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Methods for Estimating Portable Fuel Container Emissions
This appendix describes how the information in the California Air Resources Board’s Mail-Out MSC 99-25 can be used to estimate portable fuel container emissions in the OTC States.  Most of the text and equations in this appendix are taken directly from MSC 99-25.

Introduction

Gas-can emissions rates for various emissions modes  (e.g., evaporation, permeation, etc.) occurring during typical usage are determined using diurnal evaporative and gravimetric test methods.  The survey of population and usage are combined with the emissions test results to produce the inventory.  This inventory will be used in estimating other inventories, such as those of past and future years, and for other purposes involving planning or air-quality modeling.  The gas-can surveys and emissions test methods are discussed in the following sections.

A. Residential-Gas Cans.

1. Surveys.

Residential-gas-can information can be solicited by mail from randomly selected OTC State households and directly from various agency staff.  

Gas-can emissions are a function of the can material (i.e., plastic or metal) and the storage conditions.  Gas cans are stored in either an “open” or a “closed” condition.  An open condition, or system, exists when a can is stored with an open breathing (vent) hole and/or an uncapped main-filler opening or nozzle.  A closed system exists when the vent hole is closed and the main-filler opening or spout is capped. 

A sample result of an OTC State residential-gas-can-survey is presented in Table 1.   

Table 1:  Residential-Gas-Can-Survey Results (sample)


Percentage of Households with at Least One Gas Can
  46%


Number-of-Gas-Cans per Household
                1.8


Percentage of Plastic-Gas Cans/Metal-Gas Cans
          76%/24%


Weighted Average Gas Can Capacity (gal.)
     2.34


Percentage of Gas Cans Stored With Fuel         
 70%


Weighted Average Stored Fuel Volume (% of Total Capacity)
 49%


Percentage of Plastic-Gas Cans Stored Open/Closed        

     23%/53%


Percentage of Metal-Gas Cans Stored Open/Closed       

     11%/13%


Percentage of All Gas Cans Stored Open/Closed        

     34%/66%

2. Population.



The residential-gas-can population is calculated as follows:



PopR   =   (N)(A)(CountR)
 (Eq. 1)

where:
PopR 
=
Statewide Residential-Gas-Can Population



N
=
Number of Occupied-Housing Units in OTC State (say 11,127,621 on Jan. 1, 2000)



A
=
Percentage of Households with Gas Cans (46%)



CountR
= 
Average Number of Residential-Gas Cans per Household (i.e., 1.8)

Substituting the appropriate values into Equation 1 yields a statewide population of 9,213,670 residential-gas cans for the 2000 calendar year. 

3. Population-Growth Rate.  



The 1990–2000 housing unit data from the OTC State Department of Finance can be used to estimate future gas-can growth rates until the 2010 calendar year.  These projected growth rates will be normalized to the 1990 calendar year.  The housing unit data can be used to extrapolate values of future annual housing units in OTC State until the 2010 calendar year.  

4. Emissions.

Gas-can emissions are classified by five different emission processes:  

a) Permeation;

b) Diurnal;

c) Transport;

d) Spillage; and,

e) Vapor Displacement During Equipment Refueling.

a) Permeation Emissions.

Permeation emissions are produced after fuel has been stored long enough in a can for fuel molecules to infiltrate and saturate the can material.

An average daily permeation-emission rate can be derived from test data obtained from several plastic-gas cans and metal-gas cans.  Each gas can is sealed with a metal-filled epoxy and an overcoat of a non-permeable two-part epoxy resin.  Additionally, any plastic caps and plugs are replaced with metal ones whenever possible. Also, all secondary vents are plugged with brass fittings and coated with sealant.  Lastly, the gas cans are leak checked and reworked as necessary.  The gas cans are filled with certification test fuel (i.e., reformulated gasoline), and subjected to a diurnal-variable temperature profile in a sealed housing for evaporative determination unit (SHED).  This temperature profile is the same as is currently required for on-highway motor-vehicle-evaporative emissions testing (ozone episode days).  Gravimetric measurements are made of the gas cans after each 24‑hour test period.  The average daily permeation rate from a plastic-gas can (closed system) is calculated as grams per gallon per day (g/gal-day).  A permeation-emission rate for metal-gas cans is determined with similar test methods as g/gal-day. 

Statewide residential-gas-can-permeation emissions are computed as follows:





HCPR  =     (        (PopR)(S)(EFP)(BR)(SizeR)(Level)
 (Eq. 2)

where:
HCPR 
=
Permeation Emissions in tons per day (tpd) 



PopR 
=
Statewide Residential-Gas-Can Population



EFP
=
Appropriate Permeation-Emission Factor (g/gal-day)



S
=
Percentage of Gas Cans Stored with Fuel (70%)



BR
=
Percentage of Cans Stored in Closed Condition with respect to Material (Plastic 53%; Metal 13%)



SizeR
=
Weighted Average Capacity of Residential-Gas Cans (2.34 gal.)



