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1 INTRODUCTION 

BioCNG, LLC has completed a gas composition analysis to demonstrate that the fuel 

produced by the BioCNG, LLC is acceptable for use in compressed natural gas (CNG) 

engines.  The standards by which the BioCNG fuel has been compared include the 

Society of Automotive Engineers (SAE) J1616 Recommended Practice for Compressed 

Natural Gas Vehicle Fuel (See Appendix A), and the Cummins Westport fuel 

specifications.  In addition to the standards mentioned above, BioCNG fuel was 

compared to a natural gas sample obtained by Air Liquide at their Delaware facility in 

2007.  The natural gas comparison was completed to assess the volatile organic 

compounds found in the BioCNG fuel versus pipeline natural gas. 

 

The BioCNG fuel analyzed for this report is from a BioCNG installation in St. Landry 

Parish, LA.  The BioCNG unit has been in operation at the St. Landry Parish Landfill 

since March 2012, and fuel is being used in Parish owned vehicles including sheriff’s 

department patrol cars and light duty trucks.  The data presented in this report was 

obtained during installation in of the system in February 2012 and from fuel sample 

collected on September 7, 2012.   

 

To assess the quality of the BioCNG fuel several parameters were analyzed.  These 

parameters were assessed by a combination of laboratory and field analysis.  A list of the 

parameters that were analyzed is below: 

 

 Fixed Gas Analysis, (methane, carbon dioxide, oxygen, and nitrogen) ASTM 

D1946 

 Volatile Organic Compounds (VOC) EPA Method TO 15 

 Siloxanes EPA Method TO 15 

 Hydrogen Sulfide ASTM D5504 

 Moisture Content ASTM D1142 

 

The summary of the analysis is included in the sections that follow. 
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2  MAIN GAS CONSTIUENTS AND HEAT VALUE 

2.1 Introduction 

The main gas constituents found in BioCNG from Landfill gas include methane, carbon 

dioxide, oxygen, and nitrogen.  BioCNG from anaerobic digesters is primarily composed 

of methane and carbon dioxide. Other constituents may be found in BioCNG, but are at 

levels of less than 0.1% and are considered trace constituents (see Section 4).  The 

BioCNG sample from St. Landry parish was analyzed using ASTM Method D1946 (see 

Appendix B for analysis results).  The analysis results are summarized in Table 2-1 

below: 

 

Table 2-1 

St. Landry Parish Landfill BioCNG 

Main Gas Constituents Summary 

Gas Constituent 

Quantity 

(% volume) 

Laboratory 

Reporting Limit 

(% volume) 

Methane 95.0 0.0028 

Carbon Dioxide 1.6 0.028 

Oxygen ND 1.4 

Nitrogen 3.2 2.8 
Note:   

(1) The sum of the items above do not add up to 100% due to the presence of other compounds such as VOCs, hydrogen 

sulfide and water vapor.  For the purposes of calculating Wobbe Index, LHV and Methane Number, the 0.2% 
remaining was evenly distributed among the carbon dioxide and nitrogen bringing the total percentage of these gases 

to 1.7% and 3.3% by volume respectively. 

 

Table 2-2 below provides data for natural gas across the United States as provided by the 

Gas Technology Institute. The data shows that the main gas constituent concentrations 

found in the St. Landry Parish BioCNG are within the range of typical concentrations of 

those same constituents in natural gas.  The main difference is that BioCNG typically 

contains fewer heavy hydrocarbons (such as ethane) than natural gas.  
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Table 2-2 

Average United States and California 

Natural Gas Composition Table 

Gas 

Constituent 

Min. 

(% vol.) 

 

Max. 

(% vol.) 

