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Siloxane Analysis: 



Study Site  
 

Large MSW landfill in Southeast U.S. 

Permitted capacity of 50 million cubic yards 

205-acre footprint at full build-out 

Began accepting waste in 2000 

Initial NSPS GCCS installation in 2006  

11 wells, 1 flare, LFG flow ~850 scfm 

Current system build-out 

Six (6) 1.6 MW gensets, 2 flares, 121 wellheads 

Current LFG flow rate ~ 3,100 scfm, 52% CH4 

 

 



Study Site  
 



Recoverable energy per unit of LFG 

• Heat content (Btu) 

• Inert constituents (CO2, N2) 

Corrosive aspects of LFG 

• Halogenated compounds  

• Volatile sulfur constituents in LFG 

• LFG moisture content 

LFG Constituents Relevant to Projects 
 



Volatile silicon compounds 

Grouped by structure (linear or cyclic) 

Cyclic species are more prevalent in landfills 

• Hexamethylcyclotrisiloxane (D3) 

• Octamethylcyclotetrasiloxane (D4) 

• Decamethylcyclopentasiloxane (D5) 

• Dodecamethylcyclohexasiloxane (D6) 

More prevalent in landfills operating <20 years  

Oxidation reaction forms silicon dioxide  

C8H24O4Si4 + 16 O2 + Heat → 4 SiO2 + 8 CO2 + 12 H2O 

Siloxanes (SILicon OXygen alkANEs) 
 



Forms the backbone of silicone 

2008 worldwide silicone demand of $12.5 

billion (USD) 

2011 demand of $13.7 billon (USD) 

Products containing siloxanes 



Wire and cable jacketing/compound 



Telecom circuit boards and connectors 



Automotive trim, dashboards, consoles 
 

Does your site take ASR? 



Hygiene and beauty products 

Or sewage sludge? 



Impacts on project O&M 
 

Performance degradation 

Loss of power due to: 

•Pre-ignition 

•Knock 

More frequent maintenance 

Oil change 

Plug replacement 

Coated or failed valves 

Cylinder liner abrasion 

 



Impacts on project net revenue 

Revenue lost to: 

Reduced genset efficiency 

More frequent and longer downtime for 

maintenance 

Project shutdown due to inability to address 

issues 

Capital costs related to: 

Increased parts and labor for O&M 

Capital and O&M costs to treat LFG to remove  

siloxanes 



Established LFG volume estimate methods 



Established LFG volume estimate methods 



Established LFG volume estimate methods 



Established LFG volume estimate methods 



There is no “LandGEM” model for LFG quality  

National or regional database would not be 

representative 

Landfills with similar general characteristics 

(size, age, moisture content) can be projected 

to generate similar volumes of LFG. 

Siloxane concentrations are determined by 

specific waste characteristics. 

Forecasting effects of quality not as clear 



Siloxane levels change over time 

Non-uniformity of waste across the fill (e.g., 

more ASR or sludge in one cell than others 

LFG system may expand into areas with high 

siloxane content. 

Persistence in the environment and landfills is a 

subject of study (Tansel, Surita). 

Degradation to levels below detectable limits 

may range from 21 days to over 6 years. 

 

Forecasting effects of quality not as clear 



Baseline sampling was performed prior to 

project  

4 separate labs 

3 sampling methods 

Test early and often 
 

•GC/MS from silicon coated canister under vacuum 

•GC/MS from tedlar bags 

•Total silicon compounds as Si from oil analysis 

(mineral oil-filled impingers) 

 

 



Take note of units  

µg/Btu 

ppmv 

mg/m3 as Si 

mg/m3CH4 as Si 

mg/m3 as Si chosen for this comparison 

Test early and often 
 



Silicon lined canister under vacuum 



Silicon lined canister under vacuum 

Detected only one species, D4, at 1.9 ppmv (2.2 mg/m3 as Si) 



Tedlar bag under pressure from blower 



Tedlar bag under pressure from blower 

Lab 1, German 
ppmv (100% CH4) 

Lab 2, U.S. 