Level
= 
Weighted Average Amount of Stored Fuel (49%)

Substituting the appropriate values into Equation 2, summing the resultant products, and converting grams to tons (i.e., 9.08(105) grams per ton), produces a statewide total  of residential-plastic-gas-can-permeation emissions.  Similarly, a permeation-emissions total for residential-metal-gas-cans can be determined.    

b) Diurnal Emissions.

Diurnal emissions result when stored fuel vapors escape to the outside of a gas can through any possible openings while the gas can is subjected to the daily cycle of increasing and decreasing ambient temperatures.  Diurnal emissions are dependent on the closed- or open-storage condition of a gas can.  Accordingly, emissions rates are determined for both conditions.  


Closed-System.  Plastic-gas-can test data are gathered from, say, several 2-gallon-8-ounce, and five-gallon, size gas cans.  These gas cans are filled with certification-test fuel to one-half of the total capacity.  One-half of the gas-can capacity approximates the weighted average of stored fuel volume of 49%.  The cans are subjected to a diurnal-variable temperature profile in a shed.  An average diurnal-emission rate is first calculated using each individual gas-can average daily-emission rate.  The average-daily plastic-gas-can permeation rate is then subtracted from that value to yield the resultant diurnal-emission rate for plastic, closed-system gas cans as g/gal-day.  Similar diurnal-SHED tests of several metal-gas cans can be performed.    
Open-System.  Plastic-gas-can test data are gathered from several five-gallon, and  2-gallon-8-ounce, size gas cans.  Each gas can is weighed, filled with test fuel to various fractions of their total capacities, and weighed again.  The gas cans are then stored with open vent and breathing holes.  Each gas can is weighed after each subsequent 24-hour period for sixteen consecutive days.  The average diurnal-emission rate over the test period can be measured as  g/day.  Note that this diurnal-emission rate is applicable for both plastic- and metal-gas cans that are stored in an open condition. 

Diurnal emissions from both open- and closed-system-residential-gas cans are calculated as follows:


HCDR  =  (PopR)(S)(EFD)(BR)(SizeR)(Level)
 (Eq. 3)

where:
HCDR 
=
Diurnal Emissions (tpd) for Residential-Gas Cans with respect to Storage Condition (Open or Closed) and Material (Plastic or Metal) 


PopR 
=
Statewide Residential-Gas-Can Population


S
=
Percentage of Gas-Can Population Stored with Fuel (70%)


EFD
=
Appropriate Diurnal-Emission Factor with respect to Storage Condition and Material (g/gal-day or g/day)


BR
=
Percentage of Gas-Can Population with respect to Storage Condition and Material 


SizeR
=
Weighted Average Capacity of Residential-Gas Cans (2.34 gal.)


Level
= 
Weighted Average Amount of Stored Fuel (49%)

Substituting the appropriate values into Equation 3, and performing the conversion to tons, yields a statewide total residential-gas-can-diurnal emission amount in tpd for the 2000 calendar year.    

c) Transport-Spillage Emissions.

Transport-spillage emissions arise when fuel escapes (e.g., spills, etc.) from gas cans that are in transit.  The transport-emission-spillage factor can be determined from data provided by the U. S. EPA’s fuel transport spillage survey of hydrocarbon losses from lawn and garden equipment.  Analysis of this data revealed that the emission rates for a gas can (i.e., pump-to-pump losses) were 23.0 grams per gas-can-refill-at-the-pump (g/refill) for a closed system, and 32.5 g/refill for an open system. Residential-transport-spillage emissions are determined as:


HCTR  =  (PopR)(S)(RefillR)(EFT)(BR)
(Eq. 4)

where:
HCTR 
=
Residential-Gas-Can-Transport-Spillage Emissions (tpd)


PopR 
=
Statewide Residential-Gas-Can Population 



S
=
Percentage of Gas Cans Stored with Fuel (70%)


RefillR
= 
Average Number of Residential-Gas-Cans-Pump-Refills per Day per Can ( refill/day from survey)



EFT
=
Transport-Emission Factor with respect to Storage Condition (g/refill)


BR
=
Percentage of Gas Cans with respect to Storage Condition and Material

Substituting the appropriate values into Equation 4, and converting grams to tons, yields a statewide total residential-gas-can-transport-spillage emission value in tpd.  

B.  Commercial-Gas Cans.

1. Surveys.

Commercial-gas can usage and storage information can be solicited by agency staff directly from various statewide businesses.  Targeted businesses may include agricultural, automotive club and tow services, service stations, lawn and garden maintenance services, general contractors, and construction and rental yards. 

