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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
International Patent Application For

CONTROL OF VAPOR EMISSIONS FROM GASOLINE STATIONS

This non-provisional application relies on the filing date of provisional U.S.
Application Serial Nos. 60/744,543 filed on April 10, 2006; 60/744,615 filed on April 11,
2006; and 60/862,536 filed on October 23, 2006, which are incorporated herein by reference,
having been filed within twelve (12) months thereof, and priority thereto is claimed under 35

USC § 1.19(e).

BACKGROUND OF THE INVENTION

[0001] Activated carbon has been used for removal of impurities and recovery of
useful substances from liquids and gases because of its high adsorptive capacity. Generally,
"activation" refers to any of the various processes by which the pore structure is enhanced.
Typical commercial activated carbon products exhibit a surface area (as measured by
nitrogen adsorption as used in the B.E.T. model) of at least 300 m*/g. Common carbon
sources include as resin wastes, coal, coal coke, petroleum coke, lignite, polymeric materials,
and lignocellulosic materials including pulp and paper, residues from pulp production, wood,
nut shell, kernel, fruit pit, petroleum, carbohydrates, and bone. Typical activation processes
involve treatment of carbon sources either thermally with an oxidizing gas or chemically
often with phosphoric acid or metal salts such as zinc chloride. U.S. Patent No. RE 31,093
teaches a chemical activation of wood-based carbon with phosphoric acid to improve the
carbon's decolorizing and gas adsorbing abilities. U.S. Patent No. 4,769,359 teaches a method
of producing activated carbon by treating coal cokes and chars, brown coals or lignite with a

mixture of NaOH and KOH and heating to at least 500°C in and inert atmosphere.

[0002] The activated carbon could be in the form of granules, spheres, monoliths,

beads, powders or fibers.
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[0003] California has adopted Enhanced Vapor Recovery (EVR) regulations for the
systems installed at gasoline dispensing facilities for controlling gasoline vapors emitted
during the fueling of storage tanks (Phase I) and the refueling of vehicle fuel tanks (Phase II).
The gasoline distribution facilities (herein “gas stations”) must comply with such adapted

regulation by April 2009.

[0004] To comply with the new regulatory, about 80% of California gas stations have
balanced EVR systems, and about 20% uses vacuum assisted systems. Balanced systems are
inherently compatible with on-board refueling vapor recovery (ORVR) equipped vehicles and
are generally less expensive than vacuum assisted systems; therefore, they are the major

emission control systems adopted by the gas stations.

[0005] Vapor recovery systems include all associated dispensers, piping, nozzles,
couplers, processing unit (also known as “processor”), underground storage tanks, and any
other equipment or components necessary for the control of gasoline vapors during Phase I or
Phase II refueling operations at the gas stations. The equipment used to control hydrocarbon
emissions from gas station storage tanks is typically known as a storage tank vent
“processor.” Methods that may be considered for controlling such hydrocarbon emissions
include oxidizing the emitted hydrocarbons to carbon dioxide and water, or capturing the

emitted hydrocarbons and returning them to the storage tank via a vapor recovery system.

[0006] FIG. 1 shows a simplified gas station fuel dispensing system equipped with a
balanced vapor recovery system. It includes at least one storage tank 100, typically an
underground storage tank or also known as “UST”, containing liquid fuel 110 and a vapor
space 115 above the liquid fuel level that its volume is commonly referred to as “ullage.”
The gas station may have one or more fuel dispensing units 201 and 202, typically known as
“gas pumps”. In FIG. 1, a submersible pump 120 is shown on top of tank 100, although it
may be located elsewhere. The submersible pump 120 may be a turbine pump or other types
of pump known in the art. As is typical with pumping systems, submersible pump 120 may
draw liquid 110 up from within tank 100, through an intake device 125 such as a filter or

screen, through a pickup line 122, into submersible pump 120, and then out of the pump
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through pump outlet line 130 which feeds the fuel dispensing units 201, 202. For gas stations
equipped with a balanced vapor recovery system, an air/vapor return line 140 is provided

between fuel dispensing units 201, 202 and back to tank 100.

[0007] The pressure in tank 100 may vary; therefore, typically a pressure valve (PV)
150 is provided to regulate the tank pressure to values near atmospheric, for example not
allowing the tank pressure to depart from atmospheric pressure by more than a few inches
water column (w.c). Furthermore, the pressure valve 150 may maintain the tank pressure
between an upper (typically slight positive) pressure and a lower (typically slight negative or
vacuum) pressure. The pressure valve 150 may comprise one or more physical valves, with
one or more piping lines, pressure measuring or detecting devices, control devices, etc.
Moreover, several underground storage tanks 100 may be manifolded together to utilize a
common pressure valve 150. A vent device 160 may be provided, which may comprise a
cover to keep out rain and a flame arrestor for safety. Balanced systems function by
operating as a closed system between pressures of about 1.5-3 inches w.c. down to negative

pressures (e.g., vacuum) of 3-10 inches w.c.

[0008] FIG. 2 depicts a situation when fuel is pumped out of the underground storage
tank 100 to a non-ORVR (onboard refueling vapor recovery) vehicle 301. In this example, a
metered amount of gasoline from fuel dispensing unit 201 travels though dispensing hose 230
to nozzle 211, and from there into the gas tank of non-ORVR vehicle 301. Simultancously,
an approximately equal volume of air/gasoline vapor is returned through dispenser air/vapor
return line 240 back to the fuel dispensing unit 201 and from there through dispenser
air/vapor return line 140 to the storage tank 100. Much of this air/gasoline vapor is from
within the gas tank of vehicle 301, from which it is displaced by the incoming gasoline. The
dispensing hose 230 and dispenser air/vapor return line 240 may be a pair of hoses or a

coaxial hose.
[0009] In FIG. 2, the approximately equal exchange of fuel from tank 100 to vehicle

301 and air/vapor return from vehicle 301 back to tank 100, results in little pressure change

in storage tank 100.
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[0010] FIG. 3 depicts a situation when fuel is pumped out of the storage tank 100 to
an ORVR vehicle 302. The operation is similar to that described above, except that in an
ORVR vehicle 302 most of the air/vapor displaced from the vehicle tank by the incoming
fuel is vented through the vehicle’s own emission control system, the gasoline vapors are
adsorbed by the vehicle’s activated carbon canister, and the purified air vents to the
atmosphere. As denoted by 241, little air/vapor flows back through dispenser air/vapor return
line 240, and only a reduced volume of air (and largely devoid of hydrocarbons) is returned
to the storage tank 100. The reduced volume of air may be only about 10% of the liquid fuel
flow that went into vehicle 302. A net pressure within the storage tank 100 reduces, thereby
inducing a flow 161 of makeup air devoid of hydrocarbons (in an amount about 90% of the
liquid flow) in through vent device 160 and through the vacuum relief function of pressure

valve 150.

