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Outline 
•  Biogas Properties 
•  Western Wisconsin Natural Gas 

Dairy Basin Biogas Collection  
•  Gas Technology Institute Report 

(9/30/09) 

•  H2S and CO2 Removal Systems 
•  Water Scrubbing – A&B Process  



Biogas Composition Issues 

 Hydrogen sulfide and carbon dioxide -  corrosive to 
 pipeline infrastructure 

 Dairy waste - copper sulfate or residual antibiotics 

 Agricultural waste  - pesticide residue   

 Municipal - heavy organics or heavy metals  

 Landfills  - wide variety of organics and inorganics 



Sources of RNG 
•  RNG is most economically supplied from large sources of 

anaerobic digestion:  
–  Landfills with ≥ 2.5 million m3 waste-in-place & LFG collection systems  
–  Dairy farms with ≥ 500 head; swine farms with ≥ 2000 head  
–  Wastewater treatment (WWT) plants serving ≥ 50,000 people ( ≥ 5 

MMGPD inflow)   

•  Vast majority of operational projects produce electricity  
•  Nearly half of landfill market now recovers biogas, ~2% of 

livestock, 10% of WWT  
    

Source United States Department Of Energy 2009 
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Western Wisconsin Natural Gas Dairy Basin Biogas Collection from Dairy Farms 

Conditioning of Biogas to create Renewable Natural Gas for delivery to       
Northern Natural Gas Pipeline System 

CH4: 200 scfm 



7.5 mile of 4” MDPE  



Gas Conditioning Commercialization: 

Relocate GCF adjacent to NNG Pipeline 
Interconnect 



Pipeline Quality 
Biomethane: North 
American Guidance 
Document for  
Introduction of 
Dairy Waste 
Derived 
Biomethane into 
Existing Natural 
Gas Networks 



 Who Defines BioMethane 
•  Methane is methane – CH4 

•  No universal definition of trace impurities allowed 
•  Europe vs. United States minimum energy injection standards 

  -Switzerland 96% methane 
  -France 34.2MJ/nm3 HHV – 87% 
  -Sweden 11kWh/nm3 LHV* 
  -Germany 87% methane 
  -British-Columbia 36MJ/nm3 HHV (95.5% methane) 
  -Michigan 93.5% methane 

*100% methane (CH4) LHV is 9.97kWh/nm3 



Pipeline Quality Gas Tariffs 

•  The quality of geologically-derived natural gas is 
specified in gas transportation tariffs, as required 
by the Federal Energy Regulatory Commission 
(FERC). 

•  These specifications can vary by region and by 
individual tariff.  

•  Biomethane generated through anaerobic 
digestion of waste biomass is not sufficiently 
characterized by these tariff provisions 



FERC 
Tariff 
Standards 

Gas Technology Institute 
September 30, 2009 



FERC 
Tariff 
Standards 

Hydrogen Sulfide (grains / 100 scf) 

Gas Technology Institute 
September 30, 2009 



Composition of Raw Biogas vs. Pipeline Quality Gas. 

Gas Technology 
Institute 

September 30, 2009 



Three Major Levels of Upgrades 
for RNG 

•  On site Boiler 
– Moisture 

•  Onsite Genset 
– Moisture and H2S 

•  Pipeline Quality 
– Moisture and H2S 
– O2, N2, NH3, CO2 

–   BTU to High BTU Fuel 



Making the Technology Choice 
All technologies Work – Separated by: 

•  Capital investment 
•  Percent of methane recovery 

•  Tail gas composition 
•  Maintenance costs 

•  Parasitic load – Operating costs 



H2S & CO2  
Removal  
Processes 

Absorption Membrane 
 Permeation Biological Adsorption 

Dry Liquid Physical   
Solvent 

Water 
 Removal  
Process 

Gas Technology Institute 
September 30, 2009 



Absorption 

Dry Liquid Physical  
Solvent 

Iron Oxides 
(Iron Sponge,  
Sulfa Treat,  
Sulfur-Rite) 

Zinc Oxides 
(Puraspec) 

Alkaline  
Solids 

(Sofnolime) 
Gas Technology Institute 

September 30, 2009 



Iron  
Oxides 

Gas Technology 
Institute 

September 30, 2009 



Technical Options for Cleaning 
Biogas 

•  Pressure Swing Absorption                   
 (PSA or mole sieve) 

•  Amine Scrubbing 
•  Membrane Separation 
•  Cryogenic Separation 
•  Water Scrubbing  



Water Scrubbing 

•  CO2 is approximately 23 times more soluble in 
water compared to CH4 
•  N2, H2 and O2 are less soluble then CH4 therefore 
will not be separated from CH4 by water scrubbing 



Why Water Scrubbing 
•  Old well understood approach 
•  Greater per cent age capture of methane than 

single pass PSA or membrane  
•  Tail gas is industrial quality CO2 

•  Much lower operating pressures than Amine 
or cryogenic systems 

•  No flammable tail gas 



Basic System Operation 



A&B’s Improvements on Prior Art 

•  Remove H2S prior to water scrubbing the  
CO2 – eliminate sulfur buildup/corrosion 

•  Close loop all but eliminates water 
consumption 

•  Ability to impact O2 levels required in the 
majority of North American Tariffs 



Second Value Stream 
Tail gas stream of Carbon Dioxide 

•  Green House  
•  Irrigation 

•  Algae  



Why Upgrade RNG? 
$ Site Situational Economics $ 

-Barriers to electricity generation 
-Unable to Use Heat from Combined Heat 

and Power  
-Unable to Consume all of the Gas on Site 

-Availability Niche Market 
-Premium on Green Attributes of 

Biomethane  

Review your site ROI 



Positives for Biomethane 

•  Storable Green Energy Source 
•  Vehicle Fuel or Pipeline Portable 
•  Infrastructure Exists 
•  Can Help Electrical Utilities Meet Mandates 

Using Existing Equipment 



Challenges of BioMethane 
•  Currently Lacks Same Federal 

Economic Incentives as Does Solar 
and Wind 

•  Bills Pending in Congress Could 
Radically Change Production 
Landscape 

•  Misunderstandings of Product and its 
Quality 
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