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(57) Abrege/Abstract:
A system determines the carbon footprint of a compressed gas leak. The system comprises an ultrasonic detector to detect a

compressed gas leak, a storage device storing iInformation on the type of gas, the compressor efficiency, and the carbon emissions
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(57) Abrege(suite)/Abstract(continued):

necessary to generate electricity to drive the compressor. A processing unit includes software that determines an amount of
electrical energy needed to recharge the lost compressed gas based on the compressor efficiency and calculates the carbon
emissions created by the amount of electrical energy. A method monitoring for gas leaks comprises detecting ultrasonic emissions,
generating an electrical signal representative of the compressed gas leak, and calculating an amount of electrical energy needed to
recharge the lost compressed gas. The method further includes calculating the carbon footprint based on the carbon emissions
necessary for the electrical power generation system that drives the compressor.
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(57) Abstract: A system determines the carbon footprint
of a compressed gas leak. The system comprises an ultra-
sonic detector to detect a compressed gas leak, a storage
device storing mmformation on the type of gas, the com-
pressor elficiency, and the carbon emissions necessary to
generate electricity to drive the compressor. A processing
unit includes sottware that determines an amount of elec-
trical energy needed to recharge the lost compressed gas
based on the compressor etficiency and calculates the car-
bon emissions created by the amount of electrical energy.
A method monitoring for gas leaks comprises detecting
ultrasonic emissions, generating an electrical signal repre-
sentative of the compressed gas leak, and calculating an
amount of electrical energy needed to recharge the lost
compressed gas. The method tfurther includes calculating
the carbon footprint based on the carbon emissions neces-
sary for the electrical power generation system that drives
the compressor.



CA 02722871 2010-10-28

WO 2009/149140 A3 MMM} 0 RO 0 A 0 R

Published: (88) Date of publication of the international search report:

—  with international search report (Art. 21(3)) 25 February 2010

—  before the expiration of the time limit for amending the

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



10

15

20

25

30

CA 02722871 2016-02-25

ULTRASONIC GAS LEAK DETECTOR W ITH AN ELECTRICAL POWER
LOSS AND CARBON FOOTPRINT OUTPUT '

RELATED APPLICATIONS

The present application claims the benefit of priority under 35 U.S. C. § 119 of
U.S. Provisional Application Serial No. 61/058.834, filed on June 4, 2008, titled
"Ultrasonic Gas Leak Detector With an Electrical Power Loss and Carbon Footprint

Output." The present application 1s a continuation-in-part of U.S. Patent Application

Sertal No. 11/339,811 filed on January 24, 2006, entitled "General Purpose Signal

!

Converter,” which i1s also a continuation-in-part of U.S. Patent Application Serial No.

10/386,008, filed on March 11, 2003, now U.S. Patent No. 6,996,030, entitled "Apparatus
and Method for Minimizing Reception Nulls in Heterodyned Ultrasonic Signals," which
1S a continuation-in-part of U.S. Patent Application Serial No. 10/292,799, filed on
November 12, 2002, now U.S. Patent No. 6,707,762, entitled "System and Method for

Heterodyning an Ultrasonic Signal."”

BACKGROUND OF THE INVENTION
1. Field of the Invention

The invention generally relates to the field of ultrasonic detectors and, more

particularly, to a system using ultrasonic detectors to monitor leaks of compressed gas.

2. Description of the Related Art

It 1s well known that ultrasonic generators and detectors can be used to locate
leaks or defects, e.g., in pipes. Such a system s shown in U.S. Pat. No. 3,978,915 to
Harris. In that arrangement, ultrasonic generators are positioned in a chamber through
which the pipes pass. At the ends of these pipes, exterior to the chamber, ultrasonic

detectors are located. At the point where a leak occurs in the pipe or the pipe wall 1s

8126518.1
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thin, the ultrasonic energy will enter the pipe from the chamber and travel to the end
of the pipe where the detector is located. The detector will receive an ultrasonic
signal at the end of the pipe indicating the existence of the leak or weak spot 1n the
pipe.

Since ultrasonic energy used for these purposes s generally in the range of 40
kHz, 1t 1s too high m frequency to be heard by a human being. Thus, means are
typically provided for heterodyning, or frequency shifting, the detected signal into the
audio range, and various schemes are available for doing this.

When using ultrasonic energy to detect leaks, 1t 1s useful to have an ultrasonic
detector which indicates the presence and mtensity of ultrasonic energy both visually
and audibly. U.S. Pat. No. Re. 33,977 to Goodman et al. discloses an ultrasonic
sensor that displays the mtensity of the detected signal on an output meter operable in
either limear or logarithmic mode, and also provides for audio output through
headphones. U.S. Pat. No. 4,987,769 to Peacock et al. discloses an ultrasonic detector
that displays the amplitude of the detected ultrasonic signal on a ten-stage logarithmic
LED display. However, the detector disclosed in Peacock does not process the
detected signal to produce an audible response, nor does it provide for signal
attenuation after the mitial pre-amplification stage.

