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(57) ABSTRACT 

A mobile CO2 filling system selectively fills onsite CO2 
storage and dispensing systems with CO2. The system 
includes a mobile platform; a tank holding liquid CO2 
mounted on the mobile platform; a flexible dispensing hose 
coupled to the tank and configured to be selectively coupled 
to the filling inlet of an onsite CO2 storage and dispensing 
system: A pump selectively coupled to the tank; and a 
controller for controlling the filling of an onsite CO2 storage 
and dispensing systems with CO2 from the tank, wherein the 
controller is selectively designated by the user to operate in 
at least one pump assisted filling state and at least one 
gravity feed filling state. 
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A MOBILE CO2 FILLING SYSTEM FOR 
FILLING ONSTE CO2 STORAGE AND 
DISPENSING SYSTEMS WITH CO2 

RELATED APPLICATIONS 

0001. The present invention claims priority of U.S. Pro 
visional Patent Application Ser. No. 61/973,213 entitled 
“Truck CO2 Pumping Technology” filed Mar. 31, 2014, 
which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. This invention generally relates to a mobile CO2 

filling system for filling onsite storage and dispensing sys 
tems primarily for on-site refillable restaurant CO2 beverage 
dispensing systems, on-site refillable CO2 dispensing sys 
tems for green house plant enrichment, on-site refillable 
CO2 dispensing systems for Swimming pool conditioning 
and other similar applications, and similar onsite CO2 
refillable dispensing systems. 
0004 2. Background Information 
0005. As noted above this invention generally relates to 
a mobile CO2 filling systems for filling onsite storage and 
dispensing systems. One large application of onsite CO2 
storage and dispensing systems is on-site refillable restau 
rant CO2 beverage dispensing systems. Reviewing a brief 
history of CO2 beverage dispensing systems may be helpful 
in understanding the present invention. 
0006. The beverage industry uses carbon dioxide to car 
bonate and to move beverages from a storage tank to a 
dispensing area. For beverages such as beer, the beer can be 
contained in large kegs in a remote location, e.g., the 
basement or storage room, and the taps at the bar can 
dispense the beer. This method eliminates the storage of beer 
kegs in the bar area and allows the beer keg delivery and 
removal to occur in an area other than that in which patrons 
may be sitting. This type of system has existed for many 
years as evidenced in U.S. Pat. No. 1,062.343 which issued 
in 1913. 
0007. In order to get the beverages from the storage area 
to the serving area, prior art has used carbon dioxide among 
other gases. The carbon dioxide is generally delivered as a 
liquid in large heavy DOT cylinders and hooked to the 
dispensing system. When the tanks are hooked to the system, 
a certain Volume, generally about one third of the tank, in a 
one tank system or one third of the tank Volume in a 
multi-tank system is not filled with liquid. This allows the 
carbon dioxide to boil to a gaseous state. It is this gaseous 
state that is then used to carbonate and to move the desired 
beverage from the storage room or basement to the delivery 
area and provide much of the carbonation to the beverages. 
0008. One problem with this general system is that the 
carbon dioxide tanks must be changed or when the current 
tanks run out, they must be replaced with new tanks. This 
can be inconvenient and time consuming. If only one person 
is working, then they are required to leave the patron area 
and manually change the tank to allow the refreshments to 
continue to flow. In addition, delivery of additional filled 
tanks cannot always occur when they are needed if a user 
runs out in the late evening or during non-business hours. 
This problem can be somewhat lessened by using multiple 
liquid tanks, but this uses more space and can be more 
expensive to monitor and refill. 
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0009. To refill or replace a tank, the system must gener 
ally be completely shut down, so no beverages can be 
served, and service or delivery personnel can move the full 
liquid carbon dioxide tanks into the business and remove the 
empty tanks. Generally several valves must be shut off while 
the tanks are changed. The business must wait until the 
changeover is complete before beverages can be served 
again. 
0010. The above problems led to the development of 
onsite CO2 storage and dispensing systems where the physi 
cal changing of the tanks has been eliminated. See U.S. Pat. 
Nos. 6,601,618, 5,113,905, 4,936,343 and 4,683,921 which 
are incorporated herein by reference. This is done by deliv 
ering liquid carbon dioxide to the in-situ tanks or system 
pre-existing in the businesses. Generally a pump truck 
delivers the liquid carbon dioxide to an inlet line plumbed to 
the outside of the building. However in early onsite CO2 
storage and dispensing systems, the delivery personnel must 
then enter the establishment to close and adjust various 
valves. These early onsite systems were then shut down and 
the dispensing of beverages must cease until the filling 
process is complete. Delivery personnel were required to 
return to the truck and start the pump and then carefully 
monitor the system to attempt to determine when the system 
is full. This was difficult to determine with any uniformity in 
early onsite system. Some weeks a business may do very 
well with beverages and some weeks may not do so well. 
While an operator may get a general sense, it was difficult to 
determine without the trial and error method, when these 
early onsite systems were full. Some prior art onsite systems 
used relief valves to indicate when the system was full, 
namely the operator watched for the excess CO2 to actually 
come through a vent. This method of determining when the 
system is full is wasteful and can result in increased pressure 
hazards from over filling. Over filling can also result in the 
system not operating properly. 
0011. The deficiencies with these prior art onsite CO2 
storage and dispensing systems largely minimized their wide 
adoption in the beverage industry. U.S. Pat. No. 7.258,127 
addressed some of the problems with the prior art and 
provides a diverter valve, system and method for the deliv 
ery of gases or liquids where the delivery persons can fill the 
system without having to enter the building and the system 
can continue to deliver gas to the user. There is no inter 
ruption of service while the system is being filled. U.S. Pat. 
No. 7.258,127 is incorporated herein by reference in its 
entirety. Further improvements in this type of onsite CO2 
storage and delivery system is disclosed in U.S. Pat. No. 
8,844,555 which is incorporated herein by reference in its 
entirety. The advantages of the onsite CO2 storage and 
delivery systems of the 127 and 555 patents are resulting 
in a quickly growing number of establishments utilizing this 
type of onsite CO2 storage and dispensing system, and Such 
users are not limited to restaurants but include breweries, 
pools, convenience stores and greenhouses. These systems, 
currently marketed under the brand GREEN CO2 SYS 
TEMS have been described as a “Game Changing Station 
ary, Non-Venting, Low Cost, Low Maintenance and totally 
Green CO. Dispensing System.” It has been tested by some 
2,000 installations over the last 10 years. Additionally, after 
working on the system that was the subject of the 127 
patent, John Smythe proposed a similar design that is the 
subject of U.S. Pat. No. 7,766,309, which is incorporated 
herein by reference, however there have been no apparent 
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attempts to commercialize the specific system of the 309 
patent such that the practical advantages of this specific 
design have not been established in the marketplace, but the 
309 patent itself is further evidence of the growing accep 
tance of the advantages of onsite CO2 storage and delivery 
systems. 
0012. The inventors of the present invention, who have 
been instrumental in expanding the use and application of 
different onsite CO2 storage and delivery systems, have 
recognized a need for a flexible controllable mobile delivery 
platform for the distinct onsite CO2 storage and delivery 
systems. Increasing the ease of filling onsite CO2 storage 
and delivery systems will yield greater acceptance of their 
use and allow more commercial establishments to reduce 
their carbon footprint and save money through adoption of 
onsite CO2 storage and delivery systems. It is one object of 
the present invention to provide a cost effective, flexible, 
efficient mobile CO2 filling system for filling onsite storage 
and dispensing systems primarily for on-site refillable res 
taurant CO2 beverage dispensing systems, on-site refillable 
CO2 dispensing systems for green house plant enrichment, 
on-site refillable CO2 dispensing systems for Swimming 
pool conditioning and other similar applications, and similar 
onsite CO2 refillable dispensing systems. 