CA 

Average 

(vol. %) 

National 

Average 

(vol. %) 

Methane 74.5 98.1 93.1 93.9 

Ethane 0.5 13.3 3.4 3.2 

Propane 0.0 2.6 0.7 0.7 

C4 and Higher 0.0 2.1 0.3 0.4 

N2 + CO2 0.0 10.0 2.5 2.6 
     Source:  Gas Technology Institute Presentation “Natural Gas Composition and Quality”,  

     William E. Liss and David M. Rue 

2.2 Carbon dioxide 

Pipeline natural gas contains small amounts of carbon dioxide.  Given that the CNG 

corrosive environment is controlled via the limited water concentration allowed in SAE 

J1616, there are no limitations on the concentration of carbon dioxide for this purpose.  A 

level of 3% by volume is recommended to help maintain stoichiometry.  Based on the 

data shown in Table 2-2, natural gas carbon dioxide levels can exceed this 

recommendation.  The St. Landry data shows a value of 1.6%.  The BioCNG product gas 

carbon dioxide level can be set at a given concentration, with the system automatically 

adjusting operation to maintain that set level.   It should be noted that according to the 

Cummins Fuel Quality Calculator, a fuel with 90% methane and 10% carbon dioxide will 

run a Cummins-Westport engine. 

2.3 Nitrogen 

Currently SAE J1616 does not address the nitrogen concentration in CNG fuel.  

Nitrogen’s presence in the fuel reduces the Btu value and therefore the total nitrogen 

concentration must stay below a value that would preclude the fuel from meeting the 

minimum fuel heat content as described in Section 2.5.  Data provided in Table 2-1 and 

Section 2.5 indicates that  BioCNG achieves the minimum fuel value with the low 

nitrogen values detected in the gas.    

2.4 Oxygen 

Given that the corrosive environment in CNG fuel trains and storage vessels is controlled 

via the limited water concentration per SAE J1616, no limitations are required on the 

concentration of oxygen for the control of corrosion.  SAE J1616 requirements for 

oxygen relate to not creating a flammable gas mixture, and BioCNG oxygen levels are 

consistently well below that minimum level.  
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2.5 Fuel Heat Content 

Using the information in Table 2-1, the fuel heat content could be determined and 

compared to the SAE J1616 Recommended Practice and to the Cummins Westport fuel 

specifications.   

 

SAE J1616 recommends a minimum Wobbe Index of 1200 for CNG.  The Wobbe index 

is determined by dividing the high heating value of the fuel and dividing by the fuel’s 

specific gravity.  The Wobbe index calculated for the BioCNG at St. Landry Parish 

Landfill is 1251 Btu/scf assuming a HHV of methane of 23,880 Btu/lbm or 

approximately 1,003 Btu/scf (Cengel and Boles, 2002).  The fuel at St. Landry Parish 

meets the minimum recommendation for Wobbe Index as described in SAE J1616.  The 

SAE J1616 recommended Wobbe Index (last updated in 1994) is as follows: 

 

“……The engine control systems for NGV’s are presently under development.  It 

is not well understood whether the Wobbe Index adequately characterizes these 

control systems.  Flow through a Pintle type injector at sonic flow regimes is an 

example.  Hence, the Wobbe Index limits may need to be reconsidered in the near 

future.” 

 

SAE J1616 has not updated the Wobbe Index recommendation since the recommended 

practice was implemented.  Therefore, it is recommended that individual engine 

manufacturer’s fuel specifications be reviewed. 

 

Cummins Westport analyzes the lower heat value of the fuel (LHV) and the fuel’s 

methane number to assess fuel quality.  The lower heat value is also known as the net 

heating value, and assumes that the latent heat of vaporization of water is not recovered 

during the combustion process.  The LHV required for the Cummins Westport engines is 

16,100 Btu/lbm.  The methane number is a scale used to calculate engine knock potential 

in a natural gas spark ignited engine relative to reference fuels.  The methane number is 

determined in accordance with SAE 922359.  Cummins Westport requires a minimum 

methane number of 75 for their natural gas fired engines. 