Whenever there 1s a leak of compressed gas, it typically must be made up by
oenerafing more compressed gas in order to keep the relevant industrial process
operating correctly. Knowing the operating parameters of the compressor used to
oenerate the compressed gas, it is possible to calculate the amount of electricity that 1s
needed for this purpose, and hence the amount of electrical energy that 1s wasted as a
result of the leak.

When compressors are located throughout a large industrial site, it 1s most
common to have personnel walk throughout the plant with a battery powered
handheld detector making readings and storing the dB value and the location of the
measurement in the detector. They return to a central location were the information 1s
downloaded to a computer. However, 1t 1s disclosed in applicants” U.S. Patent No.

11/339.811 filed on January 24, 2006 to monitor the compressors by remote ultrasonic
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detectors, whose outputs are fed back by wire or wirelessly to a common monitoring
location. Thus, the site operator can dispatch a repair crew to locations were the
detectors indicate a leak i1s occurring. However, it may not be cost efficient to
dispatch a repair crew to fix every leak. Depending on its size, the value of the
electricity needed to compensate for the leak may be much smaller than the cost of the
repair crew. In such a case, the leak may be noted for repair during routine
maintenance or during a repair mission i the area for some other reason.

Making the decision about whether it 1s cost effective to send an immediate
repair crew can be difficult and time consuming itself. Thus, a detector which
provides an output mn terms of energy loss would be valuable to the site operator, not
only in determuning the etfect of a single compressed gas leak, but in determining the
cost of multiple leaks throughout the site.

With the recent acceptance of global climate change as a result of carbon
dioxide emissions, various proposals have been made as to how industrial sites are to
be monitored for their effect on the environment. One such proposal envisioned by
the Kyoto Protocol involves the determination of the carbon footprint of an enterprise
(1.e., a measure of the amount of carbon dioxide (CO-) and other greenhouse gases
emitted by the enterprise, the setting of a linut on the footprint, and the possibility of
trading carbon credits between enterprises that are below their carbon footprint with
those which are above, so that an acceptable average is reached.

The generation of electricity to drive a compressor to replace leaking
compressed gas results i an increase i carbon dioxide 1n the air, assuming the
electricity i1s generated by carbon based fuels such as coal or oil, as opposed to
nuclear energy. Thus, a relevant consideration for a site operafor receiving
information about a compressed gas leak 1s not only whether the cost to repair it
exceeds the cost for the electricity to replace it, but whether this additional electricity
would put the site close to exceeding its allowable carbon footprint. As with the
calculation of the elecirical energy loss by the leak, the carbon footprint effect can be

very difficult for a site operate {o determine.
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SUMMARY OF THE INVENTION

The present invention i1s directed to providing mmproved methods and
apparatus for detecting gas leaks by ultrasonic means, and reporting those leaks as
electrical energy required to replace the lost gas over some time period and the effect
of the additional need for electricity on the carbon footprint of the facility.

In accordance with the mmvention, ultrasonic detectors are used to read and
store mformation about compressed gas leak readings in decibels, dB. The inventors
have discovered that there is a rough correlation between the amplitude of the
ultrasonic signal in dB and the size of the leak in cubic feet per minute (*cfm”) of
leaked gas. By means of charts and software, the stored ultrasonic dB reading 1s
converted to an approxumate flow rate of loss compressed gas (cfm). This value can
in turn be converted to the amount of electricity needed to generate enough additional
oas to make up for the loss compressed gas. In particular, a chart, but more usefully
software, 1s used to covert the ciim to kilowatt hours (“*kWh”), so that the system can
present the user with a kwh per leak value. This conversion depends on the amount of
electricity needed to compress the particular type of gas that is leaking and the
efficiency of the compressors that generate the compressed gas. Further, given the
kWh value, a chart or software can convert the reading {o greenhouse gas emissions
per leak. This, of course, depends on the type of electrical power generation that 1s
used.

If the facility generates its own electricity, a precise value can be obtained.
However, where electricity 1s purchased over the electrical power grid, the electric
generators connected to the grid and their environmental impact can vary greatly. For
example, a coal-fired generator and a nuclear generator may both supply electrical
power to the grid. However, an average value of environmental umpact of electrical
generation can be obtained on a state-by-state basis.

The present inventions permits the value of individual leaks to be determined
in terms of electrical usage, cost of electricity and/or carbon emissions. Further, the

user can track value of the total of all leaks. Further, any trends can also be
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determined. In a preferred embodiment, this information 1s automated based on the
dB output of ultrasonic detection mstruments and can result in a report of the results.