SUMMARY OF THE INVENTION 

0013 The above objects are achieved with a mobile CO2 
filling system for filling onsite CO2 storage and dispensing 
systems with CO2, the system comprising: a mobile plat 
form; a tank holding liquid CO2 mounted on the mobile 
platform; a flexible dispensing hose coupled to the tank and 
configured to be selectively coupled to the filling inlet of an 
onsite CO2 storage and dispensing system: A pump selec 
tively coupled to the tank; and a controller for controlling the 
filling of an onsite CO2 storage and dispensing systems with 
CO2 from the tank, wherein the controller is selectively 
designated by the user to operate in at least one pump 
assisted filling state and at least one gravity feed filling state. 
0014. The mobile CO2 filling system according to the 
invention may provide a plurality of pump assisted filling 
states are provided to be selectively selected by the user, 
wherein the plurality of pump assisted filling states include 
filling at distinct pump operating parameters. The distinct 
pump operating parameters of distinct filling states may 
include one in which the pump automatically shuts off at a 
pressure less than 350PSI and may include one in which the 
pump automatically shuts off at a pressure greater than 
1100PSI. The mobile CO2 filling system according to inven 
tion may provide that at least one pump assisted filling State 
includes a user inputting the number of cylinders to be filled 
and includes a user inputting the size of cylinders to be filled. 
0015 The mobile CO2 filling system according to the 
invention may provide that the controller records the amount 
of CO2 delivered to each specific onsite CO2 storage and 
dispensing system filled with the system and wherein the 
mobile platform is part of a vehicle. 
0016. The mobile CO2 filling system according to inven 
tion may provide that the controller includes a pump primer 
state configured to operate to fill the internal side of the 
pump with CO2 liquid, wherein the pump primer state is 
configured to build pressure within the tank. 
0017. The mobile CO2 filling system according to inven 
tion may provide that the flexible dispensing hose includes 
a quick release coupler for connecting to the onsite CO2 
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storage and dispensing system, and a vent position for 
venting CO2 within the flexible dispensing hose. 
0018. The mobile CO2 filling system according to inven 
tion may provide that the controller includes a button for a 
high fill pump assisted filling state, a button for a low fill 
pump assisted filling State and a button for gravity feed 
filling state, wherein the high fill pump assisted filling state 
has a higher pressure setting than the low fill pump assisted 
filling state. Further the controller may allow the user to 
selectively define the pressure for the high fill pump assisted 
filling state and for the low fill pump assisted filing state. 
Another aspect of the invention provides a CO2 distribution 
system comprising a plurality of onsite CO2 storage and 
dispensing systems, each system located at a distinct com 
mercial establishment and having system filling inlet and 
system venting exterior of a building housing the commer 
cial establishment; and a mobile CO2 filling system for 
filling each onsite CO2 storage and dispensing systems with 
CO2, the mobile CO2 filling system comprising i) a mobile 
platform; ii) a tank holding liquid CO2 mounted on the 
mobile platform; iii) a flexible dispensing hose coupled to 
the tank and configured to be selectively coupled to the 
filling inlet of an onsite CO2 storage and dispensing system; 
iv) a pump selectively coupled to the tank; and V) a con 
troller for controlling the filling onsite CO2 storage and 
dispensing systems with CO2 from the tank, wherein the 
controller is selectively designated by the user for operation 
in at least one gravity feed filling state. 
0019. These and other advantages are described in the 
brief description of the preferred embodiments in which like 
reference numeral represent like elements throughout. 