The results of  a sample commercial-gas-can-survey may be as follows:  



Table 2:  Commercial-Gas-Can-Survey Results (Sample)


Percentage of Businesses with at Least One Gas Can 
    80%

Gas Cans per Businesses
    6.9


Weighted Average Gas Can Capacity (gal.)
   3.43


Percentage of Plastic-Gas Cans/Metal-Gas Cans 
72%/28%


Percentage of Plastic-Gas Cans Stored Open/Closed
39%/33%


Percentage of Metal-Gas Cans Stored Open/Closed
10%/18%


Percentage of All Gas Cans Stored Open/Closed
49%/51%

2. Population.

The populations of commercial-gas cans held by businesses can be determined using the InfoUSA database.  Specific businesses that are expected to utilize gas cans in their normal operations are identified within various industrial classifications (e.g., agricultural services, general building services, etc.).  Summing up the individual populations of each business group gives an estimate of the total statewide population of businesses using gas cans.  

The commercial-gas-can population is calculated as follows:



PopC     =     (NC )( CountC)
(Eq. 5)

where:
PopC 
=
Statewide Commercial-Gas-Can Population


NC
=
Number of Occupied Businesses in OTC State


CountC
= 
Average Number of Gas Cans per Business (6.9)

3.   Emissions.

a) Permeation Emissions.

Permeation-emission rates for commercial-gas cans are assumed to be the same as those for residential-gas cans  

Statewide commercial-gas-can-permeation emissions are computed as follows:



HCPC  =     (        (PopC)(S)(EFP)(BC)(SizeC)(Level) 
(Eq. 6)

where:
HCPC 
=
Permeation Emissions (tpd) 


PopC 
=
Statewide Commercial-Gas-Can Population


EFP
=
Appropriate Permeation-Emission Factor (g/gal-day)


S
=
Percentage of Gas Cans Stored with Fuel (70% for Residential Survey)


BC
=
Percentage of Applicable Gas Cans Stored in Closed Condition 


SizeC
=
Weighted Average Capacity of Commercial-Gas Cans (3.43 gal)


Level
= 
Weighted Average Amount of Stored Fuel (49% from Residential Survey)

Substituting the appropriate values into Equation 6, summing the resultant products, and converting grams to tons, gives a commercial-gas-can statewide permeation-emissions total in tpd for plastic-gas cans and for metal-gas cans.  

b) Diurnal Emissions.

Diurnal-emissions rates for commercial-gas cans are expected to be the same as for residential-gas cans.  

The amount of diurnal emissions from both open- and closed-system commercial-gas cans is calculated as follows:


HCDC  =  (PopC)(S)(EFD)(BC)(SizeC)(Level)
 (Eq. 7)

where:
HCDC 
=
Diurnal Emissions (tpd) for Commercial-Gas Cans with respect to Storage Condition (Open or Closed) and Material (Plastic or Metal) 


PopC 
=
Statewide Commercial-Gas-Can Population


EFD
=
Appropriate Diurnal-Emission Factor with respect to Storage Condition and Material (g/gal-day or g/day) 


S
=
Percentage of Gas Cans Stored with Fuel (70% from Residential Survey)


BC
=
Percentage of Gas Cans with respect to Storage Condition and Material 


SizeC
=
Weighted Average Capacity of Commercial-Gas Cans (3.43 gal.)


Level
= 
Weighted Average Amount of Stored Fuel (49% from Residential Survey)

Substituting the appropriate values into Equation 7, and converting grams to tons, yields commercial-gas-can-diurnal-emission values.   

c) Transport-Spillage Emissions.

Transport-Spillage emissions factors for commercial-gas cans are expected to be the same as those for residential-gas cans:  23.0 g/refill per can for a closed system, and 32.5 g/refill per can for an open system.  The frequency of gas-can refills at the pump for lawn-and-garden equipment is expected to be different than for all of the other types of commercial equipment.  This is due to the higher level of activity for commercial lawn-and-garden equipment; hence, this equipment is expected to be refueled more often than is other commercial equipment.  Accordingly, the frequency of average commercial lawn-and-garden-equipment gas-can refills at the pump is derived from the U. S. EPA’s fuel transport spillage survey of hydrocarbon losses from lawn and garden equipment data.  