In another embodiment, the report may be web based so that individual and
total results for a site, a division or an enterprise can be tracked remotely. In addition,
if industry averages are posted, a company can track its performance versus a baseline
average.

Currently, customers who are interested 1in carbon emission and how to reduce
them, focus on more efficient lights or maybe more efficient compressors etc. With
the present invention, the customer can use the ultrasound detection to measure
creation of green house gases per leak of compressed air, thus providing a way to for

the customer to start taking action to reduce those gases without large capital expense.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other advantages and features of the mvention will become
more apparent from the detailed description of the exemplary embodiments of the
invention given below with reference to the accompanying drawings in which:

FIG. 1 1s a perspective view showing the rear panel of an ultrasonic mstrument
useful with the present invention;

FIG. 2 1s a plan view of the rear panel of the ultrasonic mstrument of the
invention;

FIG. 3 1s a view of the ultrasonic detector located to remotely detect the
leakage of compressed gas;

FIG. 4 1s a block diagram illustrating a plurality of ultrasonic detectors used
for remote monitoring of compressed gas reservoirs located throughout a facility;

FIG. 5 1s a flowchart illustrating the operation of the remote monitoring of
compressed gas leaks:

FIG. 6 1s a chart showing the relationship between the amplitude of the
ultrasonic signal i dB versus the flow rate in cubic feet per minute of a leak of

compressed gas that created the ultrasonic signal;
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Fig. 7 1s a computer interface screen that accepts initial information for use
with the present invention;

Fig. 8 1s a Report worksheet screen used to record and display compressed gas
leaks detected for the year:

Fig. 9 1s a Monthly worksheet screen used to record and display compressed
oas leaks detected for the month and whether they have been repaired:

Fig. 10A 1s a Flow Rate Table that provides a rough correlation between the
ultrasonic detector reading in dB, the approximate leak rate and the cost to replace the
leaking gas;

FIG. 10B is a table that correlates the size of a leak to the dB and the cost; and

Fig. 11 1s a Coefficient Table that provides a rough correlation between
eleciricity generated in a state and the emission of environmentally harmtul gases as a

result of that generation.

DETAILED DESCRIPTION OF AN EXEMPLARY EMBODIMENT

FIG. 1 1s a perspective view of a portable ulirasonic detector 100. Toward the
front of the housing there are ultrasonic fransducers (not shown). Micro-processor
controlled circuits for heterodyning the ultrasonic signal to shift its frequency to the
audio range are contained m the body of the housing. A display 82, e.¢., an LCD, 1s
located at the back so the operation and the results can be viewed. At the back, there
is also a jack 88 for headphones, so that the user can listen to the audio sound during a
test, e.g., as a way of locating a leak. Other jacks and controls are located on the
body.

In the contemplated embodiments of the invention, the LCD screen (FIG. 2) 1s
large so that the display can easily be seen by the operator. In accordance with the
contemplated embodiments, this would include a ftime senes display of the
heterodyned ultrasonic signal to permit the viewing of measurement trends in real
flme.

The dB output signal at a connector on the bottom of the detector (not shown)

has a 50 dB dynamic range, a 0-5V DC scale for direct mput to a micro-controller,
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and an accurate hinear dB format. The sensitivity of the detector 1s adjusted by
turning a rotational knob 72 that is located at the back of the housing. In preferred
embodiments, the sensitivity encoder 100 is a rotational optical encoder.

LCD 82 provides a display of data that 1s used to distinguish between trends or
deviations in readings. As a result, a user 1s provided with the means to pinpoint an
ultrasonic source, such as an mternal leak 1n a tank or vessel, or an underground leak
in gas piping or electrical transmission lines.

Sensitivity level indicator 105, shown on the LCD 82, provides the user with
the ability to view the sensitivity level sefting of the heterodyne circuit. As a result,
the user can consistently set the sensitivity level of the circuit to permit repeated
comparative frequency spectrum measurements, where repeatability s crifical. LCD
82 displays the sensitivity level setting as a range of integer numbers. In the preferred
embodiment, this range is from 0 to 70S, where S 1s an abbreviation for sensitivity.

In accordance with the invention, the integer numbers represent the adjustment
range, where each integer value corresponds to one decibel in the change of the gain.
In accordance with the preferred embodiment, a sensitivity level setting of 70
corresponds to maximum sensitivity while a sensitivity level setting of 0 corresponds
to a minimum sensifivity setting (70 dB below maximum sensitivity). In accordance
with the mvention, the sensitivity setting is also a field in the memory of the portable
ultrasonic detector so that when the user presses the Enter button 85, the sensitivity
level setting value is stored. In certain embodiments of the invention, the user can
also annotate data files that are stored and, by way of voice recognition, mcorporate
them mto a final report.