[0011] In this description, the pressure valve (PV) 150 is used to describe a valve or
valves operable under certain conditions to prevent the storage tank 100 from experiencing
either an over pressure situation or an under pressure (excessive vacuum) situation. Typically
such a system of valves allows air or air/vapors to move in and out of the storage tank 100

under controlled pressure conditions.

[0012] Due to the fluid flows as described here, while the gas station is open for
business and actively filling a proportion of ORVR-equipped vehicles with gasoline, the net
pressure within the storage tank 100 remains under a slight vacuum. After a number of
ORVR-equipped vehicles 302 have been filled, the storage tank 100 vacuum may drop low
enough for the vacuum relief function of PV valve 150 to open and allow fresh air 161 to
enter the storage tank 100 to make up for the dispensed liquid fuel. The makeup air 161 is
devoid of hydrocarbons and dilutes the air in the tank ullage 115, thereby reducing the
hydrocarbon concentration in the vapor phase. To restore equilibrium, the vapor pressure of
the gasoline causes it to partition from the liquid fuel volume 110 to the ullage 115 vapor
phase, resulting in a volume/pressure increase within the storage tank 100. While the gas
station is open and actively fueling vehicles, the net result is such that the storage tank 100
pressure remains negative and the concentration of gasoline vapors in the tank ullage 115

remains below saturation (for example at about 85%-98% of saturation).
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[0013] FIG. 4 depicts the situation during periods when the station refueling is
inactivity, for example during slow business hours or at night. The partitioning of gasoline
from the liquid 110 to the vapor phase 115 to reach a state of vapor-liquid equilibrium (VLE)
can cause the storage tank pressure to increase to a level that exceeds the upper pressure limit
of pressure valve(s) PV 150, which causes the valve to open and allow air/gasoline vapor 165
to vent to the open atmosphere. The new California Phase 11 regulations require that the 30-
day-average pressure within a tank must not exceed 0.25 inches w.c. (in calculating this
average, negative pressures are treated as a value of zero gauge pressure), and the daily
pressure cannot exceed 1.5 inches w.c. One purpose of this pressure requirement is to
minimize fugitive emissions that can leak from a storage tank and associated equipment.
Additionally, vapor emissions may not exceed 0.38 Ibs/1000 gallons of fuel dispensed, which

implies a total vapor recovery rate of better than 95%.

[0014] The balanced EVR systems relies on a relatively “high” vacuum (down to
about -8 inches w.c.) to minimize vapor venting emissions. The pressure valve required for
regulating the vacuum or pressure within the tank renders the system troublesome. It must be

certified and demand regular maintenance or replacement.

[0015] US Patent No. 5,305,807 discloses an auxiliary vapor recovery device for use
with a fuel dispenser that includes a vacuum pump and a canister containing adsorbent for
removal of hydrocarbons from a vapor/air mixture. The vacuum pump draws air/vapor from
the ullage of storage tanks through the canister for removal of hydrocarbon vapor and release
of air. Additionally, the vacuum pump draws desorbed gasoline vapors from the spent
adsorbent canister. U.S. Patent No. 6,478,849 teaches a vapor recovery system for fuel
storage tank that includes a pair of adsorbent canisters for alternative recovering volatile
organic compounds (VOC) from the fuel tank ullage. While one canister adsorbs VOC, the
other canister is regenerated by exhausting the VOC vapors from the VOC canisters back into
the fuel tank ullage using a vacuum pump. These aforementioned vapor recovery systems
require vacumm pump to actively draw vapor/air in the ullage of the fuel tank and desorb the
VOC to regenerate the spent adsorbent. The requirement of vaccum pump in such vapor

recovery systems consumes additional energy for operation and increases burden in
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maintenance.

[0016] U.S. Patent No. 6,763,856 teaches a method for controlling pressure in the
ullage space of an underground storage tank of volatile liquid fuel. The vapor/air in the
ullage is treated or conditioned inside a gaseous flow conditioning apparatus to increase the
fuel vapor concentration of the gaseous flow toward saturation, and then released into the fuel
tank. The gaseous flow conditioning apparatus may contain at least one chamber where the
gaseous flow is passed through a liquid fuel mist chamber or a close proximity of a fuel-
wetted mesh. Additionally, the gaseous flow conditioning apparatus may comprise a
chamber in which the gaseous flow is entrained into a stream of liquid fuel, and then
delivered into a volume of liquid fuel inside the fuel tank. This method of controlling vapor
emission requires a separate gaseous flow conditioning apparatus that conditions the gaseous
flow in a manner to enhance vapor-liquid equilibrium prior to delivering the gaseous flow
into the fuel tank, either to the ullage portion or liquid-filled portion of the fuel tank. The

separate gascous flow conditioning apparatus requires additional capital and installation cost.

[0017] Accordingly, there is a need for vapor recovery systems that do not require the
use of vacuum pump, or other forced air/vapor system, thereby allowing the systems to
control the vapor emission passively, yet effectively at lower energy consumption and

maintenance cost.

[0018] Furthermore, there is a demand for vapor recovery systems that do not require
additional gaseous flow conditioning apparatus in order to reduce capital, operation, and

maintenance costs.

