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Green chemistry, also called sustainable chemistry, is an area of chemistry and chemical engineering focused on the 
designing of products and processes that minimize or eliminate the use and generation of hazardous substances
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Design and development of new materials for membrane preparation  
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Rubbery Polymers
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Glassy polymers
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Interconnected Voids

Highly interconnected voids

Single Voids

Permeability

Selectivity



PIM-MP-TB polymer solution

Mechanical stirring

Slow solvent evaporation Dense and homogenous membrane

SEM image
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CO2 Permeability (Barrer)

CO2/CH4

PIM-1

MeOH
PIM-MP-TB

T°C

Aged 110 g

Mix

PCO2=3500 Barrer
αCO2/CH4 = 13
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PIM-1

Mixed Matrix membranes
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Laboratory scale

Large-scale

Industrial-scale



Impact factor: 33



Biogas
1bar

1000 Nm3/h

CO2 = 750Kg/h

Liquid CO2 99.99%

Permeate

BioCO2

Retentate

Biomethane

Raw CH4

Raw CO2 Recycle CO2+CH4

CO2 = 750Kg/h

Liquid CO2 99.99%

Recycle 2nd permeate and 3rd retentateminimum CH4 loss

1st

module
2nd

module

3rd

module

CH4 96.3%

CO2 2.9%

H2O 0.6%

O2 0.2%

N2 0

98.06%
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Impurities

Raw

Biogas
BioCH4 BioCO2

96.3%

Parameter

Limits 

allowed

Biomethane 

Membrane 

stage

Purity >80% 96.3% 

Wobbe Index (MJ/Sm3) 47.31-52.33  50.02  

Density (g/cm3) 0.5548-0.8 0.56

Heating value (MJ/Sm3) 34.95-45.28 37.48

 Biomethane suitable for injection into the natural gas grid

 Further removal of trace impurities from CO2 needed

98.06%



CO2 = 750Kg/h

Final CO2 liquefying step

Additional advantage:
CH4 recycle from this step back to the membrane separation unit 
leads to 100% CH4 recovery and zero CH4 emission

BioCO2

Recycle CO2+CH4

Further separation and 
condensation of CO2

CO2

CH4

Possible Recovery (option)

BioCO2 7.000 TON/YEARS
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High contamination < 10.000<

High contamination < 2.500

low contamination < 50

Very low contamination <50

The final liquefied CO2 is chemically and microbiologically pure, respecting the limits of food
grade quality proposed by the EIGA/ISBT

BIOLOGICAL ANALYSIS 

CHEMICAL ANALYSIS 



Membrane processes produces simultaneously renewable energy and re-cycle of CO2

The energy cost of CO2/CH4 membrane separation (0.3 kWh/m3) is lower compared to that

the traditional separation techniques (0.6 kWh/m3).

3000 m3/h of Biomethane from organic waste that can be fed directly into the natural gas

grid.

32.000 tonnes/year of CO2 from a useless by-product to a food-grade quality gas for food

and beverage industry

No CO2 and CH4 are released into the atmosphere and organic waste is consumed: first

“carbon negative” plant in Italy





Hismox-MOF

Histidin amino acid linker

OH OHC2H4 O C

O

N

H

C5H10 C

O

yx n

Pebax® membrane

20% 40%10% 30%

Green solvent: mixture of EtOH/H2O 70/30 vol%

Bio-MOF



CO2CH4

GMT

PI

GCMC

IL + CA

The basic idea is to mimic the reaction that 
takes place inside the erythrocytes

Potential use of membrane contactors for CO2/CH4 separation by 
facilitated CO2 transport in Hollo fiber membranes

Vacuum
IL + CA

Feed mixture
30% CO2
70%CH4

CO2

Facilitated membrane transport 

CO2 /CH4

CO2

CA HCO3
-

H2O

CH4

Enzyme

Carbonic anhydrase

-Metal protein
-Zinc functional group
-Catalyzes hydration of carbon dioxide

CO2 + H2O ↔ HCO3
− + H+. 

Hydration of carbon dioxide
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