 

Cummins Westport provides a calculator on their website that can be used to determine 

the LHV of a fuel and the methane number of that fuel.  BioCNG, LLC utilized the 

calculator and determined that BioCNG from St. Landry Parish meets the minimum 

requirements set forth by Cummins Westport.  The LHV of the BioCNG from St. Landry 

Parish is 19,389 Btu/lbm, and the methane number is 108.3.  A copy of the calculations 

from the Cummins Westport website is presented in Appendix C.  A summary of the 

Wobbe Index, LHV and Methane Number are presented in Table 2-3. 
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Table 2-3 

St. Landry Parish Landfill BioCNG 

Fuel Heating Value Summary 

Fuel Parameter 

St. Landry 

Parish Result 

Cummins 

Westport 

Requirement 

SAE J1616 

Recommendation 

Wobbe Index 1,251 Btu/cf
 

None 1,200 

Lower Heating Value 19,389 Btu/lbm 16,100 Btu/lbm None 

Methane Number 108.4 75 None 
Notes: 

(1) Wobbe Index calculation assumes a HHV of methane of 1,003 Btu/cf. 

(2) LHV and Methane number were calculated using the Cummins Westport online fuel quality calculator. 
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3 MOISTURE CONTENT 

Pipeline quality natural gas has a moisture content of approximately 7 pounds of water 

per million standard cubic feet of gas (7 lbs/mmscf).  Pipeline natural gas utilized for 

CNG requires additional drying to further reduce the moisture content to prevent 

condensation in the fueling equipment and vehicle fueling system..  The SAE J1616 

recommendation states that the pressure water dew point temperature for CNG be 10 

degrees Fahrenheit below the lowest monthly dry bulb temperature recorded for the 

region.  Fueling station dryers are designed to meet the SAE J1616 standard.  BioCNG 

fuel exiting the treatment system is designed to be lower in moisture content than pipeline 

quality natural gas such that a standard fueling station dryer can be employed for final 

drying of the BioCNG fuel.   

 

The BioCNG fuel at the St. Landry Parish landfill was analyzed for moisture content at 

the discharge of the BioCNG unit prior to the CNG fueling station dryer. An Alpha 

Moisture Systems model SADPminiEX portable hygrometer was used to measure the 

moisture content of the BioCNG.  The moisture content of the BioCNG fuel was 

measured at a dew point temperature of -45.5 degrees F at 14.7 psia.  This dew point 

temperature correlates to a moisture content of 4.24 lbs of water/mmscf of gas as 

calculated in accordance with ASTM D1142.  This moisture content is less than typical 

natural gas and is therefore acceptable for utilization of a standard CNG fueling station 

drying unit.  
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4 TRACE CONSTITUENTS 

4.1 Introduction 

Raw biogas contains small amounts of trace constituents, typically measured in the parts 

per million or parts per billion ranges.  The trace constituents of concern for BioCNG fuel 

are sulfur compounds, and siloxanes.  These trace constituents can damage engines 

through corrosion and abrasion.  Both Cummins Westport and SAE J1616 have set limits 

for hydrogen sulfide and total sulfur compounds.  Cummins Westport has set additional 

standards to address siloxanes.  Neither Cummins Westport or SAE J1616 has set limits 

on the VOC concentrations within CNG, however, pipeline natural gas was compared to 

BioCNG fuel to demonstrate that BioCNG fuel is similar with regard to VOC 

concentrations.  Each of the trace constituents is discussed in detail in the following 

sections. 

4.2 Hydrogen Sulfide and Sulfur Compounds 

At the St. Landry Parish facility, hydrogen sulfide was the only sulfur compound 

analyzed for the BioCNG fuel.  In biogas, hydrogen sulfide makes up the majority of the 

sulfur found in biogas, typically greater than 95%.   

 

SAE J1616 and Cummins Westport have maximum total sulfur limits, and Cummins 

Westport has an additional requirement for hydrogen sulfide.  One item to note regarding 

SAE J1616 is that the recommended practice states that due to low water content of the 

gas, the potential for corrosion is limited and no limitations on hydrogen sulfide are 

required.  With that said SAE J1616 does recommend a maximum total sulfur limit to 

avoid excessive exhaust catalyst poisoning. 

