Mitigation Option: Stage One Vapor Recovery

I. Description of the mitigation option:

Mandatory use of stage-one vapor recover systems will reduce evaporative emissions from service stations.

Refueling of underground service station tanks is a major source of evaporative hydrocarbon emissions.  VOCs are released as the underground storage tank is refilled, when gasoline vapors in the tank’s headspace are displaced.  Sources estimate that 10-15 liquid gallons of gasoline are released from vapors displaced from the headspaces of various tanks, each time a gasoline transport truck fully unloads its products (1,2,3).  Unless captured through a vapor recovery system, such as Stage I, these emissions will be released directly into the atmosphere.

In many areas, Stage I vapor recovery systems are required to control VOC emissions within the gasoline distribution system, from the refinery to the retail gasoline station.  In the Denver metropolitan area, for instance, Stage I is required to control VOC releases that contribute to summertime ozone formation.  Fire codes require the use of Stage I at service stations in other areas.  But in many places their use is not required, and stations may, or may not, be using any vapor recovery stations, even if they are equipped with them.  Stations that are equipped with Stage I vapor recovery systems may not be operating them.  Other older stations may not even be equipped with vapor recovery systems.

The following diagram shows how Stage I works.  In this diagram the fuel delivery truck unloads its product into the bottom of an underground storage tank through the refueling pipe.  A second pipe then draws the vapors being displaced as the underground storage tank is being filling, and discharges them into the now emptying fuel delivery trucks compartment.  The empty truck then returns to the refinery or terminal and releases the captured vapors into the refinery’s or terminal’s vapor recovery system, where they are condensed back into liquid gasoline and reused.

The same illustration also shows how Stage II vapor recovery systems work, by using the same principle, capturing the VOCs produced as an automobile is refueled.  As the automobile is refueled, vapors displaced by the car’s gasoline tank are drawn back through the dispensing pump back into the underground storage tank by a second refueling tube.  There, they either condense into gasoline within the tank, or are directed into the refueling tanker truck, through the station’s Stage I system when the underground tank is next refueled by the tank truck.
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Air Quality Benefits of Stage One Vapor Recovery

As part of its effort to reduce summertime ozone, the Denver metropolitan area requires the use of Stage 1 at all service stations.  It is estimated that because of Stage I requirements, that perhaps 13.2 million pounds of VOCs (18.1 tons per day) are prevented from being emitted into the air*.   Air toxics are also reduced.

Stage I vapor recovery systems are efficient.  Up to 95%(1) of underground storage-tank refueling vapors are captured.  Stage I is also cost effective.  Vapors from the underground storage tanks are collected in the now empty tanker truck’s compartments and taken back to the refinery or terminal, where they are condensed and reused.  At $3.00 a gallon for gasoline seen in the summer of 2007, this equates to $2.1 million dollars worth of gasoline saved annually.

(1), Hensel, John, and Mike Mondloch,“Stage One Vapor Control In Minnesota”, Minnesota Pollution Control Agency.

* Based on emission factors from the state of New Hampshire (11 lbs. VOC produced per 1000 gallons of gasoline vapors displaced), and 1.2 billon gallons of gasoline delivered to service stations in the Denver metropolitan area each year.

Cost

Many stations, while not operating their Stage I equipment are equipped with it.  Others would have to be retrofitted.  The Minnesota Pollution Control Agency estimates that retrofitting a station will cost up to $15,000 per station, with a more typical cost of approximately $10,000 per station.  This is a very reasonable cost for the emissions benefits that can be derived.

II: Description of how to implement:

Implementation of Stage I vapor recovery would be through State Implementation Plans.  A state could also adopt such as a program as a state-only program if not part of a SIP.  The state would enforce the requirements.

III. Feasibility of option:

This option is fairly easy to develop and implement.

IV. Background data and assumptions used

A major assumption is that the four corners area will become nonattainment for summertime ozone, either as a result of elevated measurements, or the implementation of a new, lower, more rigorous ozone standard.

V. Any uncertainty associated with the option (Low, Medium, High):

Low.  

VI. Level of agreement within the workgroup for this mitigation option:

Good general agreement.

VII. Cross-over issues to other source groups:

There does not seem to be much cross over.

Mitigation Option: Stage Two Vapor Recovery and Vehicle On-board Refueling Vapor Recovery Systems

I. Description of the mitigation option:

Mandatory use of Stage-II vapor-recover systems as well as programs designed to maintain vehicle’s on-board refueling vapor recovery systems reduce evaporative emissions created during automobile refueling.

Automotive refueling is a major source of evaporative hydrocarbon emissions.  As a vehicle’s gas tank is filled gasoline vapors in the tank’s headspace are displaced.  It is estimated that when filling an empty 18-gallon fuel tank, 0.06 pounds of VOCs can be released (1,2), if such vapors are not captured by either a service station’s Stage II vapor-recovery system, or for newer vehicles, the vehicle’s on-board refueling vapor recovery system (this assumes that 30% of the vehicle’s gasoline tank’s headspace is composed of gasoline vapors and 70% by air) (2).