BRIEF DESCRIPTION OF THE FIGURES 

0020 FIG. 1 is a schematic illustration of the a CO2 
distribution system according to the present invention com 
prising a plurality of onsite CO2 storage and dispensing 
systems and a mobile CO2 filling system for filling each 
onsite CO2 storage and dispensing systems with CO2 
according to one aspect of the present invention; 
0021 FIG. 2 illustrates the components of an onsite CO2 
storage and dispensing system which can be used in the CO2 
distribution system according to the present invention; 
0022 FIG. 3 is a schematic layout of a typical onsite CO2 
storage and dispensing system which can be used in the CO2 
distribution system according to the present invention; 
0023 FIG. 4 is a schematic illustration of the diverter 
valve in a fill position in a typical onsite CO2 storage and 
dispensing system which can be used in the CO2 distribution 
system according to the present invention; 
0024 FIG. 5 is a schematic layout of a mobile CO2 filling 
system for filling each onsite CO2 storage and dispensing 
systems with CO2 according to one aspect of the present 
invention; 
(0025 FIG. 6 illustrates the pump and PTO unit of the 
mobile CO2 filling system according to one aspect of the 
present invention; 
0026 FIG. 7 illustrates the flow meter and controller of 
the mobile CO2 filling system according to one aspect of the 
present invention; 
0027 FIG. 8 illustrates the main control panel of the 
controller of the mobile CO2 filling system according to one 
aspect of the present invention; 
0028 FIG. 9 is a chart of the touch screen buttons and 
associated function for the main control panel of the con 
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troller of the mobile CO2 filling system according to one 
aspect of the present invention; 
0029 FIG. 10 illustrates a batch fill control screen for the 
main control panel of the controller of the mobile CO2 
filling system according to one aspect of the present inven 
tion; 
0030 FIG. 11 illustrates a high flow control system for 
use in certain onsite CO2 storage and dispensing system 
which can be used in the CO2 distribution system according 
to the present invention; and 
0031 FIG. 12 illustrates a nitrogen blending control 
system for use in certain onsite beverage CO2 storage and 
dispensing system which can be used in the CO2 distribution 
system according to the present invention 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0032. The present invention provides a CO2 distribution 
system comprising a plurality of onsite CO2 storage and 
dispensing systems 20, each system located at a distinct 
commercial establishment 30 and having system filling inlet 
and system venting exterior of a building 40 housing the 
commercial establishment 30. FIG. 1 schematic illustration 
of the CO2 distribution system according to the present 
invention illustrating one of the plurality of onsite CO2 
storage and dispensing systems 20 and a mobile CO2 filling 
system 10 for filling each onsite CO2 storage and dispensing 
system 20 with CO2 according to one aspect of the present 
invention. The CO dispensing system 20 is used in bever 
age dispensing for restaurants, bars, convenience stores and 
the like. The CO dispensing system 20 is also used in green 
house plant enrichment, Swimming pool conditioning and 
other similar applications. 
0033 Suitable onsite CO2 storage and dispensing sys 
tems 20 are made and supplied by Green CO Systems, 
headquartered in Fort Collins, Colo. The details of the 
dispensing system 20 are also described in U.S. Pat. Nos. 
7.258,127 and 8,844,555 which are incorporated herein by 
reference in their entireties. As suggested above, Customers 
love the systems 20 because it allows them to be green by 
reducing their carbon foot-print and saving green. Distribu 
tors like the low cost and low maintenance as compared to 
the cryogenic vessels in the market place today and com 
pared to carrying Smaller high pressure cylinders in and out 
of the locations and trucking those cylinders back and forth 
from filling/distribution centers. 
0034. The present invention provides a mobile CO2 