 

The test method recommended by both SAE J1616 and Cummins Westport is ASTM 

D4084 for hydrogen sulfide.  For total sulfur, Cummins Westport recommends the CARB 

Method 16, which is similar to EPA Method 16.  For the St. Landry Parish BioCNG 

facility, ASTM D5504 was used to determine the hydrogen sulfide concentration of the 

BioCNG.  In the future, hydrogen sulfide testing will be done utilizing both EPA method 

15 and ASTM D4084.  The results of the hydrogen sulfide test indicate that the BioCNG 

fuel meets the requirements of both the SAE J1616, and Cummins Westport fuel 

specifications, see Table 4-1 below for a summary and comparison of results. 

 

 

 

 



 

 
C:\Users\joe.falle\Desktop\BioCNG Gas Composition Calculator\BioCNG GAS ANALYSIS SUMMARY\BioCNG Gas Composition Comparison Summary Report-Revised January 

2014.docx  
4-2 

Table 4-1 

St. Landry Parish Landfill BioCNG 

Sulfur Concentration Summary 

Sulfur 

Component 

St. Landry 

Parish 

Result 

St. Landry 

Parish 

Laboratory 

Reporting 

Limits 

Cummins 

Westport 

Maximum 

Concentration 

SAE J1616 

Maximum 

Concentration 

Hydrogen 

Sulfide 

Non Detect 

(EPA Method 

15)
 

0.56 ppmv 

0.0006% by vol. =  

6 ppmv 

(ASTM D4084) 

No Limit due to 

low moisture 

content, if tested 

use ASTM D4084 

Total Sulfur Not Tested NA 

0.001% by wt. ≈ 

6 ppmv 

(CARB Method 

16) 

1 grain per 100 

cubic feet ≈ 17 

ppmv 

Notes: 
(1) SAE J1616 4.2 states the following:  Given that the corrosive environment is controlled via the limited water concentration 

per 3.1, no limitations are required on the concentration of hydrogen sulfide for this purpose.  However, the total content of 
sulfur compounds, including odorants, should be limited to 1.0 grain per 2.83 m3 (100 ft3) [8 to 30 ppm mass] to avoid 

excessive exhaust catalyst poising. 

 

4.3 Siloxanes 

Siloxanes are compounds that have a variety of uses; some of the products where 

siloxane may be found include cosmetics, deodorants, soaps, food additives, and in water 

repellants.  When disposed of in a landfill or anaerobic digestion system, siloxanes 

volatilize and become part of the biogas stream.  During the combustion process siloxane 

compounds break down, and one of the resulting compounds is silicon dioxide.  Silicon 

dioxide is hard and abrasive and can build up inside of engines and cause wear on 

moving parts.  Due to the damaging effects of siloxanes on internal combustion engines, 

the BioCNG system is designed to remove siloxanes from the biogas stream.  Since 

siloxanes are not found in pipeline natural gas, a standard has not been set forth through 

SAE, however, Cummins Westport, realizing that biogas is being used as a vehicle fuel 

has set forth a total siloxane concentration standard of 0.0003% by volume.  The 

BioCNG fuel at the St. Landry Parish Landfill was tested for siloxanes to demonstrate 

that the BioCNG fuel siloxane content is below acceptable levels.  The results of the 

analysis are presented in Table 4-2 below: 
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Table 4-2 

St. Landry Parish Landfill BioCNG 

Siloxane Concentration Summary 

Siloxane Component 

St. 

Landry 

Parish 

Result 

(EPA 

Method 

TO15) 

St. Landry 

Parish 

Laboratory 

Reporting 

Limit 

Cummins 

Westport 

Maximum 

Concentration 

SAE J1616 

Maximum 

Concentration 

Hexamethyldisiloxane 

(L2, MM) 

Non 

Detect 
0.084 ppmv 

No Individual 

Standard 

 

No Standard 

Hexamethylcyclotrisiloxane (D3) 
Non 

Detect 
0.084 ppmv 

Octamethyltrisiloxane (L3, 

MDM) 

Non 

Detect 
0.084 ppmv 

Octamethalcyclotetrasiloxane  

(D4) 

Non 

Detect 
0.084 ppmv 

Decamethyltetrasiloxane  

(L4, MD2M) 

Non 

Detect 
0.084 ppmv 

Decamethylcyclopentasiloxane 

(D5) 

Non 

Detect 
0.420 ppmv 

Dodecamethylpentasiloxane  

(L5, MD3M) 

