1.5 Liquefied Petroleum Gas Combustion

Disclaimer: Emission factors in AP-42 are neither EPA-recommended emission limits (e.g., best available
control technology or BACT, or lowest achievable emission rate or LAER) nor standards (e.g., National
Emission Standard for Hazardous Air Pollutants or NESHAP, or New Source Performance Standards or
NSPS). Use of these factors as source-specific permit limits and/or as emission regulation compliance
determinations is NOT recommended by EPA. Because emission factors essentially represent an average
of a range of emission rates, approximately half of the subject sources are expected to have emission
rates greater than the emission factor, and the other half are expected to have emission rates less than
the emission factor. As such, EPA does not recommend using emission factors as limits or standards.
This could cause, for example, a permit limit using an AP-42 emission factor resulting in approximately
half of the sources being in noncompliance. We recommend source testing be done for the best possible
emission values. For more information on the use of emission factors, please refer to the AP-42
Introduction.

1.5.1 General*

Liquefied petroleum gas (LPG or LP-gas) consists of propane, propylene, butane, and butylenes;
the product used for domestic heating is composed primarily of propane. This gas, obtained mostly from
gas wells (but also, to a lesser extent, as a refinery by-product) is stored as a liquid under moderate
pressures. There are three grades of LPG available as heating fuels: commercial-grade propane, engine
fuel-grade propane (also known as HD-5 propane), and commercial-grade butane. In addition, there are
high-purity grades of LPG available for laboratory work and for use as aerosol propellants. Specifications
for the various LPG grades are available from the American Society for Testing and Materials (ASTM) and
the Gas Processors Association (GPA). A typical heating value for commercial-grade propane and HD-5
propane is 90,500 British thermal units per gallon (Btu/gal), after vaporization; for commercial-grade
butane, the value is 97,400 Btu/gal.

The largest market for LPG is the domestic/commercial market, followed by the chemical
industry (where it is used as a petrochemical feedstock) and the agriculture industry. Propane is also
used as an engine fuel as an alternative to gasoline and as a standby fuel for facilities that have
interruptible natural gas service contracts.

1.5.2 Firing Practices?

The combustion processes that use LPG are very similar to those that use natural gas. The use of
LPG in commercial and industrial applications may require a vaporizer to provide the burner with the
proper mix of air and fuel. The burner itself will usually have different fuel injector tips, as well as
different fuel-to-air ratio controller settings than a natural gas burner, since the LPG stoichiometric
requirements are different than natural gas requirements. LPG is fired as a primary and backup fuel in
small commercial and industrial boilers and space heating equipment and can be used to generate heat
and process steam for industrial facilities and in most domestic appliances that typically use natural gas.
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1.5.3 Emissions3~

1.5.3.1 Criteria Pollutants -

LPG is considered a "clean" fuel because it does not produce visible emissions. However,
gaseous pollutants such as nitrogen oxides (NOy), carbon monoxide (CO), and organic compounds are
produced as are small amounts of sulfur dioxide (SO2) and particulate matter (PM). The most significant
factors affecting NO,, CO, and organic emissions are burner design, burner adjustment, boiler operating
parameters, and flue gas venting. Improper design, blocking and clogging of the flue vent, and
insufficient combustion air result in improper combustion and the emission of aldehydes, CO,
hydrocarbons, and other organics. NOx emissions are a function of a number of variables, including
temperature, excess air, fuel and air mixing, and residence time in the combustion zone. The amount of
SO, emitted is directly proportional to the amount of sulfur in the fuel. PM emissions are very low and
result from soot, aerosols formed by condensable emitted species, or boiler scale dislodged during
combustion. Emission factors for LPG combustion are presented in Table 1.5-1.

Table 1.5-1 presents emission factors on a volume basis (Ib/10%gal). To convert to an energy
basis (Ib/MMBtu), divide by a heating value of 91.5 MMBtu/103gal for propane and 102 MMBtu/103gal
for butane.
1.5.3.2 Greenhouse Gases®™!

Carbon dioxide (CO;), methane (CH4), and nitrous oxide (N,O) emissions are all produced during
LPG combustion. Nearly all of the fuel carbon (99.5 percent) in LPG is converted to CO; during the
combustion process. This conversion is relatively independent of firing configuration. Although the
formation of CO acts to reduce CO; emissions, the amount of CO produced is insignificant compared to
the amount of CO; produced. The majority of the 0.5 percent of fuel carbon not converted to CO; is due
to incomplete combustion in the fuel stream.

Formation of N,O during the combustion process is governed by a complex series of reactions
and its formation is dependent upon many factors. Formation of N,O is minimized when combustion
temperatures are kept high (above 1475°F) and excess air is kept to a minimum (less than 1 percent).

Methane emissions are highest during periods of low-temperature combustion or incomplete
combustion, such as the start-up or shut-down cycle for boilers. Typically, conditions that favor
formation of N,O also favor emissions of CHa.