[0019] It is, therefore, an object of the present to provide for vapor recovery systems
that effectively control the vapor emission from the gas station, yet do not require a vacuum
pump to actively draw vapor/air from the ullage space and/or a separate gaseous flow
conditioning apparatus, thereby rendering the ease of operating and maintaining the systems,

as well as lowering the energy and cost for operating such systems.

[0020] It is another object of the present invention to provide vapor recovery systems
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that meet the new California regulations for vapor emission of less than 0.38 Ibs/1000 gallons
fuel dispensed yet without pressure relieve valve in order to simplify system operation and
maintenance, as well as to maintain a UST pressure near ambient and ensure regulatory

pressure profile compliance of less than 0.25 inches w.c.

[0021] It is yet another object of the present invention to provide vapor recovery
systems having means to enhance the gasoline VLE equilibrium in the tank ullage, thereby

minimizing vapor growth and potential venting of air and hydrocarbons to the atmosphere.

[0022] It is a further object of the present invention to provide canisters containing
regenerable adsorbents that are capable of controlling the vapor emission level to below 0.38

1bs/1000 gallons fuel dispensed (i.e, greater than 95% control efficiency).

[0023] Other objects, features and advantages of the present invention will be set
forth in part in the description which follows, and in part will be obvious from the description

or may be learned by practice of the invention.

SUMMARY OF THE INVENTION

[0024] The present invention relates to a vapor recovery system for gas station that is
capable of controlling vapor emission to less than 0.38 1bs/1000 gallons fuel dispensed. The
system may include at least one canister containing adsorbents such as activated carbon,
zeolite, activated alumina, silica, and other adsorbents for passive removal of hydrocarbon
vapors in venting air. Additionally, the system may include a means to enhance vapor-liquid

equilibrium in the ullage of the fuel tank and accordingly minimize vapor emission level.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG 1. illustrates a fuel dispensing facility (gas station);
[0026] FIG. 2 illustrates a mode of operation while fueling a vehicle that does not
have an on-board refueling vapor recovery (ORVR) system;

[0027] FIG. 3 illustrates a mode of operation while fueling a vehicle that has an on-
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board refueling vapor recovery (ORVR) system;

[0028] FIG. 4 illustrates a mode of operation when no vehicles are being refueled;

[0029] FIG. 5 illustrates a cross section view of a carbon canister;

[0030] FIG. 6 illustrates a mode of operation using a carbon canister when no
vehicles are being refueled;

[0031] FIG. 7 illustrates a mode of operation using a carbon canister while fueling a
vehicle that has an on-board refueling vapor recovery (ORVR) system;

[0032] FIG. 8 illustrates a mode of operation using a carbon canister and a low
pressure setting on a relief valve;

[0033] FIG. 9 illustrates a mode of operation using devices to saturate air in the tank;

[0034] FIG. 10 illustrates additional modes of operation using devices to saturate air
in the tank;

[0035] FIG. 11 illustrates an additional mode of operation using a device to saturate
air in a tank;

[0036] FIGs. 12 and 13 illustrate the effect of temperature on the amounts of vapor/air
vented from a tank;

[0037] FIG. 14 shows experimental data illustrating the effect of using a spray device
within a tank; and

[0038] FIG. 15 illustrates an additional mode of operation for saturating the air in or

entering a tank.

DETAILED DESCRIPTION OF THE INVENTION

[0039] The present inventions now will be described more fully hereinafter, but not
all embodiments of the invention are shown. Indeed, these inventions may be embodied in
many different forms and should not be construed as limited to the embodiments set forth
herein; rather, these embodiments are provided so that this disclosure will satisfy applicable

legal requirements.

[0040] The balanced EVR system of the present invention includes at least one
canister containing adsorbents to control hydrocarbon emissions from tank 100. FIG. 5

shows a cross section of a canister 400 comprises a metal or plastic housing containing an
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adsorbent. The design is an example and not meant to be limiting. Here the canister 400 is
cylindrical, with longitudinal wall 410, a first end 420 (here the bottom and inlet end for
purposes of discussion) with inlet port 422, and a second end 425 (here the top and outlet
end) with outlet port 427. Canister 400 may have a volume of 4-20 gallons or larger.
Additionally, a length to diameter ratio (L/D) of the canister may be at least two. For non-
cylindrical or complex-shaped units, the cross-sectional arca may be at least 0.2 times the
length of the bed. Canister 400 may include diffuser plates 430, 435 (with holes 432, 437) at
the inlet/outlet ends to distribute the vapor/gas, thereby preventing channeling and fully
utilizing the entire bed of adsorbent. Screens 440, 445 may be provided to secure the
adsorbents within the canister. Additionally, the canister 400 may include a means 460 (such
as a spring or springs) to compress the adsorbent 450 and allow for volume change
compensation resulting from a settling of the adsorbent, an expansion or contraction of the
canister 400 due to an increase or decrease in temperature, a entering of liquid into the

canister, and/or a high volumetric flow rate of air and/or vapor through the canister.

[0041] Adsorbents 450 for use in the present invention include, but are not limited to,
activated carbon, zeolite, activated alumina, silica, and other adsorbents capable of adsorbing
hydrocarbon vapors. Suitable activated carbon for use as an adsorbent in the present
invention may be derived from any carbon sources known in art. These include, but are not
limited to, wood, cotton linters, peat, coal, coconut, lignite, carbohydrates, petroleum pitch,
petroleum coke, coal tar pitch, fruit pits, nut shells, nut pits, sawdust, wood flour, synthetic
polymer, and natural polymer, and combinations thereof. Furthermore, any forms of
adsorbents may be used in the present invention. These include, but are not limited to,

granular, pelletized, fibrous, and honeycomb structure.

[0042] In one embodiment of the present invention, pelletized activated carbon with a
butane working capacity of greater than 5 g/100 ml, a butane ratio of greater that 50%, and a

density of greater than 0.2 g/cc, is used as adsorbent.