Non 

Detect 
1.7 ppmv 

Total Siloxane 
Not 

Tested 

Not 

Applicable 

0.0003% by 

vol. =  

3 ppmv 

No Standard 

 

4.4 VOCs 

Volatile organic compounds, or VOCs are found in both natural gas and biogas, however, 

no standard exists for VOCs by either Cummins Westport or by SAE J1616.  BioCNG, 

LLC did however test the BioCNG fuel at the St. Landry Parish Landfill for VOC levels 

using EPA Method TO14/15.  These results were compared to a similar test completed by 

Air Liquide, Inc. in 2007 on a sample of natural gas from their Delaware manufacturing 

facility (see Appendix D).  The comparison of the natural gas to the BioCNG indicates 

that the BioCNG has less VOCs present than natural gas. Table 4-3 below shows the 

comparison of results between St. Landry Parish BioCNG and pipeline natural gas. 
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Table 4-3 

St. Landry Parish Landfill BioCNG 

VOC Comparison to Natural Gas Summary 

Volatile Organic Compound 
St. Landry Parish 

Result (ppbv) 

Air Liquide Natural 

Gas Result (ppbv) 

Dichlorodifluoromethane (R-12) ND ND 

1,2-Chloro-1,1,2,2-

Tetrafluoroethane 72 ND 

Chloromethane ND 36653.64 

Vinyl Chloride 13 ND 

1,3-Butadiene  Not Analyzed ND 

Bromomethane ND 372.88 

Chloroethane ND ND 

Trichloromonofluoromethane 12 118.25 

1,1-dichloroethene ND 76.95 

1,1,2-trichloro-1,2,2-trifluoroethane ND ND 

Ethanol Not Analyzed 409.46 

Carbon Disulfide  Not Analyzed ND 

Isopropyl alcohol  Not Analyzed ND 

Methylene chloride ND ND 

Acetone 670 ND 

t-1,2-dichloroethene ND 129.16 

Hexane  Not Analyzed 40685.71 

Methyl-t-butyl ether (MTBE) 210 354.79 

1,1-Dichloroethane 34 ND 

Vinyl acetate ND 2225.62 

cis-1,2-dichloroethene ND ND 

Cyclohexane   18542.04 

Chloroform ND 3982.69 

Ethyl Acetate  Not Analyzed 7522.65 

Tetrahydrofuran  Not Analyzed 4944.84 

1,1,1-trichloroethane ND ND 

Carbon Tetrachloride ND 55.26 

2-Butanone 84 ND 

 

. 
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Table 4-3 (Continued) 

Volatile Organic Compound 

St. Landry Parish 

Result (ppbv) 

Air Liquide Natural 

Gas Result (ppbv) 

Heptane  Not Analyzed 40709.24 

Benzene ND 38614.20 

1,2-dichloroethane ND ND 

Trichloroethylene ND 174.08 

1,2-dichlopropane ND ND 

Bromodichloromethane ND 132.41 

1,4-dioxane  Not Analyzed 49.88 

cis-1,3-dichloropropene ND ND 

Toluene 22 15833.75 

4-Methyl-2-pentanone(MIBK) 130 1077.63 

t-1,3-dichloropropene ND ND 

Tetrachloroethylene ND ND 

1,1,2-trichloroethane ND ND 

Dibromochloromethane ND ND 

1,2-dibromoethane ND ND 

2-Hexanone ND ND 

Ethylbenzene 370 892.42 

Chlorobenzene ND ND 

m/p-Xylene ND 4385.79 

o-Xylene ND 1114.34 

Styrene ND 38.11 

Tribromomethane ND 40.64 

1,1,2,2-tetrachloroethane ND ND 

1-ethyl-4-methylbenzene  Not Analyzed ND 

1,3,5-trimethylbenzene ND 356.89 

1,2,4-trimethylbenzene ND 340.61 

1,3-dichlorobenzene ND ND 

1,4-dichlorobenzene ND ND 

Benzyl chloride ND ND 

1,2-dichlorobenzene ND ND 

1,1,2,3,4,4-hexachloro-1,3-

butadiene ND ND 

1,2,4-trichlorobenzene ND ND 

4-Ethyl Toluene ND  Not Analyzed 
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5 CONCLUSION 