In accordance with the mvention, “Spin and Chick™” controls are used to
provide an end user interface that 1s simple and intuitive. With reference to FIG. 2,
knob 72 acts as a cursor control. As knob 72 1s clicked, the cursor moves i a set
pattern around the display screen 82. If a “function field” is blinking, knob 72 1s then
spun to change the values within the function field. Once a function i1s selected, knob

72 1s then clicked to set the selected value.
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In accordance with the preferred embodiment of the invention, muliiple
applications can be run on the detector. In the preferred embodiment, there are 6
applications, ie., GENERIC, LEAKS, STEAM TRAPS, VALVES, BEARINGS
AND ELECTRICAL. Each application has two screens, 1.e., MAIN and STORAGE.
The “Click” on knob 72 moves the “cursor” to “FIXED” positions on each screen. In
certain embodiments, the number of confrols are minimized; but, in the preferred
embodiment, two confrols are used to permit the user to “navigate” through the
vartous display screens, and change multiple operational settings.

FIGS. 3 and 4 are directed to an embodiment of the present invention in which
the ultrasonic detector 1s placed m a remotely located position next to a reservoir, e.g.,
a tank 300, of compressed gas to monitor whether there is a leak 320. By remotely
mounting the ultrasonic detector 310 an inspector does not need to periodically travel
to remote locations to conduct ultrasonic tests to determine if the gas 1s leaking or
whether there is a need for mamtenance. However, spaced-apart visits are still
recommended.

FIG. 4 1s a block diagram illustrating a system 1500 in which the ultrasonic
detector are used for remote monitoring of gas reservoirs. The system 1500 includes
a plurality of ultrasonic detectors 1520, 1530, 1540, 1550, 1560, 1570 located at
respective gas reservoirs. The ultrasonic detectors 1520 ... 1570 detect ultrasonic
emissions generated by leaks of compressed gas, and heterodyne the ultrasonic
emissions into audio signals proportional to the received ultrasonic emissions. While
six ultrasonic detectors 1520 ... 1570 are shown, any number of ultrasonic detectors
may be included in the system.

The ultrasonic detectors 1520 ... 1570 include respective failure condition
detectors 1521, 1531, 1541, 1551, 1561, 1571, which can In real-time detect a
potential leak condition when the audio signal falls outside of a predetermuined profile.
Digital audio network converters 1522, 1532, 1542, 1552, 1562, 1572 convert the
audio signal mmto a digital audio stream, which i1s transmitted via an Ethemnet
connection (not shown) in either half or tull duplex mode. The converters 1522 ...

1572 and the failure condition detectors 1521 ... 1571 may be located with the
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ultrasonic detectors 1520 ... 1570 or they may be provided in separate housings.
Moreover, a user is able to set the IP address of the digital audio network converter
1522 ... 1572 for use 1n single pomi-to-point systems or for use i multiple detector
systems using LAN networks or router-based systems.

The digital audio stream can be generated and transmitted continuously, only
when a potential leak condition 1s detected, at periodic intervals for regular testing, or
anytime testing of a compressed gas reservoir is desired. Also, the user can start and
stop the digital audio stream using control signals transmitted via the Ethernet
connection to the ultrasonic detector 1520 ... 1570.

A processing unit 1510 is centrally located remotely to receive mputs from the
ultrasonic detectors 1520 ... 1570. Transmitting lines 1523, 1533, 1543, 1553, 1563,
1573 transmit the digital audio stream to the processing unit 1510. Thus, it 1s not
merely an alarm signal that is sent to the central processing unit 1510, but a digitized
version of the audio frequency signal that 1s representative of the ulfrasonic emissions.
The transmitting lmes 1523 ... 1573 can be “hard wired” (e.g., Ethernet, cable,
internet, etc.) or wireless (e.g., radio spectrum, Wi-Fi, cell phone, efc.).

The ultrasonic detectors 1520 ... 1570 as well as the processing unit 1510, can
have an embedded local imtermet server for remote network web browser
access/monitoring. Also, when a failure condition 1s detected by the failure condition
detector 1521 ... 1571, an e-mail can be sent to the central processing unit 1510 or
any other address.

After the digital audio stream is received at the central processing unit 1510,
an expert can use the processing unit 1510 to analyze the digital audio stream to
determine whether the potential failure condition 1s an actual failure condition or 1s
caused by a false event, such as a competing source. That is, the processing unit 1510
can use analysis software to determune whether the signal represents an actual
compressed gas leak. This can be based on the frequency spectrum of the signal.
Also, the mspectors can sumultaneously hear the digital audio stream while viewing
the streams on a screen. When compared with a known “good”™ or “normal” protfile,