filling system 10 for filling each onsite CO2 storage and 
dispensing systems 20 with CO2, the mobile CO2 filling 
system 10 essentially comprises a mobile platform in the 
form of a truck (but a towed platform/trailer is also pos 
sible); a tank 52 holding liquid CO2 mounted on the mobile 
platform; a flexible dispensing hose 60 coupled to the tank 
and configured to be selectively coupled to the filling inlet 
26 of an onsite CO2 storage and dispensing system 20; a 
pump 58 selectively coupled to the tank 52; and a controller 
54 for controlling the filling of onsite CO2 storage and 
dispensing systems 20 with CO2 from the tank 52. The 
mobile CO2 filling system 10 described below provides 
distributors with greater efficiencies as they can fill the 
system 20 faster and effectively can run their trucks 24/7 
without change outs for distinct system 20 requirements. 
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Further efficiencies over some prior art system is possible 
because the delivery drivers do not have to enter the prem 
ises to fill the systems 20. 
0035. As should be apparent the System 20 supplies 
commercial enterprises 30 with a point of use CO2 dispens 
ing system 20 which is filled periodically, as required, by a 
liquid CO2 Fill Truck 10. The systems 20 are preferably 
comprised of a diverter valve 24 described in detail in U.S. 
Pat. Nos. 7,258,127 and 8,844,555, gas and liquid CO, 
onsite DOT 3AA CO. high pressure storage cylinders 22, 
and a fill box 26 located on an outside wall of the building 
40. The system may also effectively utilize a SAFE-T- 
FLOTM brand Line Monitor 28, which is described in detail 
in U.S. Pat. No. 8,757.437, entitled “Gas line leakage 
monitor for beverage dispensing system preventing unin 
tended environmental discharge' which is incorporated 
herein by reference. The line monitor 28 is an optional 
component and it monitors the flow of CO2 gas and if a leak 
develops downstream from the Diverter Valve 24 it auto 
matically stops the flow of CO2 gas saving the customer 
time and money as well as protecting the employees and 
customers from the dangers of CO2 contamination. 
0036. The heart of the CO2 dispensing system 20 is the 
diverter valve 24, which uses a shuttle valve to isolate 
incoming liquid CO during the fill process from the vapor 
cylinder(s) while allowing the liquid CO to fill the liquid 
cylinders 22. Other features of the diverter valve are: (a) a 
gas regulation valve for regulating the gas pressure to the 
dispensing point (customers beverage dispensing machine, 
green house CO outlet nozzles, etc.); and (b) safety relief 
valves for both high pressure gas and for low pressure 
dispensing gas sections of the valve. The dispensing systems 
20 have CO liquid and vapor cylinders 22 in various 
liquid-to-vapor-cylinder ratios. The ratio of liquid cylinders 
to vapor cylinders can be 1:0.75, 2:1 and 3:2. For example: 
2:1 cylinder ratio equals 2 liquid cylinders 22 to 1 vapor 
cylinder 22 or 4 liquid cylinders 22 to 2 vapor cylinders 22 
(as schematically shown in FIG. 3). A 3:2 cylinder ratio 
could be 3 liquid cylinders and 2 vapor cylinders. Consid 
ering the total volume of all the cylinders (vapor-liquid) of 
these three ratios, the combined vapor volume is never lower 
than 40% and is as high as 75% for a 1:0.75 liquid-to-vapor 
cylinder ratio. Further the liquid tanks 22 are typically only 
filled to a 90% capacity. 
0037. The system 20 may effectively utilize D.O.T 3AA 
cylinders 22 such as 130 lbs., 100 lbs., 75 lbs. and 50 lbs and 
are formed of high strength steel alloy with a minimum 
service pressure rating of 1800 psi and a minimum retest 
pressure of 3000 psi to meet the highest safety standards. 
Subsequent filling of the system liquid cylinders 22 to 1200 
PSIG consistently yield a constant replacement liquid vol 
ume based upon a given commercial establishment 30 
usage. Also, upon testing the results, with a digital scale, 
over several hundred trial fills, the vapor space left in the 
liquid cylinders 22, when shut off at 1200 PSIG, was held to 
10% give or take a very small amount based upon the fill 
trucks 10 mass flow meter 56 reading after the fill cycle is 
completed. Because the liquid cylinders 22 are connected to 
a single header 24, their combined Volume equals the liquid 
CO2 mass pumped into them plus what was already in the 
cylinders prior to the fill operation. The level in each liquid 
cylinder, as described above should be fairly even and with 
about 10% of vapor space, however, even if they are filled 
to near their maximum capacity the diverter valve's 24 



US 2017/00231 79 A1 

shuttle valve immediately closes once the fill cycle is over 
and connects the liquid cylinders 22 to the vapor cylinders 
22. As the vapor cylinder(s) 22 are 40-75% by volume of the 
combined capacity of the liquid cylinders 22 (plus whatever 
vapor space was left in the liquid cylinders), the system's 20 
minimum vapor space is always greater than required by 
CO2 high pressure cylinder regulations (32% vapor space). 
The liquid in the liquid cylinders immediately boils off until 
thermal-pressure equilibrium is reached. FIG. 3 illustrates a 
generalized 2:1 ratio hook-up of the Liquid and Vapor 
cylinders 22 to the diverter valve 24. Outlet port to custom 
ers dispensing system (30) can be isolated by the shut-off 
valve during filling. The Inlet fill port 26 is automatically 
shut when the fill line 60 from the fill truck 10 is discon 
nected. 