1.5.4 Controls

The only controls developed for LPG combustion are to reduce NOx emissions. NOx controls have
been developed for firetube and watertube boilers firing propane or butane. Vendors are now
guaranteeing retrofit systems to levels as low as 30 to 40 ppm (corrected to 3 percent oxygen). These
systems use a combination of low-NOy burners and flue gas recirculation (FGR). Some burner vendors
use water or steam injection into the flame zone for NOy reduction. This is a trimming technique which
may be necessary during backup fuel periods, because LPG typically has a higher NOs-forming potential
than natural gas; conventional natural gas emission control systems may not be sufficient to reduce LPG
emissions to mandated levels. Also, LPG burners are more prone to sooting under the modified
combustion conditions required for low NOy emissions. The extent of allowable combustion
modifications for LPG may be more limited than for natural gas.
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One NOy control system that has been demonstrated on small commercial boilers is FGR. NOx
emissions from propane combustion can be reduced by as much as 50 percent by recirculating about 16
percent of the flue gas. NOx emission reductions of over 60 percent have been achieved with FGR and
low-NOy burners used in combination.

1.5.5 Source Classification Codes

10101001 - External Combustion; Electric Generation: Boilers; Liquified Petroleum Gas (LPG); Butane

10101002 - External Combustion; Electric Generation: Boilers; Liquified Petroleum Gas (LPG); Propane

10101003 - External Combustion; Electric Generation: Boilers; Liquified Petroleum Gas (LPG);
Butane/Propane Mixture: Specify Percent Butane in Comments

10201001 - External Combustion; Industrial: Boilers; Liquified Petroleum Gas (LPG); Butane

10201002 - External Combustion; Industrial: Boilers; Liquified Petroleum Gas (LPG); Propane

10201003 - External Combustion; Industrial: Boilers; Liquified Petroleum Gas (LPG); Butane/Propane
Mixture: Specify Percent Butane in Comments

10301001 - External Combustion; Commercial/Institutional: Boilers; Liquified Petroleum Gas (LPG);
Butane

10301002 - External Combustion; Commercial/Institutional: Boilers; Liquified Petroleum Gas (LPG);
Propane

10301003 - External Combustion; Commercial/Institutional: Boilers; Liquified Petroleum Gas (LPG);
Butane/Propane Mixture

2102007000 - Stationary Source Fuel Combustion; Industrial; Liquified Petroleum Gas (LPG); Total: All

Boiler Types
2103007000 - Stationary Source Fuel Combustion; Commercial/Institutional; Liquified Petroleum Gas
(LPG); Total: All Combustor Types
2104007000 - Stationary Source Fuel Combustion; Residential; Liquified Petroleum Gas (LPG); Total: All
Combustor Types

1.5.6 Updates Since the Fifth Edition

October 1996
e Text was added concerning firing practices.
e The CO; emission factor was updated.
e Emission factors were added for N,O and CHa.

July 2008
e The PM filterable, NOx, CO and TOC emissions factors were updated.
e The PM condensable and PM total emissions factors were added using the revised PM, NOx, CO
and TOC emissions factors for natural gas combustion for small boilers (see March 1998
revisions to section 1.4, Natural Gas Combustion)

April 2025
e Standard disclaimer was added.
e Source Classification Codes were added.
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Table 1.5-1. EMISSION FACTORS FOR LPG COMBUSTION?®

EMISSION FACTOR RATING: E

Butane Emission

Butane Emission

Propane Emission

Propane Emission

Factor Factor Factor Factor
Pollutant (Ib/103 gal) (Ib/10° gal) (Ib/10° gal) (Ib/10° gal)
Industrial Boilers® Commercial Boilers® | Industrial Boilers® Commercial Boilers®
(SCC 10201001) (SCC 10301001) (SCC 10201002) (SCC 10301002)
PM, Filterable ¢ 0.2 0.2 0.2 0.2
PM, Condensable 0.6 0.6 0.5 0.5
PM, Total 0.8 0.8 0.7 0.7
SO° 0.09S 0.09S 0.10S 0.10S
NO,/ 15 15 13 13
N,O® 0.9 0.9 0.9 0.9
Co,M 14,300 14,300 12,500 12,500
co 8.4 8.4 7.5 7.5
TOC 1.1 1.1 1 1
CH,* 0.2 0.2 0.2 0.2

@ Assumes PM, CO, and TOC emissions are the same, on a heat input basis, as for natural gas
combustion. Use heat contents of 91.5 x 108 Btu/103 gallon for propane, 102 x 10° Btu/10° gallon for
butane, and 1020 x 10° Btu/10° scf for methane when calculating an equivalent heat input basis. For
example, the equation for converting from methane emissions factors to propane emissions factors is
as follows: Ib pollutant/103 gallons of propane = (Ib pollutant /108 ft* methane) «(91.5 x 10° Btu/10°
gallons of propane) / (1020 x 10° Btu/10° scf of methane). The NO, emission factors have been
multiplied by a correction factor of 1.5, which is the approximate ratio of propane/butane NOy
emissions to natural gas NOx emissions. To convert from Ib/103 gal to kg/103 L, multiply by 0.12. SCC =
Source Classification Code.

Heat input capacities generally between 10 and 100 million Btu/hour.

¢ Heat input capacities generally between 0.3 and 10 million Btu/hour.

4 Filterable particulate matter (PM) is the PM collected on or prior to the filter of an EPA Method 5 (or
equivalent) sampling train. For natural gas, a fuel with similar combustion characteristics, all PM is less
than 10 um in aerodynamic equivalent diameter (PM-10).

¢ S equals the sulfur content expressed in gr/100 ft® gas. For example, if the butane sulfur content is
0.18 gr/100 ft3, the emission factor would be (0.09 x 0.18) = 0.016 Ib of SO,/10° gal butane burned.

& Reference 12.

Expressed as NO,.

I EMISSION FACTOR RATING = C.

Reference 13.
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