an anomaly can be quickly determined.
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FI1G. 5 1s a flowchart 1700 1illustrating the operation of the remote monitoring
of the compressed gas reservoirs. First, an ultrasonic detector 1520 ... 1570 detects
ultrasonic emissions generated by the leaking gas (step 1710). The ultrasonic detector
1520 ... 1570 then heterodynes the ultrasonic emissions into an audio signal (step
1720). The {fatlure condition detector 1521 ... 1571 detects a potential failure
condition when the audio signal falls outside of a predeternuned profile (step 1730).
When a potential failure condition, 1.e., a leak of compressed gas, 1s detected, the
audio signal 1s digitized to create a digital audio stream (step 1740). The digital audio
stream, rather than or in conjunction with an alarm, i1s then transmitted to the central
processing unit 1510 located remotely from the gas reservoir at the ultrasonic detector
1520 ... 1570 (step 1750). Finally, the processing unit 1510 analyzes the digital audio
stream to determine whether the potential failure condition is an actual failure
condition (step 1760). If there 1s an actual failure condition, the processing unit 1510
could send a control signal to the gas reservoir to shut down its operation. However,
according to the present invention, the processor 1510 can analyze the signal to
determine the rate of flow of the leak and in turn calculate the amount of electrical
energy per unit time it would take to replace the leaking gas, as well as the carbon
footprint or carbon load created by the replacement of the leaking gas.

FIG. 6 1s a graph of a set of curves which shows the relationship between flow
rate i cubic feet per minute (cfm) and the ultrasonic signal ampiitude m decibel (dB)
level for leaks of compressed gas at specific pressure levels. The values in the flow
rate table were empirically determined and statistically trended for the best fit
relattonships. Since at least the initial set gas pressure is known for any gas reservoir
at a facility, the flow rate can be determined rather accurately. Naturally, if the leak
persists over a long period of time or 1s at an exceptionally high rate, the gas pressure
will drop and the flow rate calculation will be somewhat less accurate.

The values 1n FIG. 6 can be programmed into the processor 1510 of FIG. 4, so
that for each detector 1520 ... 1570, the processor can calculate the flow rate of any
leak detected by it. This flow rate can be displayed on the monitor of processor 1510

so that an operator can immediately see the rate of gas leakage at one or all of the gas
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reservoirs of a facility, and can make operational decisions as a result thereof. Such
decisions can include anything from ignoring the leak because it 1s too small to be
significant to halting the operation of the facility

By centralizing the calculation of the flow rate of the leak, as well as the
information that can be determined from it, e.g., electricity cost and carbon footprint,
commercially available ultrasonic detectors, e.g., the UE System’s UltraProbe™
series of Instruments, can be used to carry out the mvention without modification.
However, it 1s also contemplated that the software and computing power for making
these determinations could be incorporated 1nto individual ultrasonic detectors.

One piece of information provided by the present invention that the operator
of the facility may find helpful is an estimate of how much money can be saved
annually (cost avoidance) by identifying and repairing leaks on a compressed air
system. Another piece of useful mformation 15 an estimate of the “emission
footprint,” specifically the carbon footprint (in pounds of carbon dioxide) and the
other significant components of the emission footprint created by using electricity to
generate compressed air in a compressed gas system that leaks.

Carbon dioxide, nitrogen oxide, and sulfur dioxide are the most significant
components of the products of combustion when generating electricity from burning
fossil fuels. Emission coefficients are calculated and tabulated by state in the State
Electricity Profiles Report from the US Department of Energy, Energy Information
Adminmstration Office of Coal, Nuclear, Electric, and Alternative Fuels in terms of
Pounds of carbon dioxide per kilo Watt hour (lbs of CO»kWh), Pounds nitrogen
oxide per kilo Watt hour (Ibs of NO/kWh), and pounds of sulfur dioxide per kilo Watt
hour (Ibs of SO,/kWh). This information can also be stored in processor 1510 and
used to make the desired calculations. In particular, the Compressed Gas Survey
information of FIG 6 converts the dB level of the ultrasonic leak to a flow rate (cfm)
and the Electricity Profiles Report information is used to calculate the cost to generate
1000 cubic feet of air (MCF). The system calculates the cost of the air leaks (cost
avoidance) and the emission footprint in lbs of CO», NO, and SO for the facility with

the leaks that are not repaired for a specified operation time.
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In operation, an ultrasonic detector, e.g., an Ultraprobe " is used to measure the
ultrasonic dB (decibel) level of a pressurized air leak or leaks. This information 1s used to
calculate the cost of electricity, either at the detector, or a remote processor 1510. In order
to prepare the system to make the calculation, a Cost Interface as shown in FIG. 7, 1s
accessed by the user. This interface 1s used to enter the costs for gases for the year. At
location 710 the year, e.g., 2008, 1s inserted. Then, the user can choose the state from the
drop down list at 720 and enter the cost of electricity at 730 to automatically calculate the
cost of an air leak per 1000 cubic feet (e.g., $0.33) and to enable the generation of
environmental impact estimations. If the state/region is not listed, the user can select
"Other" and complete the blank cells at the top of the Coefficient Table of FIG. 11.