[0043] In one embodiment of the present invention, pelletized activated carbon with a
butane working capacity of greater than 10 g/ 100 ml, a butane ratio of greater that 75%, and

a density of greater than 0.24 g/cc, is used as adsorbent.
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[0044] In one embodiment of the present invention, pelletized activated carbon with a
butane working capacity of greater than 11 g/ 100 ml, a butane ratio of greater that 85%, and

a density of greater than 0.26 g/cc, is used as adsorbent.

[0045] The butane working capacity (BWC) of the adsorbent is measured using a
standard method ASTM D-5228 known in arts. The butane ratio, which is a ratio of BWC to
butane activity, of the adsorbent is measured using a standard method ASTM D-5228 known
in arts. The density of the adsorbent is measured using a standard method ASTM D-2854

known 1n arts.

[0046] FIG. 6 illustrates the canister 400 placed in series with the existing storage
tank vent piping. If the canister is positioned in series, only one PV 150 (combination
vacuum/pressure or set of valves as explained previously) may be needed for the vent system.
If the canister 400 is placed in parallel (not shown), the canister may have a devoted PV valve
150 (or set of PV valves) that function as the primary tank pressure control valves, while
another PV or pressure regulation valve (not shown) located on a canister bypass line (not
shown) can be utilized for emergency under pressurization or over pressurization
occurrences. In one embodiment of the present invention, the balanced EVR system may
include the use of a restrictive orifice sized to maintain a target negative pressure during
operational hours and prevent net positive pressures from exceeding regulatory requirements.

For example, the aperture of the orifice may be related to the throughput of the gas station.

[0047] The balanced EVR system of the present invention allows the storage tank 100
to vent through the adsorbent canister 400. During periods of vapor growth (when the
storage tank 100 pressure is increasing or has increased beyond the PV valve 150 positive
setpoint as a result of the gasoline vapors reaching vapor-liquid equilibrium and/or because
the ullage 115 vapors are warming up toward thermal equilibrium), air and vapor pass
outward through the canister 400. The gasoline vapor is adsorbed onto the adsorbents in the
canister, and fresh air 166 is vented to the open environment. The adsorbent canister 400 is
sized to achieve target adsorption levels. The canister volume may be between 4-20 gallons

or larger.
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[0048] FIG. 7 illustrates a mode of operation when an ORVR vehicle 302 is being
filled with gasoline. The storage tank 100 pressure declines to a pressure equivalent to the
lower setpoint of PV valve 150, at which point PV valve 150 opens. This allows fresh air
167 to be drawn from the atmosphere into the storage tank 100 through the adsorbent canister
400. The gasoline vapors previously adsorbed onto the adsorbent are then purged or
desorbed into the incoming fresh air 167, and the adsorbent in the canister is regenerated.
The desorbed vapors continue on with the incoming air, thus returning to the storage tank
100. The balanced EVR system of the present invention may be a single canister 400 or

multiple canisters to treat each tank 100 or a group of tanks manifolded together.

[0049] Tables I, 11, and IIT show calculated maximum hydrocarbon vent losses (in
grams) per 1000 gallons of storage tank ullage 115 at a temperature of 70°F and for a
gasoline having a Reid vapor pressure (RVP) of 9 psi (typically denoted 9 RVP fuel).

Similar tables may be constructed for fuels having other RVP values.
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Concentration of Hydrocarbons in Ullage

Preceeding Station Shutdown
(% of Saturation at a Temperature of 70° F for 9 RVP Fuel)

90%

92% 94%

96%

98%

99%

100%

Vented Emissions with
no PV Control
(g HC/1000 gal Ullage)

Total Vent Volume
with no PV Control
(gal/1000 gal Ullage)

Carbon Volume
Required (gal/1000 gal
Ullage)

265.7

76

1.7

216.9 166

61.4 46.5

1.4 1.1

112.9

31.3

0.7

57.6

15.8

0.4

29.1

0.2

0

(=)

<

Volume Air to Crack
PV with dP of 6" w.c. =
14.9 gallons

Net Vented Volume
with 6" wc. PV
(gal/1000 gal Ullage)

Net Vented Emissions
with 6" wc PV
(g HC/1000 gal Ullage)

Percent of
Uncontrolled
Emissions

Carbon Volume
Required (gal/1000 gal
Ullage)

61.1

2159

81.3%

1.4

46.5 31.6

164.4 111.8

75.8% | 67.3%

1.1 0.7

16.4

58.1

51.4%

0.4

0.9

3.3

5.7%

0.0%

(=)

(=)

0.0%

<
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Table Il. Air+HC Vapor Vented

Temp (°F)

90%
28.3
29.1
30.0
30.9
31.8
32.7
33.7
34.7
35.8
36.9
38.1
39.3
40.5
41.8
43.2
44.6
46.1
47.6
49.3
51.0
52.7
54.6
56.5
58.5
60.7
62.9
65.3
67.7
70.3
731
76.0
79.0
82.2
85.6
89.2
93.0
97.1
101.4
105.9
110.8
116.0
121.5
127.4
133.7
140.5
147.7
155.5
164.0
173.0
182.9
193.5
205.1
217.7
231.4
246.5
263.0
281.1
301.2
323.4
348.2
375.8
406.7
441.6
481.1
526.0
577.5

N%
25.5
26.3
27.0
27.8
28.7
29.5
30.4
31.4
32.3
33.3
34.4
35.5
36.6
37.8
39.0
40.3
41.6
43.0
44.5
46.0
47.6
49.3
51.1
52.9
54.8
56.9
59.0
61.2
63.6
66.1
68.7
71.5
74.4
77.5
80.8
84.2
87.9
91.8
96.0
100.4
105.1
110.1
115.5
121.2
127.4
134.0
141.1
148.8
157.1
166.1
175.8
186.4
197.9
210.5
224.3
239.4
256.1
274.5
294.9
317.7
343.1
371.6
403.7
440.2
481.7
529.3

