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Quick Notes

You should be able to hear me talking now. If you 
canôt, use the questions module to describe your 
issue.

Two Audio Options: Phone or Computer
Choose one and connect

Pro tip: Donôt call in on our phone if your audio is 
set to ñMic and Speakersò 

Ask questions using the Questions Panel on the 
right side of your screen at any time.

The recording of the webinar and the slides will be 
available after the event. We will post them online 
and send you a link.

Audio

Questions
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Who We Are

370+ 
organizations

5,000+ 
individuals

All sectors represented 

ÅProject developers/owners

ÅEquipment retailers and dealers

ÅWaste management companies

ÅWaste water companies

ÅFarms

ÅUtilities

ÅMunicipalities

ÅConsultants and EPCs

ÅFinanciers, accountants, lawyers and engineers

ÅNon-profits, universities and government agencies

The only US organization 
representing the entire biogas 
industry
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Speakers

Paul Greene (Moderator)
Principal

GreeneTec

Rory Deledda
Global Biogas Product Manager

Air Products



Moving Forward

Air Products Membrane Solutions
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Agenda for today

ÁMembrane basics

ÁSystem designs & configurations

ÁMembranes vs. other technologies

ÁCase histories

ÁHow membranes can benefit your system

© 2023 Air Products and Chemicals, Inc.
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The Membrane Solutions group is an essential integrated business of 

Air Products supporting internal and external customers

© 2023 Air Products and Chemicals, Inc.

ÅActive R&D since 1970; first commercial install 1980.

ÅEnough membrane fiber produced per year for use in 

membranes to go to the moon and back more than 3 times!

Å625+ systems installed in process gas applications 

(petrochemical, refinery, natural gas)

Å300+ engineered to order nitrogen systems installed in 

petrochemical plants, offshore platforms, oil -field locations

Å1500+ nitrogen systems installed on marine vessels

Å>175 global references in biogas upgrading installations 

through OEM channels

ÅGlobal footprint of partners who utilize and resell PRISM® 

membranes in their generated gases systems
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The potential of membranes as technology in biogas upgrading has been

recognized early by Air Products Membrane Solutions

© 2023 Air Products and Chemicals, Inc.

ÅActive R&D with focus on biogas upgrading since 1994 

ÅFirst commercial install 1983 ð test site for landfill gas upgrading

ÅOver >175 references in the biogas membrane upgrading space

- References in Americas, EU and Asia

- One of the largest biomethane system (12.000 Nm3/ hr)

ÅReferences with diverse feedstocks:

- Landfill   - Biowaste

- Manure  - Food Waste

- Agricultural Waste  - Waste Water

ÅBiogas upgrading with membranes to:

- Grid injection

- CNG bottling & fueling 

- LNG production & fueling

- Conversion to H2
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Membrane basics

ÁWhat is a membrane?

ÁHow does a membrane work?

ÁSelectivity & Permeability

© 2023 Air Products and Chemicals, Inc.
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A gas separation membrane is a static, mechanical/chemical and 

highly engineered separation mechanism for complex gas mixtures 

© 2023 Air Products and Chemicals, Inc.

PED certified aluminum/SS closed 

and ready-for use shell in different 

diameters & lengths

Polymeric fibers which are bore -side 

(fiber is pressurized) fed with gas 

òpushedó against the tube sheet

Thousands of fibers are 

bundled together and 

packed into the 

membrane shell

Polymeric fiber s have an 

asymmetric fiber 

structure with thin 

selective skin

Increased engineering & R&D complexity
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Gas separation membranes act as a permeable barrier through which different

molecules òmoveó across at different rates

© 2023 Air Products and Chemicals, Inc.

H2

CH4

CH4/CO2

+ other molecules

N2

CO2

O2

Feed

òPermeate (or Flux or Purge)ó
Å Faster Gas

Å Significant pressure drop vs feed

Compressed 

gas mixture òRetentateó or òNonpermeateó
Å Slower Gas

Å Minimal pressure drop vs feed
CO2

CH4

N2

O2H2

Fiber level
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The membrane characteristics are defined as permeability & selectivity.

Raw material choice for membrane production change characteristics

© 2023 Air Products and Chemicals, Inc.

Permeability  is the rate that gases òdiffuse and 

dissolveó through the polymeric fiber

ÁMeasure of membrane productivity

ÁMolecule size (smaller molecules permeate faster)

ÁStructure of fiber 

Selectivity  is the rate that gases are allowed to 

pass through the polymeric fiber

ÁMeasure of membrane efficiency

ÁDefined by membrane material

ÁVery thin separating layer

High permeability

Low permeability

Low selectivityHigh selectivity

Free Entrance

Everyone is welcome

Comparing it to the door policy of a night club
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System design &
configurations

ÁPre-treatment

ÁMembrane configurations

ÁOperating variables

© 2023 Air Products and Chemicals, Inc.
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Feedstocks

Membranes are the most reliable and maintenance free technology available ifé.

the pre -treatment is designed and operated correctly

© 2023 Air Products and Chemicals, Inc.

Å45-85 vol% CH4

Å25-50 vol% CO2

ÅByproducts: H2O, H2S, NH3, O2, N2, VOCõs, Siloxanes, Particles, amines, oil, etc. 

AD/Landfill Raw biogas

These components require removal before compressor and/or membrane feed

Correct pretreatment gives:

ÁExtended lifetime & reduced maintenance

ÁNo unpredicted downtime

ÁPerformance upkeep

ÁCorrosion & deposits preventionTypical pre -treatment including compression

Raw gas
H2S, moisture and 

pollutant removal
Chillers, carbon filters

Compression
Condensate removal & pre -

filtering
Chiller, carbon & particle filter

Feed to 

membrane