FIG. 11 1s a State Electricity Coetficients chart which lists this information by
state. Column 1101 lists the names of the states. Column 1102 indicates the net electrical
power generation of each state. In column 1103-1105 the sulfur dioxide, nitrogen oxide
and carbon dioxide emitted from the electrical generating capacity in the state are listed
1n 1000 metric ton units. Columns 1106-1108 provide the same information in pounds.
Columns 1109-1111 indicate the emission efficiency for each gas, 1.e., the mass of the
gas divided by the total electrical generation in terms of KkWh.

As an alternative to automatically generating the cost of an air leak, the user can
enter his or her cost for 1000 cubic feet of air and manually enter the Argon, Helium,
Hydrogen and Nitrogen costs in the state. Changing these values updates the entire
electronic spreadsheet.

While some facilities operate all the time, others have specific operating times.
Thus, in order to make accurate calculations it may be necessary to enter into the system
the "operation time", 1.e., the number of hours per day 740 and number of days of
operation 1n a year 750 that the compressors are in operation. This information may be
entered 1nto the interface of FIG. 7.

The Report Worksheet screen of FIG. § 1s used to tabulate all of the leaks found

for the year. The first column 801 identifies the cost of the leak, i.e., the expense that can

be avoided if the leak is repaired. The next column 802 provides the

12
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cost savings for leaks that were repatred. Column 803 gives the percentage of leaks
that have been repaired. For each of air, argon, helium, hydrogen, nitrogen, the
columns 804-808 hist the flow rate of the detected leak and the cost of each gas. The
next columns 809-811 are for the identified and realized avoidance for carbon
dioxide, nitric oxide and sulfur dioxide, respectively. The last column, the “Focus
Area” 812 1s the location of leak. Below the listings there 15 a space reserved for
notes.

January - December Worksheet Sheet interface screens are used to record the
leaks detected iIn a month and to indicate if they have been repaired. An example for
the month of May 1s shown 1in FIG. 9. The monthly mformation automatically
updates the information in the Report Worksheet of FIG. 8.

The first six columns 910, 920, 930, 940, 950, 960 of FIG. 9 indicate the
number of the record, the Group Name (e.g., Air Leaks for May), the location of the
compressed gas reservoir, the type of gas, the pressure and the dB reading from the
ultrasonic detector at that location. The type of gas and the gas pressure can be mput
by means of drop down menus. Drop down menus can be also used to assist in
making other enftries.

The problem that caused the leak can be entered in the next column, 970.
Under the “repatred” and “Work Order” columns 980, 990, the operator can indicate
whether the leak has been repaired and the work order schedule number for the leak.
Importantly, the next two columns 991, 992 indicate the amount saved by fixing the
leak and the size of the leak. This is calculated from the dB reading and the pressure,
according to the information i the chart of FIG. 6. The energy in kilowatt hours
(kWh) 1s indicated in column 993. Finally, the amount of CO,, NO and SO>
emissions eliminated by repair of the leak are indicated in the last three columns, 994,
995, 996 for compressed air only.

Along the top of FIG. 9 there 1s a summary of the mput information. It
provides the flow rate and cost of all leaks repaired, as well as similar information for
each of the gases. The last entries provide information on the leaks identified,

repaired and the percentage complete.
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When the ultrasonic dB level of the leak or leaks is entered into the system
from the ultrasonic detectors, the dB measurement is converted into a flow rate
according to the chart of FIG. 6 and an associated “cost avoidance in $ of that leak
for a specific pressure and for the entered operational time is calculated. In order to
provide efficient processing to the information m FIG. 6, 1t 1s converted to a table as
shown 1in FIG. 10A. In FIG. 10A the dB reading 1s provided i column 1001. Then
the corresponding leak rate is provided in column 1002 and the cost is provided in
column 1003 for gas at a pressure of 150 pounds-per-square ich (ps1). FIG. 10A
provides values for increasing dB readings and for different pressures. In FIG 10A
the gas 1s compressed Air.

FIG 10B shows the end of the chart which begins in FIG. 10A, as well as a
table 1020 which provides correspondence between a leak rate, the diameter of the
leak and the costs for different pressures.

The total kilo Watt hours (kWh) required to run the compressors and to
maintain the pressure given the measured leak or leaks for the entered operational
time 1s calculated by dividing the “cost avoidance in $7 by the cost of electricity in
$/kWh.

The total pounds (lbs) of CO-, NO, and SO, generated (the emission footprint)
for a specific operational time to run and maintain a pressure 1 a compressed air
system with the idenfified leak or leaks i1s calculated by multiplying the Emission
coefficients for CO», NO, and SO: (Ibs/kWh) by the total Kilo Watt Hours (kWh).