92%
22.7
23.4
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[0050] At a temperature of 70°F, air completely saturated with 9 RVP fuel contains
34.4% fuel by volume or 3.68 grams fuel per gallon air. It is estimated that during a typical
operating day, the tank ullage space 115 may have a gasoline hydrocarbon concentration of
about 94% for 9 RVP fuel saturation at a temperature of 70°F. At 94% of saturation, air
contains 32.3% gasoline vapor by volume or 3.46 grams gasoline per gallon air. When the
station shuts down, the tank ullage space 115 will gradually rise from 94% saturation (32.3%
hydrocarbon) to equilibrium at 100% saturation (34.4% hydrocarbon). Without a PV control
150 on the tank 100, vented emissions would be about 166 grams of hydrocarbon per 1000
gallons of ullage 115. Typical ullage volumes could be from about 5,000 gallons to about
80,000 gallons, resulting in total vent hydrocarbon losses of about 830 grams to about 13,280
grams of hydrocarbons, respectively. To capture the emissions, about 1.1 gallons of the
activated carbon adsorbent having a BWC of 11 are required per 1000 gallons of ullage, or
about 5.5- 87.4 gallons of the pelletized activated carbon adsorbent having a BWC of 11 are
required for a tank 100 having an ullage 115 of 5,000 to 80,000 gallons.

[0051] Preliminary laboratory testing shows that such canisters of the present

invention operate with suitable capacity to collect gasoline vapors to required levels.

[0052] The balanced EVR system of the present invention utilizing adsorbent canister
400, offers several advantages over competitive balanced systems. It may be smaller in size,
and consume lower operation and maintenance cost. Furthermore, it provides significant case
in operation and maintenance. A competitive bladder system, which is relatively costly,
larger in size (usually 500 gallon tank with a bladder inside), and mechanically complicated
with vacuum pumps and filler nozzles. The competitive membrane systems and thermal
oxidizers are relatively expensive, larger in size, and quite costly to operate. The invention
EVR system uses adsorbent canisters that have no moving parts and requiring no blowers or
pumps. Furthermore, no electrical power is needed for operating the invention system, other
than for ISD (in station diagnostic) systems. By having an adsorbent canister 400 in-line with
the tank vent 160, the fresh air 167 that feeds through the canister 400 and desorbs
hydrocarbons from the canister will reduce the level of hydrocarbon dilution in the tank

ullage 115. The resulting level of vapor growth will therefore be reduced.
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[0053] In another embodiment shown in FIG. &, an adsorbent canister 400 is fitted on
the vent-side of storage tank 100 having a PV valve 150 with a positive setpoint 152 of 0.25
inches w.c., or with no PV valve at all. The normal operating pressure of the balanced
system will not exceed 0.25 inches w.c. Since the pressure cannot exceed 0.25 inches w.c.,
the regulation requirements are automatically met. Therefore, system sealing requirements
are less stringent (it being assumed that leaks are unlikely to occur at pressures less than 0.25
inches w.c.). If no PV valve 150 is utilized, the storage tank 100 vacuum will not exceed the
pressure drop of the induced flow through canister 400 and/or dispenser air/vapor return line
240. By operating at a very low, non-traditional level of vacuum, that is, very close to
atmospheric pressure, fugitive in-leakage will be minimized. This will further reduce the
level of sealing required and will reduce the amount of fresh air that feeds into the system,
since the majority of makeup air 167 will be forced through canister 400 (the least restrictive
path for flow), which will add hydrocarbons to the incoming air 167 during hydrocarbon
desorption. By operating a system without a PV valve 150 and/or at a reduced level of
vacuum, a larger adsorbent canister 400 may be required. This is because as vapor-liquid
equilibrium is approached, all of the resulting vapor/gas expansion will be forced through

canister 400.

[0054] For instance, typical balanced system operates at a slight vacuum of -5 inch
w.c., with vapor concentration in the ullage space 115 typically at a concentration of about
94% (relative to the saturation concentration). If the system is not allowed to vent, the ullage
space could reach a pressure of +4 inches w.c. when vapor liquid equilibrium is established.
If the system is allowed to vent at 1 inch w.c., the systems would only vent about 33% of the
total possible volume of air+vapor that develops. If the system operates as an open system,
the total possible venting volume would be 100% of the total air+vapor that develops or three
times the level of loading. The capacity requirement of canister 400 could be up to three
times higher without a PV valve 150 and/or operating as an open system. The relevant
regulatory issue remains to ensure vapor emissions are met. A small amount of hydrocarbons
may diffuse into the canister 400 and be adsorbed, but most hydrocarbon adsorption by the
canister 400 would be of convectively loaded hydrocarbons only transferred into the canister

400 during periods of vapor growth.
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[0055] If the system has a vent system with PV 150 control that holds tank pressure
between a vacuum of -5 inches w.c. and a positive relief pressure of 1 inch w.c., the molar
volume (gasoline mol/1000 gal ullage) would have to increase by 14.9% before the PV valve
150 would allow airt+vapor to escape. Below this value, no hydrocarbons would escape,
resulting in a 32.7% potential reduction in emissions, but above this relief pressure, 111.8
grams of hydrocarbon per 1000 gallons of ullage could still escape. To capture these
emissions would require 0.7 gallons of 11 BWC carbon per 1000 gallons of ullage, a

significant reduction in carbon compared to having no pressure valve.

[0056] By operating the storage tank 100 at an essentially constant lower maximum
pressure (over-pressure setting), the in-station diagnostic (ISD) system (not shown) may be
down-sized from that required under typical operating pressure conditions. Pressures would
not have to be constantly recorded and averaged. A simple over-pressurization alarm system
would be required. Moreover, PV installation, maintenance, and replacement costs could be

avoided. This would reduce operational and capital costs.

[0057] Another embodiment of the invention seeks to saturate incoming fresh air with
hydrocarbons. Vapor growth within the storage tank 100 is largely due to fresh air
(containing no hydrocarbons) being introduced into the storage tank 100 to make up for the
volume of dispensed liquid gasoline. Air is introduced primarily through the vent 160, but
fresh air is also introduced through the filler nozzle 211 or through system leaks. Vapor
growth may be reduced by causing the fresh air introduced into the system to become pre-
equilibrated with gasoline vapors or to saturate the tank ullage space 115 with hydrocarbons
while the station is in operation. Unlike the systems disclosed in U.S. Patent No. 6,763,856,
the vapor recovery systems of the present invention do not require a separate gaseous flow
conditioning apparatus. The means to enhance the vapor equilibrium in the ullage space are

installed inside the fuel tank itself.

