20 days.
During the pre-test, the performance of both systems was very similar, with the FRIGAID compressor
being the more efficient of the two. As cooler fall weather arrived near the start of the post-test, both units
ran more efficiently due to lower head pressures producing better compression ratios.
Following the introduction of Frigaid into the system, performance of the refrigeration system degraded
significantly (a 34.45% efficiency drop) when compared with that of the other unit.
Then, six weeks after FRIGAID was introduced into the system, a compressor rod bearing failed due
to what appeared to be a lubrication problem.
Upon compressor inspection, the crankcase was found to contain a thick layer of sludge and blackened
refrigeration oil. Additionally, the valve plate and reeds showed no evidence of copper-plating, liquid
slugging or acid attack, suggesting that the failure was not due to chronic, long-term system problems.
Analysis of the oil and sludge samples showed abnormally high levels of metals as well as silicon,
molybdenum, phosphorus, and zinc. I can only surmise that these must be derivatives of FRIGAID or
FRIGAID’s reaction with oil, refrigerant, gasket, and/or other materials present within the system.”18
This testimonial does not specifically attribute the system failure to hydrochloric acid, but to other unwanted
reactions of the PROA product in the system.
The important conclusion of this discussion is that while the Patent proved the energy saving capability, it also
pointed the industry in a flawed direction. The “First Generation PROAs” failed to deliver on the promise of the
Wilkins et al, Patent and ultimately suffered considerable disfavor in the market. Significant Market Barriers arose
to the use of PROAs that have lasted 20+years.
Complexity of Energy Savings Mechanism
In its “Federal Technology Alert” the scientists from the Pacific Northwest National Laboratory described PROA’s
savings mechanism as follows:
“This special class of additives contains an activated polar molecule (highly charged at one end). The
charged molecule has a strong affinity for metal, and coats metal surfaces in the compressor with an
essentially single-molecule thin layer. This layer not only increases the ability of oil to lubricate moving
parts in the compressor, but also displaces the build-up of refrigerant oil in condenser and evaporator coils
thus improving heat transfer of heat exchangers. It is the build-up inside heat exchanger coils that most
reduces the heat transfer ability of the system.”19
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Another reason first generation PROA products gained a negative legacy is that the energy savings mechanism is
complex, and difficult to predict. Indeed, the actual physical mechanism of the savings is physically complex and
limited by certain operational and controls features of the units. A discussion of the savings mechanism is beyond
the scope of this paper but is addressed in other Georgetown Utilities Technical Papers. The fact that it was difficult
to predict made it fall out of favor with the performance contracting industry, which industry needs to guarantee
their savings.
The OEM community and the equipment maintenance community were also less than enthusiastic because it
prolonged the life of units, which delayed purchase of new replacement equipment; and it restored lost capacity,
which delayed sales of supplemental capacity. It became common for manufacturers and maintenance contractors
to point to equipment failures, risks, and question savings claims, which were indeed difficult to document.
Second Generation Synthetic Refrigerant Additives (2G-SRAs)
In 1996, EnSaTEQ, Inc. of Woodville, AL launched the first of the “Second Generation” products, under the name
of ProaTEQ®. ProaTEQ was extensively field-tested in 1997 and introduced to the market in 1998. It is a Polar
Compound, but its proprietary formula has the following features:
1.
2.
3.
4.

It contains no Halogens (Chlorine or other)
It contains no other acid forming elements (free Sulphur, free Phosphorous, etc.)
It contains no alcohol
It has never harmed equipment, after having been installed in thousands of units.

ProaTEQ has been tested by the U.S. Commerce Department’s National Institutes of Science and Technology
(NIST).20 The test, which was a complex laboratory test for which custom test apparatus and instrumentation was
created, tested the performance of ProaTEQ in a Pool Boiling application, as would be found in the evaporator
bundle of a flooded evaporator chiller. The test was relatively less applicable to in-tube evaporation as in an
evaporator coil of a common RTU. Also, the factor of age that is common in units where ProaTEQ had had
considerable success, was not specifically addressed. That said, there were a number of key findings and
observations, including:
•
•

•
•

ProaTEQ was chosen to represent the PROA product class, in part, because “…it has low Sulphur content
and does not contain chlorine…”21 Note the manufacturer concurs ProaTEQ contains a very small amount
of Sulphur, but no “free Sulphur” and thus cannot form sulphuric acid in any system.22
In one experiment, in a pool boiling application where a heated copper plate was bathed in a commercial
refrigerant/compressor oil mixture, and where the copper plate was heated to multiple varying heat flux
values between 5 kW/m2 and 22 kW/m2, the addition of ProaTEQ was shown to improve heat transfer
between the plate and the refrigerant by an average of 73%, and a maximum of 95% (nearly doubling).23
Based on physical chemistry and indirect measurements, NIST stated that “…the forces are sufficient for
the additive (ProaTEQ) to spontaneously form a monolayer and act as a barrier between the wall and the
lubricant/additive (mixture) similar to what was outlined in the Patent”24
There were other instances where the improvement in heat transfer were not observed, but plausible
explanations existed that did not undermine the overall conclusions.