These calculations for compressed air only are based on the following

formulas:

Cost of 1000 cubic feet of air, $ per MCF:

$ per MCF =N ($/h) / D (MCF/h)

N($/h) = (BHP/0.9) * (746 kW/BHP) * ($/kWh)

D(MCF/h) = (BHP) * (4.2 c¢fm/BHP)* (60 min/h) / (1000 CF/MCF)

Where:
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CF = Cubic feet of atr

MCF = 1000 cubic feet of air

CFM = Cubic feet per mimute

BHP = Break Horse power of the air compressor
min = Minutes

h = Hours

$ = Dollars

kW = Kilo Watts

kWh = Kilo Watt Hours

0.9 = Efficiency of the compressor

4.2 CFM/BHP = An average of cfm per BHP provided by compressor manufacturers

$ per MCF =329 * ($ per kWh)

Cost Avoldance per year = (X cubic feet per minute) * (60 munutes per hour) * (Y
hours of operation per day) * (Z days of operation per year) * (5 per 1000 cubic feet
of any gas)

By using the present invention the value of individual leaks can be determined
in terms of electrical usage, cost of electricity and/or carbon emuissions. Further, the
user can track value of the total of all leaks in a facility or over an enfire enterprise.
Further, any trends can also be determined. The process can be automated to produce
reports based on the dB output of ultrasonic detection mstruments. Such reports may
be web based so that individual and total results for a site, a division or an enterprise
can be tracked remotely. In particular, remote access to processor 1510 can be

provided over a private network or the mternet. In addition, if industry averages may
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be posted by processor 1510 so that a company can track its performance versus a
baseline average.
Although the invention has been described and illustrated in detail, 1t 1s to be

clearly understood that the same 1s by way of illustration and example, and is not to

N

be taken by way of limitation. The spirit and scope of the present imnvention are to be

limited only by the terms of the appended claums.
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WHAT IS CLAIMED IS:

1. A system for determining a carbon footprint of a compressed gas leak from a
compressed gas supply created by an electrical compressor connected to an electrical
power generation network, the system comprising:

an ultrasonic detector configured to detect the existence and a volume of a
compressed gas leak and to generate an electrical signal representative thereof;

a storage device storing information on the type of compressed gas, an efficiency of
the compressor creating the compressed gas and carbon emissions necessary for the
electrical generation system that drives the compressor to generate a unit of electricity;

a processing unit connected to receive the electrical signal and having access to the
storage device, said processing unit including a software module configured to determine
an amount of electrical energy per unit of time needed to recharge a loss in compressed gas

that results from the determined compressed gas leak based on the efficiency of the

compressor; and
a display connected to the processing unit and displaying the amount of electrical

energy associated with the compressed gas leak.

2. The system of claim 1, further including a software module configured to calculate
the carbon emissions created by the amount of electrical energy needed to recharge the loss

in compressed gas.

3. The system of claim 2, wherein the display is further configured to display an

amount of carbon emissions.

43 The system of claim 1 wherein the ultrasonic detector comprises:
a heterodyne circuit configured to shift an ultrasonic signal to an audio signal,
a display configured to display a time series representation of the heterodyned

ultrasonic signal,

17
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a headphone jack;

a failure condition detector in communication with the heterodyne circuit and
configured to determine if the audio signal falls outside a predetermined profile;

a digital audio network converter configured to convert an audio signal outside the
predetermined profile to a digital data stream and to transmit the digital data stream as an

electrical signal representative of the existence and volume of a compressed gas leak.

3. A system for determining a carbon footprint of a compressed gas leak, the system
comprising:

an ultrasonic detector including a heterodyne circuit configured to shift an
ultrasonic signal to an audio signal, a display configured to display a time series
representation of the heterodyned ultrasonic signal, and a headphone jack;

a failure condition detector in communication with the ultrasonic detector and
configured to determine if the audio signal falls outside a predetermined profile;

a digital audio network converter configured to convert an audio signal outside the
predetermined profile to a digital data stream and to transmit the digital data stream across
a communication network; and

a processing unit connected to the communication network and configured to
receive the digital data stream, the processing unit including an analysis software module
configured to determine if the digital data stream represents a compressed gas leak, and to
determine a rate-of-flow of the determined compressed gas leak so as to calculate an
amount of electrical energy per unit of time needed to recharge a loss in compressed gas
that results from the determined compressed gas leak, and the processing unit further
including a software module configured to calculate the carbon footprint created by the

amount of electrical energy needed to recharge the loss in compressed gas.

6. The system of claim 5, wherein the ultrasonic detector is remotely located from the

processing unit and in proximity of a reservoir of compressed gas.

13
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7. The system of claim 5, wherein the ultrasonic detector, the failure condition

detector, and the digital audio network converter are located 1n a single housing.