Oil analysis 



Oil analysis 

Reports only total silicon compounds, not 

speciated siloxanes 

76 mg/m3 

64.58 ppm, as Si 

 



Reagent impinger methods 

With or without sorbent tubes 

Methanol or deionized water charged impingers 

Sample time 1-3 hours 

Reagent and sorbent tubes analyzed by GC/MS 

for speciated siloxanes down to 1 µg/mL 

Results ranged from 20 mg/m3  to 53 mg/m3  

Additional test methods 



Additional test methods 



Comparison of results 
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Caterpillar threshold 
for “certainty of early 

valve damage” 

Caterpillar 
recommended test 

method in A&I Guide 
for Gaseous Fuels 

Method used by local 
Caterpillar dealer 



Compare methods 

Collection method Results Units 

canister 2.2 mg/m3 (Si) 

tedlar bag (German lab) 40 mg/m3 (Si) 

tedlar bag (U.S. lab) 88 mg/m3 (Si) 

Oil analysis 76 mg/m3 (Si) 

DI water impinger (w/tubes) 20 mg/m3 (Si) 

Methanol impinger (w/o tubes) 53 mg/m3 (Si) 



Compare methods – pros and cons 
 

Collection method Pros Cons 

Canister Ease of sampling under vac. or pressure 
Ships as nonhaz (helium padding) 

Recovery from cans difficult 
Low results compared to others 

Tedlar bag  
(German lab) 

Detailed report with speciated 
compounds 
Respected lab in Germany 

Overseas shipping as dangerous goods 
Hold time a concern 

Tedlar bag 
 (U.S. lab) 

Detailed report with speciated 
compounds 
Respected lab in U.S. 

Ships as dangerous goods 
Hold time a concern 

Oil analysis Simple method with provided sampler 
Ships as nonhaz (mineral oil) 

Non-speciated results as total silicon 
Proprietary method  
Consistently highest results 

DI water impinger 
(w/tubes) 

“belt and suspenders” sample train with 
impinger followed by 2 sorbent tubes 

Requires specialized lab glassware (not 
provided) 
Ships as dangerous goods 

Methanol impinger 
 (w/o tubes) 

One of the first widely used methods 
Much literature available 
Cited in engine manufacturer guidance 

Extensive sample time up to 3 hours 
Ships as dangerous goods 



Manufacturer threshold “limits” 
 

 L a n d f i l l  G a s  

 
SiTEST Silicon Result  

(mg/Nm3CH4) 

 
Comments 

0 - 15 Low potential for valve damage 

15 - 30 Medium potential for valve damage 

30 - 45 High potential for valve damage 

45 + Certainty for early valve damage 
 

*~22.5mg/m3 as Si, assuming 50% CH4 

* 



Valve “guttering” or failure 
 



Coating of valves 
 



Abrasion of cylinder liner 



Observed impacts – plug gap fouling 
 



Ease of sampling 

Integrated sampler and pre-filled bottles 

provided 

Quick turnaround 

Results within days, not weeks after samples 

reach lab 

Acceptance and use by local engine dealer 

Relatively close (~15%) agreement with tedlar 

bag methods 

Why was oil analysis chosen? 
 



Treatment methods to reduce siloxanes 

Adsorption onto activated charcoal, polymer 

resin, silica gel, or proprietary media 

Single pass or regenerative media 

Regenerative systems typically have an “on-line” 

chamber for treatment while the “off-line” 

chamber media is regenerated through 

temperature or pressure 

Regeneration prolongs media life, but not 

indefinitely 

Treatment methods 
 



Initial capital: $700,000 to $1.4 million 

Media (annual): $50,000 to $100,000 

Power (annual): $12,500 to $75,000 

Optional continuous siloxane analyzer (FTIR): 

$65,000 to $115,000 

5 year cost window: $1 million to $2.2 million 

Treatment costs for 3,800 scfm system 



Related to more frequent intervals on routine 

maintenance  

Plugs (500-1,000 hours) 

Oil (~1,000 hours) 

Cylinder packs (16,000 hours instead of 24,000) 

Pre-detonation cylinder head service (4,000 

hours) 

Additional cost due to lost revenue from 

extended downtime and lower efficiency 

O&M costs relate to siloxanes 



Site manager weighed data 

Cost of increased O&M vs. treatment over 5 

years 

Considered observe downward trend in siloxane 

content 

Currently taking a “wait and see” approach to 

see if 

• Concentrations continue to decline 

• Track deployment and performance of new lower cost treatment 

technologies (modular polymer resin beds) 

To treat or not to treat? 



Siloxanes need to be anticipated in any project 

Start collecting concentration data early 

Sample periodically over time 

Compare results to conditions observed at 

engines 

Determine treatment vs. increased O&M costs 

Make informed decision based on data 

Conclusion 



Special thanks to: 

SWANA 

Gregory Poole Power Systems (local CAT 
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Florida International University 

(http://www.siloxane.fiu.edu/) 

Study site 

 

Thank You! 
 

http://www.siloxane.fiu.edu/
http://www.siloxane.fiu.edu/


Smith Gardner, Inc. 

Matt Lamb, Sr. Scientist 

• matt@smithgardnerinc.com 

• 919.828.0577 ext 121 

Contact S+G 

mailto:matt@smithgardnerinc.com