0038. As a quick overview of the filling process of filling 
the system 20 with the system or truck 10, the driver 
connects flexible dispensing hose 60 (which preferably 
includes a quick release coupler for connecting to the 
outside fill box 26 of the onsite CO2 storage and dispensing 
system 20, and a vent for venting CO2 within the flexible 
dispensing hose 60) to outside fill box 26, via the quick 
coupler, and uses the controller 54 to control the filling 
operation. Note: Filling of the system 20 can be accom 
plished without the need to shut the customers dispensing 
system 30 down or removing and replacing gas CO2 cyl 
inders 22. Velocity and static pressure, generated by the 
incoming CO2 liquid from the fill hose 60, causes the shuttle 
valve within diverter valve 24 to unseat from the fill end and 
to seat on the inlet to the gas cylinders Supply header. This 
header connects to the G1 and G2 ports of gas cylinders 22. 
All the liquid flows into the diverter valve and out through 
ports L1, L2, L3 and L4 to the liquid storage cylinders 22. 
Flow rate is typically between 35-50 lbs/min. The chamber 
formed inside the diverter valve 24, when the shuttle valve 
opens the fill port and closes the gas outlet ports, acts like a 
header. CO2 liquid entering the chamber is equally distrib 
uted between the liquid cylinders 22 connected to it. FIG. 4 
schematically illustrates the diverter valve 24 shuttle valve 
in the fill position. When the diverter valve's shuttle valve is 
in the fill position it shuts off the flow path from the main 
header to the high pressure gas passageway. In this position 
the flow of CO2 liquid entering the diverter valve 24 main 
header is directed only to the liquid cylinders(s) 22 and is 
isolate from the vapor cylinder(s) 22. The system 10 will 
stop when the system 20 is filled. For example in a “high fill” 
state when a pressure of 1200 PSIG is reached, the liquid 
CO2 pump 58 automatically disengages. After pump 58 
disengages, the hose 60 is moved into the vent position and 
the fill line from the fill box 26 to the diverter valve 24 is 
vented off, leaving the fill line, from the fill box 26 to the 
diverter valve 24, empty of CO2 and Zero pressure at the fill 
box entry. After venting of fill line pressure, the hose 60 is 
disconnected from outside fill box 26 by releasing the quick 
coupler. The driver reels up the hose 60, and the controller 
has recorded the amount of CO2 dispensed for the given 
system 20 which the driver may record elsewhere and driver 
can proceed to the next customer and next system 20. 
0039. When the hose 60 and supply line is disconnected 
from the fill box 26, the 1200 psi pressure, holding the 
shuttle valve open, is reduced to atmospheric pressure, 
causing the shuttle valve to unseat from the gas Supply 
header and reseat on the fill port. This places the diverter 
valve 24 in its normal operating mode and opens up a 
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passage way between the liquid and the vapor cylinders 22. 
This allows the liquid cylinders 22 to immediately boil off 
gas to the vapor cylinder(s) 22 until temperature-pressure 
equilibrium is established in all cylinders (liquid and vapor 
cylinders) 22. The pressure in a typical system 20 decreases 
after the liquid cylinders 22 have been filled to 1200 PSIG 
and the shuttle valve closes and connects the liquid cylinders 
to the vapor cylinder(s). The system 20 decreases to approxi 
mately 850 PSIG after the system pressure-temperature 
equilibrium is reached. This is the normal operating pressure 
(850 PSIG) for such a typical high fill based system 20. 
0040. When the liquid cylinders 22 are connected to the 
vapor cylinders 22 by a common header of diverter 24, the 
cylinders 22 and the header are linked and can be visualized 
as one big volume (cylinder) and, in the case of a 2:1 
installation has a 50% by volume vapor space (two 100 lb. 
liquid cylinders versus one 100 lb. vapor cylinder). Instal 
lations that have a 100 lb. liquid cylinder and a 75 lb. vapor 
cylinder would result in a minimum vapor space Volume of 
75% based upon the vapor cylinder being 75% of a 100 lb. 
liquid cylinder. Current regulations for maximum fill Vol 
ume of pressurized CO2 cylinders with liquid is 68% liquid 
which leaves a vapor space of 32%. The system 20 vapor 
space exceeds the regulation requirements value of 32%. 
0041. The mobile CO2 filling system 10 for filling onsite 
CO2 storage and dispensing systems 20 with CO2 may 
effectively have has a 6000 lb. capacity tank 52 manufac 
tured to DOT MC331 specification. Maximum operating 
tank pressure for such a tank 52 is 350 PSIG at -50 F. The 
system 10 (or collectively called a fill truck 10 in this 
embodiment) has the controller 54 perform automatic sys 
tem functions as described in the fill procedure. The Fill 
truck 10 can service gravity fill, high and low pressure 
systems 20 from 14.7 PSIA (1 ATM) up to 1200 PSIG which 
is the maximum output pressure of the Fill truck's system 
10. The system 10 incorporates automatic tank relief valves 
62 associated with maximum tank pressure (set at around 
345 PSI) and high pressure relief valves 64 to relieve the 
system pressure if it reaches 1200 PSIG. The SPONSLERTM 
CO2 flow meter 56 is a mass flow type meter that utilizes a 
turbine flow meter coupled with pressure and temperature 
inputs which communicate with a flow computer to accu 
rately convert the turbines flow rate output from Hertz to 
flow in lbs./min of liquid CO2. The service fill truck 10 may 
further include a hydraulic cylinder lift for safely lifting 
cylinders onto the truck. 
0042 FIG. 8 represents the screen that appears on the 
touch screen controller 54 on startup of the truck fill system 
10. This screen controls basic pressure fills for day to day 
activity and displays the system pump 58, and internal tank 
52 pressures with displays 86 and 84, respectively. FIG. 9 is 
a table of touch screen buttons and displays on the home 
screen and the function that each button performs. The pump 
pressure 86 in the upper left hand corner indicates the 
pressure going to the hose reel 60. This is also the pressure 
of the system 20 being filled. The tank pressure 84 is the 
pressure of the inlet CO2 coming from the main tank 52 on 
the truck 10 (truck MC331 D.OT tank 52 can also be 
equipped with a liquid level capacitance probe to determine 
the liquid CO2 level in the tank 52). 
0043. The gravity fill button 72 is used to initiate and stop 
a gravity fill of a system 20. This button 72 will stay active 
until it is pushed a second time stopping the procedure. The 
low fill button 74 is used to initiate a present low pressure 
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fill of a system 20. This button 74 will stay active until the 
pump pressure reaches the low pressure threshold, Such as 
320 PSI. After reaching the present low fill threshold, say 
320 PSI, the pump motor 54 will shut off and the button 74 
will no longer be active. The high fill button 76 is used to 
initiate a present high pressure fill of a system 20. This 
button 76 will stay active until the pump pressure reaches the 
present high pressure threshold, such as 1200 PSI. After 
reaching the present high fill threshold, say 1200 PSI, the 
pump motor 54 will shut off and the button 76 will no longer 
be active. 