8. The system of claim 5, wherein the calculated amount of electrical energy 1s
dependent on factors including at least one of a particular type of gas to be compressed,

and an efficiency of a gas compressor connected to the reservotr.,

9. The system of claim 5, wherein the calculated carbon footprint is dependent on a

type of electrical power generation.

10. The system of claim 5, turther comprising a plurality of ultrasonic detectors located
1n proximity to a plurality of respective reservoirs of compressed gas, wherein each of the

plurality of ultrasonic detectors 1s connected to a respective failure condition detector.

11. The system of claim 10, wherein the processing unit receives respective digital data
streams representative of an ultrasonic signal from each of the plurality of ultrasonic
detectors, the system further comprising a display connected to the processing unit,
wherein the display is configured to display at least one of a cumulative amount of
electrical energy needed to recharge the plurality of respective reservoirs and a cumulative

carbon footprint corresponding to the cumulative amount of electrical energy.

12. The system of claim 5, wherein the processing unit 1s further configured to generate
a report correlating at least one of the determined compressed gas leak to electrical usage, a
cost of the electrical usage per unit of time, and a quantity of carbon emissions required to

recharge the loss in compressed gas.

13.  The system of claim 5, wherein the digital audio network converter is configured to
generate the digital data stream one of continuously, periodically, and in response to

detection of a potential compressed gas leak.

19
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14. The system of claim 5, wherein the ultrasonic leak detector further includes an

embedded network server for access and remote monitoring.

15. The system of claim 5, wherein the determination by the processing unit of a

compressed gas leak 1s based on a frequency spectrum of the received digital data stream.

16. A method for remotely monitoring for potential gas leaks from a compressed gas
reservolr created by an electrical compressor connected to an electrical power generation

network and determining a carbon footprint as a result of such gas leaks, the method

comprising the steps of:
detecting ultrasonic emissions from the compressed gas reservoir due to a gas leak;

generating an electrical signal representative of the existence and a volume per unit

time of the gas leak; and

calculating an amount of electrical energy per unit of time needed to recharge a loss
in compressed gas resulting from the gas leak, said calculation being based on an

etficiency of the compressor.

1'7. The method of claim 16, further including the step of calculating the carbon

footprint created by the gas leak based on carbon emissions necessary for the electrical

power generation network that drives the compressor to generate a unit of electricity.

18.  The method of claim 16 wherein the steps of detecting ultrasonic emissions and
generating an electrical signal comprise the steps of:

generating an ultrasonic electrical signal based on the ultrasonic emissions from the
compressed gas leak;

heterodyning the ultrasonic signal into an audio signal;

providing the audio signal to a failure condition detector that determines if the

audio signal falls outside a predetermined profile;

20
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digitizing, by a digital audio network converter, an audio signal outside the
predetermined profile to a digital data stream;

determining with a processor, if the digital data stream represents a compressed gas
leak;

calculating a rate-of-flow of the determined compressed gas leak; and

generating an electrical signal representative of the existence and volume per unit

time of the gas leak.

19. A method for remotely monitoring a compressed gas reservolr for potential gas
leaks, the method comprising the steps of:

providing an ultrasonic leak detector in proximity of the compressed gas reservoir,
wherein the ultrasonic leak detector includes a heterodyne circuit that shifts an ultrasonic
signal to an audio signal;

detecting ultrasonic emissions from the compressed gas reservoir;

heterodyning the ultrasonic signal to an audio signal;

providing the audio signal to a failure condition detector that determines if the
audio signal falls outside a predetermined profile;

digitizing, by a digital audio network converter, an audio signal outside the
predetermined profile to a digital data stream;

transmitting the digital data stream across a communication network to a processing
unit;

determining, by the processing unit, if the' digital data stream represents a
compressed gas leak;

analyzing a rate-of-flow of the determined compressed gas leak;

calculating an amount of electrical energy per unit of time needed to recharge a loss
in compressed gas that results from the analyzed rate-of-flow; and

calculating a carbon footprint created by the amount of electrical energy needed to

recharge the loss in compressed gas.

21
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20. The method of claim 19, wherein the processing unit is located remotely from the

ultrasonic detector.

21. The method of claim 19, wherein the providing step includes providing a plurality

of ultrasonic detectors in proximity to a plurality of respective compressed gas reservoirs.

22. The method of claim 19, further including the step of sending a control signal to a

compressor coupled to the compressed gas reservoir.

23.  The method of claim 19, wherein the calculation of the amount of electrical energy
1s based on a set of curves that show a relationship between the rate-of-flow and an

amplitude of the ultrasonic emissions.

24, The method of claim 19, further including the step of displaying on a monitor

connected to the processing unit the rate-of-flow of the determined gas leak.

25.  The method of claim 19, further including the step of providing an estimate of cost

avoldance achieved by repairing compressed gas leaks.

26. The method of claim 25, wherein the cost avoidance is measured in one of

monetary and carbon footprint units.

22
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1750
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