Based on the research completed by BioCNG, LLC at the St. Landry Parish, and the 

results of the natural gas analysis provided by Air Liquide, the BioCNG system produces 

a fuel that meets or exceeds the SAE J1616 Recommended Practice and the Cummins-

Westport fuel specifications.   
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LIMITATIONS 

The work product included in the attached was undertaken in full conformity with 

generally accepted professional consulting principles and practices and to the fullest 

extent as allowed by law we expressly disclaim all warranties, express or implied, 

including warranties of merchantability or fitness for a particular purpose.   

 

The work product herein (including opinions, conclusions, suggestions, etc.) was 

prepared based on the situations and circumstances as found at the time, location, scope 

and goal of our performance and thus should be relied upon and used by our client 

recognizing these considerations and limitations.  Cornerstone shall not be liable for the 

consequences of any change in environmental standards, practices, or regulations 

following the completion of our work and there is no warrant to the veracity of 

information provided by third parties, or the partial utilization of this work product. 
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Introduction
Air Liquide developed a patented biogas upgrading technology in 2005 aimed at landfill gas and has since accumulated more
than a dozen applications across the US. During the first years of operation, a lot of focus was placed on contaminant
removal. In 2006, as a reference point, a sample was taken of pipeline natural gas feeding the Air Liquide - MEDAL plant in
Newport, Delaware. This was the same gas as used by industry and residential users in the Delaware area.

Sampling Procedure and Laboratory
A cleaned and evacuated summa canister was received from RTP Labs. This canister was connected to a 90 PSIG natural gas
line feeding a boiler. The canister was connected by way of SS tubing and a small needle valve to control flow and pressure.
A compound gage was used to monitor the pressure into the canister, first confirming that the canister was initially under
vacuum and then allowing the canister to be filled to about 10 psig and not over pressured. The canister was then sent back to
RTP Labs where a TO-15 analysis was done.

Results
The TO-15 lab report is presented below.
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Discussion of Results

Halogens
It is interesting to note that this gas contained significant concentrations of halogen compounds, mostly chlorine containing
molecules. While this was at first surprising, further consideration would suggest this should be typical. The halogen
compounds found were:

Chloromethane 36,653 ppb
Bromomethane 373 ppb
Trichlorofluoromethane 118 ppb
1,1-Dichloroethene 77 ppb
trans-1,2-Dichloroethene 129 ppb
Chloroform 3,982 ppb
Trichloroethene 174 ppb
Bromodichloromethane 132 ppb
Tribromomethane 41 ppb

The dominant halogen compound was Chlormethane, a naturally occurring substance. Considering that natural gas is in
deposits deep underground, at high pressures and temperatures, often in contact with brines, the formation of halogen
compounds should not be surprising.

Carcinogens
Benzene causes cancer and in particular bone marrow failure. OSHA sets limits of 1 ppm for 8 hour exposures, 5 ppm for 15
minutes. A very nasty substance indeed.

The pipeline gas sample was found to contain the following amounts of benzene and benzene compounds:

Benzene 38,614 ppb (39 ppm)
Ethyl benzene 892 ppb

Geologic gas almost always contains significant quantities of aromatics, commonly referred to as BTEX. Benzene, Toluene,
Ethyl-benzene and Xylene. Quite common in gasoline also.

Safety Concern?
Should Halogens and Carcinogens in natural gas be of concern? Probably not directly, considering that the unburned gas is
not inhaled, only combustion products at worst. The combustion products of Benzene would still be essentially CO2 and H2O.
For the Halogens, the Cl and Br would of course survive combustion. This is not known to be a problem.

Other Data?
Air Liquide has made these results public in an attempt to bring a sense of proportion to the worries about landfill derived
biomethane. If you have contaminant analysis of pipeline natural gas and would like to share, please contact Charlie
Anderson, charlie.anderson@ airliquide.com, +1 302 225-2102.
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