The laboratory confirmation of the monolayer theory and the considerable improvement in heat transfer support the
findings of the Patent, that ProaTEQ has considerable energy savings potential. The confirmation that ProaTEQ is
free of Chlorine and free Sulphur includes ProaTEQ the “safe and effective” category.
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Georgetown Utilities Enterprise, LLC (GUE) has delivered and installed ProaTEQ since 2006, and has treated 238
units, totaling 4,331 Tons, including 19 Chillers ranging up to 180 Tons, and 219 packaged RTU units ranging from
3 to 50 Tons. No equipment has ever been damaged. GUE provides savings methodology description, modeling,
testing, and most importantly provides a four-part guarantee that includes guaranteeing a three-year payback or less
on qualifying units.
Overall Conclusion
Charles H.T. Wilkins, Jack Hammack, and Charles Thompson first showed that Polar Compounds would save
energy. NIST Laboratory research confirmed some key elements of this science. Georgetown Utilities Enterprise,
LLC provided the statistical analysis of the data from the Patent that proved their conclusions. Unfortunately,
Wilkins, et al, also, perhaps inadvertently, also steered the industry towards a destructive formulation.
By their seminal work, Wilkins, et al formed the beginning, and the end, for first generation PROAs. They also
proved the concept that drove entrepreneurs to find and develop the second generation of PROAs, the chemical
compounds that will fulfill the legacy of energy, environmental and financial benefits embodied in Wilkins’ work,
and avoid the utilization pitfalls and liabilities perhaps inadvertently introduced by Wilkins.
Georgetown Utilities Enterprise, LLC is proud to be a partner with Wilkins, et al, and with NIST, in documenting,
for all to see, the proof of their experiments, and to be a provider of the original 2G-SRA, ProaTEQ.
GUE believes that second generation products, such as ProaTEQ, and others, will achieve great energy savings in a
world free of the ghost stories and performance doubts attributed to the first-generation products.
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TECHNICAL PAPER END NOTES
____________________________________________________________________________________________
U.S. Department of Commerce, US Patent and Trademark Office: US Patent 4,963,280, October 16, 1990, “Method and
Composition for Improving the Energy Efficiency of Heat Pump Systems”, awarded to Charles H.T. Wilkins, Tuscaloosa, AL,
Jack Hammack, Hattiesburg, MS, Charles B. Thompson, Tuscaloosa, AL.
2
Ibid., part 1, line 39-47.
3
Ibid., Part 1, lines 48-56.
4
Ibid., part 2, lines 32-35. The author acknowledges that oil-free compressor bearings are available as added-cost options on
many lines of Packaged RTUs and Chillers. However, use of this technology is nascent, and the market contains thousands of
legacy units, with compressors lubricated by oil, which form the substantial technical potential for the invention of this Patent.
5
Ibid., part 3, lines 17-38.
6
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7
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8
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9
U.S. Department of Commerce, op cit, part 3, lines 32-41.
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12
The midpoint of the 3.0%-4.3% Concentration 3.65%, used for convenience in notation.
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Wilkins was chairman of Metallurgical and Materials Engineering Department, University of Alabama, Tuscaloosa, AL
14
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APPENDIX A:
U.S. PATENT #4,963,280
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APPENDIX B:
MODEL-BASED IMPUTATION FOR OBSERVATIONS #1 AND #21

Linear interpolation for obs 1
OBS
2
3
4
5
6
7
8
9
10
11
12

PROAVOL CDH/DAY KWH/DAY
90
100
43.55
90
129
35.71
90
127
32.70
90
38
26.66
90
59
29.36
90
75
25.30
90
67
25.76
90
120
41.04
90
79
27.93
90
102
25.43
90
111
31.00

LINEST RESULTS
mi , b
0.124
19.932
se(m), se(b)
0.06
5.49
R2, se(y)
0.34
5.429
F, df
4.7
9
ssreg, ssres i d
138.9
265.3
tm, tb
2.17
3.63
T (.055,9)
2.15
2.15
t > T?
YES
YES

#N/A
#N/A
#N/A
#N/A
#N/A

MODEL
yi = 0.124 xi + 19.932
ESTIMATE
y1 = (0.124 * CDH1) + 19.932
= 3.968 + 19.932
= 23.90
kWh1 = 23.90
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APPENDIX C:
GUE ANALYSIS FILE USED IN REGRESSIONS
(NOTE: DATES OF OBSERVATIONS WERE NOT IN THE ORIGINAL PATENT DATA TABLE,
BUT WERE DETERMINED BY GUE)

XX.YY = IMPUTED VALUES. SEE APPENDIX B.
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