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Siloxanes – What and Why?

• Siloxanes are volatile organic silicon compounds (VOSCs)

•Widely used in personal health and beauty products and in 
commercial applications

• Found in the ppmv level in landfill gas and WWTP digester gas

•When burned as a fuel, the silicon (Si) in siloxane oxidizes to 
silica (SiO2)

• Silica deposits cause performance and maintenance problems 
with combustion equipment
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Common VOSCs in Biogas

Formal Name AKA Formula

Hexamethylcyclotrisiloxane D3 Si3-O3-(CH3)6

Octamethylcyclotetrasiloxane D4 Si4-O4-(CH3)8

Decamethylcyclepentasiloxane D5 Si5-O5-(CH3)10

Hexamethyldisiloxane L2 SI2-O-(CH3)6

Octamethyltrisiloxane L3 Si3-O2-(CH3)8

Trimethylsilanol TMS SI-(CH3)3-OH
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Units of Reporting for VOSCs

Mass as Total Compound (at Actual CH4) mg/m3

Mass as Silicon Only (at Actual CH4) mg Si/m3

Mass as Total Compound (at 100% CH4) mg/m3

Mass as Silicon Only (at 100% CH4) mg Si/m3

Volumetric as Total Compound ppmv

Mass Silicon per Energy Content lbs Si/mmBtu
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History of the California Siloxane Standard

• Circa 2010, SoCalGas began siloxane regulation through their Rule 
with a 0.1 mg Si/m3 limit.

• SCS first injected RNG from the Point Loma WWTP in April 2012.

• Around that time, SCS had several discussions with SoCalGas, and 
never received a definitive answer as to the scientific basis for 0.1 
mg Si/m3.  One unguarded response was that the limit was 
thought SoCalGas thought was the limits of detection.

• The industry first pinned hopes for relief in 2012’s AB 1900. Based on 
CARB and CalEPA studies, CaPUC reaffirmed the limit.

• The industry next pinned its hopes on a CCST study.  It was issued in 
June 2018.  While this was intended to be a definitive report on the 
issue, CCST recommended more study.

• SCS feels that sufficient information was available to support CCST 
raising the limit.  But, now the opera plays on.
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Poorly-Reasoned CA Siloxane Limit is a Redux of the

Poorly-Reasoned Vinyl Chloride Concern

• In 1987, one of the first US “high-Btu” plants (OII) was driven 
out of California primarily by the Hayden Amendment.

• It set a ridiculously low, non-science based limit on vinyl 
chloride on RNG injected into pipelines, and required gas 
companies to issue crippling notifications to their customers 
about the presence of vinyl chloride in their natural gas.

• In 2014, CaPUC ruled that 3.3 ppmv was a safe value for 
pipeline injection.  In southern CA, the vinyl chloride in raw 
LFG averages about 4 ppmv – virtually no vinyl chloride is 
required.  RNG injection was suspended for 25 years due to 
this ill-conceived legistative action.

• Here we are again.
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More Rational Siloxane Standards are in Place 

Throughout North America

• Kinder Morgan – 1 ppmv ≈ 3 to 4 mg Si/m3

•CGA – 1 ppmv ≈ 3 to 4 mg Si/m3

• Equitrans – 0.6 mg Si/m3

•CA developed a siloxane standard based on “fear of the 
unknown.”  If OII had continued to operate, would 
siloxane ever have been an issue?

•CA’s concerns were largely based on the impacts of 
untreated biogas on combustion equipment.
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Examples of Successful Direct Use of RNG in 

Sensitive Applications

• Pipeline to combustion turbine with SCR

• Medium-Btu (Selexol with activated carbon polishing)

• 10:1 Natural gas dilution
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• On-site use in combustion turbine with SCR

• 1:1 Natural gas dilution

• High-Btu (membranes with activated carbon polishing)

• Pipeline to combustion turbine with SCR

• 85% RNG/15% natural gas

• High-Btu (PSA)



Combustion Equipment Limitations

for VOSCs
Equipment Type mg Si/m3

Reciprocating Engines

Caterpillar 3.4

Jenbacher 10

Deutz 5

Solar Turbines

Non-Recuperated 10

Recuperated 5

Microturbines

Ingersoll-Rand 0.35

Capstone 0.02

Vehicle Fuel

Cummins Westport 11
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Remaining Combustion Equipment Issues –
Residential Furnaces

•USC 2013 experiments – fifteen-year flame sensor lifetime at 0.1 mg 
Si/m3.  A SoCalGas funded, self-fulfilling prophecy.
•Above number is with no natural gas dilution.  A dilution factor of 10, 
obviously increases the limit to 1.0 mg Si/m3.
• Flame sensor failure is the most common service call in residential 
heating.  The problem is usually corrected by rubbing the flame sensor 
with an abrasive cloth a few times.
• It is recommended that residential furnaces be checked annually for 
safety and energy efficiency.  A problem would be noticed and 
corrected before 15 years is reached.
• In an ultimate irony, a 1998 GTI study investigated the impact of 
siloxanes in household ambient air on flame sensor failure.  
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Remaining Combustion Issues – Power Generation 

Post-Combustion Catalysts

• In SCS’s experience catalyst suppliers call for 50 ppbv to 75 
ppbv siloxane, which converts to 0.19 to 0.28 mg Si/m3, 
depending on the typical distribution of siloxanes in RNG, in 
order to achieve a normal catalyst life. 

• The above values are with no natural gas dilution value.

• It is unlikely that a power generation application would exist in 
a location where there would be absolutely no natural gas 
dilution.
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Conclusions

• Over 40 LFG and municipal WWTP DG RNG plants have been successfully 
delivering RNG into pipelines for up to 30 years without problems.

• CA developed their strict siloxane limit based on “fear of the unknown” having 
no RNG experience.

• CA’s concern is largely based on unfavorable experience with untreated 
biogas burned directly in power equipment. 

• CA’s concern is further compounded by the assumption that there will be no 
natural gas dilution of the NG.

• CCST should have focused on the only real issues – furnaces and catalysts, and 
factored in dilution.

• Clear evidence exists that the siloxane limit should be increased to well above 
0.1 mg Si/m3, to be consistent with other pipeline standards, except perhaps, in 
zones where 100% of the gas in the zone is RNG at all times.  Even in these zones, 
the limit should be raised to at least 0.2 to 0.3 mg Si/m3.
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