[0058] If the ullage space could be kept continuously saturated (“active saturation”)
with gasoline vapor (e.g. 100% of saturation instead of the typical approximately 94%, then

little or no vapor growth would occur). Continuous saturation might be achieved by
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saturating the incoming air, or by keeping the ullage space itself saturated. By adding a
sprayer or other mass transfer device at an appropriate location inside the storage tank to keep
the vapor concentration near 100% saturation (equilibrium), there can be a marked reduction
in potential emissions, and a reduced carbon requirement. If the vapor concentration is kept
at 100% saturation, there will be no vapor growth, no hydrocarbon emissions, and no carbon
requirement. A realistic case may be to keep the vapor concentration to 99% saturation.
Then, at a temperature of 70° F and with 9 RVP fuel, emissions in the absence of a PV valve
would be only 29.1 grams hydrocarbon per 1000 gallons ullage, which would require only
0.2 gallons of carbon per 1000 gallons ullage, a further significant reduction in carbon

compared with a system having a PV control but no ullage space active saturation.

[0059] If in addition to active saturation, a PV valve 150 is utilized with range from 5

inches vacuum to 1 inch positive pressure, there would be no need for a carbon canister.

[0060] The benefit of increasing the active saturation of the vapor space includes: (1)
decreased potential emissions or hydrocarbon atmospheric loading, (2) a reduced carbon
volume requirement if a PV valve is not utilized (to reduce costs and maintenance
requirements), or (3) to eliminate the need for a hydrocarbon processor if a PV valve with

adequate pressure range is utilized.

[0061] Several methods are envisioned for achieving vapor liquid equilibrium of the

makeup air or the ullage vapor. A few examples are outlined below.

[0062] FIG. 9 shows the air / vapor return line 140 extended below the level of liquid
110 in tank 100, so that returning air and vapor are bubbled through the liquid as shown at
141. This should more rapidly equilibrate the incoming air. Another method of more rapidly
equilibrating the tank contents is by using a blower or air pump 505 to circulate from ullage
space 115 through sparger 507. Another method is to spray liquid gasoline into the ullage
space 115, for example by taking some fuel from pump outlet line 130 and spraying it within
the ullage space 115 using one or more floater sprayer device 510 that floats on the surface of
liquid fuel 110. Unlike the method taught in U.S. Patent No. 6,763,856, the present invention

requires no separate apparatus for conditioning/saturating of the gaseous flow prior to its
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entering the fuel tank. As a result, the method of the present invention is simpler.

[0063] FIG. 10 shows additional methods of bringing about equilibrium within tank
100.
Liquid fuel may be sprayed into the ullage space 115 from one or more in-tank spray devices
520, for example mounted on the tank ceiling, or extending from the tank wall or floor
upward into the ullage space. The liquid fuel may be provided from pump 120 or from
another pump (not shown). Unlike the method taught in U.S. Patent No. 6,763,856, the
present invention requires no separate apparatus for conditioning/saturating of the gaseous

flow prior to its entering the fuel tank.

[0064] The phase change of gasoline from liquid to vapor phase entails a heat of
vaporization. In order to help encourage vaporization so as to more rapidly reach
equilibrium, another embodiment of the invention utilizes a heating means to warm vapor or
air that is in the ullage space or is entering the ullage space, as shown in FIG. 11. A heater
may be utilized in any of the other embodiments as well. Appropriate care should be taken
with flammable liquids and gases. A heater could comprise any safe means to provide heat to
the liquid phase or the gas phase. Devices and systems for heating tanks directly or indirectly
are known in the art. Incoming air, or return air/vapor could be preheated before entering the
tank. For example, an air heater 600 with suitable safety precautions may be used on
air/vapor return line 140. Vapor growth and potential vapor venting within the storage tank is
also due to a rise in vapor temperature that may occur after station shutdown. When ORVR
equipped vehicles are refueled in Phase II EVR equipped gas stations, makeup air is required
to maintain pressure within the storage tank. This air is fed from the open environment into
the tank through the vent line, filler nozzle return hose, or through system leaks. This air may
be at a temperature cooler than the liquid gasoline or ground temperature. Moreover, this
makeup air is initially devoid of hydrocarbons. The makeup air will strip hydrocarbons from
a hydrocarbon loaded canister (if employed) or in the tank in which the air is in intimate
contact with. The vaporization of hydrocarbons is an endothermic process and thus requires
heat for vapor-liquid equilibrium to be achieved. As hydrocarbons vaporize into the makeup
air or ullage space, the temperature of the vapor and air will drop. Many situations may,

therefore, be envisioned in which the vapor and air temperature in the ullage space can be at a
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temperature below that of the liquid gasoline or ground surrounding the tank (including a fuel
dump into the tank at a temperature greater than the ullage space vapor and air, evaporative
cooling of the ullage space air and vapors, cooler air feeding into the tank as makeup air,
etc.). If the liquid or ground are at a higher temperature relative to the ullage vapor and air,
the liquid or ground will act as a heat source and will cause the temperature of the vapor and
air to subsequently increase during periods of gas station inactivity (while vehicles are being
refueled, the tank will be drawing in fresh air that may maintain a subcooled ullage space
temperature relative to the liquid fuel or ground temperature). While the station is shutdown
and if the temperature of the vapors and air in the tank ullage space are increasing, the system
may vent air and hydrocarbons from the tank. The magnitude of the potential air and vapor
venting from a tank filled with 14 psi RVP fuel is shown in FIG. 12 (total volume of air plus
vapor per 1000 gallons of ullage) and FIG. 13 (total mass of hydrocarbons per 1000 gallons
of ullage) as a function of initial ullage space temperature (vapor plus air) versus final ullage
space temperature.It is apparent from the data that even a modest temperature increase of the
vapors and air in the tank can have a significant effect on emissions. For example, if a tank is
filled with 14 psi RVP fuel at 72°F and is in contact with a vapor space at 70°F and 100%
saturation (55% hydrocarbon by volume in the headspace at the time of station shut down, the
temperature of the vapors and air could increase to 72°F (assuming the liquid is a large
enough heat sink such that the temperature of the liquid gasoline is only slightly affected) and
maintain 100% saturation. The volumetric concentration of the hydrocarbons would now be
at 57.1%. Under this scenario, the potential hydrocarbon venting would be about 305.4
grams/1000 gallons ullage. If the ullage space is heated to a temperature at or greater than
72°F prior to station shutdown, there would be no significant venting from the tank (if the
temperature of the ullage space is greater than 72°F, the ullage space vapors and air would