0044. The batch control button 78 activates a batch 
control screen shown in FIG. 10 described below. Start 
engine button 80 and stop engine button 80 are used respec 
tively to activate the starter (see pto unit 66) to start the 
pump motor 54 or to shut off the pump 54. Note that if the 
pump motor is started with a key, this kill engine button will 
not stop the pump motor. The E-stop or emergency stop 
button 82 will stop the pump motor and close the main 
Valve, however if the pump motor is started with a key this 
button will not stop the pump motor. The prime pump button 
88 will condition the pump by removing air pockets and 
filling the internal side of the pump with pure CO2 liquid 
and can also be used to circulate the liquid via in and out of 
pump returning CO2 liquid to the main delivery tank 52 in 
order to build additional Delivery Tank Pressure. 
0045 Gravity Fill Procedure: 1) Connect hose 60 of 
system 10 to the outside fill box 26 via quick adapter. 2) 
Move fill gun handle of hose 60 to fill position. 3) Press 
Gravity Fill Button 72 located on the front of the touch 
screen panel of controller 54. 4) Once the system 20 has 
reached full capacity press Gravity Fill Button 72 once again 
to stop the filling. 5) Move fill gun handle of hose 60 to the 
vent position. 6) Disconnect hose 60 from fill box 26, return 
fill hose 60 to hose reel on system 10. 7) Operator may 
Record pounds of CO2 delivered by system 10 to system 20 
which controller 54 tracks via mass flow meter 568) Fill 
completed Proceed to next customer/system 20. 
0046 Low/High Pressure Pump Fill Procedure: 1) Con 
nect hose 60 of system 10 to the outside fill box 26 via quick 
adapter. 2) Start the gasoline engine by pressing the start 
engine button 80 on the screen. Note: If the key is used the 
pump motor will not shut off automatically when pressure is 
reached and Note: If Pump is PTO 66 Driven skip step 2.3) 
Press High or Low Pressure fill button 74 or 76 located on 
the front of the touch screen ((Low for Cryogenic type 
system 20, High for Cylinders 20). 4) Pump will automati 
cally disengage once system 20 has reached full capacity. 5) 
After Pump disengages, move fill gun handle of hose 60 into 
the vent position. 6) After venting of fill line 60 pressure 
disconnect fill gun of hose 60 from outside fill box 26 by 
releasing quick coupler. 7) Return fill hose 60 back to hose 
reel. 8) Operator may Record pounds of CO2 delivered by 
system 10 to system 20 which controller 54 tracks via mass 
flow meter 569) Fill completed Proceed to next customer/ 
system 20. 
0047. Pump Priming Procedure: 1) If at any time the 
pump 58 is not pumping at peak flow rates the system 10 can 
be primed by pressing the “Prime Pump' button 88. This 
button 88 will open the valve to the main liquid delivery tank 
52 and will stay open until the “fill button 72, 74, 76 or 78 
is pressed. This will condition the pump 88 by removing air 
pockets and filling the internal side of the pump with pure 
CO2 liquid. This mode can also be used to circulate the 
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liquid via in and out of pump returning CO2 liquid to the 
main delivery tank in order to build additional Delivery Tank 
Pressure. Conditioning of the pump 54 typically needs only 
to be done on the first fill of the day. Once the pump has 
cooled down and all feed lines have been primed, the pump 
will hold a continuous prime during the route delivery. 
0048 Pressing the batch control button 78 will bring up 
the Batch Control function screen display of FIG. 9. Cyl 
inders 22 to be batch filled should be 100% empty when 
using batch control function. Cylinders 22 will fill to their 
specified liquid level within +1 to 2%. A monthly cross 
check between the equipped flow meter and a cylinder scale, 
by the Owner/Operator, should be conducted. This will 
ensure that the calculated meter valve is + or -1-2%. The set 
value can be easily adjusted by increasing or decreasing the 
set value number located on the control panels touch screen. 
Because current regulations require a vapor space of 32%, it 
is recommend to fill to 95% of the legal maximum fill level, 
assuring that the vapor space is always above 32%. This 
screen of FIG. 9 is used to fill cylinders 22 with specific 
amounts of liquid. This function works by Sampling the 
output of the meter 56 and integrating the flow over time in 
the control. To use batch control: 1) Connect a cylinder 22 
to the system 10. 2) Enter the number of cylinders to fill in 
the box 92. (To enter a number the user touches the box 92 
and a keypad will appear on the screen and the user enters 
a number between 1 and 999 and presses enter). 3) The user 
selects a cylinder size via icons 94 appropriate for the 
amount of liquid to be dispensed. 4) The user Presses the 