The 2000-calendar-year frequency of non-lawn-and-garden-equipment commercial-gas-can refills at the pump is derived as follows:






RefillC     =                (( Fuel)        

                     (Eq. 8)





                        (SizeC)(POPNON)(S)

where:
RefillC
= 
Average Number of Non-Lawn-and-Garden Equipment Commercial-Gas-Cans Pump Refills per Day per Can (refill/day)


Fuel
=

Non-Lawn-and-Garden Equipment Fuel Consumption (gal/day) for 2000


SizeC
=
Weighted Average Capacity of Commercial-Gas Cans (3.43 gal/can-refill)


POPNON 
=
Statewide Commercial-Gas-Can Population with respect to Non-Lawn-and-Garden Businesses 



S
=
Percentage of Gas Cans Stored with Fuel (70% from Residential Survey)

The commercial-transport-spillage emissions are determine as:



HCTC  =  (PopC)(S)(BC)(RefillC)(EFTC)


          (Eq. 9)

where:
HCTC 
=
Commercial-Gas-Can-Transport-Spillage Emissions (tpd)


PopC 
=
Statewide Commercial-Gas-Can Population



S
=
Percentage of Gas Cans Stored with Fuel (70% from Residential Survey)


BC
=
Percentage of Gas Cans with respect to Storage Condition and Material 


RefillC 
= 
Average Number of Gas-Cans Pump Refills per 




Day per Can



EFTC
=
Transport-Spillage Emission Factor (g/refill) with respect to Storage Condition

C.  Spillage Emissions During Equipment Refueling.


Spillage emissions are produced when fuel is dispensed from a gas can to an equipment/vehicle fuel tank, another gas can, etc., and fails to either be delivered into the intended reservoir or to remain inside the reservoir.  Spillage data provided by the Outdoor Power Equipment Institute (OPEI) in conjunction with the U. S. EPA’s NEVES report
 indicate that the spillage-emission rate for equipment refills from a gas can is 17 grams per refill per equipment unit.  This estimate assumes that every refill results in a replenishment of the fuel tank’s entire capacity.  The spillage-emission rate is applied to only equipment or vehicles that are typically fueled from a gas can (e.g., lawn care equipment, sometimes recreational equipment, etc.), and not typically from a pump.   

The amount of daily spillage emissions from all applicable residential- and commercial-gas cans is calculated as follows:



HCS  =   (   
  (Fuel)(Spill)     (Con)
                   (Eq. 10)



  (Tank) 

where:
HCS 
=
Daily Spillage Emission from All Gas Cans (tpd)


Fuel
=
Applicable Equipment/Vehicle Type Fuel Consumption (gal/day)


Spill
=
Spillage-Emission Rate per Refill of Gas Can-Refueled Equipment/Vehicles (17 g/refill)


Tank
=
Applicable Equipment/Vehicle Fuel-Tank Capacity (gal/refill)


Con
=
Frequency of Refuels (per day) with respect to Equipment/Vehicle (none, always, or fraction of always)

D.  Refueling-Vapor Displacement.


The refueling-displacement-vapor emissions result when fuel vapor is displaced from equipment and vehicle fuel tanks, gas cans, etc., by fuel dispensed from gas cans.  The NEVES report of refueling emissions presented a formula to compute the refueling-vapor-displacement-emission factor.  This formula is:   



DISP  =   [-5.909 + (0.0884)(TD) + (0.485)(RVP)]
        (Eq. 11)

where:
DISP
=
Daily Spillage-Emission Rate for All Gas Cans (g/gal)



TD
=
Temperature (°F) of the Dispensed Fuel (ambient temperature)



RVP
=
Reid Vapor Pressure of Dispensed Fuel (psi)

 The amount of daily refueling vapor-displacement emissions from all applicable residential-and commercial-gas cans is calculated as follows:



HCDISP  
=   (       (DISP)(Fuel)(Con)
                   (Eq. 12)

where:
HCDISP
=
Total Refueling-Vapor-Displacement Emissions from All Gas Cans (tpd)


DISP 
=
Refueling Vapor Displacement Emission Rate (4.52 g/gal)


Fuel
=
Applicable Equipment/Vehicle Type Fuel Consumptions (gal/day)


Con
=
Frequency of Refuels (per day) with respect to Equipment/Vehicle (none, always, or fraction of always) 

As with the spillage-emission-factor calculation, the vapor-displacement-emission rate is applied only to equipment or vehicles that are typically fueled from a gas can, and not from a pump dispenser.  

Summary of Results.


Table 3 can be used to estimate the total emissions:      

Table 3:  Statewide Gas-Can Emissions for 2000 Calendar Year


Emission

Residential
Commercial
Total by


 Type

Emissions
Emissions
Emission Type




       (tpd)
      (tpd)
         (tpd)


Permeation
 
  
  


Diurnal

  



Transport-Spillage

  
 


Spillage

  
 


Refueling-Vapor Displ.

  
 


Subtotal:


  
 


Total:
   -
   -
 XX.X

� “Nonroad Engine and Vehicle Emission Study – Report,” U. S. Environmental Protection Agency, November 1991.
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