cool, and hydrocarbon condensation would occur in the tank with no venting).

[0065] Experimental data supports the concept of improving the rate of mass transfer
to achieve vapor saturation, and thus reduces vapor growth. An 8 inch diameter column
approximately seven feet tall was filled with 9 RVP gasoline. The gasoline was pumped out
of the column at 16.2 ml/min and fresh air was allowed to enter the tank. A pump connected
to the bottom of the column could be used to circulate gasoline through a spray nozzle

located at the inside top of the column. During a first test condition, the sprayer was not
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operated. During a second test condition, the sprayer was operated. Intimate contact existed
between the gasoline spray and the column ullage. For each condition, after sixteen hours of
operating the tank, the inlet and outlets ports were closed and the pressure was monitored
over a two-day period using a pressure transducer connected to a data recorder. The data are
shown in Figure 14. In the condition without the sprayer in operation, the pressure inside the
column reached approximately 32 inches w.c. In the test condition with the sprayer operated,
the pressure inside the column only reached 2 inches w.c. The sprayer effectively allowed
the air and vapor inside the column to maintain vapor saturation while gasoline was being

pumped out.

[0066] Most gasoline service stations in the United States use submersible turbine
pumps (STP). As stated in the description of FIG.1, the submersible pump 120 previously
discussed is shown as a simplified unit. Such a pump typically includes an upper part or head
(denoted elsewhere by “pump” 120) that may be located out of the tank 100, for example in
an access space. The pump will also typically have submerged within the liquid phase 110 a
sump portion 125 that may include a pickup, motor, and pump impeller such as a turbine.
Between sump portion 125 and pump head 120 is a pipe 122 through which the pumped
liquid may pass. This pipe 122 may have within it a conduit carrying electrical power to the
motor. Liquid that is pumped from the sump portion 125 thus moves through pipe 122 to
head 120, from whence it may be delivered to pump outlet line 130 to feed the gas

dispensers.

[0067] FIG. 15 shows a method of bringing about equilibrium within tank 100.
Certain parts previously shown and described may be used with this method but are not
repeated here. In one embodiment, liquid fuel may be sprayed into the ullage space 115 from
one or more spray devices 650 located in or on pipe 122. For example, these spray devices
650 may be nozzles, holes in pipe 122, or other devices on or features of pipe 122 that are
capable of allowing liquid (for example as spray 655) to pass from pipe 122 into the ullage
space 115. The pump used may also serve as or replace the existing pump used to feed

gasoline to the gas station fuel dispensers.

[0068] A common submersible pump used at gasoline distribution facilities is
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manufactured by Red Jacket (a Veeder Root company). Such a pump may penetrate the tank
through a four inch diameter female threaded bung. While the pump is in operation, the
liquid may be at pressures between 10 psig and 70 psig. The pipe that runs between the
submersible pump head and the motor/turbine/pickup is generally 1.5-2” diameter. This pipe
may be tapped or converted such that sprayer nozzles may be fastened to the pipe. These
nozzles may be of many varieties (including without limitation open cone, thin stream, fan
spray, hydraulic atomizing, etc.) and any number of nozzles may be added, limited by the
length and circumference of the pipe. Besides using nozzles in the pipe, simple holes may
also suffice for delivery of gasoline into the vapor space of the tank. An advantage of using
the pipe between the sump and the head is that this part may be fairly accessible, for example
for maintenance or replacement, and may thus lend itself to retrofitting with nozzles or other

vaporizing devices.

[0069] When gasoline vaporizes, the temperature of the gasoline and the air into
which it vaporizes drops due to the heat of vaporization. If the temperature drops, saturation
at the tank temperature will not be achieved, because the saturation concentration drops with
temperature. A heater may be used to heat the gasoline prior to delivering it into the vapor
space of the tank. By adding heat, gasoline may be vaporized such that the final temperature

is equal or greater than the initial temperature.

[0070] The vapor/air return line 140 shown in many of the FIGs and discussed in
many of the embodiments may not be required in some situations. For example, as the
population of vehicles becomes more ORVR vehicles and fewer non-ORVR vehicles,
gasoline fueling stations may no longer need the air/vapor return line 140. In such situations,
an increased amount of fresh air 161 may enter the storage tank. It should be understood that
the invention will still work without the vapor/air line 140, and the vapor/air line is not

required in all situations.
[0071] Also, when an adsorbent canister is used, its location may be at other locations

than those shown in the drawings. For example activated carbon canister 400 of FIG. 6 may

be located between PV valve 140 and tank 100.
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[0072] The pump (such as 120) used to supply fuel to the fuel dispensers 201, 202
may operate only when fuel is being dispensed by the fuel dispensers. Particularly if this
pump also is used to feed a device for achieving vapor/liquid equilibrium, a timing means
may be incorporated into the system to cause the pump to continue operating for some
additional duration in order to provide more time for the ullage space to come to equilibrium.

Such an additional duration may be several hours, for example up to eight hours.