In a Stage II system, as an automobile is refueled, vapors displaced in the car’s gasoline tank are drawn back through the dispensing pump back into the underground storage tank by a second refueling tube.  There, they either condense into gasoline within the tank, or are directed into the refueling tanker truck, through the station’s Stage I system when the underground tank is next refueled by the tank truck.  The following illustration diagrams this.
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Another illustration also shows how Stage II works in conjunction with Stage I.  Vapors from the automobile’s gasoline tank are routed back into the headspace of the station’s underground storage tank.  In this diagram the fuel delivery truck unloads its product into the bottom of an underground storage tank through the refueling pipe.  A second pipe then draws the vapors being displaced as the underground storage tank is being filling, and discharges them into the now emptying fuel delivery trucks compartment.  The empty truck then returns to the refinery or terminal and releases the captured vapors into the refinery’s or terminal’s vapor recovery system, where they are condensed back into liquid gasoline and reused.
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Air Quality Benefits of Stage II Vapor Recovery Systems

As part of its effort to reduce summertime ozone, many metropolitan areas across the nation with ozone concerns have adopted the use of Stage II vapor recovery systems at service stations.  Stage II vapor recovery systems can be efficient.  Depending on the frequency of inspection and equipment maintenance, up to 95%(1) of refueling vapors may be captured.  In reducing VOCs, many air toxics, such as benzene and 1,3 butadiene are also reduced.

Modeling conducted by Mobiles Sources Program, Air Pollution Control Division, of the Colorado Department of Public Health and Environment, indicate that implementation of a Stage II vapor recovery program in the Denver Metropolitan area would reduce overall mobile source VOCs by 5.5% in the year 2007, and by 3.8% in the year 2012, when more vehicles are equipped with on-board vapor recovery systems.

On-board Refueling Vapor Recovery (ORVR) systems

On-board refueling vapor recovery (ORVR) systems work by routing escaping vapors from the fuel tank; through a charcoal canister that absorbs VOCs.  The trapped VOCs are then pulled from the canister into the engine where they are burnt.  ORVR systems have become standard equipment on light-duty automobiles beginning in 1998, and light duty trucks (trucks 1-2 starting in 2001, and trucks 3-4 in 2004).

As stated before, as the fleet penetration of on-board refueling vapor recovery systems increases, the emissions benefit from Stage II decreases somewhat.  Currently, in the Denver metropolitan area, 54% of all gasoline motor vehicles now are equipped with on-board vapor recovery systems.  As more of the fleet is equipped with on-board refueling vapor recovery systems, the effectiveness of Stage II is reduced.  However, working together, they will both reduce refueling losses in the near to medium term, as shown in CDPHE’s MOBILE6 modeling results.  It should be pointed out that as ORVR systems deteriorate, refueling losses increase.  At some point in the future, it may be necessary to implement some sort of inspection program to find and have fixed broken ORVR systems, maintaining the air quality benefits of these systems.

The U.S. EPA in their report “Stage II Vapor Recovery Issue Paper (August 12, 2004) includes a diagram (Figure 5, page 16 - shown below), of the refueling emissions trends for a hypothetical State.  From inputs contributed by the American Petroleum Institute, this illustration shows four different scenarios; Stage II vapor recovery controls only (the blue line); on-board refueling vapor recovery only (the red line); Stage II vapor recovery controls with on-board refueling vapor recovery, where the ORVR interferes with the Stage II controls (the green line); and 4) Stage II vapor recovery controls and on-board refueling vapor recovery, where the ORVR does not interfere with the Stage II controls (the black line).  The chart diagrams the years from 2005 through 2035 (1).

As seen in this diagram, a state with an existing Stage II vapor recovery program with an 85% effectiveness (blue line) will have a fraction of the refueling VOC emissions as a state that does not (the red line) in the year 2005.  As more vehicles are equipped with ORVR systems, this advantage decreases, with at some point before 2015, the benefits of both control measures being equal.  The blue line increases over time because of the increase in vehicle miles travels and does not include the effect of ORVR.  However, before this time (2015), Stage II vapor recovery programs will give large benefits.

The other two scenarios shown represent decreasing VOCs over time with both control measures.  There has been some research showing that Stage II can potentially interfere with on-board refueling vapor recovery systems.  This is represented by the green line, where there is some increase in emissions as a result.  However, all new Stage II systems certified by the state of California must show no interference with the ORVR.  Using these approved systems, total VOCs are reduced for both Stage II and ORVR (the black line), where until 2025 there is a noticeable improvement having both systems.
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Cost

There are costs to retrofit service stations with the necessary plumbing and equipment.   In some cases this will be a major renovation to the station.  Additionally, there will be on-going costs associated with operating and maintaining the Stage II vapor recovery system and equipment.

The state of New Hampshire, which has an operational Stage II vapor recovery program, estimates that the cost of Stage II installation at between $18,000 and $30,000 per station, depending on the station (1). They estimate on-going annual maintenance costs to be $1000 to $4000 per station yearly (1).  Stage II requirements affect any station in that state that sells or has throughput of more than 420,000 gallons of gasoline annually (1).

(1) Environmental Fact Sheet, “New Hampshire's Gasoline Vapor Recovery Program - Protecting the Air We Breathe” New Hampshire Department of Environmental Services, 2004.

II: Description of how to implement:

Implementation of Stage II vapor recovery would be through State Implementation Plans.  The state would enforce the requirements.

III. Feasibility of option:

This option is moderately hard to develop and implement.  Gasoline service stations that are already plumbed for Stage II, and do not have to tear up concrete to put in vapor recovery plumbing are relatively easy to upgrade.  Stations that need extensive work to install will be more difficult.  Industry will not be supportive of this option.

IV. Background data and assumptions used

A major assumption is that the four corners area will become nonattainment for summertime ozone, either as a result of elevated measurements, or the implementation of a new, lower, more rigorous ozone standard.

V. Any uncertainty associated with the option (Low, Medium, High):

Low.  

VI. Level of agreement within the workgroup for this mitigation option:

Good general agreement.

VII. Cross-over issues to other source groups:

There does not seem to be much cross over.