start button 96 then presses the start engine button 80, or just 
press start button for PTO pump drive. 5) The poundage will 
count up from Zero in the box adjacent box 92. 6) When the 
selected poundage is reached the actuator valve will open 
and return liquid to the truck tank (gas engine mode only. 
The PTO will disengage when the selected poundage is 
reached) 7) The User can Disconnect the filled cylinder 22. 
8) The user Connects the hose 60 to the next cylinder 22 and 
press start 96 to begin repeating the process again and the 
next cylinder 22 will be filled. 9) The process is repeated 
until all cylinders are filled. 10) Operator may Record 
pounds of CO2 delivered by system 10 to system 20 of 
cylinders 22 which controller 54 tracks via mass flow meter 
5611) Fill completed Proceed to next customer/system 20. 
0049. The system 10 allows the operator to access, with 
an appropriate code, a set-up screen in which the high fill 
and low fill limit values can be entered into the system 10 to 
allow the system 10 to be adjusted to distinct systems 20. 
The high fill limit number should generally never exceed 
1200 PSI and the low fill limit value should generally never 
exceed 320PSI. Also, in this additional control screen the 
valves can be manually operated to open and close to check 
functionality of the unit. The service fill truck CO2 pump 58 
has a pressure sensor and associated automatic shut-off 
valve in its discharge piping hook-up which is normally set 
at 1200 psig (setting done on control panels set up screen) 
for high pressure fill applications. When the pump discharge 
pressure reaches 1200 PSIG the flow of liquid CO2 to the fill 
hose 60 is shut-off via an automatic shut-off valve and the 
PTO 66 is disengaged to the pump unit. During the fill 
operation the operator monitors the fill pressure and can use 
the emergency stop 82 to shut-off the liquid CO2 pump 58. 
Mass quantity in pounds of CO2 dispensed, to liquid cyl 
inders, is shown on Mass Flow Meter display 56 and may be 
recorded by controller 54. 
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0050 Additional changes are anticipated to allow the 
systems 20 to be designed better for individual applications, 
such as the inclusion of the line monitor 28 discussed above. 
Further a CO2 sensor that will be incorporated into the 
monitor 28 to make the monitor 28 a true Leak/CO2 detector 
that will warn the customer with both visual and audio 
alarms and terminate the flow of all CO2. It also has the 
ability to monitor different floor levels of the location for 
added safety by using only one device instead of multiple 
units. 
0051. Similarly FIG. 11 shows a unit 110 which is 
specifically designed Customers 30 Requiring Constant 
High Flow Rates of Carbon Dioxide, such as Greenhouses 
and Swimming Pools. The unit 110 Connects to any ppm 
(parts per million) controller, auto timer with single or 
multi-settings (Greenhouses) and auto PH controllers 
(Swimming Pools). The unit preferably includes a High 
cycle solenoid valve for added life, and high flow rated 
Regulator to eliminate freeze up, a flow meter for a precise 
regulated flow, with a green LED light for flow indicator. 
The unit 110 preferably operates on 24 volts. 
0052 FIG. 12 shows a nitrogen mixer control 120 that 
can be used with a system 20 and associated nitrogen tank 
(not shown) to allow for onsite generation of 99.8% Draught 
Beer-Grade Nitrogen, eliminating the need to purchase and 
store Mixed Gas Cylinders. The Nitro-Blend System with 
controller 120 blends C02 with nitrogen using a MCLAN 
TIM WTRUMIXTM triple blender to produce the desired 
nitrogen CO2 blend desired by the user. 
0053. The present invention may broadly be described as 
a mobile CO2 filling system 10 for filling onsite CO2 storage 
and dispensing systems 20 with CO2, the system 10 com 
prising: a mobile platform, namely a truck; a tank 52 holding 
liquid CO2 mounted on the mobile platform; a flexible 
dispensing hose 60 coupled to the tank 52 and configured to 
be selectively coupled to the filling inlet 26 of an onsite CO2 
storage and dispensing system 20; a pump 58 selectively 
coupled to the tank 52; and a controller 54 for controlling the 
filling of onsite CO2 storage and dispensing systems 20 with 
CO2 from the tank, wherein the controller 54 is selectively 
designated by the user to operate in at least one pump 
assisted filling state and at least one gravity feed filling state. 
0054 While this invention has been particularly shown 
and described with references to preferred embodiments 
thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein 
without departing from the scope of the invention encom 
passed by the appended claims. 
What is claimed is: 
1. A mobile CO2 filling system for filling onsite CO2 