[0073] An adsorbent canister may still be used in conjunction with any of these
systems as a backup vapor control device or to treat pressure spikes that can occur during fuel
drops into the storage tank. Nonetheless, the capacity requirement for the adsorbent canister
will be reduced for this embodiment. Calculations show that if hydrocarbon vapor
concentration levels of 99% can be achieved using a vapor saturator device, a PV valve alone
can eliminate vent releases if the vacuum is set at approximately -5 inches w.c. Furthermore,
the in-station diagnostics (ISD) requirements may be reduced because, with tank vapor
always at or near equilibrium, simply monitoring pressure may suffice as an indication of
vent-losses, instead of needing a more complex system for hydrocarbon emissions

monitoring.

[0074] Methods of making and using the emission control system in accordance with
the invention should be readily apparent from the mere description of the structure and its
varied appearances as provided herein. No further discussion or illustration of such methods,

therefore, is deemed necessary.

[0075] Although the examples are provided with particular exemplary piping
arrangements and in some cases a particular order in which components are connected

together, other piping and connection arrangements and may be utilized as well.

[0076] It is to be understood that the foregoing description relates to embodiments are
exemplary and explanatory only and are not restrictive of the invention. Any changes and
modifications may be made therein as will be apparent to those skilled in the art. Such
variations are to be considered within the scope of the invention as defined in the following

claims.

Page 23 of 28



10

15

20

25

30

WO 2007/121085 PCT/US2007/065856

What is claimed is:

A vapor recovery system for a fuel dispensing facility, including:
at least one fuel tank;
at least one fuel outlet line from the fuel tank to a fuel dispenser;
at least one passage line into the fuel tank; and
at least one canister comprising adsorbent, having fuel vapor flowing in and out in

the absence of an active forced flow source.

The system of claim 1, comprising at least one passage line between the fuel tank and

an atmosphere.

The system of claim 1, comprising at least one passage line as gaseous return line

between the fuel dispenser and the fuel tank.

The system of claim 1, wherein the adsorbent comprises at least one structure selected
from the group consisting of granular, pelletized, fibrous, honeycomb, and

combinations thereof.

The system of claim 1, wherein the adsorbent comprises at least one member selected
from the group consisting of activated carbon, zeolite, activated alumina, silica, and

combinations thereof.

The system of claim 5, wherein a precursor of the activated carbon comprises at least
one material selected from the group consisting of wood, peat, coal, coconut, lignite,
petroleum pitch, petroleum coke, coal tar pitch, fruit pits, nut shells, sawdust, wood

flour, synthetic polymer, natural polymer, and combinations thereof.
The system of claim 1, wherein the adsorbent is pelletized activated carbon having a

butane working capacity of greater than 5 g/100 ml, a butane ratio of greater that 50%,
and a density of greater than 0.2 g/cc.

Page 24 of 28



10

15

20

25

30

10.

11.

12.

13.

14.

15.

WO 2007/121085 PCT/US2007/065856

The system of claim 1, wherein the adsorbent is pelletized activated carbon having a
butane working capacity of greater than 10 g/ 100 ml, a butane ratio of greater that

75%, and a density of greater than 0.24 g/cc

The system of claim 1, wherein the adsorbent is pelletized activated carbon having a
butane working capacity of greater than 11 g/ 100 ml, a butane ratio of greater that

85%, and a density of greater than 0.26 g/cc, is used as adsorbent.

The system of claim 1, wherein the canister has a cylindrical shape with a ratio of

length to diameter of at least two.

The system of claim 1, wherein the canister has a non-cylindrical or complex shape

with a ratio of cross-sectional area to length of at least 0.2.

The system of claim 1, further comprising at least one pressure valve to adjust pressure

inside the fuel tank.

The system of claim 1, further comprising at least one restrictive orifice sized to
maintain a target negative pressure during operational hours and prevent net positive

pressures from exceeding regulatory requirements.

A vapor recovery system for a fuel dispensing facility, including:
at least one fuel tank having ullage space;
at least one fuel outlet line from the fuel tank to a fuel dispenser; and
at least one gaseous return line between the fuel dispenser and the fuel tank

emerged in a fuel-filled portion of the fuel tank.

A vapor recovery system for a fuel dispensing facility, including:
at least one fuel tank having ullage space;
at least one fuel outlet line from the fuel tank to a fuel dispenser;

at least one passage line into the fuel tank;
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a means resided within the fuel tank to enhance an equilibrium of fuel vapor and

air in the ullage space.

The system of claim 15, comprising at least one air passage line between the fuel tank

and an atmosphere.

The system of claim 15, comprising at least one air passage line as gaseous return line

between the fuel dispenser and the fuel tank.

The system of claim 15, wherein the means for enhancing the equilibrium resided inside
the fuel tank comprises at least one pump to draw gaseous component in the ullage into

a fuel-filled portion of the fuel tank.

The system of claim 15, wherein the means for enhancing the equilibrium resided inside

the fuel tank comprises at least one vaporizing device to add fuel into the ullage space.

The system of claim 18, wherein the vaporizing device comprises at least one sprayer.

The system of claim 18, wherein the vaporizing device comprises at least one hole in a

pipe between a submersible pump intake and a head of submersible pump.

The system of claim 18, wherein the vaporizing device comprises at least one nozzle
attached to a pipe between a submersible pump intake and a head of submersible pump

and located within the volume of the fuel tank.

A vapor recovery system for a fuel dispensing facility, including:
at least one fuel tank having ullage space;
at least one fuel outlet line from the fuel tank to a fuel dispenser;
at least one passage line into the fuel tank;
a heating means to enhance an equilibrium of fuel vapor and air in the ullage

space.
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The system of claim 21, comprising at least one air passage line between the fuel tank

and an atmosphere.

The system of claim 21, comprising at least one air passage line as gaseous return line

between the fuel dispenser and the fuel tank.

The system of claim 15, wherein the heating means comprises at least one heater for

heating vapor or air entering the ullage space.

The system of claim 15, wherein the heating means comprises at least one heater for

heating vapor or air inside the ullage space.
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Effect of Ullage Temperature Change on Total Volumetric Venting
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Pressure Growth for Column w/ and w/o Sprayer
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