storage and dispensing systems with CO2, the system com 
prising: 

a. A mobile platform; 
b. A tank holding liquid CO2 mounted on the mobile 

platform; 
c. A flexible dispensing hose coupled to the tank and 

configured to be selectively coupled to the filling inlet 
of an onsite CO2 storage and dispensing system; 

d. A pump selectively coupled to the tank; and 
e. A controller for controlling the filling onsite CO2 

storage and dispensing systems with CO2 from the 
tank, wherein the controller is selectively designated by 
the user to operate in at least one pump assisted filling 
state and at least one gravity feed filling state. 
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2. The mobile CO2 filling system according to claim 1 
wherein a plurality of pump assisted filling states are pro 
vided to be selectively selected by the user. 

3. The mobile CO2 filling system according to claim 2 
wherein the plurality of pump assisted filling states include 
filling at distinct pump operating parameters. 

4. The mobile CO2 filling system according to claim 3 
wherein the distinct pump operating parameters of distinct 
filling states includes one in which the pump automatically 
shuts off at a pressure less than 350PSI. 

5. The mobile CO2 filling system according to claim 4 
wherein the distinct pump operating parameters of distinct 
filling states includes one in which the pump automatically 
shuts off at a pressure greater than 1100PSI. 

6. The mobile CO2 filling system according to claim 1 
wherein the at least one pump assisted filling State includes 
a user inputting the number of cylinders to be filled. 

7. The mobile CO2 filling system according to claim 6 
wherein the at least one pump assisted filling State includes 
a user inputting the size of cylinders to be filled. 

8. The mobile CO2 filling system according to claim 1 
wherein the controller records the amount of CO2 delivered 
to each specific onsite CO2 storage and dispensing system 
filled with the system and wherein the mobile platform is 
part of a vehicle. 

9. The mobile CO2 filling system according to claim 1 
wherein the controller includes a pump primer state config 
ured to operate to fill the internal side of the pump with CO2 
liquid. 

10. The mobile CO2 filling system according to claim 9 
wherein the pump primer state is configured to build pres 
sure within the tank. 

11. The mobile CO2 filling system according to claim 1 
wherein the flexible dispensing hose includes a quick release 
coupler for connecting to the onsite CO2 storage and dis 
pensing system, and a vent position for venting CO2 within 
the flexible dispensing hose. 

12. The mobile CO2 filling system according to claim 1 
wherein the controller includes a button for a high fill pump 
assisted filling state, a button for a low fill pump assisted 
filling state and a button for gravity feed filling state, 
wherein the high fill pump assisted filling state has a higher 
pressure setting than the low fill pump assisted filling state. 

13. The mobile CO2 filling system according to claim 12 
where controller allows the user to selectively define the 
pressure for the high fill pump assisted filling State and for 
the low fill pump assisted filing state. 

14. A CO2 distribution system comprising 
a. A plurality of onsite CO2 storage and dispensing 

systems, each system located at a distinct commercial 
establishment and having system filling inlet and sys 
tem venting exterior of a building housing the com 
mercial establishment; and 

b. A mobile CO2 filling system for filling each onsite CO2 
storage and dispensing systems with CO2, the mobile 
CO2 filling system comprising: 
i. A mobile platform; 
ii. A tank holding liquid CO2 mounted on the mobile 

platform; 
iii. A flexible dispensing hose coupled to the tank and 

configured to be selectively coupled to the filling 
inlet of an onsite CO2 storage and dispensing sys 
tem; 

iv. A pump selectively coupled to the tank; and 
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V. A controller for controlling the filling onsite CO2 
storage and dispensing systems with CO2 from the 
tank, wherein the controller is selectively designated 
by the user for operation in at least one gravity feed 
filling State. 

15. The CO2 distribution system according to claim 14 
wherein the controller of the mobile CO2 filling system is 
configured to be designated by the user a plurality of pump 
assisted filling states are provided to be selectively selected 
by the user. 

16. The CO2 distribution system according to claim 15 
wherein the plurality of pump assisted filling states include 
filling at distinct pump operating parameters. 

17. The CO2 distribution system according to claim 14 
wherein the controller of the mobile CO2 filling system 
includes a button for a high fill pump assisted filling state, 
a button for a low fill pump assisted filling state and a button 
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for gravity feed filling state, wherein the high fill pump 
assisted filling state has a higher pressure setting than the 
low fill pump assisted filling state. 

18. The CO2 distribution system according to claim 14 
wherein the controller of the mobile CO2 filling system 
records the amount of CO2 delivered to each specific onsite 
CO2 storage and dispensing system filled with the system. 

19. The CO2 distribution system according to claim 14 
wherein the controller of the mobile CO2 filling system 
includes a pump primer state configured to operate to fill the 
internal side of the pump with CO2 liquid, and wherein the 
pump primer state is configured to build pressure within the 
tank. 

20. The CO2 distribution system according to claim 14 
wherein the mobile platform is part of a vehicle. 
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